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Abstract 

 

This doctoral study explored female secondary school students’ motivation to participate in Physics 

and intermediate mathematics, and the influences and barriers that impact their participation. Over 

the last two decades, the proportion of secondary school students participating in Physics or 

intermediate mathematics courses has significantly declined and the language of “crisis” is being 

used to describe the state of mathematics and science in Australian secondary schools and 

universities. One solution to alleviate the predicted skills shortage is to draw greater numbers of 

STEM participants from traditionally underrepresented groups, such as female secondary school 

students. The study took a unique comparative approach, researching exclusively with girls, to gain a 

better understanding of female students’ motivation to participate in Physics and intermediate 

mathematics in the senior years of secondary school.  

The study took place in rural and regional North Queensland between 2007 and 2010, and was 

undertaken in three stages. Stage One involved a survey of 97 female mathematics and science 

proficient Year 10 students, and 44 female Year 11 and 12 students enrolled in Physics and 

intermediate mathematics. Stage Two consisted of interviews with 11 Physics and intermediate 

mathematics teachers, and 9 Year 12 female physics and intermediate mathematics students. Stage 

Three comprised a survey of 117 female Year 12 English and intermediate mathematics students.  

Researching exclusively with girls has increased understanding of North Queensland rural and 

regional girls’ attitudes and values towards Physics and intermediate mathematics, and their 

motivations to participate in these subjects, factors sometimes obscured by gender comparative 

studies. Teachers’ attitudes and values towards female participation in Physics and intermediate 

mathematics vividly illustrated some of the barriers girls must overcome to participate and succeed 

in these subjects. A key conclusion emerging from this study is that these girls who chose to 

participate in Physics and intermediate mathematics are smart, enthusiastic, committed students 

with a science orientation who value school, and their world of family and friends is congruent with 

school. These girls do not conform to traditional gender stereotypes; they like science and 

mathematics, enjoy active learning, and value the hard-edged clarity and certainty of mathematics. 

The findings from this study explode the gender stereotyped myths that girls prefer humanities 

subjects over mathematics, girls are passive learners, and girls are not interested in science and 

mathematics.  
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Chapter 1 

Introduction 

 

1.1 Background to the study 

 

 

“Maths students in serious decline” was a recent headline on the front page of The Australian 

newspaper (Slattery & Perpitch, March 10th, 2010, p. 1). The leading paragraph quoted a 

recent review of maths and science education, conducted by a reference committee of the 

nation’s leading mathematicians from the Group of Eight Universities. The review reported, 

“Australia has gone backwards over the last 20 years in terms of the quality and quantity of 

students completing Year 12 mathematics” and, “the state of the mathematical sciences and 

related quantitative disciplines in Australia has deteriorated to a dangerous level, and 

continues to deteriorate” (Brown, 2009, p. 3). Concern about the decline in students’ interest 

and enrolment in senior secondary Physics and higher-level mathematics courses has been 

echoed by government, industry, and academic researchers (Goodrum, Hackling & Rennie, 

2001; Lyons, 2006; McPhan, Morony, Pegg, Cooksey & Lynch, 2008; Watt & Bornholt, 2000).  

 

The extent of the problem is evident in participation statistics. In Queensland, as in all other 

Australian states and territories, more males than females are enrolled in Year 12 intermediate 

and advanced mathematics (Forgasz, 2006). According to the Australian Bureau of Statistics 

(ABS), “recent research on school subject selection and subsequent study and work 

participation in Australia has found that males are still much more likely than females to be 

taking advanced mathematics and science at senior secondary school, and much more likely to 

move into mathematics and science-related courses in higher education” (ABS, 2006, p. 2). In 

Australia, approximately 25% of Physics students are female (Fullarton, Walker, Ainley & 

Hillman, 2003). As a percentage of all Australian female Year 12 students, from 2004-2006, only 

eight percent of female Year 12 students studied Physics (Ainley, Kos & Nicholas, 2008).  

This is not a unique problem. International enrolment trends have prompted a range of 

reports which articulate young peoples’ growing dissatisfaction with secondary school science 
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and higher-level mathematics, and their increasing reluctance to participate. Concern has been 

expressed over the low female participation rate in the UK (Roberts, 2002), the USA (Kuenzi, 

Matthews & Mangan, 2006) and most OECD countries (OECD Global Science Forum, 2006). In 

Germany, approximately 10% of all female students enrol in Physics (Haussler & Hoffmann, 

2002), in Scotland, girls make up 31% of Physics students and in the UK, girls constitute 24% of 

Physics students (Smail, 2000). In terms of national economic priorities, innovation is 

considered essential to the productivity and growth of contemporary economies. Science, 

technology, engineering and mathematics (STEM) knowledge and skills form the basis for 

internationally competitive workforces. The declining proportions of students studying STEM 

subjects at senior secondary school and university is predicted to have a negative effect on the 

long term economic futures of many countries, including Australia.  

 

The Australian Council of Deans of Science and the Australian Federal Government expressed 

its concern regarding the economic ramifications of declining participation in physical science 

and higher level mathematics stating, “Shortages in the work force of suitably qualified 

graduates in the enabling sciences are already harming the nation’s development of a 

knowledge economy. It is in Australia’s interest to turn around this decline” (Australian Council 

of Deans of Science [ACDS], 2002, p. 5). Similarly, in the report titled Mathematics and 

Statistics: Critical Skills for Australia’s Future submission, The National Strategic Review of 

Mathematical Sciences Research in Australia, Gabric, (2006. p.9) wrote, “Australia will be 

unable to produce the next generation of students with an understanding of fundamental 

mathematical concepts, problem-solving abilities and training in modern developments to 

meet projected needs and remain globally competitive”. And Australian Government 

modelling is predicting a national shortfall of 19,000 scientists and engineers by 2012 (DEST, 

2006).  

 

Twenty years ago, Dick and Rallis (1991) argued that to alleviate skills shortages, greater 

numbers of participants must be drawn from traditionally underrepresented groups. More 

recently Dobson (2007, p. 192) contended that, “Since girls are under-represented among 

Physics students on all levels, they represent the largest potential for recruitment.” Dhanaskar 

& Medhekar (2004, p. 261) made a similar case stating, “A nation cannot neglect the human 

resource capital of females who comprise about 50% of the population...it is critical to harness 

the technical skills and talents of both men and women in order to ensure the competitive 

position of the Australian economy in the global economy”. The concern is mainly economic, 

but as Tytler (2007) points out, the issue of low enrolments is wider and has other dimensions; 
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a need to maintain a scientifically and mathematically literate citizenry, to increase the 

momentum of science-based development in Australia, and to alleviate the shortage of 

qualified science teachers. 

 

1.2 Statement of the problem 

 

A key theme in Tytler’s (2007) comprehensive review of Australian science education is the 

shape of science education has not kept pace with societal changes: the changed population of 

students, the changing nature of public engagement with science, and changes to the nature 

of schooling. Part of the explanation for the declining percentages of science and mathematics 

enrolments is the changed population of students. Up until the 1980s a small proportion of the 

student population remained in school until Year 12 (35%), and the curriculum was based on 

the preparation of these students for tertiary education (Tytler, 2007). Between 1976 and 

1983, Year 12 Physics enrolments remained constant at 28 to 29 percent (Dekkers & De Laeter, 

1997; Fullarton et al., 2003). In the early 1980s Federal Government policy changes were made 

to retain more students to Year 12 to improve post-educational outcomes. By 2001, the 

Australian Year 12 retention rate had increased to 73% (Dekkers & De Laeter, 1997; Fullarton 

et al., 2003). The increase in senior secondary school participation resulted in a far more 

academically and culturally diverse student population (Fullarton et al., 2003), and a broad 

variety of secondary school subjects have been introduced to meet the academic needs of 

these students. At the same time vocational education subjects have been integrated into 

mainstream secondary school education as vocational colleges were closed through the 1980s 

and 1990s. Increasing the numbers of students participating in senior secondary education has 

not led to an increase in the numbers of students willing and academically able to study 

Physics and intermediate mathematics. In fact, the opposite has occurred. As the Year 12 

student population increased, a proportional decrease in Physics enrolments occurred. In 

1984, 25 percent of the Year 12 student population were enrolled in Physics, 20 percent by 

1992, and less than 15 percent by 2007 (Ainley et al., 2008; Fullarton et al, 2003).  

 

The rapid expansion of secondary education meant science education has had to broaden its 

purpose and relevance for all students, which is the premise underpinning the scientific 

literacy focus for secondary school science education (Goodrum et al., 2001). Given the 

centrality of science, mathematics and technology in contemporary society, scientific literacy 
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and mathematical literacy are considered to be key educational outcomes for all students. 

Scientific controversies such as climate change, cloning, genetic modification of food crops, 

and stem cell research increasingly highlight the important role of science education in 

preparing young people to engage with and participate in decisions that affect themselves and 

the world (Tytler, 2007). Overall, Australian students are achieving quite well in international 

comparisons of scientific and mathematical literacy. The Organisation for Economic 

Cooperation and Development (OECD) Programme for International Student Achievement 

(PISA) 2006 study reported Australia ranked equal fourth in scientific literacy and equal ninth 

in mathematical literacy out of the 57 countries that participated in PISA 2006, with only 13% 

of Australian 15-year-old students performing below the basic proficiency level in both 

scientific and mathematical literacy (Ainley et al., 2008; Thomson & De Bortoli, 2008).  

 

The majority of Australian students who enrol in an advanced mathematics-physical science 

combination of subjects in Year 12 move on to university studies, as do the majority of students 

who enrol in a social science-humanities combination of subjects (Thomson, 2005). The first 

group is dominated by males, the second is dominated by females, and both are dominated by 

students from higher achievement levels (Thomson, 2005). However, females are more likely 

than males to select subjects, or groups of subjects, that have the weakest vocational context. 

Such choices can restrict girls’ access to the full range of further education and career 

opportunities (Fullarton et al., 2003; Teese, Davies, Charlton & Polesel, 1995; Thomson, 2005). 

Australian senior secondary subject enrolment patterns notably vary according to gender. 

Lamb and Ball’s (1998 p. 7) Australian study reported, 

 

• About one in five boys enrol in maths and the physical sciences compared to one 

in twelve girls. 

• Girls more often take the biological sciences or Chemistry with maths and 

humanities. Roughly 25 per cent of females enrolled in a combination of maths, 

science and humanities subjects. The rate for males was 15 per cent. 

 

Lamb and Ball (1998) reported the most popular subject choices of Australian female senior 

secondary students are a combination of biological science, humanities and mathematics, with 

10.5% of girls enrolled in courses combining intermediate mathematics, Biology, History, 

Geography, and Art. A further 12.8% of girls, “took a similar combination of subjects but with a 

less academically demanding level of maths study, general maths, and the inclusion of health 

education” (Lamb and Ball, 1998, p. 15). Male enrolments in these subject combinations are 
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5% and 7% respectively. Girls are more likely to enrol in arts and humanities courses, with 

around 14% enrolling in mainly arts and humanities subjects, compared to 9.2% of boys (Lamb 

& Ball, 1998). English was excluded from Lamb and Ball’s (1998) analysis because it is a 

compulsory subject studied by the majority of students irrespective of subject grouping. Girls’ 

clear preference for humanities subjects, the lowest level of mathematics and biological 

science disadvantages them due to the unequal value these subjects have compared with 

higher-level mathematics and physical science subjects (Physics and chemistry). Lingard, 

Martino, Mills & Bahr (2002, p. 19) argued this is a historical matter of subject status in that,  

 

The Humanities do not carry the same status as Mathematics and Science. 

Interviews suggest that Mathematics and Science are seen by both students and 

staff as passports into high status, and high paying, jobs. By contrast, the 

Humanities are seen as areas of the curriculum where there are not very many 

certainties, and are therefore considered ‘risky’ in terms of University entrance.  

 

Do girls enjoy or endure mathematics and science subjects in the junior secondary school 

years? International comparative studies provide some broad answers to this question. TIMSS 

(Trends in Mathematics and Science Study) 2002/03 data reported the percent of Year 8 

Australian students who agreed they enjoyed learning mathematics (<20%) was below the 

international average (29%), and female students reported they enjoy learning maths to a 

lesser degree than male students did (McPhan et al., 2008; Thomson & Fleming, 2004). By 

contrast, PISA data showed 15 year-old (mostly Year 10) Australian students’ interest and 

enjoyment of mathematics was comparable with the Organization for Economic Co-operation 

and Development (OECD) average, with females recording lower interest and enjoyment than 

male students (OECD, 2004). The divergence between the PISA and TIMSS data may be a 

consequence of Year 8 mathematics largely focusing on repetition and consolidation of 

material learned in primary school before proceeding to new material in subsequent high 

school years (Watt, 2004). Nevertheless, these two studies clearly show Australian girls report 

lower interest in and enjoyment of mathematics compared with boys. A NSW mathematics 

teacher participant in McPhan and Pegg’s (2009, p. 36) study commented, “senior 

mathematics courses need a radical overhaul if they are to compete with other subjects. The 

reality is that nearly all other subjects hold a substantial real-world interest for students 

whereas mathematics keeps removing our students from it.” 
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PISA data showed Queensland students’ science interest was below the international mean 

(Masters, 2009, p. 28). In response to the PISA results, Masters (2009. p. 59) commented, 

“Students’ experiences of school science up to this age clearly are not sparking their interest in 

science and this, no doubt, is part of the explanation for the declining percentages of students 

enrolling in science subjects in the senior secondary school”. Tytler (2007) identified a need to 

substantially and innovatively re-imagine the purpose and shape of science education to match 

the needs and interests of contemporary students, and boost students learning in and 

engagement with science.  

 

Lindahl (2003) made a key point about school science and interest: the lack of an engaging 

pedagogy was losing the best students out of science, who may have a natural interest in 

science.  It is important that science teaching stimulates young people’s interest in science, not 

just in relation to an economic argument, but in relation to the interest and excitement young 

people find in science television programs and magazines, their interest in the odd, the 

fantastic, and the spectacular, and in relation to the scientific literacy argument (Lindahl, 

2003). Students need to feel that school science will offer them something of use and interest 

if they are to choose to study it in the senior years of schooling (Lindahl, 2003). School science 

is losing talented young people’s interest to the point where they give up their science career 

related dreams for the future (Lindahl, 2003; Sjoberg, 2002). The way in which young people 

experience science teaching and their attitudes towards school science influences them when 

choosing senior secondary school subjects (Lindahl, 2003; Lyons, 2006; Sjoberg, 2002). Can 

anything be done to retain science students and encourage greater enrolments of talented 

students? This is one of the most important research questions for science educators. The goal 

of this study was to examine a variety of social, attitudinal and educational factors that might 

be related to science participation in a group of highly talented and academically motivated 

girls who are educated in Far North Queensland rural and regional communities with few 

opportunities for exposure to role models and likeminded female peers. One benefit of 

researching with mathematics and science proficient students is the research can focus on 

issues other than ability (Lyons, 2005). High academically achieving young women were the 

focus of this study because high achieving students are more likely to enrol in Physics 

(Fullarton & Ainley, 2000). Härnqvist (1998) found only half the students who have the 

mathematic ability to be successful in science actually enrol in science. Students who perform 

well in mathematics and science often choose other studies and this is particularly the case for 

girls (Støren & Arnesen, 2003). Earlier research shows student attitudes are influenced by 

cognitive and structural factors, and by previous school experiences (Schreiner, 2006), but 
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little is known about their relative importance and about the high ability girls who do choose 

to study physics, and what their reasons are. This study will contribute to knowledge and 

understanding in these areas. 

 

Students in the top quartile of achievement are more likely to enrol in higher-level 

mathematics subjects, but participation is, “highly dependent on previous educational 

experiences” (McPhan, Morony, Pegg, Cooksey & Lynch, 2008, p. 20). McPhan et al. (2008) 

identified two critical components influential in mathematics subject choice: the way 

mathematics is taught; and the support mathematics teachers offer students. McPhan et al. 

(2008) found, apart from individual influences, teachers perceive the following teaching and 

learning factors influence students’ decision making: a content heavy syllabus that leaves 

insufficient time to consolidate knowledge and understanding; teaching practices which do not 

adequately support students’ learning; and an unengaging pedagogy. McPhan et al. (2008) 

recommended further research to be carried out with a broad range of students to gain a 

comprehensive picture of Australian students’ beliefs and perspectives regarding influences on 

their subject choices, in particular, students’ perceptions of the usefulness, relevance, and 

difficulty of mathematics subjects, the characteristics of learning experiences that contribute 

to interest in mathematics and potentially influence subject choice decisions (curriculum, 

pedagogy, teaching, and encouragement), and “the factors which contribute to developing 

positive beliefs about mathematics and its application to students’ lives and aspirations” 

(McPhan et al., 2008, p. ix). This study will contribute to the understanding of these issues in a 

rural and regional North Queensland context and clarify issues relating to the uptake of 

intermediate mathematics from students’ and teachers’ perspectives.  

 

The underlying mechanisms affecting female participation in Physics and mathematics are far 

from transparent and operate at multiple levels, such as the level of the home, school, 

classroom, and individual student. Students’ perceptions are critical because these inform 

choices. Teachers’ perceptions are also critical to understanding the complexities of female 

participation in Physics and mathematics. Teachers are an important group who have guidance 

and advisory roles critical for influencing attitudes, engagement and motivation (Zohar & 

Bronshtein, 2005). It was therefore felt necessary to construct a research design that took into 

account not just the perceptions of the girls, but also those of their teachers, and how the 

perceptions of teachers encroach on girls’ attitudes and motivation. Very few studies have 

directly asked what teachers see as the reasons for girls election of senior intermediate 

mathematics and Physics subjects. Zohar and Bronshtein’s (2005) study of 25 Israeli Physics 
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teachers directly addressed issues that pertain to Physics teachers’ knowledge and beliefs 

regarding girls’ low participation rate in advanced Physics classes in a comprehensive way. The 

study asked a group of teachers a series of focused questions regarding the various facets of 

the problem; that is, their views regarding the scope of the problem, regarding its causes, and 

regarding their knowledge of educational means that might eliminate this problem. Zohar & 

Bronshtein’s (2005) results suggested that teachers’ knowledge and beliefs in this area may be 

unsatisfactory for the purpose of gender-fair Physics teaching because teachers tend to 

underestimate the problem and do not tend to think it needs special treatment and care. 

Zohar and Bronshtein (2005) argued the information about Physics teachers’ knowledge and 

beliefs in this area is still fragmented, pointing to a need for additional studies that would 

examine this issue in a comprehensive way. The present study aimed to fulfill this need by 

using a similar interview schedule to ask a group of teachers a series of focused questions 

regarding their views about the scope of the problem, its causes, and their knowledge of 

educational means that might eliminate this problem. 

Young women remain seriously underrepresented in secondary school Physics and are not well 

represented in intermediate mathematics, a situation which has seen little change over time. 

Twenty-six years ago Barnes, Plaister and Thomas (1984) reported, “Girls participate less than 

boys in mathematics and science” (p. 9). Barnes et al. (1984) distinguished between equal 

numbers in classes and a need to look below the surface of numbers in a school or class to 

inequalities in participation. It is relevant here to quote their definition of equal participation, 

For girls to be participating as much as boys in these subjects, they should be as 

interested and involved in them, and should be able to achieve results consistent 

with their level of ability. If girls are underachieving as a result of affective and 

educational factors we cannot claim to have equal participation. Even if a class has 

equal numbers of girls and boys, the girls may not participate as much as the boys 

because their interest levels are lower, or because they do not see the relevance 

of mathematics and science to their future lives as women. (Barnes et al., 1984, p. 

9)  

Instead of asking why girls do not enrol in senior secondary school Physics and intermediate 

mathematics, it may be more relevant to ask why capable students, particularly girls, do enrol. 

What motivates some girls to participate but not others? It is insufficient to know how girls’ 

subject choices differ from boys’ subject choices, it is important to find out which girls are 

choosing these subjects and what motivates them to do so. The above quote from Barnes et al. 
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(1984) provides a starting point: interest; relevance; ability; affective factors; and educational 

factors. These are the threads that will be followed in this study to try to unravel and tease out 

answers to these questions.  

 

Rather than using a gender comparative approach, the research was conducted exclusively 

with female secondary school students. Gender comparative studies can create narrow and 

rigid stereotyped categories of boys and girls that are not representative of the diversity 

among groups of both boys and girls (Brickhouse, Lowery & Schultz, 2000). Collins, Kenway and 

McLeod’s study used a ‘which boys, which girls?’ gender comparative approach, but stated, 

“...the differences within groups of boys and girls rather than across gender appear to be more 

significant than has usually been acknowledged” (2000, p. 9). Kenway and Gough (1998) 

proposed the emerging trend of acknowledging differences among girls and women was 

preferable to continually focusing on gender differences. Brickhouse et al. (2000) questioned 

whether research that considers girls only in comparison to boys has exaggerated the 

differences between the sexes and overlooked the diversity within the groups. The authors 

argue "... we need to know more than that they are girls. We need to know what kinds of girls 

they are" (Brickhouse et al., 2000, p. 457). This current study takes this concept one step 

further, the study uses a which girls? approach to focuses on the diversity within groups of 

girls. This approach to understanding differences in motivations, experiences and choice 

focuses attention away from differences across gender and helps to understand what kinds of 

girls they are. 

 

This thesis presents the voices of these students, and their teachers, in the exploration of the 

influences on and obstacles to female students’ participation in Physics and intermediate 

mathematics. These influences and obstacles are categorised into three interconnected 

dimensions – the personal, the social, and the teaching and learning environment - and are 

discussed further in the following chapter. 

 

1.3 Rationale and aims 

 

The rationale for this study was to establish current understandings of the nature of regional 

Queensland girls’ attitudes towards participation in Physics and intermediate mathematics, 

and the motivations guiding girls’ choice to participate in the study of Physics and intermediate 
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mathematics. The focus on girls’ participation was in recognition of 21st century enrolment 

trends in senior Physics and intermediate mathematics. The decline in participation in Physics 

has applied to both and girls and boys. However, Physics remains the most popular of the 

sciences with boys in Queensland, as evidenced by boys’ Year 12 enrolments in Physics in 

2007, which were higher than for Chemistry and Biology (Queensland Studies Authority [QSA], 

2007). By contrast, girls’ 2007 Year 12 Physics enrolments were very low compared with boys’ 

Physics enrolments, and compared with female enrolments in Chemistry and Biology (QSA, 

2007). Queensland Physics and intermediate mathematics participation statistics are not 

disaggregated for specific areas, so the current status of enrolments in Far North Queensland 

context is unable to be discussed.  

 

Intermediate mathematics was focused on for several reasons. First, girls are 

underrepresented in advanced mathematics and overrepresented in the least challenging 

mathematics courses. For intermediate mathematics courses, “the gendering of enrolment 

patterns is less clear” (Forgasz, 2006a, p. 213). Second, over the 5 year period from 2000 to 

2005, there was an overall decrease in the total Year 12 intermediate mathematics 

enrolments, male enrolments were consistently higher than female enrolments, and, “female 

enrolments were the main contributor in enrolments in states/territories with decreased 

enrolments, and male enrolments the main contributor in states/territories with increased 

enrolments” (Forgasz, 2006c, pp. 1-2). Thus, the overall male-female participation gap 

increased in favour of males. The third reason is pragmatic. While it may have been more 

logical to focus on advanced mathematics rather than intermediate mathematics, the very 

small number of Queensland Year 12 female enrolments (1,069 in 2007) would have created 

difficulties recruiting sufficient participants for the study, and collecting sufficient data for 

statistical analysis (QSA, 2007). Additionally, Mathematics B is a companion subject for 

mathematics C, therefore any girl studying Mathematics C will also be studying Mathematics B, 

and their enrolment rationales for each subject are unlikely to differ significantly. Thus for 

these reasons, intermediate mathematics was the focus of this study.  

 

Little research exists in relation to the Physics and mathematics educational experiences of 

young women, as constructed by young women. If strategies aimed at increasing female 

enrolments are to be effective they need to be based on a more detailed understanding of 

what motivates young women to enrol in senior Physics and intermediate mathematics 

courses. Identification of the perspectives, values and attitudes of regional young women who 
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chose further participation in Physics and intermediate mathematics will be valuable in the 

quest to raise participation of female students. A primary aim of the current study was to 

examine the extent to which high achieving young women’s personal beliefs, including their 

educational expectations, competency beliefs, and task beliefs, influenced their senior 

secondary school Physics and intermediate mathematics enrolment choices. Although studies 

have identified influences of youth’s academically related beliefs on subject choice (e.g., 

Simpkins, Davis-Kean & Eccles, 2006), the degree to which these beliefs influence the subject 

choices of high achieving North Queensland regional and rural young women has not been 

researched. The reason this study focuses on a subpopulation of rural and regional young 

women and their teachers is because they are an under-researched population, who are 

geographically remote from capital cities, and may have social and cultural norms that are not 

commonplace in urban areas or rural and regional areas that are not as geographically remote. 

On the other hand, it is likely this subpopulation shares many commonalities with their urban 

and less remote counterparts. While the aim of this study was to contribute to a 

comprehensive picture of Australian students’ beliefs and perspectives regarding influences on 

their subject choices (McPhan et al., 2008), it will be of interest to identify the peculiarities and 

commonalities of this subpopulation in comparison with other student and teacher 

populations. While some aspects of the findings of this study may not transfer to girls in 

mathematics and science generally, the same may be said of any study conducted in a 

particular location.  

 

A second aim was to explore the contextual supports that promote the study of Physics and 

higher-level mathematics, such as the influence of adult aspirations, expectations, support and 

encouragement on science and mathematics proficient young women’s senior high school 

subject choices. The teacher expectancies literature has consistently identified links between 

teachers’ expectations for students and students’ educational outcomes (Jussim, Eccles, & 

Madon, 1996; Madon, Jussim, Keiper, Eccles, Smith, & Polumbo, 1998). Similarly, the parent 

expectancies literature has highlighted the link between parental expectations and students’ 

educational outcomes (Astone & McLanahan, 1991; Davis-Kean, 2005; De Civita, Pagani, 

Vitaro, & Tremblay, 2004; Halle, Kurtz-Costes, & Mahoney, 1997; Zahn & Sherraden, 2003). 

The study sought to examine the effects of two proximal processes on young women’s Physics 

and mathematics subject choice: parental educational expectations that occur within the 

family, and teacher educational expectations that occur within the school.    
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1.4 Significance of the study 

 

In an effort to explore and gain a better understanding of teachers’ and female students’ goals, 

attitudes and beliefs about the teaching and learning of intermediate mathematics and 

Physics, and how these goals, attitudes and beliefs influence participation in these subjects, 

this study makes the following important contributions to knowledge and education.   

First, this study provides science and mathematics teacher educators, curriculum planners and 

government with detailed information about science and mathematics teaching and learning, 

and educational practices in the context of regional and rural Far North Queensland. This in 

turn can help in planning and formulating programs and policies for pre-service teacher 

education, and science and mathematics education.  

Second, this study engages key stakeholders in science and mathematics education, teachers 

and students, to reveal a realistic picture of the enacted curriculum. It offers teachers, who 

work with the curriculum as a tool of their trade, the opportunity to offer suggestions for 

improvements or changes to the science and mathematics curricula. This in essence informs 

curriculum planners about beneficial changes as perceived by those who enact the curricula.  

 Third, identification of the social and structural barriers rural and regional girls experience in 

participating in secondary school Physics and intermediate mathematics education will 

contribute to the research base available for future education policy to redress the small 

numbers of women in STEM. 

Fourth, knowledge of the motivation and engagement factors which predict academic 

buoyancy in the face of academic setbacks and daily pressures can help teachers evaluate 

strategies to motivate and engage capable girls, and to build their academic buoyancy. 

 

1.5 Purpose and research questions 

 

The purpose of this study was to explore and describe the motivations and influences on 

female students’ enrolment in Physics and intermediate mathematics in the senior years of 

schooling based on teachers and students’ perspectives, and to explore the relationship 

between motivation, engagement and academic buoyancy factors in the domains of English 
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and intermediate mathematics. Specifically, the study addresses the following research 

questions: 

(a) What motivational factors predict young women’s enrolment in Physics and intermediate 

mathematics in the senior years of schooling in Far North Queensland? 

(b) What explanations do young women give for their Physics and intermediate mathematics 

enrolment decisions and influences on these decisions? 

(c) What are Far North Queensland Physics and intermediate mathematics teachers’ and Head 

of Departments’ perceptions about female participation in Physics and intermediate 

mathematics, and what is their knowledge of educational means to encourage greater 

participation? 

(d) Do female students in Far North Queensland differ significantly in motivation and 

engagement in English and intermediate mathematics subjects?  

(e) Which motivation and engagement constructs significantly predict Far North Queensland 

female students’ academic buoyancy? 

 f) Are Far North Queensland female student profiles of cognitions, behaviours, and academic 

buoyancy domain specific?  

  

1.6 Pragmatism 

 

A combination of quantitative and qualitative approaches were used to construct the overall 

research methodology, based on consideration of the strengths and weaknesses of each 

methodological paradigm, and an appraisal of the utility of each to assist in answering the 

research questions raised. The decision to use a pragmatic ‘mixed methods’ approach to 

gather and analyse data was based on the recognition that neither paradigm has superiority 

over the other, rather the research questions should ultimately dictate the research methods 

(Tashakkori and Teddie, 1998). A pragmatic approach to choosing the most appropriate 

method, of integrating methods from different disciplines, and acknowledging each has its 

merits, reflects a philosophical stance that there is no one methodology that is all 

encompassing or superior. Pragmatism is concerned with applications and solutions to 

problems, and appraisal of the approaches available determines the ones that will help to 
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answer the research questions and will to give a greater understanding of the problem. 

Different situations call for diverse combinations and adaptations, such as the use of different 

worldviews, multiple methods, different assumptions, and different forms of data collection 

and analysis, to ensure creative and practical situational responsiveness (Patton, 1980). The 

application of a mixed methods approach in this study enriches understanding through 

extension and expansion of knowledge, and in-depth understanding. The use of parallel 

methods adds breadth and depth to this study.  

 

1.7 Definition of terms 

 

The following terms are operationally defined, in the context of this study; 

Intermediate mathematics 

The names of senior secondary mathematics subjects vary across Australian states. In 2006, an 

Australian intermediate mathematics student would have been enrolled in one of the 

following subjects depending on the state in which their school was located: 

 

Table 1.1 

Name of intermediate mathematics subject in each Australian state/territory 

 

         (Barrington, 2006, p. 8) 

Queensland has separate senior syllabi for each of the three senior mathematics authority 

subjects; Mathematics A, Mathematics B, and Mathematics C. Mathematics A is appropriate 

NSW Mathematics (often referred to as 2 Unit Mathematics) 

VIC Mathematical Methods 

QLD Mathematics B 

WA Applicable Mathematics 

SA Mathematical Studies 

TAS Mathematics Methods 

ACT Mathematical Methods 

NT Mathematical Studies 
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for students considering employment in a technical trade, or for students considering tertiary 

studies in subjects with a moderate demand in mathematics. Mathematics B is recommended 

for students considering tertiary studies in subjects with a high demand in mathematics. 

Mathematics C provides students with additional preparation for tertiary studies in subjects 

with a high demand in mathematics such as science, medicine, mathematics and engineering 

(Queensland Studies Authority, 2008).   

 

Intermediate mathematics is defined as: “suitable for students who wish to proceed to tertiary 

studies which require significant but not extensive mathematical preparation, such as science, 

medicine, economics/commerce, dentistry and agricultural science” (Barrington, 2006, p. 1). 

As the study took place in Queensland, students studying intermediate mathematics were 

enrolled in Mathematics B. For the purpose of this thesis, intermediate mathematics and 

Mathematics B (Maths B) will be used interchangeably. 

In the Queensland Senior curriculum, Mathematics A is a general or basic mathematics subject 

while Mathematics B (intermediate mathematics) and Mathematics C (advanced mathematics) 

are more abstract and academically demanding. Mathematics B is a companion subject for 

Mathematics C (Walkington, 1998); students studying Mathematics C must also study 

Mathematics B.  

 

Science and mathematics proficient students and streaming 

 

For the purpose of my Ph.D. study, science and mathematics proficient students signify 

students who have been ability grouped or streamed into the highest ability science and 

mathematics classes. Streaming is the practice of grouping students in the same year level for 

one or more subjects based on their ability and achievement, and instructing them in separate 

classrooms for that subject (Hallinan, 1992; Hoffer, 1992; Crosnoe, 2001). Many Australian 

schools use streaming to some extent, and high academic ability students are assigned into 

extension classes for subjects such as science and English. However, mathematics streaming is 

the most widely used streaming practice in Australian schools (Zevenbergen, 2002), and 

classes are generally organised into high, mid-range and lower academic ability groups. 

Although teachers assign students to ability groups based on prior academic achievement, 

students have the opportunity to progress to a higher group if their achievement improves 



16 

 

sufficiently and likewise to a lower group if achievement declines. Students who are ability 

grouped into high ability mathematics and extension science classes are considered 

academically capable of undertaking Physics and higher-level mathematics in senior secondary 

school, and Stage One study participants were enrolled in these classes. All of the surveyed 

schools stream mathematics students in either Year 8, 9 or 10. Placement in a high ability 

mathematics class is considered a pathway to intermediate or advanced mathematics in Year 

11. All of the surveyed schools stream high ability science students into extension science 

classes in Year 9 or 10. 

 

Geographical classification of schools 

 

The schools participating in this study were classified in the following manner. Rural schools in 

this study were classified based on the Education Queensland zone system and the 

Accessibility/Remoteness index of Australia (ARIA). The Education Queensland zone system 

has four classifications (metropolitan, provincial city, rural and remote) “adapted from the 

‘Accessibility/Remoteness index of Australia (ARIA) Plus Scores’” (Department of Health and 

Aged Care, 2001). Although ARIA classifies urban centres with a population greater than 

100,000 as metropolitan, the ARIA index also has geographical classes based on accessibility 

factors. The regional city in which the urban schools are located is classified as an inner 

regional area because geographic distance imposes some restriction upon accessibility.  

 

Queensland schooling system 

 

Australian State and Territory education systems vary on the age when students begin school, 

and when they transition to high school.  Below is an outline of the transition points for 

Queensland students and an overview of the Queensland senior secondary schooling system. 

Queensland students commence school with: 

• 1 year of preparatory schooling (non-compulsory) 

• 7 years of primary education (Years 1 - 7) 

• 3 years of junior secondary education (Years 8 - 10) 

• 2 years of senior secondary education (Years 11, 12) (non-compulsory) 
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In Year 10, students study a core set of subjects, termed Key Learning Areas (KLAs), and also 

choose elective subjects. The core subjects are; The Arts, English, Health and Physical 

education (HPE), languages, Mathematics, Science, Studies of society and Environment (SOSE), 

Technology, and Information and Communication Technologies (ICTs).  

 

In Queensland, the transition from Year 12 to tertiary studies is based on an Overall Position 

(OP) ranking or score [also known as a tertiary entrance score]. The Overall Position score 

indicates students’ rank order position in the state, reported in bands from 1 (highest) to 25 

(lowest). To be eligible for an OP score, students must complete five Authority subjects and at 

least three subjects must remain unchanged throughout the senior years (Education 

Queensland, 2007). Students must also sit for the Queensland Core Skills Test. Authority 

subjects are approved by the Queensland Studies Authority (QSA), and are offered state wide 

in Queensland secondary schools and colleges. Achievements in these subjects are recorded 

on the Queensland Certificate of Education and are used in the calculation of OP scores and 

selection ranks. For students wishing to obtain an OP score, the transition from Year 10 to Year 

11 involves students selecting between five and six Authority subjects which are differentiated 

on lines to show, “the availability of subjects in relation to others in a particular school” 

(Walkington, 1998, p. 4). As English is a compulsory subject, students choose either four or five 

other Authority subjects to study during their final two years of secondary schooling (or 

students may choose four Authority subjects and one non-Authority subject). A common 

practice in the transition from Year 10 to Year 11 in the participating Queensland schools is for 

the mathematics faculty to recommend which level of senior mathematics is suitable for 

individual students based on their Year 10 performance and achievement, but ultimately 

students make their own pathway choice. Students can apply to enrol in a higher level of 

mathematics than was recommended, but may find the subject difficult without a successful 

background in Year 10 mathematics. Students may choose none, one or a combination of 

mathematics subjects. There are four possible Authority mathematics subject choices for 

Queensland students: 

• Mathematics A 

• Mathematics B 

• Mathematics A and Mathematics B 

• Mathematics B and Mathematics C 
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Similarly, individual students receive recommendations regarding suitable senior science 

subjects based on their Year 10 performance and achievement. Students may choose to study 

no science subjects, or one, or two or more science subjects in their senior years. There are 

eight possible Authority science subject choices for Queensland students: 

• Agricultural Science 

• Biology 

• Chemistry 

• Earth Science 

• Marine Science 

• Multi-strand Science 

• Physics 

• Science21 

However, not all North Queensland schools offer all of the above subjects. All of the study 

schools offered at least Biology, Chemistry, Physics and Science21. 

In the Queensland educational context, all three school sectors (Government, Catholic and 

Independent) use the same mandatory curriculum, although some schools may offer a wider 

range of subjects within that curriculum.  

 

Queensland Mathematics B and Physics syllabuses 

 

The topics studied in the Queensland Mathematics B courses are: 

• Introduction to functions  

• Rates of change  

• Periodic functions and applications  

• Exponential and logarithmic functions and applications  

• Optimisation  

• Introduction to integration  

• Applied statistical analysis.  

(Queensland Studies Authority, 2004) 
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The course is designed to be investigative in its approach to pedagogy, as stated in the 

Queensland syllabus rationale: “Mathematics is: a unique and powerful way of viewing the 

world to investigate patterns, order, generality and uncertainty” and, “a way of thinking in 

which problems are explored through observation, reflection, and logical, inductive or 

deductive reasoning” (Queensland Studies Authority, 2004).  

The new senior Queensland Physics Syllabus (released in 2007 and phased in over two years) is 

context-based and, “provides students with opportunities to learn in circumstances that are 

relevant and interesting to them” (Queensland Studies Authority, 2007, p. 46). At the time of 

writing, the Queensland 2007 Physics Syllabus was in use in many of the participating schools. 

The syllabus, which adopts a context-based approach to years 11 and 12 Physics, had been 

piloted over a five year period in selected schools during an initial trial pilot and a subsequent 

extended trial pilot. The definition of “context” adopted by the new Queensland Physics 

syllabus is, “a group of learning experiences that encourage students to transfer their 

understanding of key concepts to situations that mirror real life” (Queensland Studies 

Authority, 2004, p 11). The objectives of the Physics syllabus are categorised in the following 

four dimensions:  

• Knowledge and conceptual understanding  

• Investigative processes  

• Evaluating and concluding  

• Attitudes and values.  

 

The key concepts contained in the 2007 Physics syllabus are forces, energy, and motion. The 

Physics course is structured around these organisers for grouping the key concepts.  

The Queensland Physics syllabus states, “in some schools, it may be necessary to combine 

students into a composite Year 11 and 12 class” (QSA, 2007, p. 12). Many of the participating 

school combined students into a composite Year 11 and 12 Physics class because student 

numbers were too small to justify separate classes. The syllabus outlines four advantages to 

teaching and learning processes in composite classes, but as will be seen in Chapter 6, there 

are also perceived disadvantages with composite classes. 
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1.8 Researcher’s background 

 

I became interested in gender disparity in science participation when I commenced my 

Honours research project, in which I examined gender differences in Physics, Chemistry and 

Biology participation in one Far North Queensland secondary school. One of the key findings of 

that study was stereotyped gendered perceptions of science subjects remained prevalent at 

the start of the new millennium, with Physics and Chemistry perceived as masculine subjects by 

a proportion of boys and girls, and Biology as feminine by a proportion of boys enrolled in 

these subjects. I concluded further research was needed into students’ school science teaching 

and learning experiences, to understand the reasons why some girls think boys are “naturally” 

better at physical science, and the extent that teacher and parental encouragement influences 

students’ science enrolment decisions. Consequently, I was keen to investigate enrolment 

disparity in more depth, and explore these matters in greater detail. Given girls’ lower 

participation rates in Physics and higher-level mathematics, I was especially interested in 

comparisons between groups of girls. What motivates some girls to participate and not others?  

I decided to expand on my Honours research as a Ph.D. study, and focus on young women who 

intended to participate, or were participating, in mathematics and Physics in senior secondary 

school. One benefit of researching with mathematics and science proficient students is the 

research can focus on issues other than ability (Lyons, 2005). The advantage of researching 

solely with female students is a “which girls?” approach allows the exploration of differences 

between groups of girls, rather than treating girls as one homogeneous group (Collins, Kenway 

& McLeod, 2000). The expanded study included a greater number of schools, different school 

sectors (Government, Catholic Independent), different geographic locations (rural and 

regional), a diverse range of participants (students, teachers, Head of Departments), and a 

variety of data collection methods (surveys, interviews), and analytical methods (quantitative 

and qualitative).   

Initially the study was to comprise of two stages: a survey of students, and student and 

teacher interviews. However, after hearing Professor Andrew Martin speak at the 2008 

Australian Association for Research in Education (AARE) conference about multidimensional 

perspectives on motivation, engagement, and resilience, I realised resilience could be an 

important piece in the puzzle of female Physics and intermediate mathematics enrolments. 

This led to the addition of Stage Three to the current study which explores the role of 
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motivation and engagement in academic buoyancy, and the domain specificity of academic 

buoyancy.  

 

1.9 Organisation of the thesis 

 

The remainder of the thesis is organised into eight chapters, references, and appendices in the 

following manner. Chapter Two presents a review of the related literature dealing with the 

motivational factors and influences affecting mathematics and science participation and 

persistence. Chapter Three delineates the research design and methodology of the study. The 

instruments used to gather the data, the procedures followed, and the samples selected for 

study are described. An analysis of the data and a discussion of the findings are presented in 

Chapter Four, Chapters Five and Six, and Chapter Seven for each stage of the study. Chapter 

Eight contains the summary, conclusions, and recommendations of the study. The study 

concludes with references and appendices.  
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Chapter 2 

Literature Review 

 

The aim of this study was to identify factors that motivate girls to enrol and study Physics and 

intermediate mathematics, and to increase our understanding of regional girls’ participation in 

these subjects. In this survey of the literature, I chronologically review portions of the vast 

bodies of research within the intersecting fields of gender, mathematics education and science 

education. I pay` particular attention to seminal writers in recognition of the impact their 

pioneering work had on how our knowledge grew, progressed and diverged. This literature 

review begins with a brief history of gender and mathematics and science education research 

followed by an examination of Eccles’ and colleagues’ expectancy-value achievement 

motivation theory (Eccles, 1985, 1986, 1987, 1994; Eccles & Jacobs, 1986) with regard to 

senior secondary school subject choice. The relationship between student beliefs, values and 

goals with action is captured within the expectancy-value model of motivation, where, 

“expectancies refer to beliefs about how one will do on different tasks or activities, and values 

have to do with incentives or reasons for doing the activity” (Eccles & Wigfield, 2002, p. 110). I 

then consider cognitive motivational factors, and influence from significant adults such as 

parents and teachers, and the effect they have on participation in higher-level mathematics 

and science in recent Australian and international research. The role of affective factors, 

educational factors, and academic buoyancy with regard to Physics and mathematics 

participation are also considered. The review is concluded by a discussion of research studies 

undertaken solely with girls (the non-gender comparative approach). Finding from 

mathematics and Physics education in many cases are discussed together as many reports and 

research papers report investigations across both disciplines and across STEM subjects in 

general. Also, for reasons of for flow and uniformity, and to avoid repetition, mathematics and 

science educational research are examined together throughout this review. Where data is 

different for each subject area, it will be discussed separately.  
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2.1 A brief history of gender and mathematics and science education 

research 

 

In the following extract from the publication, New questions for contemporary teachers: Taking 

a socio-cultural approach to education, Taylor (2004, pp. 87-88) summarises the historical 

background of gender inequity and education:    

It is almost three decades since gender issues first appeared on education policy 

agendas in Australia, following pressure from the women’s movement for 

governments to address girls’ unequal outcomes in education....It is important to 

remember that gender inequalities were not seen as a problem in the past. 

Historically, the education of girls and boys was designed to be different, as it was 

based on supposed ‘natural’ differences and differences in future life roles. In 

general, the formal education of girls was seen to be less important than that of 

boys and was therefore limited and narrowly defined. The view was that women’s 

proper place was within the domestic sphere and that only men needed to be 

breadwinners. For many years education reflected these ideas about ‘women’s 

place’, despite the fact that many women, particularly working class women, were 

engaged in paid work and supporting their families....From the early 1970s, these 

ideas about the different capacities and futures of girls and boys were challenged 

and their unequal educational experiences and outcomes were seen to be a 

problem.  

In the early 1970s, the Australian Government sponsored a commission of inquiry into the 

educational needs of girls and women throughout Australia. Mr Kim Beazley, then Minister for 

Education in the Whitlam Labor Government, announced the enquiry saying, “For far too long 

girls have been underachieving in school and ending their formal education early. This has 

restricted the career and life chances open to them” (Commonwealth Schools Commission, 

1975, p. 2). The terms of reference given to the committee were: 

(1) to examine the extent of underachievement by women and girls in 

education and its contribution to the inferior status of women; 

 

(2) to examine the reasons for this, including community attitudes and implicit 

and explicit discrimination against women and girls in schools; 
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(3) to study the ramifications of the increasing participation by women in the 

labour force on Australian education and schools; 

 

(4) to recommend any program projects and the necessary funding to assist 

girls so that they have as many careers and life choices open to them as do 

boys. (Commonwealth Schools Commission, 1975, pp. 1-2)  

The language used in the terms of reference - the underachievement by women and girls; the 

inferior status of women; implicit and explicit discrimination; and limited careers and life 

choices - clearly reveals female educational disadvantage was perceived to be a large, societal 

problem. The report from the inquiry, Girls, School and Society (Commonwealth Schools 

Commission, 1975), documented the ways schooling was contributing to the inequality of 

women in Australia.  The inquiry documented girls were significantly less likely to finish school 

and enter higher education and more likely to be streamed into non-academic programs at 

school and choosing lower value subjects that limited their post-school options and provided 

only pathways to lower paid work. The report noted teachers held lower expectations for girls, 

and considered the education of girls less important than the education of boys. 

Early gender and mathematics education research attempted to explain the lower 

participation and achievement of girls by lesser spatial and innate abilities and by cognitive 

deficit, which, at the time were considered biological. Fennema and Sherman’s (1977) key 

study found common beliefs that girls have an inferior underlying ability could not be 

supported. They reported very small achievement differences between males and females of 

similar ability who had taken a similar number of mathematics courses, and these differences 

occurred within socio-cultural factors. Controlling for differences in affective measures 

eliminated significant gender differences. They  showed that while it was easy to find gender 

differences between males and females of unequal mathematics background, it was erroneous 

to report these differences were a result of inherent ability and attributable to gender per se 

(Fennema & Sherman, 1977). The long standing belief that males achieve better than females 

in tests of spatial visualisation (Maccoby & Jacklin, 1974), was not supported when controlling 

for the number of space related courses taken (Fennema & Sherman, 1977), indicating that 

practice and relevant experience were important factors in spatial visualisation gender 

differences. Fennema and Sherman (1977) also found mathematics confidence was higher in 

males consistent with females’ general lesser confidence, that did not change even when 

females performed at an equal or higher level to males. Males were more likely to stereotype 
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mathematics as a male domain, to perceive mathematics as useful, and to hold positive 

attitudes regarding the study of mathematics. These attitudes were thought to reflect socio-

cultural influences rather than personal characteristics. The authors concluded that the 

prevailing cultural conditions made the study of mathematics appear inappropriate for girls.  

Nonetheless, it became “well established” that gender differences in mathematical 

performance emerged in adolescence, and favoured males on higher-level cognitive tasks 

[problem solving], and occasionally favoured females on lower-level cognitive tasks 

[computation] (Fennema, 1974; Fennema, 1976; Leder, 1992; Maccoby & Jacklin, 1974; Stage, 

Krienberg, Eccles & Becker, 1985). However, a meta-analysis of studies of gender difference in 

mathematical performance between 1967 to 1987 found gender differences had declined over 

this period, and were small, but increased in highly selected samples [gifted and talented] 

(Hyde, Fennema & Lamon, 1990). Friedman’s (1989) meta-analysis of studies of gender 

differences in mathematical tasks between 1974 and mid-1987 supported the finding that 

gender differences favouring males were very small, and gender differences in performance 

were decreasing over time, and attributed the difference to changing environmental influence 

rather than biology. These studies provided empirical evidence that women were not 

inherently inferior in mathematical capabilities, and demonstrated that gender differences in 

ability were not sufficient to explain differences in participation and achievement 

Explanations to account for gender differences in mathematics participation pointed towards 

the pressure of gender role expectations, gender stereotyping, and an unwillingness to 

contravene socio-cultural norms (Leder, 1980). Researchers found girls were much more likely 

than boys to choose to take lower intensity mathematics subjects once these were no longer 

compulsory (Fennema & Sherman, 1977; Leder, 1980). Fear of success was postulated as a 

factor associated with difference in mathematics performance among able students (Fennema, 

1977; Leder, 1977; Leder, 1980). Leder (1980, p. 124) argued, “Being successful in competitive 

achievement situations is more congruent with the male role than the female role” and that 

able girls were, “particularly aware of social pressures associated with career choice and the 

negative consequences of contravening social conventions”. Girls with higher levels of anxiety 

over contravening social norms “tended to have a lower performance in mathematics than 

girls less concerned about these issues.” Early studies reported mathematics anxiety was 

higher for girls than for boys (Bleyer, Pedersen and Elmore, 1981; Frost, Hyde & Fennema, 

1994), performance decreased as anxiety increased (Druva-Roush, 1994), and girls were more 

likely to avoid mathematics whenever possible due to mathematics anxiety (Bleyer et al., 

1981). However, Frost et al.’s (1994) meta-analytic synthesis of gender and mathematics 
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studies from the 1970s and 1980s reported the gender difference in mathematics anxiety was 

small, especially in average and high ability samples, and where differences did exist between 

gender and attitude towards mathematics they were small, with females holding slightly more 

negative attitudes than males. Frost et al. (1994) found an extremely large effect size for 

gender stereotyping of mathematics as a male domain, and it was males who held more 

stereotyped views. It was thought male peers, teachers, and family members may discourage 

or put subtle pressure on females not to participate and achieve in mathematics (Frost et al., 

1994). Overall, meta-analyses raised doubts about widely held beliefs that females do not 

achieve as well as males, and have more negative attitudes about mathematics than males 

(Frost et al., 1994).  

A second wave of research focused on social and cultural factors contributing to the 

underrepresentation of girls in mathematics, investigating stereotyped gender roles, the 

mathematics classroom, curriculum factors, the perception of mathematics as a male domain, 

and differential treatment of girls and boys by teachers and parents (Fennema, 1974; Leder, 

1986; Leder, 1992). Barriers were thought not to be intentional but rather expressed and 

reflected an idea of social order in which men and women had clearly prescribed gender roles 

(Hanna, 2003). Studies reported mathematics teachers held gendered expectations of 

students, which paralleled the stereotypic views society held of boys and girls in mathematics 

(Becker, 1981; Leder, 1986; Leinhardt, Seewald & Engel, 1979). These studies found teachers’ 

differential treatment favoured and benefitted males (Becker, 1981; Leder, 1986; Leinhardt et 

al., 1979); student behaviour reinforced teacher expectations; teacher indifference towards 

girls resulted in girls becoming more passive (Becker, 1981), and consequently their 

achievement declined (Leinhardt et al., 1979). Teachers were found to attribute causation of 

boys’ successes to ability, and girls’ successes to effort (Fennema, Peterson, Carpenter & 

Lubinski, 1990). Teachers were shown to believe studying mathematics was more “natural” for 

boys (Atweh & Cooper, 1995), male students were more likely than females to be assigned to 

high-ability mathematics groups (Hallinan & Sorensen, 1987), and boys were more likely to be, 

“channelled into advanced courses in mathematics and science even when their grades in 

these subjects were lower than those of girls” (Hanna, 2003, p. 2). Luchins and Luchins’ (1980) 

study of gifted mathematicians reported 80% of females, compared to 9% of males, were 

actively discouraged from continuing with the study of mathematics (cited in Eccles & Alfeld, 

2007). Becker (1981, p. 52) concluded that, “teachers behave in ways that involve young 

women less in classroom interactions and give them less encouragement in mathematics”, and 

thus males and females have substantially different experiences in mathematics classes. 
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Eccles (Parsons), Adler, and Kaczala (1982) found parents held gender-stereotyped beliefs of 

their children’s mathematical ability, which had a major impact on girls’ self-perceptions of 

mathematics ability. Parents believed girls had to expend more effort than boys to achieve 

well, believed advanced mathematics was more important for boys, and parental expectations 

conveyed influenced girls’ self-concept of mathematics ability to a larger degree than their 

own achievements (Eccles et al., 1982). Eccles, Jacobs and Harold (1990) proposed parental 

expectation created a self-fulfilling prophesy; differences in parents’ perceptions of their 

children’s ability created the differences perceived to exist. A culture of support, or lack of one, 

had a profound effect on whether a young person continued with the study of mathematics 

(Eccles & Alfeld, 2007). Lack of social supports at home, in the community, and in schools, 

were identified as barriers to female participation and performance in mathematics. The 1992 

report, How schools shortchange girls (AAUW, 1992), claimed girls were being systematically 

discouraged from studying mathematics. Parents, teachers, peers, the community and the 

media provided females and males with different opportunities and encouragement which 

perpetuated unequal participation in male-stereotyped domains (Eccles & Alfeld, 2007). 

Gender-role stereotypes seriously limited the range of options girls were likely to be 

encouraged to pursue, and environmental pressures explained why, “success in mathematics 

may be valued differently by males and females” (Leder, 1986, p. 20).  

 

Early research attributed girls’ lower achievement and participation in mathematics to 

biological factors, mathematics anxiety, perceptions of mathematics as masculine, perceptions 

of the usefulness of mathematics, self-confidence, self-concepts of mathematics ability, and 

teachers’ differential treatment of males and females. According to Jacobs (2010, p. 435), the 

design of these studies was based on a common philosophical assumption;  

 

The previous work on gender and mathematics proceeded from the assumption 

that if we could identify those individuals who succeeded in mathematics and 

compared them with those who were not successful in mathematics, we could 

isolate factors that “cause” this difference. It was then assumed that if we could 

change the “unsuccessful” so that they would have the characteristics of the 

“successful”, they too would succeed in mathematics. Given that, in general, it is 

males (particularly white males) who are successful in mathematics and females 

who are not, the solution to the gender problem in mathematics becomes making 

females more like males. Such an assumption denies any substantive difference in 

the ways males and females are. It assumes gender is not a salient variable in 
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determining behaviour and is easily modifiable. It also declares that males are the 

norm, that how they do things is the only way of doing things and that the road to 

success is to behave as males behave.   

 

Leder (2004, pp. 106-107) remarked that, “the assimilationist and deficit model approaches 

proved persistent throughout the 1980s and continued to guide many of the intervention 

initiatives aimed at achieving gender equity”. This perspective assumed removing school and 

curriculum barriers would result in gender equity, but remained uncritical of the way 

mathematics was, “taught, valued, and assessed” (Leder, 2004, p. 107). From a feminist 

perspective, the mathematics curriculum, methods of instruction, and discipline were 

determined by masculine values and experiences (Jacobs, 1994). Feminist analyses began with 

the assumption that women’s ability is not the problem; the problem stems from the content, 

pedagogy and practices of the mathematics classroom (Jacobs & Becker, 1997). Belenky, 

Clinchy, Goldberger and Tarule’s (1986) all-female study led to a proposed feminist pedagogy 

in the mathematics classroom (Jacobs & Becker, 1997) Traditional mathematics education 

emphasised, “deductive proof, absolute truth, and certainty; using algorithms; and 

emphasising abstraction, logic, and rigor” (Jacobs & Becker, 1997, p. 108). By contrast, a 

feminist pedagogy emphasised, “intuition and experience; conjecture, generalisation, and 

induction; creativity; and context” (Jacobs & Becker, 1997, p. 108), aimed at implementing a 

more egalitarian mathematics education, and offered girls more opportunity to participate in 

mathematics (Kaiser, 2010). Listening to young women’s voices provided important insights 

about mathematics and gender, and changed the research perspective from trying to fix 

women – helping them to assimilate (Forgasz et al., 2008), or persuading girls of the 

importance of mathematics (Vale & Bartholemew, 2008) - to trying to fix mathematics. 

However, despite curriculum reforms, in general, a traditional mathematics pedagogy 

persisted in classrooms (Leder, 1992).   

 

Early gender and mathematics education research mirrors early gender and science education 

research. Kelly (1978) proposed gender differences in participation and achievement in science 

education were magnified by the influence of socio-cultural and school-based variables, which 

shifted the focus from deficiencies in girls to deficiencies in their educational experiences. 

Differences were initially explained by cognitive ability, self-confidence, interest, and social 

influences. Lin and Hyde’s (1989, p. 17) meta-analysis and process analysis study synthesised 

results to, “gain a systematic understanding of gender differences hypothesised to contribute 

to differential access to scientific careers.” Lin and Hyde’s (1989) study reported the following 
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findings. Gender differences in cognitive ability were found to be small and declining, and 

reflected gender differences in course enrolment and training rather than innate biological 

differences. Gender differences in self-confidence emerged in secondary school and occurred 

even when male and female achievement was equal, and coincided with differential 

enrolment patterns in advanced courses and differences in interest in science. Gender 

differences in interest in science emerged in secondary school, and remained large, with males 

showing more interest in science than females. Reduced interest was postulated to coincide 

with increased awareness of societal expectations of appropriate gender roles. Interest did not 

influence participation in science, but perceived usefulness did. Perceived lack of relevance of 

school science reduced girls’ perceptions of the utility value of science. Lin and Hyde (1989) 

concluded that declining gender differences were consistent with changes in social roles, 

educational opportunities, and industry requirements. Remaining differences in cognitive 

abilities were largely explained by differential experiences, contextual differences in 

confidence, and societal pressure; choosing to oppose tradition and participate in a non-

traditional, male dominated field was problematic for women (Lin & Hyde, 1989).  

Research in the 1980s indicated gender influenced attitudes towards science (Schibeci, 1984), 

but conflicting findings were reported. In general, boys were found to have more positive 

attitudes towards science than girls (Baker, 1983; Simpson & Oliver, 1985) regardless of 

curriculum (Lowery, Bowyer & Padilla, 1980) or pedagogy (Okebukola, 1986). However, when 

science disciplines were studied individually, girls were reported to have a more positive 

attitude towards biology (Johnson, 1987; Schibeci, 1984; Weinburgh & Engelhard, 1991) and 

boys a more positive attitude towards chemistry and Physics (Johnson, 1987; Schibeci, 1984). 

Cannon & Simpson (1983) and Weinburgh (1995) reported high ability girls had a more positive 

attitude towards science than high ability boys, suggesting achievement in science was linked 

to liking science. But Barrington and Hendricks (1988) found no differences in gifted and 

average students’ attitudes towards science. Kahle, Parker, Rennie and Riley (1993, p. 380) 

noted different teacher expectations and teacher-student interactions between girls and boys, 

and the types of evaluation measures used to assess achievement, “influence girls’ attitudes 

towards science, their self-confidence in performing scientific tasks, their achievement levels 

in science, and their motivation to continue to study science”. Young and Fraser’s (1994, p. 

857) study found significant gender differences in Australian students’ Physics achievement, 

but reported, “school effects were much more powerful in explaining student differences (9-

19%) when compared with gender (3%)”.  Kahle et al. (1993) reported Australian teachers 

believed science was equally useful and important for both boys and girls, but thought girls 
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were less confident and less interested than boys in physical science, and girls found physical 

science more difficult. In science classrooms, boys were noted to dominate and monopolise 

equipment and materials, and often teachers did not actively prevent this from occurring 

(Kahle et al., 1993; Kelly, 1985). Kahle (1990) and Kahle et al. (1993) observed teachers 

directed more higher-order questions to and interacted more with male students and  were 

more likely to use direct instruction with girls.  Kelly (1985, p. 133) outlined four ways in which 

science is constructed or comes to be seen as a masculine subject: 

The most obvious, is in terms of numbers-who studies science at school, who 

teaches it, who is recognised as a scientist. Secondly, there is the packaging of 

science, the way it is presented, the examples and applications that are stressed. 

Thirdly, there are the classroom behaviours and interactions whereby elements of 

masculinity and femininity developed in out-of-school contexts are transformed in 

such a way as to establish science as a male preserve. And finally there is the 

suggestion that the type of thinking commonly labelled scientific embodies an 

intrinsically masculine world view.  

 

It was Kelly (1985) who also noted girls who perceived science as masculine did not achieve as 

well as other girls and that girls in single-sex schools perceived physical science as less 

masculine than girls in coeducational schools, suggesting science classroom interactions play a 

larger role than a male oriented science curriculum in creating masculine connotations of 

science and cultural reproduction of female disadvantage and male advantage.   

Kahle’s et al., (1993) study on gender differentiated patterns of interest in science reported 

female students were more interested in biology and male students were reportedly more 

interested in chemistry and Physics, but noted these gender effects may be moderated by the 

student’s socioeconomic background. Kelly’s (1988) longitudinal study of sex-stereotypes and 

attitudes to science found higher ability girls and girls from middle-class backgrounds were less 

likely to hold stereotyped self-images and less stereotyped in their occupation preferences 

than other girls. Schibeci and Riley (1986) found gender influenced attitudes and achievement 

in science, with girls having less positive attitudes and lower achievement scores than males. 

Ethnicity, home environment and parental education all had a substantial influence on student 

achievement (Schibeci & Riley, 1986). Perceptions of science instruction (teacher support and 

enthusiasm) strongly influenced attitudes towards science (usefulness, motivation, enjoyment 

and self-confidence), and these attitudes in turn influenced achievement in science (Schibeci & 

Riley, 1986). A decade later, Weinburgh’s (1995) meta-analytic study also showed positive 
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attitudes were correlated with increased achievement. Labudde, Herzog, Neuenschwander, 

Violo & Gerber’s (2000, p. 155) study showed, “parents attitudes towards Physics, and their 

expectations of their own child’s ability in Physics are significantly correlated with children’s 

attitudes and achievements in Physics”.   

Initial education policy reform programs focused on participation and retention rates and 

towards ensuring girls had equal access to educational opportunities.  Policies focused on non-

sexist education (Taylor, 2004), removal of sexist language and images from textbooks, using 

counter-sexist materials, and changing school timetabling (Kenway & Willis, 1993). 

Significantly, the existing structure of schooling was not questioned and the weakness in this 

approach was often a superficial improvement of the package to make it more attractive to 

girls rather than an improvement of the educational environment overall.  Subsequent reforms 

based on educational outcomes focused on gender differences in subject choice, particularly 

girls’ unequal participation in mathematics and science. Strategies were directed at improving 

girls’ self-esteem and confidence in their abilities to participate and engage with the full range 

of life’s possibilities (Kenway & Willis, 1993). Reforms attempted to raise awareness of the 

importance of mathematics and science in a changing world and in the context of keeping 

career options open (Kaiser & Rogers, 1995). The implication was girls needed to change to 

successfully participate in science and mathematics, and have a rewarding career. These 

policies were based on a deficit model which assigned the problem to girls (girls were ignorant 

about the importance of these subjects to their future), rather than challenging the structure 

and organisation of schooling and ignored the notion that girls may have made a conscious 

choice to avoid an alienating subject (Kaiser & Rogers, 1995). The mathematics (or the science) 

was not questioned, only the learners. Moreover, generalisations about girls failed to 

recognise structural differences between groups of girls such as race, class, and ethnicity. 

Raising self-esteem programs tended to preferentially benefit white middle-class girls, but did 

little for girls of ethnic origin or girls from rural or remote locations (Kenway & Willis, 1993). 

These groups of girls experienced different problems that did not necessarily stem from low 

self-esteem or a lack of interest in education. Rural and remote geographic location presented 

its own set of problems, such as the expense of attending university and living away from 

home (Kenway & Willis, 1993). Taylor (2004, p. 93) reported that “gradually the curriculum and 

school organisation came to be seen as the problem, rather than the girls themselves”. One of 

the benefits of a curriculum reform approach was an indicated willingness of schools to take 

responsibility for change including making the curriculum more “inclusive” in content and 

pedagogy (Kenway & Willis, 1993). However, this approach ignored the deeply gendered 
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nature of some subjects, and deep-seated teacher resistance to real changes (Gilbert, 2001), 

and the narrow repackaging left the masculinity of science and mathematics unchallenged 

(McClaren & Gaskell, 1995). And Taylor (2004, p. 88) considered that despite progress with 

gender reform, older “ideas about ‘women’s place’ and ‘men’s work’ are to some extent still 

reflected in society and in schooling”.  

It is important to appreciate how research in the field of gender and mathematics and science 

developed and evolved in order to understand how feminist theories and cultural influences 

have profoundly influenced current research. Research and interventions from the 1970s to 

the 1990s developed understanding of the relationship between gender and participation in 

mathematics and science education, and showed that differences in achievement and 

participation, “are not due to biology, but to complex interactions among social and cultural 

factors, societal expectations, personal belief systems and confidence levels” (Kaiser & Rogers, 

1995, p. 1).  

 

2.2 Expectancy-value achievement motivation theory 

 

John Atkinson (1957) developed the first formal expectancy-value model to account for 

people’s motivation in achievement situations. Atkinson sought to explain different kinds of 

achievement-related behaviour: striving for success, choice among achievement tasks, and 

persistence on those tasks. He believed that these behaviours were determined by individuals’ 

achievement motives, expectancies for success, and incentive values (Wigfield & Eccles, 1992). 

Over the last 30 years other researchers have extended and elaborated Atkinson's (1957) 

original expectancy-value model (e.g., Bandura, 1977, 1986, 1989; Covington, 1984; Kukla, 

1972; Nicholls, 1984; Schunk, 1984; Weiner, 1979; Weiner, Frieze, Kukla, Reed, Rest, & 

Rosenbaum, 1971). In these models perceptions of competence and expectancies for success 

also have been emphasized in explaining achievement behaviour (Wigfield & Eccles, 1992). 

There have been two fundamentally different approaches to the study of values. One group of 

researchers have expanded on Atkinson’s (1957) initial definition of incentive values to 

incorporate achievement task values (Wigfield & Eccles, 1992). These researchers have 

conceptualized task value as how different tasks meet different needs of individuals. Other 

researchers, most notably Rokeach (1973, 1979, 1980), have discussed broader human values. 

These researchers have focused on values as broad-based, general psychological 

characteristics of the individual and have speculated how such personal values might affect 
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behavioural choices. Only a few researchers have tried to integrate these two perspectives to 

produce a more detailed theoretical analysis of how personal values and general attitudes 

might affect relative subjective task values (e.g., Eccles et al., 1983; Feather, 1988; Parsons & 

Goff, 1980).  

 

In contrast to Atkinson, the model Eccles and her colleagues proposed focused on the social 

psychological reasons for people’s choices in achievement settings; thus expectancy and value 

are defined as cognitive rather than purely motivational constructs. Eccles and colleagues’ 

integrated expectancy value model also included the role of significant socialisers’ attitudes, 

beliefs, and behaviours in the development of students’ expectancies and values (Wigfield & 

Eccles, 2000). Significant socialisers are defined as people with whom students have significant 

relationships, thus expectancies and values are, in part, relationally determined (Wigfield & 

Eccles, 2000).  

 

Adolescence is a critical time for forming values and making significant decisions, including 

choices from among multiple adult life-roles (Eccles, 1994). Eccles and her colleagues 

synthesized what is known about decision making, achievement theory and attribution theory 

to develop a gender-neutral, integrative framework to guide research in the area of 

achievement-related choices. The resulting Achievement-Choice Model (Eccles, 1985, 1986, 

1987, 1994; Eccles & Jacobs, 1986) makes explicit the interrelationship of psychological factors 

and social factors and their impact on student enrolment in programs and courses, and 

achievement-related decisions. The model focuses on subject choice, rather than gender 

differences between males’ and females’ subject choices (Lupart, Cannon & Telfer, 2004). The 

fundamental assumption of expectancy-value theory is that motivation is regulated by a 

person’s expectancy of obtaining a specific goal and the value the person places on that goal 

(Sullins, Hernandez, Fuller & Tashiro, 1995). This theory contends that, “individuals’ 

expectancies for success and the value they have for succeeding are important determinants 

of their motivation to perform different achievement tasks, and their choices of which tasks to 

pursue” (Wigfield & Eccles, 2002, p. 91). In this model “choices are assumed to be influenced 

by both negative and positive task characteristics, and all choices are assumed to have costs 

associated with them precisely because one choice often eliminates other options” (Eccles & 

Wigfield, 2002, p. 118).  

 

Eccles (1994, p. 589) explained the features of the model in terms of enrolment decisions, 
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 The model predicts that people will be most likely to enrol in [secondary school 

subjects] that they think they can master and that have high task value for them. 

Individuals’ expectations for success (and a sense of domain-specific personal 

efficacy) depend on their confidence in their intellectual abilities and on their 

estimations of the difficulty of the [subject]. These beliefs have been shaped over 

time by their experiences (e.g., do people think that their successes are a 

consequence of high ability or lots of hard work?). Likewise, the value of a 

particular [subject] to the individual is influenced by several factors. For example, 

does the person enjoy doing the subject material? Is the [subject] required? Is the 

[subject] seen as instrumental in meeting one of the individuals’ long- or short-

range goals? Have the individuals’ parents or counsellors insisted that the [subject] 

be taken, or conversely, have other people tried to discourage the individual from 

taking the [subject]? Is the person afraid of the material to be covered in the 

[subject]?  

Expectancy-value theory deals with the reasons individuals have for engaging in different 

achievement tasks, and focuses on the question, “Why?” Even if a person feels capable of 

doing a task, there may not be a compelling reason for doing it, which is why the expectancy-

value model is particularly appropriate to researching student subject selection in secondary 

schools. In relation to student participation in higher levels mathematics and Physics subjects 

at secondary school, expectancy-value motivation theory posits individuals are most likely to 

enrol in courses they think they can master and that have high task value for them (Eccles & 

Wigfield, 2002). Task value is a quality of the task that contributes to the increasing or 

decreasing probability that an individual will select it. One such task value is intrinsic value, 

which refers to motivation to do a task or activity because it is inherently interesting or 

enjoyable (Eccles & Wigfield, 2002; Ryan & Deci, 2000). Students’ prior educational 

experiences influence their future subject choices; low interest in a subject negatively impacts 

on future participation, whereas interest in and enjoyment of a school subject increases the 

probability of post-compulsory participation (Eccles & Wigfield, 2002).  

 

2.3 Girls and interest in mathematics and Physics 

 

Most recently, researchers have attributed declining science enrolments to the inability of 

school science to engage and interest students (Lyons & Quinn, 2010; Masters, 2006; Tytler, 
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Osborne, Williams, Tytler, Cripps Clark, 2008). A number of interconnected factors are 

identified as contributing to declining interest in secondary school science. These are: the 

change from a mainly activity-based science in primary school to a transmissive pedagogy in 

secondary school; a curriculum that is not relevant to students’ needs; and the perceived 

difficulty of school science (Lindahl, 2003; Lyons, 2006; Osborne & Collins, 2001; Speering & 

Rennie, 1996). Declining interest in the secondary school years is concerning because student 

attitudes strongly influence senior subject choices and career aspirations at a time where 

Australian economic imperatives demand increased workforce participation in STEM careers. 

Although studies have found student attitudes towards all subjects decline on transition to 

secondary school (E.g., Eccles, Lord, Roeses, Barber, & Jozefowicz, 1997), research shows 

students’ attitudes towards science are particularly negative. A 1990s Western Australian 

study of Year 11 and 12 secondary school students from 20 rural and urban schools found 

many of the female students who were not planning to continue science studies indicated a 

lack of interest in physical science subjects and held negative perceptions about science 

subjects due to the uninspiring way in which they were taught (Young, Fraser & Woolnough, 

1997). A decade later, Lyons, Cooksey, Panizzon, Parnell and Pegg (2006) synthesised a large 

body of research in relation to participation and access to the sciences in rural and regional 

Australia, finding a shortage of qualified science teachers and a lack of student interest in 

science contributed to declining enrolments. When interest is reported, it is often linked to 

students’ future goals. Lyons and Quinn (2010) discovered students enrolling in senior Physics, 

“were motivated primarily by their anticipation that their senior science subject would be 

interesting” (p. 68), followed closely by motivation of the utility value of Physics for university 

study and career plans. Similarly, Barnes, McInerney and Marsh (2005, p. 13) found “interest 

had a substantial influence on enrolment, however, this influence was predominantly indirect, 

mediated by career value”, indicating a strong relationship between interest and future career 

aspirations.  

 

Length of time at school has a bearing on measures on interest. A Canadian study found Year 7 

students had significantly higher interest in and liking of science than Year 10 students, and 

female students’ interest in and liking of science was significantly lower than that of males 

(Lupart, Cannon & Telfer, 2004). A UK study reported Physics was rated as the least popular of 

the science subjects for both female and male students, and far less liked by female students 

compared with male students (Barmby & Defty, 2006). An Israeli study of Year 9 students 

found “the most influential factor on students’ interest in Physics is their poor opinion about 

science classes in junior high school” (Trumper, 2006, p. 53). An international survey of 15 
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year-old students from 40 countries reported young people like science less than most other 

school subjects, girls like it less than boys, and although Western students consider school 

science to be somewhat interesting, “when compared to other school subjects, science cannot 

compete” (Schreiner & Sjoberg, 2005, p. 8). The UK Roberts Review (Roberts, 2002) also 

acknowledged a significant factor of declining enrolments was the inability of junior science 

courses to inspire and interest students, especially young women. A Swedish student told 

researchers, ‘‘the trouble with school science is that it provides uninteresting answers to 

questions we never asked’’ (Osborne, 2006). Australian and international research reported 

students recognise the importance of science content, but consider the nature of school 

science to be “boring” (Lindahl, 2003; Lyons, 2005; Osborne & Collins, 2001). In the words of 

Goodrum, Hackling and Rennie (2001, p. 1), “there is growing concern about the disparity 

between the science education provided in our schools and the needs and interests of our 

young people”. 

 

The situation is similar with respect to mathematics. A study examining factors associated with 

participation in advanced mathematics courses in Canada, Norway and the United States of 

America found students’ attitudes towards mathematics was the strongest predictor of 

participation in advanced mathematics (Erickan, McMreith & Lapointe, 2005). A large scale 

Australian study (McPhan et al., 2008) reported around 45% of Year 10 and 11 secondary 

school participants indicated their choice of mathematics subjects was based on their liking of 

mathematics, and teachers and career counsellors also identified interest in and liking of 

mathematics had a large impact on students’ mathematics subject choice decisions (McPhan 

et al., 2008). However, researchers have found students’ interest in and enjoyment of 

mathematics declines after the transition from primary school to secondary school (Watt, 

2000; Wigfield, Eccles, Mac Iver, Reuman, & Midgley, 1991). An Australian longitudinal study 

modelled the developmental trajectories of girls’ and boys’ intrinsic mathematics values, 

finding values declined through the junior high school years and then levelled out in the senior 

years, with female students’ interest and enjoyment of mathematics consistently lower than 

that of male students, and at the lowest level in Year 10 when senior subject choices are made 

(Watt, 2004). These findings, that males are more interested in mathematics and Physics than 

females, are remarkably similar to earlier research. Where they differ is in the recognition that 

both male and female interest declines over time, and in the explanations for this 

phenomenon. Watt (2004) argued two factors may account for the decline in interest. The first 

is structural changes in the school environment on transition from primary to secondary 

school, and the second is that the mathematics progressively becomes more abstract. 
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Students who struggle with an increasingly abstract subject may disengage from the 

mathematics teaching/learning environment, may lack motivation to expend effort mastering 

new material, and may become a disruptive influence in the classroom (Watt, 2004). A TIMSS 

survey reported 52% of Queensland Year 8 mathematics teachers professed their teaching was 

impeded by low student interest (Thomson & Fleming, 2004), and it could be inferred from this 

statistic that low interest in secondary school mathematics is a widespread problem in 

Queensland.  

Other factors contributing towards declining interest in mathematics have been identified as: a 

transmissive pedagogy; low confidence, anxiety, lack of autonomy, lack of task authenticity; 

lack of relevance; low intellectual quality and low conceptual difficulty; the requirement to 

memorise meaningless sets of rules and procedures; and absence of deep understanding 

(Tytler et al., 2008). The recent introduction of standardised tests, such as NAPLAN (National 

Assessment Program-Literacy and Numeracy), consist mainly of procedural questions rather 

than problem solving, and may place pressure on mathematics teachers to teach for the test 

instead of developing their students higher-order mathematical thinking and deep connected 

understandings (Tytler et al., 2008). Teaching rules and procedures for the purpose of passing 

tests can result in a transmissive pedagogy, and teaching a great deal of content with a shallow 

coverage of topics (Darling-Hammond, 2000). Australian secondary school mathematics 

curricula have attracted criticism for the quantity of content being too great for in-depth 

engagement with topics (Lockhart, 2002). Streaming or ability grouping practices also have a 

negative effect on the interest, engagement, and later participation, of students placed in 

lower-ability groups. Placement in a lower-ability group affects confidence and self-concept of 

mathematics ability, and creates a barrier to participation in senior secondary intermediate 

and advanced mathematics subjects due to a lack of required background knowledge (Watt & 

Bornholt, 2000). Conversely, placement of female students in advanced ability groups can 

impact their interest and enjoyment of mathematics due to the fast-paced and competitive 

environment (Osborne, Black, Brown, Driver, Murray & Simon, 1997). 

Lyons and Quinn (2010) argued greater curriculum choice is contributing to enrolment declines 

rather than lower interest. The results of their contemporary large scale Australian study of 

Year 10 students who had recently made their senior subject choices indicated, “declines in 

the proportions of students taking Physics, Chemistry and Biology are part of a broader 

phenomenon which has seen similar falls in many traditional subject areas, including 

Economics, Geography, History and advanced mathematics” (Lyons & Quinn, 2010, p. i). 

Enrolment declines are attributed to a set of interrelated factors: greater levels of subject 
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choice resulting in a more competitive curriculum environment; students’ images of science 

careers; “the decrease in the utility value of key science subjects relative to their difficulty; and 

the failure of school science to engage a wider range of students” (Lyons & Quinn, 2010, p. i). 

The competitive curriculum environment is attributed to the variety of school subjects offered 

to an academically and culturally diverse student population. Subjects such as Business 

Studies, Fashion Design, Hospitality, Computer Studies, Marine Biology, Aerospace Studies, 

and Performing Arts now compete with traditional academic subjects (Lyons & Quinn, 2010). 

As enrolments have decreased in traditional subject areas, there has been a corresponding 

increase in more recent subject offerings (Lyons & Quinn, 2010), indicating students are 

gravitating towards subjects they find more interesting, relevant and engaging than 

mathematics and Physics. Although the majority of studies discussed here indicate Physics and 

mathematics hold little interest for female students, it stands to reason that some level of 

interest exists for girls to choose to study Physics and mathematics in the senior years of 

schooling, or consider a career involving mathematics or Physics. Due to the gender 

comparative nature of these studies, it is not clear whether girls have low interest in 

mathematics and Physics or their interest is simply lower than that of boys. This design of this 

study, researching exclusively with girls, places it in a unique position to explore answers to 

this question.   

 

2.4 Girls and perceptions of ability and difficulty of mathematics and 

science  

 

Perceptions of the difficulty of different tasks influence expectancies for success and the value 

of the task (Eccles & Wigfield, 2002). The perceived level of task difficulty is influenced by 

consideration of the amount of effort needed to expend on a task to do well, and perceptions 

of competence in that domain (Watt, 2004). Difficulty is subjective, and some students may 

not find Physics or intermediate mathematics difficult per se, but may find them more difficult 

than their other subjects. On the other hand, some students may find all of their school 

subjects difficult, with science or mathematics neither more nor less difficult than other 

subjects. The perceived difficulty of science and higher-level mathematics has been identified 

as a determinant of subject choice (Havard, 1996; McPhan, Morony, Pegg, Cooksey & Lynch, 

2008) and as a major factor deterring uptake (DEST Youth Attitudes Survey, 2006; Hendley, 
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Stables & Stables, 1996).  The following section discusses some of the difficulties students 

experience with school science and mathematics. 

 

Bornholt’s et al. (1994) study of high school students found perceptions of the effort required 

and the difficulty of mathematics were higher for females than for males. Contemporary 

research provides a more nuanced understanding. McPhan et al., (2008, p. vi) reported 

“students...identified mathematics as a difficult subject and that the knowledge and skills 

acquired come at a price in terms of effort and time allocation associated with balancing study 

and personal schedules”. Watt’s (2004) Australian longitudinal study found girls perceived 

mathematics to be more difficult than boys during most of secondary school, and increasingly 

more difficult through Years 7 to 9. Conway and Sloane (2005, pp. 2-3) point out that 

“mathematics is seen simultaneously as increasingly important yet also as an especially 

difficult subject”. Self-perceptions of competence are critical to students’ subject choices and 

the conception of science and mathematics as difficult subjects affects enrolment decisions 

(Lindhal, 2003; Lyons, 2003). Students cross-reference their perceived competence with the 

perceived difficulty of subjects and if students do not believe they have the ability to be 

successful, they will decide against choosing those subjects (Lindhal, 2003; Lyons, 2003). For 

students who struggle in some areas of mathematics, their lower grades and the perceived 

difficulty of mathematics undermines their beliefs in their capabilities (Usher, 2009).  

 

The unnecessary difficulty of school science was a major theme in Lyons’ (2006) recent meta-

analysis of three interpretive studies from Australia (Lyons, 2003), the UK (Osborne & Collins, 

2001), and Sweden (Lindahl, 2003). In 2003, Lyons wrote, “students considered Physics and 

Chemistry to be the most difficult of science courses, and generally more difficult than most 

other subjects” (Lyons, 2003 p. 4). In his 2006 review Lyons argued “school science was often 

made more difficult than necessary by the prevailing pedagogy. Many [students] who 

described science as difficult were commenting on how well their learning was facilitated, 

rather than on the conceptual difficulty of the course content, although this was also 

acknowledged” (Lyons, 2006, p. 603). The term ‘difficulty’ can have many different contexts 

and interpretations. Difficulty can refer to the intellectual challenge, or frustration with passive 

learning and irrelevant content, or unfamiliar terminology and concepts (Lyons, 2006). Jones, 

Howe and Rua’s (2000) study of Year 6 students from five US schools found 51% of female 

students and 41% of male students reported they found science difficult to understand, 

indicating students become frustrated and demoralised when they cannot access an 

understanding of science due to the way it is taught (Lindahl, 2003), when they find the 
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unfamiliar language and complex concepts difficult to understand, and when they encounter 

sustained difficulty (Osborne & Collins, 2001). Moreover, students who experience difficulties 

with mathematics find it compounds difficulties with Physics (Osborne & Collins, 2001). 

Although the principal reasons for choosing Physics and intermediate mathematics may be 

their instrumental career value and relevance to further study, for some students the 

perceived difficulties can outweigh the advantages (Lindahl, 2003; Lyons, 2006; Osborne & 

Collins, 2001). Fensham (2006) posited the increasingly negative cost-benefit calculation of 

taking Physics and intermediate mathematics is contributing to low enrolments. There appears 

to be a widespread perception that the cost in terms of the time and effort required to be 

successful in these subject is comparatively so large that only the most capable students can 

be confident of a net benefit (Brown, 2009).  

 

An individual’s perception of difficulty is linked to his or her self-concept of ability. Academic 

self-concept incorporates feelings, perceptions and attitudes about ones’ academic or 

intellectual skills, and the emphasis is on self-evaluation of skills (Lent, Brown & Gore, 1997). 

Self-beliefs are continuously refined throughout the teenage years in response to personal 

experiences and performance feedback (Eccles, Lord, Roeser, Barber, & Jozefowicz, 1997; 

Jacobs, Finken, Griffin, & Wright, 1998; Wigfield, Eccles, Yoon, Harold, Arbreton, Freedman-

Doan, et al., 1997). Self-concept, particularly academic self-concept, is influenced by frames of 

reference or standards, such as social comparison, against which an individual will judge their 

own traits and accomplishments (Bong & Skaalvic, 2003; Preckel, Zeidner, Goetz, & Schleyer, 

2008). Mathematics continues to be a focus of self-concept of ability and self-efficacy 

research, due to important student outcomes resulting from success or failure in this subject. 

Achievement in mathematics is the basis for streaming or ability grouping, and is 

recommended for university admission to prestigious courses. Hence the reason mathematics 

is described as a critical filter (Sells, 1973). The continued underrepresentation of women in 

STEM careers suggests young women’s self-beliefs about their mathematics capabilities may 

play an important role in explaining the participatory disparity (Zeldin & Pajares, 2000), 

certainly in countries such as Australia. Competence beliefs are a central characteristic of 

students’ subject choice decisions. Therefore it is important to identify how gender differences 

develop over a period of time. Watt’s (2004) Australian longitudinal study modelled the 

development of girls’ and boys’ competence beliefs, or “talent perceptions” as they were 

termed in the study, through Years 7 to 11. Talent perceptions were characterised by a linear 

decline through secondary school, with girls maintaining a consistently lower perception than 

boys over time.  
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PISA 2006 results show Australian female students recorded less favourable attitudes than 

male students to science self-concept (Ainley, Kos & Nicolas, 2008).  Female students’ lower 

science and mathematics self-concept have been reported so frequently (e.g., Andre, 

Whigham, Hendrickson & Chambers, 1999; Barnes, McInerney & Marsh, 2005; Bartholomew, 

2000; Eccles & Harold, 1991; Eccles et al., 1993; Jacobs, 1991; Jacobs & Eccles, 1992; Jacobs, 

Lanza, Osgood, Eccles & Wigfield, 2002; Meece, Wigfield & Eccles, 1990; Parsons [Eccles], Adler 

& Meece, 1984; Stipek & Gralinski, 1991; Updegraff, Eccles, Barber & O’Brien, 1996; Wigfield, 

Eccles, Mac Iver, Reuman & Midgley, 1991), that the result has added to and shaped the 

gender stereotyped1 discourse that boys are better at mathematics and Physics than are girls. 

However, it has been argued that female students are more likely to accurately judge their 

ability in mathematics, or even underestimate it, whereas males are well known to 

overestimate their ability (Bornholt, Goodnow & Cooney, 1994; Meece, Parsons, Kaczala, Goff 

& Futterman, 1982; Thomson and Flemming, 2004). A number of other explanations have 

been given for gender differences in self-concept of ability, such as boys’ unrealistic early 

perceptions, and both genders’ more realistic perceptions over time from performance 

feedback and social comparison, suggesting a developmental trend in how self-competence 

manifests with age (Watt, 2004). Young children tend to be overly optimistic and not socially 

experienced enough use social comparison to judge their abilities. As children get older, social 

comparison of abilities result in a more critical evaluation and reflect the increased 

competitiveness of the school context (Cocks & Watt, 2004). Gender differences have also 

been attributed to response bias (boys tend to be more self-flattering in their responses to 

self-report measures, whereas girls may be more modest), rather than there being genuine 

differences in competence perceptions (Wigfield, Eccles, Mac Iver, Reuman & Midgley, 1991). 

On the other hand, resonating with earlier research (Fennema & Sherman, 1977), DeBacker 

and Nelson (2000) suggest girls’ lower perceived ability is a symptom of the general lack of 

confidence girls experience during the adolescent years.  

 

 

A further argument relates to internal and external frames of reference in the formation of 

self-concepts of ability. External comparisons, or frames of reference, are comparisons of self-

perceived ability with the perceived ability of other students. Internal comparisons are 

comparisons of perceived skills in one subject compared with perceived skills in another 

subject. For example, a student may compare self-perceived mathematics ability with self-

                                                           
1
 A stereotype is a commonly held public belief about specific social groups, or types of individuals. A gender 

stereotype refers to a set of social and behavioural norms that, within a specific culture, are widely considered to be 

socially appropriate for individuals of a specific gender. Retrieved from en.wikipedia.org/wiki/Gender_stereotype 
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perceived English ability. The student may have average mathematics and English skills relative 

to other students (external comparison), but their mathematics skills may be better than their 

English skills (internal comparison) (Marsh, 1990). Students will rate their ability higher in the 

subject in which they perceived they perform better, and lower in the other subject. 

Accordingly, perceptions of better mathematics skills lower English self-concept, and 

perceptions of better English skills lower mathematics self-concept (Marsh, 1990). The effect 

of the internal comparison process is that students who perceive mathematics to be their 

better subject will self-rate their ability higher in mathematics even if they have poor 

mathematics skills, and students who perceive English to be their better subject will self-rate 

their ability lower in mathematics even if they have above average mathematics skills (Marsh, 

1990). Expectancy-value theory contends people are most likely to pursue activities in which 

they are more confident and have the highest expectations for success (Eccles, 1994). If this is 

the case, Eccles (1994) argued that rather than examine if males’ and females’ self-concepts of 

ability differ across various domains, it is more pertinent to determine if males and females 

have different rank orderings for their ability self-concepts across an array of academic 

domains. A study by Eccles and Harold (1992 cited in Eccles, 1994, p. 594) found, “gifted girls 

had more confidence in their reading ability than in their math ability, even though they did 

not have lower confidence in their math ability than their male peers”. Meaning girls may feel 

they are more competent and rank their ability higher in other subjects rather than having 

lower confidence in their mathematics and science ability.  

 

Schooling practices help shape young people’s concepts of ability. The widespread practice of 

streaming or ability grouping Australian secondary school students for mathematics classes 

sends strong messages to students about their ability and their level of competence with 

mathematics (Solomon, 2007; Zevenbergen, 2005). As students’ social groups become more 

selective with mathematics ability grouping in secondary school, they often experience a 

decline in their math self-concept. Students streamed into the highest mathematics ability 

group are among the top five or ten percent of students in achievement levels (H. Whitehouse, 

personal communication, Sept 29, 2009), however, comparison with peers can result in 

declines in mathematic self-concept due to the comparison group being equally or more 

talented, a phenomenon known as the Big-Fish-Little-Pond-Effect (BFLPE) (Jacobs, Bleeker, & 

Constantino, 2003; Marsh, 1987; Marsh, 2005; Marsh & Craven, 2002; Preckel, Zeidner, Goetz, 

& Schleyer, 2008). Preckel et al. (2008) investigated the academic self-perceptions of Years 7 to 

9 Israeli students in gifted classes. Preckel et al. (2008, p. 92) found gender differences in 

perceptions of academic competence did exist,  writing “females in the gifted classes earned 
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better grades than males, but both genders reported a comparable mean level of academic 

self-concept. This finding could be interpreted as a strong BFLPE for gifted girls”, comparison 

with equally or more talented peers lowered mathematic self-concept. Within the 

mathematics classroom, students position themselves, and are positioned, and mathematics 

identities are formed over time (Solomon, 2007). Bartholomew (2000) argued the culture of 

high ability groups, and mathematics in general, makes it much easier for some students to 

position themselves as good at mathematics than others. According to Solomon (2007, p. 12), 

gender exerts an influence on how students experience the culture of the mathematics 

classroom:  

Significantly, it is girls in top sets who are likely to be positioned and position 

themselves as having ‘less right’ to be there and to experience a high level of 

anxiety...Mendick’s research on post-compulsory (and therefore successful) 

mathematics students similarly shows that dominant discourses ‘inscribe 

mathematics as masculine, and so it is more difficult for girls and women to feel 

talented at and comfortable with mathematics and so to choose it and to do well 

at it.’  

 

Boaler, Wiliam and Brown (2000, p. 643) suggested students are constructed as successes or 

failures by the ability group to which they are allocated, and by their ability to, “work through 

high-level work at a sustained fast pace... [and] the extent to which they can cope with the 

highly procedural approaches adopted by teachers...[o]ther notions of success in mathematics, 

such as those which emphasise depth of understanding...are ruled out”. Unfortunately, for 

many students, the pace of instruction in high ability classes is incompatible with 

understanding (Boaler, Wiliam & Brown, 2000). Girls report that the need to cover a lot of 

content quickly affects their ability to gain depth of understanding, and reinforces their 

perception that Physics and mathematics are difficult (Boaler et al., 2006). The pedagogy and 

practices girls often experience in high-ability mathematics classes can erode their 

competence beliefs and increase their anxiety (Boaler et al, 2000).  

 

If the girls in this study all experienced a similar type of pedagogy and practice in high ability 

mathematics and science classes as the literature suggests, what motivates some to choose 

further study of these subjects, and others not? The Year 10 girls in this study had all been 

streamed into the highest ability mathematics classes, and some had also been streamed into 

high ability extension science classes. Thus they had been identified as having the potential to 
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undertake a higher level of mathematics (Lyons, 2005). However, as evidenced by the above 

discussion, the teaching practices common to Australian mathematics classes should preclude 

young women from forming positive mathematics self-concepts of ability, and amplify their 

conception of these subjects as difficult. While this is a reasonable argument, enrolment 

patterns indicate not all girls experience school science and mathematics in the same way 

(QSA, 2007, 2010). In 2010, 34% of all Queensland female Year 12 students studied 

intermediate mathematics, making it the third most frequent female subject choice after 

Mathematics A and Biology [excluding compulsory English] (QSA, 2010). Over the 10 year 

period from 2001 to 2010, Queensland Physics enrolments have remained relatively stable, 

dropping just 1.5% (QSA, 2010). 2010 female Physics enrolments were higher than female 

enrolments in dance, music, film, television and new media, and health education, subjects 

considered traditional female choices (Lamb & Ball, 1998), which suggests while self-concept 

of ability may be a factor in subject choice, there may be other more compelling reasons for 

subject choices (QSA, 2010).  

 

Schreiner and Sjoberg (2004) argued young people wish to find a study they can be passionate 

about; something exciting and enriching. Several studies of young people’s educational choices 

have found that interest is a key criterion for subject choice (Angell, Henriksen & Isnes, 2003; 

Lindahl, 2003), but self-concept of ability also plays a crucial role. Simpkins and Davis-Kean 

(2005) found support for the notion that young people’s self-concepts and values are linked; 

young people are unlikely to value mathematics or Physics if they do not believe they are 

competent in these domains. Young people need to feel they can succeed in a domain to 

motivate them to pursue further study in that domain (Simpkins & Davis-Kean, 2005). 

However, even students who perform well in mathematics and science often choose other 

studies and this is particularly the case for girls (Støren & Arnesen, 2003). Girls wish to find a 

career in which they feel they are doing something important and meaningful, such as working 

with and helping other people, but feel these aspects of their future career which they value 

highly will not be found in STEM related careers (Schreiner & Sjoberg, 2004). Girls express 

more interest in medicine and the environment, and these values and priorities guide young 

women in their educational and career choices, suggesting a possible mismatch between 

science and mathematics education and young women’s values and priorities (Schreiner & 

Sjoberg, 2004). This study, using surveys and interviews with high ability female students and 

their teachers, was designed to explore these questions to gain a better understanding of the 

roles of interest, self-concept of ability, perceptions of difficulty and values and priorities in 

young women’s subject choice decisions.  
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2.5 Girls and relevance and understanding of mathematics and 

science 

 

The lack of relevance of school science to contemporary students’ lives is a recurring theme in 

several studies (Goodrum, Hackling & Rennie, 2001; Lyons, 2005; Osborne & Collins, 2001). 

Lyons and Quinn (2010, p. vii) reported science teachers believed more students would enrol 

in senior science if junior high school science experiences were more “relevant, interesting and 

enjoyable”.  Goodrum et al. (2001, p. viii) noted, “When students move to high school, many 

experience disappointment, because the science they are taught is neither relevant nor 

engaging and does not connect with their interests and experiences”. Only 20% of 2802 

Australian Year 11 students reported that they frequently found school science relevant and 

useful, and a similar percent of students reported school science was rarely relevant to their 

future or useful in everyday life (Goodrum et al., 2001).) Fredricks and Eccles (2002) argued the 

perceived lack of relevance may be a reflection of the way mathematics and science are taught 

in secondary school, with a prevalent use of didactic instructional techniques.  

 

Teacher pedagogies and practices are fundamental in building students’ understanding 

(Webster & Fisher, 2003). Teachers are responsible for structuring and guiding the pace of 

learning, and helping to deepen students’ understanding of the content and concepts being 

studied. Keeves and Dryden (1992) described three perspectives of classroom teaching and 

learning: 1) teacher-directed learning or transmission of knowledge (instruction); 2) meeting 

the needs of students and involving student participation (participation); and 3) a process of 

investigation and oped-ended inquiry learning (investigation). A teacher-centred transmissive 

pedagogy, consisting mostly of teacher directed experiments, teacher explanation, copying 

notes, and working from an expository text book, has been reported so widely it seems to be 

regarded as an inherent characteristic of school science (Hackling, Goodrum & Rennie, 2001; 

Lindahl, 2003; Lyons, 2006; Osborne & Collins, 2001; Tytler, 2007). Girls express a need to 

connect what they are learning in the science classroom with everyday life, but they seldom 

find such understandings in contemporary science classrooms (Buck, 2002). Frustration and 

worry can occur when young women believe they are not being supported in their efforts to 

understand science due to excessive content and lack of time to cover it in any depth (Buck, 

2002; Osborne & Collins, 2001). Buck (2002) found girls prefer pedagogical strategies which 

support their desire for understanding, such as hands-on activities and experiments, 
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modelling, demonstrations, and field trips, and prefer a science education that answers their 

questions about themselves and their everyday world  (Buck, 2002).  

 

Similarly, Boaler (1997a) argued negative perceptions of mathematics are a product of a fast, 

high pressure textbook system in which students are taught set methods and rules. In a 3-year 

case study, Boaler (1997a) found: 

  

Students...expressed concern for their lack of understanding of the rules they 

were learning. This was particularly acute for the girls, not because they 

understood less than the boys, but because they appeared to be less willing to 

relinquish their desire for understanding and play the `school mathematics game’. 

Many of the boys seemed willing to overlook the fact that they did not really 

understand what they were doing, whereas the girls remained acutely aware of 

the fact and were less willing to forgo or ignore their lack of understanding. (p. 

292). 

 

Boaler (1997a) concluded that girls become disaffected by and disillusioned with the 

mathematical pedagogy and practices they experience, and argued girls, “want to be able to 

understand mathematics and they will not accept a system which merely encourages rote 

learning of symbols and equations that mean little or nothing to them” (p. 303). Pedagogy and 

practices which fail to show the relevance and usefulness of the mathematics and science 

students are learning are at a disadvantage when compared with students’ experiences in 

subjects that predominantly use a student-centred pedagogy (Boaler, 1997a; Osborne & 

Collins, 2001). Schreiner and Sjoberg (2004, p. 2) argued that, “school science should aim at 

addressing young people’s values and concerns – not because this is a goal per se, but because 

such an approach is likely to be a prerequisite for any successful science teaching.” Schreiner 

and Sjoberg (2004, pp. 12-13) make an important point concerning relevance and young 

people in modern society: 

 

The recruitment of Western students to medicine, biology and environment 

studies are not falling, and in these subjects girls often outnumber boys. This fact 

might indicate that modern youth believe that the most important challenges 

facing our society are related to health and environmental issues, and, 

consequently, that these fields can offer meaningful jobs. 
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Utility value or career value has been identified as a significant influence on enrolment in 

Physics and intermediate mathematics (Barnes et al., 2005; DEST, 2006; McPhan et al., 2008), 

and research has consistently found students tend to explain Physics and mathematics 

enrolment in terms of future university study or careers needs (Ainley et al., 2008; Barnes et al, 

2005; Fullarton & Ainley, 2000). The study of Physics and mathematics is viewed as a stepping 

stone to future study and careers (Brinkworth & Truran, 1998), the perceived usefulness or 

utility value has been found to be the strongest factor influencing the study of higher-level 

mathematics (Barnes et al., 2005; Brinkworth & Truran, 1998).  

 

Evidence for gender differences in mathematics values has been mixed. Some studies have 

found evidence that girls and boys do not differ in their overall valuing of mathematics (e.g., 

Eccles, Wigfield, Harold & Blumenfeld, 1993; Jacobs et al., 2002). By contrast, Watt’s (2004) 

Australian longitudinal study did find gender differences in mathematics values; females had 

lower interest values than males, but females and males did not differ overall in terms of the 

perceived extrinsic value (importance and usefulness) of mathematics. Girls and boys had 

similar mathematics utility values throughout secondary school, and the general trend was a 

decline in values with the extent of the decline becoming greater over time (Watt, 2004). 

Given the emphatic emphasis on subject choice and career pathways in the latter part of 

secondary schooling, the decline in mathematics utility value appears counterintuitive and 

leads to the question, why does the perceived utility value of mathematics decline throughout 

secondary school? The answer may be partly attributed to relaxed university entry 

requirements for a range of tertiary courses (Fullarton, Walker, Ainley & Hillman, 2003; 

Thomas, 2000), resulting in a decrease in the relative utility value, or usefulness, of 

intermediate and advanced mathematics and traditional science subjects. Students are 

tending to choose less academically challenging subjects from the broad curriculum available 

(Lyons & Quinn, 2010), and the Australian Academy of Science (AAS, 2006) has identified 

relaxed university entry requirements as a key contributor to senior high school math and 

science enrolment declines. Many capable students are opting for Mathematics A (basic 

mathematics) with a lower level of risk to optimise their overall position (OP) or tertiary 

entrance score, rather than taking on a higher level of mathematics with a greater risk of 

failure or lower grades (Brinkworth & Truran, 1998; Brown, 2009; Forgasz, 2006; McPhan et 

al., 2008). The removal of higher-level mathematics and Physics as prerequisites for science 

and mathematics based university courses is postulated to have seriously diminished their 

currency in terms of utility value (Forgasz, 2006; McPhan et al., 2008). If this is the case, we 

should have witnessed a mass exodus from senior secondary intermediate mathematics and 
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Physics. An examination of Queensland mathematics and Physics enrolment statistics (QSA, 

2007, 2010) from 2001 to 2010 shows a small increase (3%) in basic mathematics, a larger 

decline (5%) in intermediate mathematics, and a small decline (1.5%) in Physics enrolments 

over the 10 year period from 2001 to 2010 (see Table 2.1).  

 

Table 2.1 

Queensland female mathematics and Physics enrolments 2001-2010 

 

Year Subject Female 

enrolments 

Total no. of 

female students  

Percent of 

female students 

2001 Maths A 11164 19737 56% 

 Maths B 7654  39% 

 Physics 2017  10% 

2005 Maths A 12004 20668 58% 

 Maths B 7914  38% 

 Physics 2081  10% 

2010 Maths A 13753 23412 59% 

 Maths B 7930  34% 

 Physics 2009  8.5% 

 

 

The fact that there has not been an en masse departure from these subjects indicates utility 

value is not the sole motivation to take these subjects. There are numerous influences on 

young people’s beliefs and choices, such as previous experiences, and parental attitudes and 

expectations; as such it is important to explore how self-concepts of ability, values, and 

parental influence interrelate with the subject choices of able young women, and this 

interrelationship will be a critical factor to consider in this research. 

 

2.6 Girls and affective factors 

 

Anxiety is an emotional reaction, similar to tension, worry or fear, which is evoked when one 

thinks about or performs a particular task or activity. Test anxiety is a common phenomenon 

across cultures (Bodas & Ollendick, 2005), and mathematics anxiety is a subject specific form 

of test anxiety. Test anxiety is linked to fear of failure; individuals strive to avoid a negative 



49 

 

outcome in an examination situation, which elicits anxiety (Elliot & McGregor, 1999). Anxiety is 

acknowledged for its role in explaining gender differences in mathematics enrolment patterns, 

with female secondary school students generally reporting higher mathematics anxiety than 

male students. Meece, Wigfield & Eccles (1990) conducted a two-year longitudinal study and 

reported girls (M = 3.80) express more anxiety about mathematics than boys (M = 3.27, p < 

.01), but gender accounted for only a small proportion of the variance in students’ responses 

(2-5%). Structural equation modelling regarding predictors of mathematics anxiety found, 

“students' current performance expectancies in math and, to a somewhat lesser extent, the 

perceived importance of mathematics have the strongest direct effects on their anxiety” 

(Meece et al., 1990, p. 68). Thus students with lower mathematics ability perceptions along 

with high mathematics values have higher anxiety than students who do not value 

mathematics. As discussed above, female students’ believe mathematics is important and 

value it as highly as boys, but report lower mathematics competency beliefs and higher 

anxiety. Lee’s (2008, p. 7) cross-cultural study of mathematics self-concept, mathematics self-

efficacy, and mathematics anxiety, using student data from PISA 2003, found Australian 

students performed well on the mathematics test but showed high mathematics anxiety. Lee 

(2008) concluded that academic self-perceptions and anxiety are related to the societal and 

educational environment. Children in countries in which parents have high academic 

expectations of their children, where schooling is highly competitive and highly valued, and 

high stakes entrance examinations are a feature of schooling, report high anxiety and low 

academic self-perceptions (Lee, 2008).  

 

In contrast to Lee (2008) who posited the social and educational environment were 

responsible for mathematics anxiety, Geist (2010) argued mathematics anxiety comes from the 

way mathematics is presented in school and the method of instruction. In many Australian 

classrooms, mathematics is based on a traditional skills based model, meaning memorisation 

and rote learning of number facts rather than concept based learning (Geist, 2010). Boaler 

(1997, 2002) posited boys adapt better to the traditional skills model that emphasises correct 

answers over concept development, speed over understanding, and rote repetition over 

critical thinking. These methods can create mathematics anxiety among girls and result in a 

negative attitude towards mathematics and the choice to take a lower level of mathematics in 

the senior years of secondary school (Geist, 2010). A large body of literature exists regarding 

the relationship between mathematics anxiety and achievement, and mathematics anxiety and 

subject choice (e.g., Ashcraft, 2002; Beilock, 2008; Boaler, 1997, 2002; Cates & Rhymer, 2003; 

Lee, 2008; Meece, Wigfield & Eccles, 1990; Miller & Bichsel, 2004), in contrast the relationship 
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between mathematics anxiety and academic buoyancy of high ability young women has not 

been well studied. Mathematics anxiety affects the choice of level of mathematics to study 

(Geist, 2010), thus this relationship will be an important consideration in this study. 

   

2.7 Girls and educational factors 

 

Taylor (2004, p. 92) make a case that students’ subject choices tend to be gendered, 

maintaining broad gender inequalities in subjects girls and boys study, and presented the 

following example: 

 

Once manual arts and home economics were offered only to boys or to girls 

respectively. While both subjects may now be available to all students - 

particularly in the early secondary years – they are still seen as gendered. Similarly, 

within the sciences, Physics is seen as a masculine ‘hard’ science, while biology has 

more feminine connotations.   

 

School science and mathematics are social and cultural constructions produced in schools and 

classrooms according to social and cultural norms (Yates, 1990). The subject choices girls make 

are influenced by the dominant cultural ideology about masculinity and femininity, and the 

taken for granted assumptions about the roles of men and women (Yates, 1990). Foster (1994, 

p. 22) argued, “school and outside-school experiences lead [girls] to make certain choices, but 

more importantly, to avoid a whole range of choices”. Society and school pressures, and overt 

and covert socialization, can lead many girls to adopt traditional stereotyped roles, and, as in 

the 1980s, take lower status subjects, avoid mathematics, Chemistry and Physics and seek 

traditional feminine employment (Gray, 1984). While girls are now formally given the same 

opportunities as boys in subject choice, girls are still more likely to choose Biology or Chemistry 

rather than Physics, and basic mathematics rather than intermediate mathematics 

(Queensland Studies Authority, 2009). Yates (1997) argued many high-ability girls are 

penalised for their humanities subject choices in relation to maximising their tertiary entrance 

score, whereas high-ability boys receive the rewards and outcomes for their higher-level 

mathematics and science subject choices (maximised tertiary entrance score and post-school 

career). 
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A key theme in Tytler’s (2007) review of Australian science education is the mismatch of 

science as it exists in the world, and the science that is taught in Australian schools. Over the 

last 100 years there has been a considerable expansion in science knowledge and the way that 

knowledge can be accessed. Over the same period of time there have also been substantial 

societal changes, employment market changes, and changes in the life patterns of 

contemporary young people. But throughout these changes, the basic shape of school science 

remained the same. Tytler (2007, p. 57) explained the deep-seated resistance to changing 

traditional science education,  

Part of the reason for the largely successful resistance to the many attempts at 

reform, from progressive educational challenges to process approaches to 

Science-Technology-Society reforms, has been the commitment of academic 

scientists, and teachers, who have been schooled in these disciplinary traditions to 

this version of science. Change has been resisted in the name of rigor and 

standards, but perhaps above all by the silent choice of teachers for the status 

quo; one that supports and reflects their identities as knowledgeable experts. 

   

Calls to “feminise” the science curriculum, by making it contextual, cooperative and student 

centred, to attract and interest more girls (Hughes, 2001) resulted in subjects that were not 

considered “pure” science, and were consequently attributed a lowered status (Gilbert & 

Calvert, 2003; Volman, Van Eck & Ten Dam, 1995). According to Gilbert & Calvert (2003), 

inclusive science education is perceived by many as not “real” science, but a diluted or low 

status form of science. The opening statement in Tytler’s (2007) recent and comprehensive 

review of Australian science education refers to science education in Australia being in a state 

of “crisis” due to the diminishing proportion of students studying Physics in the post-

compulsory years of schooling. Falling Physics enrolments have resulted in composite Year 11 

and 12 Physics classes in many regional North Queensland secondary schools, and an 

increasing number of smaller schools will be unable to offer Physics education if enrolment 

numbers continue to fall (Dobson, 2007; Tytler, 2007). University Physics departments are 

experiencing the follow-on effects of declining secondary school enrolments with shrinking 

budgets, staff cutbacks, and department mergers (Dobson, 2007). The indications of a 

secondary school science education “crisis” imply a need to review and rethink science 

education (Fensham, 2006; Tytler, 2007).  
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Girls’ experiences of the way the syllabus is enacted are implicated in girls’ declining Physics 

enrolments (Lindahl, 2003). The way school organisation, classroom organisation, and teacher 

practices impact on students’ educational experiences has been documented in numerous 

studies as re-producing gender inequality. Teachers contribute to taken for granted practices 

and unequal relations of power through their daily classroom practices (Taylor, 2004). Boys 

have been documented as dominating classroom interactions, classroom materials, and 

teachers’ time (Murphy & Whitelegg, 2006; Warrington & Younger, 2000). Science teachers 

commonly perceive boys as more academically able and “naturally” brighter than girls, while 

relegating girls’ achievement to hard work rather than scientific flair (Carlone, 2004; Panizzon 

& Levins, 1997). McLaren and Gaskell (1995) described, “the taken-for-grantedness of different 

expectations for boys and girls and the way these unequal expectations make unequal 

treatment appear normal” (p. 142). If girls do not feel equally valued in maths and science 

classrooms, they are less likely to opt to participate in the post-compulsory years. 

 

The learning environment created by the teacher has a significant impact on students’ learning 

outcomes (Meece, Anderman, & Anderman, 2006). Teachers who engage in mastery 

orientated instructional practices emphasise effort, progress, and intellectual challenge, and 

success is measured in terms of task-mastery and personal improvement (Anderman, Eccles, 

Yoon, Roeser, Wigfield & Blumenfeld, 2001). Classrooms in which teachers engage in 

performance-oriented instructional practices are characterised as evaluative, competitive 

environments where success is measured in terms of ability and comparative grades 

(Anderman et al., 2001). The more adolescent students perceive their classroom to be mastery 

structured, the stronger their mastery goal orientation tends to be (Kaplan & Maehr, 1999). 

Anderman et al. (2001) documented that the majority of teachers of older (secondary) 

students reported using performance-oriented instructional practices more than teachers of 

younger (primary) students, and the valuing of math was lower in classes where teachers used 

performance-orientated instructional strategies to a greater extent than mastery-oriented 

strategies.  

Students are more likely to adopt a performance goal if they perceive their classroom 

environment emphasises competition, limited time allocated to doing tasks, rote learning, and 

social comparative evaluations, which describes many Australian secondary school 

mathematics classrooms and, to a lesser extent, Physics classrooms (Kaplan & Maehr, 2007). 

The mathematics widely taught in Australian secondary schools is a fast, high pressure 

textbook system that promotes a performance orientation rather than a mastery orientation 
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(Boaler, 1997b; Fredricks & Eccles, 2002), which helps to explains why students’ valuing of 

mathematics (intrinsic and utility values) declines through the secondary school years. A 

performance-orientation in combination with low levels of perceived competence is proposed 

to undermine intrinsic motivation by producing anxiety and evaluation pressure (Elliot & 

Harackiewicz, 1996). Students who do not perceive their classroom as strongly emphasising 

mastery goals, but instead focusing on competition, tend to report less adaptive motivation, 

more procrastination, and disengagement when faced with difficulty and boredom, than 

students who perceive their classroom emphasises learning and improving their ability 

(Wolters, 2004). The adoption of a performance goal is presumed to lead to a pattern of 

responses in achievement settings, such as avoidance of challenging tasks, a lack of persistence 

when failure is encountered, attribution of failure to lack of ability and task difficulty, and 

decreased task enjoyment (Elliot & Church, 1997; Elliot & Harackiewicz, 1996; Kaplan & Maehr, 

2007). Elliot and Church (1997, p. 221) argued, “Academic performance is...likely to be 

undermined by...self-protective and avoidance-based processes emanating from fear of 

failure, such as strategic withdrawal of effort, self-handicapping, and procrastination.” 

Students exposed to a performance-oriented classroom are more likely to adopt maladaptive 

behaviours resulting in lower achievement, and consequently lower self-concept of ability 

which negatively impacts on future participation, engagement and achievement (Elliot & 

Church, 1997).  

The above discussion implies students accept and adopt the classroom goal they are exposed 

to. However, it is improbable to expect the classroom goal structure influences the personal 

goal orientation of individuals in a uniform manner (Elliot & Harackiewicz, 1994). The personal 

goal orientation of the individual has been posited to moderate the effects of assigned 

classroom goals (Elliot & Harackiewicz, 1994). Although students may be exposed to a 

particular classroom goal structure, their perceptions or interpretations of the classroom 

environment are likely to be consistent with their own personal goal orientations (Elliot & 

Harackiewicz, 1994). Personal goal orientation and classroom goal structures are also likely to 

be influenced by a variety of student characteristics such as previous achievement, self-

concept of ability, cultural background and gender (Urdan & Midgley, 2003). However, it is 

unclear if students’ goal orientation is domain specific; that is if students adopt different goal 

orientations for different subjects, or if a student’s personal goal orientation is a more general 

characteristic or trait that applies to all domains. The current study advances goal orientation 

research by examining the domain specificity of female students’ mastery orientation in 

intermediate mathematics, a subject commonly characterised as having a classroom 
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performance oriented goal (Boaler, 1997b; Fredricks & Eccles, 2002; Kaplan & Maehr, 2007), 

and compares this with girls’ mastery orientation in the subject of English.   

 

2.8 Girls and socialisers 

 

Do parents and teachers matter in subject choice decisions? The review now turns to adult 

socialisers, their background characteristics, and their role in the formation of students’ 

gender-roles, values, attitudes and beliefs about Physics and mathematics subjects. 

Geographic location of students’ home has been found to affect participation in education. 

Students residing in non-metropolitan areas participate in Year 12 and tertiary education to a 

lesser degree than students from metropolitan areas (Marks & Fleming, 1999; Marks, Fleming, 

Long & McMillan, 2000). National participation of young people in tertiary education is around 

30%, however, rural young people constitute only 17% of tertiary students even though they 

make up one third of school students (Human Rights and Equal Opportunity Commission 

[HREOC], 2000). For families in rural areas – often low socio-economic areas – physical access 

to higher education, lack of financial resources to participate in higher education such as the 

cost of living away from home, and lack of emotional support from distant family and friends 

all create barriers to rural youths’ participation in higher education (Alston & Kent, 2003). The 

lower proportion of young people from rural areas participating in higher education suggests 

these barriers are often too high (James, Wyn, Baldwin, Hepworth, McInnis & Stephanou, 

1999) and supports the definition of rurality as a barrier to STEM education and careers.  

Enrolment in secondary school Physics and higher level mathematics is strongly associated 

with high socioeconomic status [based on parental occupation and education] (Fullarton & 

Ainley, 2000, Lamb & Ball, 1998; Woolnough, 1994). Parents from higher socioeconomic 

backgrounds and parents with higher levels of education report higher educational 

expectations for their children in comparison with parents from lower socioeconomic 

backgrounds and less education (Benner & Mistry, 2007; Davis-Kean, 2005; Zahn & Sherraden, 

2003). Highly educated parents are also more likely to promote non-traditional subject 

choices. Parents working or educated within a specific sector increase the probability of their 

children choosing a similar field of education, regardless of whether parental occupations 

represent gender-traditional or non-traditional fields. This same-sector effect is stronger 

between fathers and sons than between mothers and sons. For daughters the same-sector 

effect is independent of parents’ gender (Dryler, 1998).  
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Socioeconomic background of the local community and of the student’s family is an important 

factor in educational participation and retention rates (Young, Fraser & Woolnough, 1997). 

Rural students tend to have lower socioeconomic backgrounds, and rural parents tend to have 

lower educational attainment, and lower educational expectations for their children (Young et 

al., 1997). Regional and rural students participate in education to a lesser degree than students 

from metropolitan areas (Young, Fraser & Woolnough, 1997), and tend to leave school earlier 

(Arnold, 2001). In addition to lower participation and retention rates, students attending rural 

and regional secondary schools achieve significantly lower results on international 

mathematics and science tests than students attending metropolitan schools (Panizzon & 

Pegg, 2007). Educational choices are context and geographically dependent. Young people’s 

attitudes, motivations and aspirations are developed over the life course, and are influenced 

by the values of their local community culture (Alloway, Gilbert, Gilbert & Muspratt, 2004; 

Marks, Fleming, Long & McMillan, 2000). Mathematics and science are considered non-

traditional areas for girls (Jacobs, Finken, Griffin & Wright, 1998). Young people’s vocational 

aspirations are shaped by the jobs they see in their communities, and gender-role attitudes 

may be particularly important in a rural and regional setting, in which definitions of 

appropriate roles for women may be narrower and fewer non-traditional role models may be 

available (Jacobs et al., 1998). Jacobs et al (1998) argued in adolescence, academically talented 

girls are rewarded for social conformity rather than intellectual achievement, and traditional 

community beliefs such as gender-role stereotyping may discourage girls participation in 

mathematics and science. There has been little research into the attitudinal factors influencing 

student subject choice among population subgroups. Rural and regional communities across 

Australia are by no means homogenous. The use of single categories of rurality and regionality 

in large scale studies has meant a lack of studies which might capture local community 

variations in these cultural influences. Trends of participation and attitudes have not been 

specifically documented for females in rural and regional Far North Queensland communities, 

and this study aims to fill this research gap. 

 

Parental beliefs and expectations are shown to powerfully influence their child’s career 

decisions (Alloway, Gilbert, Gilbert & Muspratt, 2001; Jacobs, Finken, Griffen & Wright, 1998). 

A wide-ranging Australian study of regional students’ education and career aspirations found 

students’ parents and their immediate and extended families are the most important 

influences on students’ aspirations (Alloway, Dalley, Patterson, Walker & Lenoy, 2001). A US 

study of science-talented rural adolescent girls found, “mothers' positive perceptions of their 
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daughters' science abilities and their general attitudes that science is valuable for women were 

positively related to daughters' intentions to go into science or health professions (Jacobs, 

Finken, Griffin, and Wright, 1998). However, the analysis of a high-ability sample possibly 

limited the range of parental beliefs (i.e., most parents of science-talented daughters think 

they would be successful in science). Family members influence subject choice through advice, 

encouragement, persuasion, or coercion, and parental occupational success is a powerful 

influence on students’ educational attainment and career choice. Lack of parental educational 

and occupational achievement is also offered as a counter-model to inspire children to strive 

for a more desirable future through education (Alloway et al., 2001).  

 

Lyons (2005) argued cultural capital, in the form of parents’ educational aspirations, may be a 

more meaningful way to discuss enrolment patterns rather than demographic factors such as 

socioeconomic background, parental occupation and parental education. Cultural factors such 

as parents conveying positive attitudes towards high status subjects in particular, are likely to 

increase students’ motivation to continue to participate in these subjects (Lyons, 2005; Marks, 

Fleming, Long & McMillan, 2000). Parents’ high expectations, the strategic orientation of their 

attitudes to education, and their educational and professional achievements are a form of 

cultural capital students can access with reference to subject choice decisions (Lyons, 2005). 

Lyons (2006) identified three socio-cultural factors common to students choosing physical 

science subjects. These were students who had: “(a) supportive relationships with members of 

their family, and one of (b) parents who emphasised the strategic value of formal education or 

(c) family members advocating or supporting an interest in science” (cited in Tytler, 2007, p. 

10).  

 

Teachers also influence students’ motivation, interest, and enjoyment of mathematics (Munro 

& Elsom, 2000), and science (Woolnough, 1994). Woolnough (1994) reported the significance 

of the teacher was in the quality of science teaching, teacher enthusiasm, and contextual and 

stimulating science lessons. Myers and Fouts (1992) found a high level of teacher support was 

correlated with positive attitudes towards science. Teacher communication in the form of 

evaluations (praise, assignment and test marks), conveys important information to students 

about expectations and academic goals (Hattie & Timperley, 2007). Teacher encouragement to 

enrol in Physics or a higher-level mathematics course reflects the teacher’s confidence in the 

students’ ability to be successful in the subject (Barnett, Sink & Hixon, 1993). The 

teacher/student relationship is particularly influential where the parent also emphasises the 
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importance of a strategic orientation, and expresses confidence in the child’s ability to take on 

challenging subjects (Lyons, 2006).  

 

Parental and teacher encouragement have been identified in the literature as having a 

substantial effect on enrolment decisions (Barnes, McInerney & Marsh, 2005; McPhan et al., 

2008). As students transition into high school, the level of a parent’s involvement in their 

children’s schooling greatly declines (Eccles & Harold, 1996; Jodl, Michael, Malanchuk, Eccles & 

Sameroff, 2001). While parents may no longer be directly involved in matters such as help with 

homework and school assignments, they send clear messages to their children, “concerning 

the value of education and their beliefs about their children’s academic potential” (Jodl et al., 

2001, p. 1258). A 1990s Australian study found advice and encouragement from teachers and 

parents had a moderately strong influence on students’ decisions to choose mathematics 

(Brinkworth & Truran, 1998). And recently, Barnes et al. (2005) found parental encouragement 

contributed substantially to students’ Physics enrolment intentions, with male students more 

likely to be influenced by parental advice and encouragement. Teacher encouragement to take 

up a career involving Physics was shown to strongly influence female students. Such evidence 

points to teachers contributing significantly to girls’ choice to enrol in Physics and mathematics 

in the context of encouragement to enrol, but how strongly do teachers support female 

students? 

 

Schools are institutions of socialisation in which notions of femininity and masculinity are 

conveyed to young people. Cultural and societal values influence perceptions of typical girls 

and women and typical boys and men, and accepted social norms are often promoted as part 

of teachers’ pedagogical practices (Brickhouse, Lowery & Schultz, 2000). Teacher pedagogies 

and practices is an area over which the teacher has a considerable degree of control (Baker, 

2002; Buck, 2002; Kahle & Meece, 1994; Plucker, 1998). Pedagogical practices include 

attitudes and beliefs embedded within culture, and there is an inherent relationship between 

culture and gender and its relevance in terms of teacher practice. Nieto (1999. p. 48) explains 

culture as, ‘‘the ever changing values, traditions, social and political relationships, and 

worldview created, shared, and transformed by a group of people bound together by a 

combination of factors that include a common history, geographic location, language, social 

class, and religion’’. Teacher practices affect students both academically and socially, 

influencing the development of students’ science and mathematics identities (Zapata & 

Gallard, 2007) and student willingness to persist with STEM subjects (Brickhouse et al., 2000). 

Some science teachers still hold beliefs that, “some science-related professions are more 
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appropriate for men than women, and therefore that science education is more important for 

boys than for girls” (Zohar & Bronshtein, 2005, p. 65). Research consistently shows teachers’ 

understanding of and attitudes towards gender affect their conceptions and expectations, and 

even prejudices towards students’ achievement in secondary school science and mathematics 

(Huang & Fraser 2009; Kahle & Meece 1994; She & Fisher 2002). The complicating factor is 

that while teachers report they have the same expectations of girls’ and boys’ achievement, 

teachers have been observed as having different expectations of female and male students 

(Kahle et al. 1993; Kahle & Meece 1994), and of valuing girls and boys differently (Andersson, 

2010; Zapata & Gallard, 2007). Even when teachers may be strongly aware of gender equity 

issues, their teaching practices may not change (Kahle et al. 1993; Kahle & Meece 1994). 

 

It is of value to explore teachers’ knowledge, beliefs and attitudes regarding girls’ participation 

in Physics and intermediate mathematics. Very few studies have directly addressed Physics 

and mathematics teachers’ knowledge and beliefs regarding girls’ low participation rates. The 

few studies that have directly addressed this issue found that Physics teachers were either not 

aware of the gender gap (Orr, 1985; Zohar & Bronshtein, 2005), or thought it was normative 

and not perceived as a problem (Labudde, Herzog & Nevenschwander, 2000; Ormerod, 1981; 

Shachar & Avrahami-Einat, 1994; Zohar & Bronshtein, 2005), or were sceptical about the 

possibility of unfulfilled capability and talent among girls (Shachar & Avrahami-Einat, 1994). If 

teachers do not conceive there is a problem, or underestimate its severity, they are unlikely to 

explore educational means to alleviate the problem, or to ensure their pedagogy and practices 

are gender equitable (Zohar & Bronshtein, 2005). There are currently no Australian studies 

that ask Physics and mathematics teachers a series of focused questions regarding the various 

facets of the problem of girls’ low enrolments in Physics and intermediate mathematics; that 

is, their views regarding the scope of the problem, regarding its causes, and regarding their 

knowledge of educational means that might eliminate this problem. This study aimed to 

address this gap in gender and Physics and mathematics research.  

 

2.9 Girls and academic buoyancy 

 

So far this review has focused on motivations to participate and barriers that discourage girls’ 

participation in senior secondary Physics and intermediate mathematics. While we know a 

small proportion of girls do participate in these subjects, what we do not know is what 
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differentiates girls who do participate and girls who drop-out or decide against participation? 

Academic buoyancy may be a contributing factor to girls’ decisions to participate and their 

persistence with Physics and intermediate mathematics. Academic buoyancy acts as a 

protective factor against challenging, male dominated subjects characterised by a transmissive 

pedagogy, and a performance-goal orientation.  

 

Academic buoyancy is distinguished from resilience, which in the traditional sense of mental 

health and wellbeing, focuses on adversity and the risk factors and protective factors in 

individuals’ lives (Martin, 2003). In this respect, protective factors reduce the impact of 

negative events and help individuals’ to resist negative behaviours (Martin & Marsh, 2008).  

Everyday academic resilience is defined as, “students’ ability to deal effectively with academic 

setbacks, stress and study pressure” (Martin, 2003, p. 35). Martin later coined the term 

“academic buoyancy” to further differentiate everyday academic resilience from the 

traditional resilience construct, and to reflect that the concept of academic buoyancy is 

characterised as the ability to successfully deal with, “academic setbacks and challenges that 

are typical of the ordinary course of school life” (Martin & Marsh, 2008, p. 54). Girls who do 

participate in senior secondary Physics and/or intermediate mathematics, for reasons of 

interest or utility value, or both, are at risk of dropping out due to the factors discussed in this 

review such as: perceived difficulty and low perceptions of competence; lack of relevance; lack 

of understanding due to a fast pace of instruction, a transmissive pedagogy, and a 

performance oriented classroom environment that does not emphasise mastery of concepts.   

 

An Australian study which investigated the predictors of academic buoyancy in the area of 

mathematics, found females and older students have lower academic buoyancy and higher 

anxiety than males and younger students respectively, demonstrating gender and age are 

significantly associated with academic buoyancy (Martin & Marsh, 2008). Significant predictors 

of academic buoyancy were self-efficacy, academic engagement, anxiety (negatively), and 

teacher-student relationships, with anxiety the strongest predictor and explaining most of the 

variance in academic buoyancy. Another Australian study explored motivation and 

engagement, and buoyancy in the school setting, specifically workplace buoyancy among 

school personnel and academic buoyancy among school students (Martin & Marsh, 2008). 

Female teachers and students were found to be less buoyant than male teachers and students 

respectively. Opposite age effects were found with higher buoyancy amongst younger 

students and older school personnel. Academic buoyancy was found to be positively and 

significantly associated with participation in class, enjoyment of school, positive academic 
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intentions, and homework completion, and negatively and significantly associated with 

absenteeism among students (Martin & Marsh, 2008). Since academic buoyancy is positively 

and significantly associated with motivation and engagement, it is worthwhile looking at 

whether motivation and engagement are domain specific or are broad achievement 

orientations of the individual. 

 

Green, Martin and Marsh (2005, 2007) investigated the domain specificity of motivation and 

engagement across three secondary school subject areas, English, science and mathematics, 

with a focus on gender and year-level differences. Results identified, “a general trend that girls 

are more motivated across subjects than boys. The few significant interactions broadly showed 

that as girls move into middle high school they are more motivated than boys in mathematics 

and less motivated in science and English” (Green et al., 2005, p. 1). Valuing of subject and self-

concept were more subject-relevant and evinced relatively greater domain specificity, whereas 

broad achievement orientations such as time management and anxiety were more general 

across subjects suggesting general trait characteristics, and lower domain specificity (Green et 

al., 2007). Currently there are no studies that explore the academic buoyancy of sub-

populations of students, specifically regional young women. 

 

2.10 Researching with girls 

 

Very few subject choice studies have been conducted solely with girls. Girls have been 

consistently and unfavourably compared with boys in many studies as this following excerpt 

from Brickhouse, Lowery and Schultz (2000, p. 441) reveals:  

Girls are alienated by science. Science is masculine, competitive, objective, 

impersonal   qualities that are at odds with our images of what girls are. The more 

masculine the branch of science (e.g., Physics), the less likely it is that girls will like 

it or do well. Girls take science courses that are required of them; they rarely 

choose those that are not required. Teachers rarely call on girls in class. If they do, 

they ask girls easy questions because they expect less of them. Girls are interested 

in pleasing their teachers and are thus more likely to follow the rules rather than 

invent them. Girls prefer to learn in cooperative classrooms that encourage 

engagement with peers. Although girls may prefer small groups, those classes are 

dominated by boys who tend to take charge, manipulate the equipment, and leave 
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them to play the role of scribe. Girls are disadvantaged in science before they even 

get to school because they are encouraged to play with dolls rather than blocks. 

Documenting gender differences tends to create stereotypes of girls and boys but does not 

improve our understanding of the diversity that exists within groups of girls and groups of 

boys. Brickhouse et al. (2000, p. 442) argued for an alternate form of research that takes into 

account the, “complexity of the meaning of gender and the diverse ways in which it is 

enacted.” Jacobs (1994, p. 16) stated, “little research and work has begun from the assumption 

that females have strengths, experiences and learning styles that can succeed in 

mathematics”. Further research is needed which begins with the assumption that, “being a 

woman is the norm for females” in order to put together the pieces of the gender jigsaw 

puzzle (Jacobs, 1994, p. 16). This research concentrates on exploring girls’ motivations and 

rationales for the subject pathways they choose.  

A literature search for studies that focused solely on girls and maths and science participation 

found very few results. Walkington (1998) conducted a qualitative study with participants of 

the University of Southern Queensland Annual Girls in Maths and Science Summer School to 

determine why particular mathematics and science subjects were or were not chosen. Three 

major influences on girls’ selection of mathematics and science subjects were identified as:  1) 

their perception of their ability to do the subject; 2) their likes and dislikes for the general topic 

of study; and 3) the information they had on future career choices (Walkington, 1998, p. 3).  

Joyce and Farenga’s (2000) US quantitative study researched the ways high-ability and 

average-ability girls differ in their attitudes towards science, and future participation in 

science. The study found no significant difference between the number of science courses 

selected by each group, suggesting science subject selection may be related more to gender 

rather than academic ability. Regression analysis showed enjoyment of science lessons and 

leisure interest in science were both positively related to the number of science courses high-

ability girls selected, while normality of scientists (the traditional role of scientists) negatively 

affected the predicted number of science courses high-ability girls selected (Joyce & Farenga, 

2000). High-ability girls’ future participation in science was related to their positive attitudes 

towards school science, and out-of-school science activities and experiences (Joyce & Farenga, 

2000). Enjoyment of science lessons was the singular predictor of the number of science 

courses selected by average-ability girls (Joyce & Farenga, 2000).   
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Jacobs, Finken, Griffin, and Wright’s (1998) US quantitative study investigated the career plans 

of science-talented rural adolescent girls, and found intrinsic interest in Physics, friends’ 

support for science, and science GPA (grade point average) were significantly related to 

physical science career preference. Girls with higher science GPAs were more interested in 

science careers, supporting previous research which suggests individuals are motivated to 

choose future careers in fields that have high intrinsic values for them and in which they have 

high expectations for success (Deci & Ryan, 1985; Wigfield & Eccles, 1992). Having friends to 

share an interest in science was positively related to preferences for physical science careers, 

suggesting friends influence academic achievement motivation. Friends’ support for science is 

particularly important in rural communities where perceptions of appropriate roles for women 

may be narrower and where there may be fewer non-traditional role-models available (Jacobs 

et al., 1998). If friends disapprove of the choice to pursue a science-related career, even 

talented students who like the subject may not choose science if they remain concerned about 

their friends’ opinions.  

Baker and Leary’s (1995) US qualitative study explored what influenced girls to choose science. 

The study found girls believed women can and should do science, and they rejected most 

cultural stereotypes about women. The girls in this study liked science and held positive 

science ability perceptions. They preferred to learn science in an interactive social context and 

disliked instruction that isolated them (i.e., taking notes during lectures, reading and writing). 

Those who chose science careers gave reasons such as a desire to help and care for animals, 

people or the earth, or related their interest in science to affective experiences with a close 

family member (Baker & Leary, 1995).  

 

Rather than comparisons with boys, these studies instead tell a positive story about girls’ 

interest in science, their perception of their ability to do the subject, peer and family member 

support, and a desire to care, all of which play a role in girls’ science choices.    

 

2.11 Conclusions 

 

Young people are diverse with many subcultures and ways of living, and as such, there is no 

common group to refer to, just as there is no one overarching reason for subject choices. 

Students’ subject choice decisions are complex and multifaceted. The literature considered in 

this review pointed to three main issues motivating and/or inhibiting girls’ participation and 
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retention in Physics and intermediate mathematics: personal motivations, social influences, 

and classroom environment factors. In terms of personal motivation, the review of the 

literature identified three main factors that influence girls’ participation. The first factor is 

intrinsic value. Girls’ interest in and enjoyment of science and mathematics, and girls’ expected 

interest in senior Physics and intermediate mathematics, motivate participation in the post-

compulsory years of schooling (Barnes et al., 2005; Lyons & Quinn, 2010). However, the 

majority of the literature discussed in the review posited that instead of their interest being 

sustained, girls become disillusioned with the pedagogy and practices they experience in 

science and intermediate mathematics classes and anxious over their lack of deeper 

understanding (e.g., Boaler, 1997; Lindahl, 2003). Competition from more interesting subjects 

was also thought to draw otherwise capable girls away from these subjects that have relatively 

little intrinsic value or relevance (Lyons & Quinn, 2010). These findings suggest science and 

mathematics education is failing to meet the needs of contemporary female students, 

resulting in few girls choosing to study these subjects in the senior years (Lindahl, 2003; 

Schreiner & Sjoberg, 2005). While these are reasonable arguments, enrolment patterns 

indicate not all girls experience school science and mathematics in the same way (QSA, 2007, 

2010). It stands to reason that some level of interest exists for girls to choose to study Physics 

and mathematics in the senior years of schooling. However, due to the gender comparative 

nature of most subject choice studies, it is not clear whether girls have low interest in 

mathematics and Physics or their interest is simply lower than that of boys. The design of this 

study, researching exclusively with girls, places it in a unique position to answer this question.      

 

Utility value or career value has been identified as a significant influence on enrolment in 

Physics and intermediate mathematics (e.g., Barnes et al., 2005). It has been argued that the 

removal of these subjects as prerequisites for STEM-based university courses has devalued 

their school currency, and contributed to declining enrolments (Lyons & Quinn, 2010). The fact 

that the predicted large drop in enrolments has not materialised since university prerequisites 

were relaxed indicates that utility value, like interest value, may be a factor in subject choice 

decisions, but other factors also influence the decision-making process. Simpkins and Davis-

Kean’s (2005) key finding, that young people’s self-concepts and values are linked, suggests 

young people are unlikely to value mathematics or Physics if they do not believe they are 

competent in these domains. Individuals need to feel they can succeed in a domain to 

motivate them to pursue further study in that domain (Simpkins & Davis-Kean, 2005). There 

are numerous influences on young people’s beliefs and choices such as previous experiences 

and parental attitudes and expectations; as such it is important to explore how self-concepts 
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of ability, values, and parental influence interrelate with the subject choices of able young 

women, and this interrelationship will be a critical factor to consider in this research. If the 

girls in this study all experienced a similar type of pedagogy and practices in high ability 

mathematics and Physics classes as the literature suggests, what motivated some to choose 

further study of these subjects, and others not? This study, using surveys and interviews with 

high ability female students and their teachers, was designed to explore these questions to 

gain a better understanding of the roles of self-concept of ability and perceptions of difficulty 

in Physics and intermediate mathematics subject choice decisions. This study was also 

designed to explore the complex interplay between beliefs, values and anxiety and how they 

may interact with participation and persistence in mathematics and Physics.   

 

In terms of social influences, one of the most important influences on girls’ subject choice and 

career decisions is their immediate and extended families (Lyons, 2005). Socioeconomic 

background of the local community and of the student’s family affects the type of support and 

encouragement students receive (Young, Fraser & Woolnough, 1997). Support from 

immediate and extended family members, expressed as cultural capital, consists of parents 

acting as role-models of educational and professional achievements, parents’ high academic 

expectations, their values and strategic orientation towards education, and their positive 

attitudes towards high status subjects (Lyons, 2005). Parental encouragement and support 

contributes substantially to students’ enrolment decisions, and is likely to increase girls’ 

motivation to continue to study Physics and intermediate mathematics in the post-compulsory 

years of schooling (Lyons, 2005). On the other side of the coin, rural students tend to have 

lower socioeconomic backgrounds, and rural parents tend to have lower educational 

attainment, and lower educational expectations for their children (Young et al., 1997). 

Regional and rural students participate in education to a lesser degree than students from 

metropolitan areas (Young et al., 1997), and tend to leave school earlier (Arnold, 2001), which 

supports the definition of rurality as a barrier to STEM education and careers. There has been 

little research into the factors influencing subject choice among population subgroups. Rural 

and regional communities across Australia are by no means homogenous. The use of single 

categories of rurality and regionality in large scale studies has meant a lack of studies which 

might capture local community variations in these cultural influences. Trends of Physics and 

intermediate mathematics participation, influences, attitudes and values have not been 

specifically documented for females in rural and regional Far North Queensland communities, 

and this study aims to fill this research gap. 
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The classroom environment is the third issue raised in the literature review. Teacher 

encouragement is influential on girls’ enrolment choices, particularly when parents also 

emphasise the importance of a strategic orientation, and express confidence in the child’s 

ability to take on challenging subjects. However, teachers’ expectations and values about the 

capabilities of female students impact on how they view and interact with female and male 

students and define the expectations they hold for students based on gender (Huang & Fraser 

2009; Kahle & Meece 1994; She & Fisher 2002). Although teachers report they have the same 

expectations of girls’ and boys’ achievement, their pedagogy and practices often indicate the 

opposite (Zohar & Bronshtein, 2005). Thus the classroom environment can be a barrier or 

obstacle to girls’ participation and persistence with Physics and intermediate mathematics. 

Given the central influence of teachers and the effect of the classroom environment, one of 

the major aims of this study was to explore teachers’ perceptions of the factors that motivate 

girls’ participations and persistence in Physics and intermediate mathematics, and teachers’ 

knowledge and beliefs of educational means to encourage greater regional female students’ 

participation in these subjects (Zohar et al., 2005). A further aim of the study was to explore 

Physics and intermediate mathematics teachers’ attitudes towards and beliefs about female 

participation and achievement in Physics and intermediate mathematics (Zohar et al., 2005). 

Thus teachers are a focus of the research alongside the focus of the girls themselves. Few 

studies have directly addressed Physics and mathematics teachers’ knowledge and beliefs 

regarding girls’ low participation rates. The studies that have directly addressed this issue 

found that Physics teachers were either not aware of the gender gap (Orr, 1985; Zohar & 

Bronshtein, 2005), or thought it was normative and not perceived as a problem (Labudde, 

Herzog & Nevenschwander, 2000; Ormerod, 1981; Shachar & Avrahami-Einat, 1994; Zohar & 

Bronshtein, 2005), or were sceptical about the possibility of unfulfilled capability and talent 

among girls (Shachar & Avrahami-Einat, 1994). If teachers do not conceive there is a problem, 

or underestimate its severity, they are unlikely to explore educational means to alleviate the 

problem, or to ensure their pedagogy and practices are gender equitable (Zohar & Bronshtein, 

2005). There are currently no Australian studies that ask Physics and mathematics teachers a 

series of focused questions regarding the various facets of the issue of girls’ low enrolments in 

Physics and intermediate mathematics; that is, their views regarding the scope of the problem, 

regarding its causes, and regarding their knowledge of educational means that might eliminate 

this problem. This will be a critical factor to consider in this research.  
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Academic buoyancy is one factor that provides a buffer between successful female students 

(those who persist with Physics and maths to Year 12) and the academic challenges, stress, 

study pressure, the masculine environment, and sense of lower value girls may experience in 

Physics and mathematics classrooms (Martin, 2003). Without some level of academic 

buoyancy, girls are unlikely to persist in the face of academic challenges and negative 

classroom environments (Martin & Marsh, 2008). Currently, there are no studies that explore 

the academic buoyancy of high achieving regional young women, and this gap in the literature 

will be addressed by this study. 

 

Studies conducted with girls tell a positive story about girls’ interest in science, their 

perception of their ability to do the subject, peer and family member support, and a desire to 

care, all of which play a role in girls’ science choices (Baker & Leary, 1995; Jacobs et al., 1998; 

Joyce & Farenga, 2000). These factors are sometimes obscured by gender comparative studies. 

The goal of the study was to examine a variety of social, attitudinal, and educational factors 

that might be related to the science and mathematics choices of rural and regional, science- 

and mathematics-talented, female students. The aim was to gain a comprehensive picture of 

female rural and regional North Queensland students’ beliefs and perspectives regarding 

influences on their subject choices, in particular, girls’ perceptions of the usefulness, relevance, 

and difficulty of mathematics subjects, the characteristics of learning experiences that 

contribute to their interest in mathematics and potentially influence their subject choice 

decisions (curriculum, pedagogy, teaching, and encouragement), and “the factors which 

contribute to developing positive beliefs about mathematics and its application to students’ 

lives and aspirations” (McPhan et al., 2008, p. ix).  

 

Further research is needed in these areas to contribute to the understanding of these issues in 

a rural and regional North Queensland context and clarify issues relating to the uptake of 

intermediate mathematics from female students’ and their teachers’ perspectives.  
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Chapter 3 

Methodology 

 

3.1 Introduction 

 

Chapter one introduced the study, the statement of the problem, the rationale and purpose of 

the study, and the research questions guiding the study. Chapter two reviewed the literature 

relevant to the research questions. This chapter describes the research paradigm adopted for 

the study, the theoretical background to mixed methods research design, and the rationale for 

choosing this approach. The chapter also contains an explanation of the research methods 

employed in each of the three stages of research carried out for this thesis. Methodological 

considerations are discussed next in three separate sections: a section for each of the stages of 

research conducted. Each of these sections includes sub-sections addressing background, 

purpose, the participants, and, where appropriate, data collection, data collection instruments, 

guiding questions, data analysis methods, statistical tests and validity and reliability.  

 

3.2 Overview of the study 

 

Students can select from a wide range of subjects for their final two senior years of schooling 

so only sub-groups of the whole student population are enrolled in any one subject. In most 

cases the proportions of male and female students are not equal or of matching ability 

profiles. However, the difference in proportions of male and female students studying senior 

secondary school Physics and higher-level mathematics is more pronounced. This study 

examined female participation in Year 11 and 12 secondary school Physics and intermediate 

mathematics subjects using data collected from nine coeducational high schools in Far North 

Queensland. The study seeks examine the issue of gender disparity in secondary school Physics 

and intermediate mathematics participation, including motivations for participation, barriers 

to participation, and attitudes towards teaching and learning Physics and intermediate 

mathematics in greater depth. The study was divided into three distinct stages. Stage One was 
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designed to gain an indication of girls’ mathematics and science enrolment rationales. A survey 

was administered to Year 10 mathematics and science proficient female students to examine 

their attitudes towards mathematics and science subjects, and their reasons for subject 

choices – in particular, their reasons for selecting, or not selecting, Physics and intermediate 

mathematics in the senior years of schooling. The second stage involved a deeper probing of 

the factors linked with subject selection obtained from the first stage. The second stage was 

carried out in two parts: the first part comprised semi-structured interviews with Physics and 

intermediate mathematics teachers and Head of Departments. The second part comprised in-

depth semi-structured interviews with pairs and small groups of female Year 12 Physics and 

intermediate mathematics students. The third stage of the study was informed by the second 

stage findings and entailed a survey of female Year 12 intermediate mathematics students, 

and female Year 12 English students as a comparison group, to explore differences in girls’ 

motivation, engagement and academic buoyancy between the subjects of English and 

intermediate mathematics, and consider the predictors of academic buoyancy.  

 

3.3 Philosophical worldview 

 

3.3.1 Mixed methods 

 

Mixed methods research is a design for collecting, analyzing, and mixing both quantitative and 

qualitative research in a single study or series of studies to understand a research problem. 

(Creswell & Plano Clark, 2008). As research methodology continues to develop, mixed methods 

research, using a combination of qualitative and quantitative approaches, gains popularity. 

Mixed methods research draws upon the strengths of both qualitative and quantitative 

research within a study to provide complementary perspectives on the research problem 

(Creswell, 2009). The use of both approaches in tandem adds to the overall strength of the 

study. Creswell and Plano Clark (2008) contend that while, all methods of data collection have 

limitations, the use of multiple methods can capitalise on the strengths of each approach and 

offset their different weaknesses. They cite the example of qualitative research providing 

detailed insights that quantitative surveys alone cannot provide. The use of either one 

approach or the other can be inadequate to deal with the complexity of problems educational 

researchers address. The combination of both qualitative and quantitative research offers an 

expanded understanding and greater insight into research problems, especially when one 
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approach can be used to build on the results from the other approach (Creswell, 2009). Mixed 

methods can pose challenges for researchers requiring time for extensive data collection, the 

analysis of both textual and numeric data, and the need for the researcher to develop 

proficiency in both qualitative and quantitative research approaches (Creswell, 2009). 

However, the advantages of conducting a mixed methods study are numerous and outweigh 

the inherent challenges. Qualitative and quantitative methods answer different questions and 

mixed methods offer a more comprehensive approach to finding answers to research 

questions, especially since many questions in the field of female subject choice and 

participation in Physics and intermediate mathematics are complex and cannot easily be 

answered using a single method  (Bryman, 2006). Qualitative data helps to provide depth and 

context to more general quantitative data, and qualitative results can explain quantitative 

results or vice versa (Bryman, 2006). The use of both approaches enhances the integrity, 

credibility and validity of the findings as each method can corroborate the findings from the 

other (Bryman, 2006). The use of both quantitative and qualitative data collection and analysis 

has the potential to see the phenomenon of young women’s experience of secondary school 

Physics and intermediate mathematics from different perspectives, and this may contribute to 

a fuller understanding of the research questions (Tashakkori & Teddie, 1998). A mixed 

methods design in this study was a source of different ways of conceptualising the problem, to 

look at the same things from different points of view. These viewpoints imply different ways of 

seeing, and as such, the lines of sight may not always converge (Tashakkori & Teddie, 2003). 

The objectives of using mixed methods in this study were: to use one method to inform 

another; to provide a comprehensive assessment of the state of the field with regards to girls’ 

subject choice rationales and participation in senior secondary school Physics and intermediate 

mathematics in regional North Queensland; to identify contexts in which girls perceive 

encouragement or discouragement to participate in these subjects; to explore teachers views 

on and attitudes towards female participation in these subjects; to explore teaching practices 

from teachers’ and female students’ perspectives; and to utilise a research design with the 

capacity to explore any unexpected findings. The purpose for using mixed methods in this 

study are development; using the findings from one method to help inform the other method, 

and expansion; seeking to expand the breadth and range of research by using different 

methods for different inquiry components (Greene, Caracelli & Graham, 1989). The rationale 

for using a mixed methods approach is qualitative and quantitative research used together 

produce more complete knowledge necessary to inform theory and practice. 
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3.3.2 Strategies of inquiry 

 

Pragmatism allows researchers to decide on a type of study within three choices of strategies 

of inquiry.  Strategies of inquiry are types of research methods that provide specific direction 

for research design procedures (Creswell, 2009). The three choices are: quantitative strategies 

(survey or experimental research); qualitative strategies (ethnography, grounded theory, case 

studies, phenomenological research, and narrative research); and mixed methods which seeks 

convergence, integration, or connection of the qualitative and quantitative data. The four 

major types of mixed methods designs are: concurrent/triangulation; embedded; sequential 

explanatory; and sequential exploratory, each of which address different research objectives 

(Creswell & Plano Clark, 2008). They are differentiated by the timing of methods, how the 

methods are mixed or integrated, and the priority given to the methods. This study used a 

sequential exploratory design.   

 

3.3.3 Sequential exploratory strategy 

 

A sequential strategy involves an elaboration or expansion of the findings of one method with 

another method. For example, one method may be followed by the other to gain a greater 

insight and understanding of the problem at hand. The sequential exploratory strategy 

comprises an initial phase of qualitative data collection and analysis with the intent to explore 

the problem under study, followed by a second phase of quantitative data collection and 

analysis with a larger sample that builds on and expands the results of the first qualitative 

phase, so that results may be inferred to a population (Creswell & Plano Clark, 2008). As this 

approach is primarily focused on exploration of a phenomenon, it is appropriate to use when 

exploring, “elements of an emergent theory resulting from the qualitative phase” (Creswell, 

2009, p. 211). The straightforward nature of this two phase approach is one of its strengths. 

Implementation is easier with clear, separate stages and is straightforward to describe and 

report (Creswell, 2009). The main weakness of this design is the substantial length of time 

required for data collection. “In addition, the researcher has to make some key decisions about 

which findings from the initial qualitative phase will be focused on in the subsequent 

quantitative phase “(Creswell, 2009, p. 212). The steps of the design for this study are shown 

in Figure 3.1. The qualitative part of the study is emphasised by using upper case to illustrate 

that it is given priority in the study and comprises the major part of the study.  
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Sequential Exploratory Design 

 

 

 

QUAL QUAL quan quan Interpretation 

Data Data Data Data Of Entire 

Collection Analysis Collection Analysis Analysis 

Figure 3.1. The steps of a Sequential Exploratory Design 

                                                            

The current study included the addition of an initial quantitative study, thus the sequential 

exploratory model was adapted for the purposes of this Ph.D. study as follows: 

   

 

         quan            QUAL       quan Interpretation 

         Data          Data        Data Of Entire 

     Collection Collection                    Collection Analysis 

    and Analysis   and Analysis    and Analysis  

Figure 3.2. Adapted model of the Sequential Exploratory Design 

 

Stage One of the study was mainly a quantitative study with a small element of qualitative 

data. Each stage of the study was informed by the findings from the previous stage, thus Stage 

Two was informed by the findings from Stage One, and Stage Three was informed by the 

findings from Stage Two.  

 

 

 

quantitative QUALITATIVE 

quantitative  QUALITATIVE quantitative 
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3.4 Overview of study 

 

Table 3.1  

Stages of the study, methods for each stage, participants, and types of analyses 

PRAGMATISM  

MIXED METHODS  

Sequential Exploratory Design  

Stage One  Stage Two  Stage Three  

Quantitative Study 

2007 

Qualitative Study 

2008 

Quantitative Study 

2009 

Expectancy- Value  Motivation 

Theory  

Interpretive Paradigm Motivation and Engagement 

Wheel  

Cross-sectional survey approach Semi-structured interviews  Cross-sectional survey approach 

97 female Year 10 students  

44 female Year 11 and 12 

students 

 from nine regional and rural  

co-educational secondary 

schools 

11 mathematics and science 

teachers and Head of 

Departments 

9 female Year 12 students  

from 5 regional co-educational 

secondary schools 

117 female Year 12 students 

from 5 regional co-educational 

secondary schools 

Female Year 10 students 

streamed into extension 

mathematics and science classes 

Physics and Maths B teachers 

Head of Departments 

Physics and Maths B students 

Female students enrolled in 

intermediate mathematics and 

English 

MANOVA 

Logistic Regression Analysis  

Interpretive/Descriptive analysis 

Phenomenography  

MANOVA 

Path analysis 

Cluster analysis 
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Table 3.1 outlines the timing of the three stages of the study, the methods, participants and 

analyses utilised for each stage. The analysis of the three years of result data was carried out 

using data that was separated in time from the Stage One surveys, the students and teacher 

interviews, and the Stage Three survey. This was unavoidable when using the exploratory 

model. However, it must be acknowledged that there were different populations of students 

involved in each of the stages of the study, although some students may have participated in 

more than one stage of the research. 

Table 3.2 shows the nine coeducational schools that participated in the study, organised by 

school sector, rural or regional location, and socioeconomic status.  

Table 3.2 

Participating schools organised by sector, location and socioeconomic status. 

School sector Location SES 

Gov1 Rural Low 

Gov2 Rural Low 

Gov3 Regional Medium 

Gov4 Regional Low 

Gov5 Rural Low 

Cath1 Regional High 

Cath2 Regional Low 

Cath3 Rural Low 

Ind1 Regional High 

 

The socioeconomic status for the area each school was gathered from the Socio-Economic 

Index for Areas (SEIFA) Index of Relative Socio-economic Disadvantage (Australian Bureau of 

Statistics [ABS], 2006). The Socio-Economic Index for Areas (SEIFA) represents people’s access 

to material and social resources, and their ability to participate in society (ABS, 2006). It 

comprises of variables such as low-income, low educational attainment, unemployment and 

motor vehicle ownership. SEIFA does not represent individual situations, but represents an 

average of all people living in an area (ABS, 2006). The four rural schools involved in the study 

are located in areas ranked in the lowest quartile of socio-economic disadvantage, and two 

schools in regional areas are also in this category. Only one Catholic school and the 

Independent school are in the highest quartile of socio-economic disadvantage, and both are 

located in regional areas. 
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3.5 Stage One  

 

3.5.1 Theoretical perspective 

 

In formulating a theoretical perspective for studying the senior subject choices of female 

secondary school students, Achievement Motivation theory provided a useful model (see 

Chapter 2 for the history of how this theory developed). This theory highlights the 

interrelationship of psychological and social factors and their impact on achievement and 

subject choice (Lupart, Cannon & Telfer, 2004). “Achievement motivation theorists attempt to 

explain people’s choice of achievement tasks, persistence on those tasks, vigor in carrying them 

out, and performance on them” (Wigfield & Eccles, 2000, p. 68). Stage One of the study was 

guided by social cognitive theory, and uses the Achievement Motivation expectancy-value 

model developed by Eccles and colleagues (Wigfield & Eccles, 2000). Social cognitive theory is 

based on the principles that people learn through their own direct experiences and by 

observing others, and choice is based on perceived or actual consequences of behaviour 

(Bandura, 1986).  

 

Motivation is held to be the basic driver for all actions, and achievement motivation is 

described as the influences that drive a person to achieve their goals and aspirations. Central 

to the concept of expectancy-value theory are the constructs of subjective task values and 

expectations for success, which are “hypothesized to most directly influence achievement 

behaviours and to mediate the influence of all related constructs” (Lupart et al., 2004, p. 26). 

Expectancy refers to the perceived degree of certainty or probability that a causal relationship 

exists between action and outcome. Or put another way, expectancies for success are defined 

as beliefs about how well one will do on a future task (Eccles, et al., 2002). Students with 

positive self-beliefs about their capability to master their schoolwork also have positive 

expectations for success.  

 

Subjective task values have been found to directly influence students’ motivation and 

engagement with a task. The four components of subjective task values are: attainment value, 

intrinsic value, utility value, and cost (Eccles et al., 1993). Attainment value/importance is 

defined as the personal importance and meaningfulness students attach to doing well on a 

task, and relates to individuals’ conception of identity or competence in a given domain 

(Wigfield, 1994). Intrinsic motivation refers to motivation based on inherent interest, curiosity, 
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enjoyment or satisfaction with an activity (Ryan & Deci, 2000). Utility value relates to the 

extrinsic reasons for engaging in a task or activity and is defined as the practical value or 

usefulness of the task in terms of achieving current and future goals (Eccles et al., 2002). Cost 

is conceptualized in terms of the negative facets of engaging in the task, such as the amount of 

time and effort needed to be successful, as well as performance anxiety and fear of failure. 

Cost also refers to lost opportunities that result when one choice cancels another (Eccles et al., 

2002). 

The Eccles expectancy-value model contends that expectancies and values have a direct affect 

on performance, persistence, and task choice. Expectancies and values are proposed to be 

influenced by perceptions of ability, perceptions of task difficulty, and an individual’s goals. 

These social cognitive variables are in turn affected by perceptions of the expectations and 

aspirations of significant adults (socialisers such as parents and teachers), by an individual’s 

previous experiences, and by his or her interpretation of previous achievement outcomes. 

Previous experiences and interpretations of achievement outcomes are proposed to be 

influenced by socialisers’ beliefs, expectations, attitudes and behaviours, and by cultural 

background and environment (Eccles & Wigfield, 2002).  

The principles of expectancy value theory have been applied to a wide range of contexts to 

predict or explain performance and enrolment decisions, such as mathematics, science, 

English, sporting activities (Eccles & Wigfield, 2002; Simpkins, Davis-Kean & Eccles, 2006), 

English as a foreign language (EFL), and English as a second language (ESL) (Vanderbeen, 2005). 

Expectancy-value theory has also been applied to a range of age groups, from primary and 

secondary school students (Eccles  & Harold, 1991), to higher education students (Sullins, 

Herdnanez, Fuller & Tashiro, 1995) and adults (Umstattd, 2003). 

 

This model was chosen for this stage of the study for several reasons. First, the model was 

designed to explain subject choice rather than gender differences (Wigfield & Eccles, 2002). 

Second, the expectancy and value components are linked to a broad array of both 

psychological and social/cultural determinants such as a socialiser’s (parents and teachers) 

beliefs, attitudes, expectations and behaviour, and societal values and norms that help shape a 

young person’s beliefs (Wigfield & Eccles, 2002).  Eccles’ expectancy value model of 

achievement motivation was chosen for its focus on both the cognitive role and the role of 

social and cultural processes in subject choice motivation (Wigfield & Eccles, 2002). Third, the 

model focuses on observable behaviour that may result from beliefs (Wigfield & Eccles, 2002).  
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In the application of social cognitive theory to this study of intermediate mathematics and 

Physics enrolment, five variables identified by Eccles and colleagues are defined in the 

following manner.  

 

1. Achievement related choice is enrolment in intermediate mathematics and Physics. 

2. Ability beliefs are perceptions of competence and perceptions of difficulty of 

intermediate mathematics and Physics. 

3. Previous achievement outcomes are interpretation of past science and mathematics 

experiences. 

4. Utility value is how well enrolment relates to goals, such as further study and career 

goals. 

5. Intrinsic value is the inherent interest, curiosity, enjoyment or satisfaction with 

intermediate mathematics and Physics. 

6. Socialisers’ expectations are family encouragement and teacher encouragement to 

enrol in intermediate mathematics and Physics. 

 

With these specific variables, the formula for achievement related choice developed by Eccles 

and colleagues (1986) is adapted as: The potential for enrolment in intermediate mathematics 

and Physics to occur is a function of the expectancy that enrolment will lead to specific 

outcomes and the value that young women place on these outcomes. In addition, the 

interaction of socialisers’ beliefs, attitudes, expectations and behaviours must be considered in 

relation to attainment value and previous achievement outcomes at school.  

The following statement represents the underlying logic for designing and conducting stage 

one of the study. If young women believe that: (a) they have the ability to be successful in 

intermediate mathematics and Physics based on perceptions of competence, task difficulty and 

previous performance, (b) they value these subjects for their utility or intrinsic value, and (c) 

each individual has positive perceptions of other peoples’ attitudes and expectations for them, 

then young women will be more likely to enrol in intermediate mathematics and Physics in 

senior secondary school.   
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3.5.2 Data collection 

 

A survey was considered the most appropriate method for exploring female students’ beliefs, 

attitudes and reasons for Physics and intermediate mathematics subject choice. The survey 

technique was the preferred method of data collection as it offered many advantages 

including a small outlay in time and money, a fast and simple way to obtain information from 

people, and a straightforward analysis of closed questions (Creswell, 2009). Surveys protect 

respondents’ anonymity and, to a certain extent, lack interviewer bias (Gillham, 2000).  

The survey was designed to gather data on the significant factors predicting senior subject 

choice, and students’ attitudes towards and conceptions of Physics and mathematics, and to 

answer the research question: 

a) What motivational factors predict young women’s enrolment in Physics and 

intermediate mathematics in the senior years of schooling in Far North Queensland? 

 The surveys were cross-sectional, with all of the data collected at one point in time (Creswell, 

2009). The survey questions were adapted from Barnes, McInerney & Marsh’s (2005) Science 

Enrolment Questionnaire and were designed to investigate six domains of influence on 

students’ enrolment decisions:  

• Prior achievement 

• Utility value 

• Perception of difficulty 

• Intrinsic value 

• Parental and teacher support and encouragement 

• Students’ attitudes towards high school mathematics and science subjects 

 

3.5.3 Survey instrument 

 

The Year 10 Student Survey data collection instrument consisted of three sections. Section one 

collected data on respondents’ demographic characteristics such as school sector and 

geographic location. These data were used to investigate whether students’ views varied 

significantly across these categories. This section also asked students to preference rank their 

school subjects, asked about their post-school destinations, and whether they had selected 
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Physics or Mathematics B subjects for Years 11 and 12. In section two, students were asked to 

respond to a set of 20 items investigating possible influences for enrolment in Physics and 

intermediate mathematics.  

A sample question from each category is provided below, and the corresponding question 

from the Barnes et al. (2005) Science Enrolment Questionnaire from which the question was 

adapted is also shown. The Science Enrolment Questionnaire (SEQ) was chosen for Stage One 

of the study because the SEQ questions were adapted from Eccles et al. expectancy value 

achievement motivation model, which generally focuses on mathematics, and adapted for a 

science subject choice context. Thus it was considered appropriate to adapt and use the 

questions for both a mathematics and science context. Each question for Physics and 

mathematics was asked separately, however they have been combined here for economy of 

space. 

Interest 

Physics/Maths B is interesting - adapted from the question, “How interesting did you expect to 

find each subject below? (Physics, chemistry, biology) 

Previous achievement 

I have achieved highly in science/maths this year – adapted from the question, “How would 

you rate your level of achievement in science last year?” 

Utility value 

Physics/Maths B is not relevant for my future career plans – adapted from the question, “How 

important is each of the following subjects to your future career plans?” 

Difficulty 

I thought Physics/Maths B would be too hard – adapted from the question, “How difficult do 

you find each of the subjects below [Physics, chemistry, biology] compared with your other 

subjects?” 

Teacher encouragement 

I was encouraged by a teacher or careers counsellor to study senior Physics/Maths B – adapted 

from the question, “Did your year 10 science teacher encourage/discourage you to study each 
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of the subjects below [Physics, chemistry, biology] because it might be useful/of no use in 

getting a job?” 

Parental encouragement 

I was encouraged by someone in my family to study Physics/Maths B – adapted from the 

question, “Have your parents encouraged/discouraged you to study each of the subjects below 

[Physics, chemistry, biology] because it might be useful/of no use in getting a job?” 

Responses to each item were coded from 1 (Strongly disagree) to 5 (Strongly agree). The 

survey items were not designed to constitute a robust and internally coherent scale, but 

provide a means of identifying foci for further exploration in Stage Two of the study. Section 

three of the questionnaire asked students the reason they did or did not choose to enrol in 

Physics and intermediate mathematics, asked about the importance and relevance of 

mathematics and science in their lives, and asked what advice they would give a friend 

thinking of enrolling in Physics and Mathematics B. This last section of the questionnaire was 

designed to illuminate students’ perceptions of Physics and intermediate mathematics. A copy 

of the questionnaire is included in Appendix A. 

The Year 11 and 12 Student Survey instruments (one for Mathematics B students and one for 

Physics students) also consisted of three sections. The first two sections followed a similar 

format to the Year 10 Student Survey described above. The third section consisted of eight 

open response questions asking students who encouraged them to enrol in Physics and 

intermediate mathematics, in what way did this person influence your interest in Physics and 

intermediate mathematics, to describe the most and least enjoyable aspects of their 

Physics/Mathematics B courses so far, the advice they would give to a friend in Year 10 who 

was thinking of doing Physics/Mathematics B next year, what their friends think about 

students studying Physics/Mathematics B, and how important and relevant 

Physics/Mathematics B is to them. These questions were designed to explore female students’ 

perceptions of and attitudes towards intermediate mathematics and Physics. Due to the small 

number of returned questionnaires, only the qualitative data from the questionnaires is 

reported. A copy of both questionnaires is included in Appendices B and C.  
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3.5.4 Participants 

 

The survey was conducted at the end of the 2007 school year, shortly after Year 10 students 

had selected their subjects for the senior years of schooling. Approval was granted from 

relevant education authorities to include nine regional and rural schools in the study. 

Principals from the nine schools were contacted and invited to participate in this stage of the 

research, and approval was granted to conduct research at the schools. Individual classroom 

teachers were then contacted and arrangements were made to meet with the teacher to 

explain the study and organise the distribution of the questionnaires. Some teachers opted to 

distribute the questionnaires to their students themselves, while others invited the researcher 

to address the students to explain the study and distribute the questionnaires. All female 

students in extension science and extension mathematics classes at each of the nine schools 

were invited to participate in the study. Information sheets, parental and student consent 

forms, and a questionnaire were issued to every female student in extension mathematics and 

extension science classrooms at the nine schools. A total of 97 students from eight of the nine 

schools returned signed consent forms and a completed questionnaire.  

The second group of participants was female Year 11 and 12 students from seven of the nine 

coeducational secondary schools described above. Two schools were unable to participate 

because their senior students had already completed the school year and were on holidays or 

had graduated. Individual classroom teachers were contacted and arrangements were made to 

meet to explain the study and organise the distribution of the questionnaires. Again some 

teachers opted to distribute the questionnaires to their students themselves, while others 

invited the researcher to address the students to explain the study and distribute the 

questionnaires. All female students in senior Physics and Mathematics B classes were issued 

with an invitation to participate, an information sheet, a parental and student consent form, 

and a questionnaire. A total of 44 students returned signed consent forms and a completed 

questionnaire.  

 

3.5.5 Quantitative data analyses 

 

Survey results were coded on an SPSS v19 data base. The following strategies were used to 

analyse data: simple frequency analyses were employed to describe sample profiles. Variations 
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in responses to Likert-type items across independent variables were identified using 

multivariate analysis of variance (MANOVA) to compare the effect of expectancies and values 

on Physics and intermediate mathematics enrolment and non-enrolment choices. Logistic 

regression analyses was undertaken to identify significant predictors of enrolment in Physics 

and intermediate mathematics. This technique shows how much of the variance in the 

dependent variable (subject choice) can be explained by a number of independent variables, 

such as self-concept of ability and/or intrinsic interest in Physics or mathematics and so forth. 

Assumptions of multicollinearity, normality and linearity were checked prior to conducting the 

regression analyses. The use of the parametric methods MANOVA and logistic regression to 

analyse Likert-type items is supported by the large body of evidence endorsing the robustness 

of parametric analysis of Likert-type responses (e.g. Glass, Peckham & Sanders, 1972; Jaccard 

& Wan, 1996; Zumbo & Zimmerman, 1993).  

 

3.5.6 Qualitative data analysis 

 

The Year 10 survey included open response opportunities for respondents to record their views 

about the reasons they chose to study or not study Physics and Mathematics B in Years 11 and 

12, the importance and relevance of science and mathematics in their lives, and the advice 

they would give a friend who was thinking about enrolling in Physics and Mathematics B. The 

responses were collated and coded thematically based on expectancy value theory (Wigfield & 

Eccles, 2002). Responses to the open-ended question about reasons for enrolment or non-

enrolment in Physics and intermediate mathematics were coded into six positive and negative 

categories. These categories were: further study/career value (career); interest and enjoyment 

(interest); self-concept of ability (ability); perception of difficulty (difficulty); teacher advice; 

and parent expectations.  

Year 11 and 12 survey qualitative surveys included the following open-ended questions (Maths 

B was substituted for Physics for the intermediate mathematics survey – a full copy of the 

questionnaire is located in the appendices):  

• Who encouraged you to enrol in senior Physics? 

• In what way did this person influence your interest in Physics?  

• Who encouraged you to enrol in Maths B? 

• In what way did this person influence your interest in Maths B? 

• What has been the most enjoyable aspect(s) of your Physics course so far? 
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• What has been the least enjoyable aspect(s) of your Physics course so far? 

• What would you say to a friend in Year 10 who was thinking about doing Physics next 

year and asked you about the Physics course? 

• What do your friends think about students studying Physics? 

• How important and relevant is Physics to you? 

 

Initially, data from Year 10 and Year 11 and 12 questionnaires were organised by question 

which involved looking across all respondents and their answers in order to identify 

consistencies and differences. Themes were deductively defined based on expectancy value 

motivation theory, the theoretical framework used for the questionnaires. As the themes were 

identified, statements were grouped together and coding categories were developed to 

facilitate understanding of the data. This was an iterative process, whereby definitions of 

categories were adjusted to assimilate data and new categories were identified to 

accommodate data that did not fit existing categories. Categories continued to be built until no 

new themes or categories could be identified. Data coded to each category were gathered 

together and systematically organised, and patterns and connections both within and between 

the categories were identified.  

In regards to dependability of the results, when reporting the results of qualitative data, 

quotations from respondents have been entered under various categories in order to 

represent supportive data for the category. The reader will be able, using the quotations as a 

basis, to monitor whether or not the category’s content corresponds with what the quotations 

express. 

 

3.6 Stage Two  

 

3.6.1 Theoretical perspective 

 

Qualitative research, as a mode of inquiry, has the ability to complement generalisable 

knowledge with knowledge of particularised experiences that contributes powerfully to a 

purposeful whole (Creswell, 2009). Qualitative studies are characterized by exploration of the 

meaning for participants of their experiences (Creswell, 2009). Interpretive methodology leans 

towards the collection of qualitative data and uses methods such as interviews that provide 

this type of data (Creswell, 2009). Stage Two of the study was based on an interpretive 
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paradigm, which focuses on explanation, understanding or interpretation of the people and 

situations under investigation (Miles & Huberman, 1994). An interpretive approach attempts 

to identify a person’s interpretation of their experiences and point of view, and the meanings 

people confer upon their own and others' actions (Taylor & Gibbs, 2010). Interpretivism takes 

the view that since human beings think and reflect, scientific methods are inappropriate for 

the study of society. Unlike objects in nature, human beings can change their behaviour if they 

know they are being observed. So interpretivists argue that if we want to understand social 

action, we have to delve into the reasons and meanings which that action has for people 

(Taylor & Gibbs, 2010).  

 

The study concerns itself with the description and interpretation of the meanings of 

phenomena (e.g. conceptions of female participation in school subjects). Myers (1997) claimed 

that qualitative research methods were developed in the social sciences to enable researches 

to study social and culture phenomena. Patton (1985, p. 1) explains:  

 

Qualitative research is an effort to understand situations in their uniqueness as 

part of a particular context and the interactions there. This understanding is an 

end in itself, so that it is not attempting to predict what may happen in the future 

necessarily, but to understand the nature of that setting – what their lives are like, 

what’s going on for them, what their meanings are, what the world looks like in 

that particular setting – and in the analysis to be able to communicate that 

faithfully to others who are interested in that setting… The analysis strives for 

depth of understanding.  

 

In this study, conceptions of teaching and learning Physics and intermediate mathematics, and 

female students’ enrolment motivations are analysed. They are analysed from the description 

and interpretation of the meanings of phenomena (e.g. teachers and students perceptions). 

The description and interpretation of the meanings of phenomena is what Patton (1985) has 

defined as the nature setting of qualitative research. The analysis strives for in-depth 

understanding of the influences that affect enrolment decisions from students’ and teachers’ 

perspectives. This suggests that a qualitative approach is appropriate (Creswell, 2009). The 

qualitative analyst’s conclusions are based on repeated exploration of the sample, thus these 

conclusions are likely to reflect peculiarities of the sample (Patton, 1985). This study required 

such analysis to discover factors involved in female subject choice decisions, and teachers’ 

understandings of such factors, thus a qualitative approach was suitable. Qualitative research 
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was adopted to provide a holistic view of students’ rationales for participation in Physics and 

intermediate mathematics and teachers’ understandings of why girls participate in these 

subjects, and their conceptions of girls as learners in Physics and intermediate mathematics 

classrooms, and also to report them based on the discourses in the interviews and the 

researcher’s own interpretation (Creswell, 2009). There are different theoretical traditions and 

orientations in qualitative inquiries (Patton, 1991). In this study, a phenomenographic 

approach was used to explore the sorts of motivations that drive female Physics and 

intermediate mathematics subject choice decisions, and teachers’ perceptions of these 

motivations, that emerged from interview transcripts. Phenomenography is an empirical 

research tradition that was designed to answer questions about thinking and learning, 

especially in the context of educational research (Marton, 1986). It is concerned with the 

relationships that people have with the world around them (Orgill, 2004). It involves 

understanding concepts and looking for their underlying meanings and the relationships 

between them (Entwistle, 1997). 

 

In this study, the relations between female students’ subject choice motivations and teachers’ 

understandings of participation phenomena which are expressed in the form of discourses in 

interviews are described. Svensson (1997) claimed that a person’s concepts are accessible in 

different forms of actions, but particularly through language. Interviews provide a valid tool to 

access a person’s concepts. Different people have different conceptions, meanings and 

understanding of phenomena (Svensson, 1994). This difference enables us to analyse the 

similarities and differences in Physics and intermediate mathematics teacher and student 

conceptions and hence we may infer their role in female student participation and persistence 

in these subjects. 

 

 

3.6.2 Data collection 

 

The underlying mechanisms affecting female participation in Physics and mathematics are far 

from transparent and operate at multiple levels, such as the level of the home, school, 

classroom, and individual student. Students’ perceptions are critical because these inform 

choices. Teachers’ perceptions are also critical to understanding the complexities of female 

participation in Physics and mathematics. Teachers are an important group who have guidance 

and advisory roles critical for influencing attitudes, engagement and motivation (Zohar & 
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Bronshtein, 2005). It was therefore felt necessary to construct a research design that took into 

account not just the perceptions of the girls, but also those of their teachers. This kind of 

triangulation not only illuminated the same issues from two different perspectives, but also 

manifested how the perceptions of the teachers encroached on the girls’ attitudes and 

motivation. Furthermore, this strategy is valuable in checking the validity and reliability of the 

data (Creswell, 2009). Stage Two of the study draws on qualitative data to examine students’ 

and teachers’ beliefs and attitudinal dimensions towards female participation in Physics and 

intermediate mathematics, and influences, which could be considered instrumental in shaping 

the girls’ attitudes towards and engagement with these subjects and their motivation to 

participate beyond the senior years of schooling. 

Semi-structured interviews were used to gather data from teachers and students. A semi-

structured interview has a framework of themes to be explored but is flexible enough to allow 

new questions to be brought up during the interview as a result of what the interviewee says 

(Creswell & Plano Clark, 2008). Semi-structured interviews present the same framework of 

questions to all participants, facilitating easier analysis and comparison (Creswell & Plano Clark, 

2008). Interviews are a more personal form of research than questionnaires and, unlike 

surveys, they provided an opportunity for the researcher to probe and ask follow up questions 

(Creswell & Plano Clark, 2008). Interviews are considered more time consuming but more 

appropriate if opinions are sought (Creswell, 2009). Interviews were conducted with both 

female Physics and intermediate mathematics students and teachers/Head of Departments.  

Student interviews were conducted during a free period in the school library. Teacher 

interviews took place when they were free of lesson responsibilities. Student interviews lasted 

for about 30 minutes, and teacher interviews lasted between 30 minutes to an hour depending 

on how expansive the teacher was. All interviews were audio recorded and transcribed by the 

researcher or by an administrative staff member at the university. For the purpose of 

readability, ums and ahs were omitted from transcriptions. 

Several factors that may influence young women’s participation in senior mathematics and 

science subjects (Barnes et al., 2005; Wigfield & Eccles 2002) were explored in this qualitative 

stage of the study:  

• Motivation for participation 

• Attitudes towards mathematics and Physics 

• Classroom experiences of mathematics and Physics 

• Encouragement from significant adults 
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• Teaching practices 

• Teachers’ attitudes towards female students 

 

3.6.3  Data collection instruments 

 

Very few studies have directly asked what teachers see as the reasons for girls election of 

senior Physics subjects. Zohar and Bronshtein’s (2005) study of 25 Israeli Physics teachers 

directly addressed issues that pertain to Physics teachers’ knowledge and beliefs regarding 

girls’ low participation rate in advanced Physics classes in a comprehensive way. The study 

asked a group of teachers a series of focused questions regarding the various facets of the 

problem; that is, their views regarding the scope of the problem, regarding its causes, and 

regarding their knowledge of educational means that might eliminate this problem. Zohar and 

Bronshtein’s (2005) results suggested that teachers’ knowledge and beliefs in this area may be 

unsatisfactory for the purpose of gender-fair Physics teaching because teachers tend to 

underestimate the problem and do not tend to think it needs special treatment and care. 

Zohar and Bronshtein (2005) argued the information about Physics teachers’ knowledge and 

beliefs in this area is still fragmented, pointing to a need for additional studies that would 

examine this issue in a comprehensive way. The present study aimed to fulfill this need by 

using a similar interview schedule to ask a group of teachers a series of focused questions 

regarding their views regarding the scope of the problem, regarding its causes, and regarding 

their knowledge of educational means that might eliminate this problem. The student 

interview schedule was designed along similar lines to mirror some of the questions asked of 

teachers so comparisons could be drawn. 

 

The Stage Two student interview schedules (the word Physics was replaced with mathematics 

for mathematics student and teacher interviews) consisted of the following questions: 

Teachers 

Background information 

Other than a bachelor of education, what qualifications do you have? 

How long have you been teaching Physics and/or Maths B for? 

What classes are you currently teaching? 

What is the ratio of boys to girls in these classes? 
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Have you noticed a change in the number of girls enrolling in these classes over the last 5-10 

years? 

In your opinion, what do you think are the reasons so few girls enrol in Physics? 

What do you think motivates girls to enrol in Physics? 

Do you think there is a need to encourage more girls to enrol in Physics? Why? 

Do you have any ideas on how to increase female enrolments in Physics? 

Is there a “typical” kind of girl who enrols in Physics? 

Are boys naturally better at Physics than girls? Why? 

The HREOC Commission reported approx 80% of girls drop out of Physics after experiencing 

Physics classes. How does this compare with your experiences as a Physics teacher? 

Why do you think this drop-out rate is so high? 

What do you think keeps girls persevering in such a challenging subject?  

Does your school have any programs to support girls enrolled in Physics? 

How do you think the new context-based syllabus will impact on female enrolments? 

Is there anything you do in your classes to inspire girls’ interest in Physics? 

If you could change something, what would you change about the Physics syllabus to 

encourage greater enrolments overall? 

 

Students 

What other science and maths subjects are you enrolled in? 

Why did you decide to enrol in Physics? 

What career have you chosen when you finish your education? 

To what extent does your future career involve Physics? 

Can you describe a typical Physics lesson? 

What do you like about Physics classes? 

What do you dislike about Physics classes? 

What do you do if you don’t understand something in class? 

Do you have any support people who can help you with Physics? 
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What motivates you or keeps you persevering with such a challenging subject? 

How interesting would you rate Physics compared with your other subjects? 

How interesting do you find everyday science compared with school science (e.g. cloning, 

genetic modification of food, vaccines against cancer etc) 

On a scale of 1 to 10 how good are you at Physics? Where do you rank in your class (in the top 

10%, 20% etc) 

What subjects do you think the school rates as the most important? 

What subjects do you think are the most important? Why? 

To what extent did your parents influence your decision to take Physics? Does either of your 

parents work in a science based field? 

To what extent did your friends influence your decision to take Physics? 

Did any teachers encourage you to take Physics? Who and what sort of encouragement? 

Have you ever thought about dropping out of Physics? Why and what kept you here? 

Do you think boys are naturally better at Physics than girls? Why? 

What would you change about Physics so it is more appealing to girls? 

Can you think of anything else that would encourage more girls to enrol in Physics? 

 

A copy of both interview schedules is included in Appendix E. 

 

3.6.4 Participants – Students 

 

The student interviews were designed to answer the research question: 

b) What explanations do young women give for their Physics and intermediate mathematics 

enrolment decisions and influences on these decisions in Far North Queensland? 

Principals from the same five regional schools that participated in Stage One of the study were 

approached to participate in Stage Two of the research. Approval was granted by the principals 

to conduct Stage Two of the research at the schools. Individual classroom teachers were then 

contacted and arrangements were made to meet with each teacher to explain Stage Two of the 
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study and to organise to speak with female Year 12 Physics and intermediate mathematics 

students to invite them to participate in the study. Information sheets and student and 

parental consent forms were distributed to female Year 12 Physics and intermediate 

mathematics students. Only students who returned signed consent forms were interviewed. 

Semi-structured Interviews were carried out in small groups with pairs and groups of three 

students. This approach has been used by other researchers (For example, Hughes, 2001; 

Young, Fraser & Woolnough, 1997) to help students feel at ease and to facilitate discussion. 

Nine female students participated in the interviews.  

 

3.6.5 Participants – Teachers 

 

Senior secondary Physics and intermediate mathematics teachers are in a unique position to 

have knowledge about the reasons for and influences on participation in these subjects. The 

teacher interviews were designed to address the research question: 

c) What are Far North Queensland Physics and intermediate mathematics teachers and Head of 

Departments perceptions about female participation in Physics and intermediate mathematics, 

and what is their knowledge of educational means to encourage greater participation?  

Physics and intermediate mathematics teachers, and science and mathematics Head of 

Departments, from the same five regional schools described above were individually contacted 

and meetings were arranged to discuss the study and invite the teachers to participate. 

Information sheets and consent forms were given to the teachers, and Head of Departments, 

and interview dates and times were arranged for teachers who agreed to participate in the 

study. A total of eleven senior Physics and intermediate mathematics teachers participated in 

an individual semi-structured interview. These were five Physics teachers and six mathematics 

teachers.  

 

3.6.6 Data analysis 

 

The qualitative data consisted of extended responses made by teachers and students. The 

challenge of qualitative analysis is to make sense of a large amount of data, to reduce the 

volume of information, to identify significant patterns and construct a framework for 
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communicating the essence of what the data reveal (Miles & Huberman, 1994). Transcripts 

were analysed by reading through them several times to get a sense of the interviews as a 

whole. During this process, themes from the research questions and from the narratives of the 

research participants began to emerge. Initially, data were organised by question, which 

involved looking across all respondents and their answers to each question in order to identify 

consistencies and differences. Connections and relationships between questions were then 

explored and inductive themes were defined. As themes and relevant phenomena were 

identified, statements were grouped together and coding categories were developed to 

facilitate understanding of the data (Miles & Huberman, 1994). Formulating descriptive 

categories involved presenting the findings in a series of labelled data categories (Kearney, 

2001). This was an iterative process, whereby definitions of categories were adjusted to 

assimilate data and new categories were identified to accommodate data that did not fit 

existing categories (Miles & Huberman, 1994). Categories continued to be built until no new 

themes or categories could be identified. Data coded to each category were gathered together 

and systematically organised, and patterns and connections, commonalities and differences, 

and patterns and structures, both within and between the categories were identified (Miles & 

Huberman, 1994). Larger categories were developed by combining several categories to create 

larger concepts and ideas. Clusters of data were labelled with brief headings that indicated the 

topic or type of data contained therein (Kearney, 2001). Thematic charts were collated and 

specific central charts were produced for particular themes for a more detailed analysis. 

Themes were analysed and interpreted based on a phenomenographic approach with the aim 

of gaining an in-depth understanding of the influences that affect enrolment decisions from 

students’ and teachers’ perspectives.  

 

3.6.7 Reliability, dependability and generalisability 

 

Merriam (1988) discussed reliability and validity of interpretive research approaches in ways 

that differ from their use in positivist research. Some of the difficulties of applying these 

criteria to interpretive studies and some of the solutions used in this study are discussed in the 

following section.  
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3.6.7.1  Internal validity 

 

In interpretive research, the researcher interprets data which emerge from interviews. For a 

research approach to have internal validity the interpretations should adequately represent 

the participants’ reality constructions (Merriam, 1988). In this study, the purpose of the 

researcher was to explain the participants’ conceptions of reasons for participation in Physics 

and intermediate mathematics using data obtained from interviews. Triangulation was used to 

optimise the internal validity of data. Triangulation is described as the application and 

combination of several research methodologies in the study of the same phenomena 

(Creswell, 2009). Triangulation, multiple methods and sources of data, are essential to 

ensuring a study has the research validity necessary to make it an acceptable research report. 

The value of triangulation is it allows investigators to be more confident the evidence they 

have obtained has been rigorously collected and can be used to make meaningful inferences. 

In particular, data triangulation was achieved by collecting data from multiple sources, 

students, teachers and Head of Departments in science and mathematics. This approach 

looked for convergence among the various data sources.  

 

3.6.7.2  Dependability 

 

The application of reliability criteria to interpretive research is problematic because the 

concept assumes the existence of a single reality, whereas interpretive research seeks to 

examine multiple versions of reality. Guba and Lincoln (1988) instead use the term 

dependability instead of reliability, which can be achieved by carrying out a dependability audit 

on the research approach. This entails presenting the research in enough detail for an 

independent observer to attest that good practice occurred in the conduct of the research. In 

regards to dependability of the results, quotations from the respondents have been entered 

under various categories, in order to represent supportive data for the category. The reader 

will be able, using the quotations as a basis, to carry out validity checks of my interpretation of 

the data against the data itself.  
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3.6.7.3   Generalisability 

 

For interpretive researchers, the application of the normative criterion of external validity, or 

generalisability, to their study is questionable because in interpretive research, generalisability 

requires formulation of statements about populations from the study of a single case or a 

small numbers of cases (Merriam, 1988). Producing generalisations of this type is not the aim 

of interpretive research. Instead, interpretive research aims to describe the environment in 

which the study is set and the conceptions of the participants in sufficient detail to cause 

readers of the report to identify with the participants and to consider how the findings, 

assertions and theories which emerge from the study can be applied to other similar 

situations. Lincoln and Guba (1987) call this approach to generalisability, transferability.  

In this interpretive stage of the study, transferability was optimised by working with a number 

of participants in regional Queensland schools, presenting a detailed description of all aspects 

of the study, and presenting this thesis in language that is accessible to the expected audience. 

The purpose of interpretive research is to provide the contextual information necessary to 

permit judgement by the reader about the applicability of the research findings (Lincoln & 

Guba, 1987). 

 

3.6.7.4  Ethical issues   

 

Consideration of the ethical issues involved in educational research is particularly important in 

interpretive research because interpretive research emphasises participatory studies which 

involve researchers working in schools. Interpretive research requires implementation of strict 

ethical guidelines because it is essential to ensure that the interests of the participants are not 

diminished by participating in the study (Tobin, 1992). Ethical tenets described by House 

(1990) – mutual respect, non-coercion, non-manipulation between researcher-participant and 

other participants – were applied to this study by (1) explaining the purpose of the research, 

(2) keeping participants informed of the progress of the research, and (3) maintaining their 

anonymity. 
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3.7 Stage three 

 

3.7.1 Theoretical perspective 

 

Stage Three adopted a post-positivist paradigm. A paradigm is a set of beliefs that guides 

action, or a lens through which to view the world (Guba, 1990). Post-positivism asserts you 

cannot convincingly find truth with one study, but each study is part of a broader effort to get 

closer and closer to the truth (Hughes 1994). Post-positivist approaches assume that reality is 

multiple, subjective, and mentally constructed by individuals (Hughes 1994). Reality does not 

exist within a vacuum, its composition is influenced by its context, and many constructions of 

reality are therefore possible (Hughes 1994). Proctor (1998) suggests that among the various 

factors that influence reality construction, culture, gender, and cultural beliefs are the most 

significant. This stage of the study utilised a quasi-experimental approach with a cross 

sectional survey design; a representative sample of people were surveyed to answer a 

question. Quasi-experiments are those where the "independent variable" cannot be 

manipulated by the researchers (Gall, Borg & Gall, 2003). These include studies with subject 

variables, which are preexisting differences between the subjects or participants being studies 

and can therefore not be manipulated (Gall et al., 2003). Quasi-experiments are useful and 

important, but no causal conclusions can be drawn from them (Gall et al., 2003).  

The third stage of the study explored the domain specificity of motivation, engagement and 

academic buoyancy, and the relationship between motivational constructs as predictors of 

academic buoyancy.  The research drew on the work of Martin and colleagues who developed 

the unifying Motivation and Engagement Wheel (Martin, 2001, 2003, 2004, 2007a; Martin & 

Marsh, 2005, 2006, 2008). Martin and colleagues sought to integrate a number of motivational 

theoretical perspectives to create a more holistic approach to understanding motivation and 

academic resilience (also known as academic buoyancy). Martin’s work brings together 

constructs from the influential motivation theories of need achievement theory, self-worth 

motivation theory, self-efficacy theory, expectancy-value theory, attribution theory, control 

theory, and motivation orientation theory, to synthesise motivation, engagement and 

academic buoyancy into a multidimensional model. Taken together, the constructs from these 

theories tell us, “(a) why students do what they do, (b) how they do it, (c) their confidence in 

being able to do it, (d) their ability to surmount obstacles and challenges before them, and (e) 

their capacity to pick themselves up after academic set back or hold their ground in the face of 

study pressures” (Martin, 2002, p. 36).  



94 

 

The Motivation and Engagement Wheel is composed of four dimensions: adaptive cognitions, 

adaptive behaviours, impeding cognitions and maladaptive behaviours. The adaptive 

dimensions (boosters) are theorised to enhance motivation and academic buoyancy, while the 

impeding and maladaptive dimensions (mufflers and guzzlers) act to reduce motivation and 

academic buoyancy. In the context of this stage of the study, and the theoretical framework 

underpinning this stage, motivation is defined as the cognitive orientation of an individual 

towards an academic domain, and engagement as the behavioural orientation to that 

academic domain (Martin & Marsh, 2008). Motivation in an academic context is, “students’ 

energy and drive to learn, work effectively, and achieve to their potential at school and the 

behaviours that follow from this energy and drive” (Martin, 2003, p. 35).  Motivation is critical 

to students’ interest in and enjoyment of school and underpins their academic achievement 

(Martin, 2001; Meece, Wigfield & Eccles, 1990). However, motivation alone is not sufficient to 

deal with academic setbacks (poor grades), study pressure (competing deadlines, study 

workload, exams) and stress. Without some capacity for academic buoyancy, motivated 

students can be debilitated by setbacks or crumble under the pressure of senior secondary 

school challenges (Martin, 2002).  

 

The principles of the Motivation and Engagement Wheel (MEW) have been applied in other 

studies to investigate domain specific motivation, and distinguish between academic 

motivation for science, English, mathematics, sport, and music, and to differentiate levels of 

motivation across different grades of junior school (years 5 and 6), middle and senior high 

school.  Key dimensions of the MEW have been used to predict teachers’ enjoyment of 

teaching and confidence as teachers, and parents’ enjoyment of parenting and confidence as 

parents (Martin, 2005). The MEW has been applied beyond the educational domain to the 

workplace, and to the sport and exercise domain (Martin, Tipler, Marsh, Richards, & Williams, 

2006).  

The application of the Motivation and Engagement Wheel to this study of young women’s 

intermediate mathematics participation centrally involves the adaptive cognitions and 

behaviours that are fundamental to achievement motivation. Based on the data from Stage 

Two, the qualitative phase of the study, the following statement represents the underlying 

logic for designing and conducting Stage Three of the study. Female students have more 

positive adaptive cognitions, behaviours, and academic buoyancy in the subject of English 

compared with intermediate mathematics, and adaptive cognitions and behaviours predict 

academic buoyancy.  
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A survey was considered the most appropriate method for identifying differences in 

motivation and engagement between groups, and the relationship between motivation, 

engagement and academic buoyancy in different subject domains. The survey method was 

also deemed appropriate due to its cost effectiveness in terms of time and expense (Creswell 

& Plano Clark, 2008). The advantages of self-administered questionnaires over face-to-face 

and telephone interviews include: respondents have more time for thought about the answers 

they give, and are more likely to give information about sensitive matters (Fowler, 2002).  

Moreover, questionnaires guarantee confidentiality and may elicit more honest responses 

from participants than would be given in interviews (Burns, 2000).  In addition, questionnaires 

ensure standardisation in data collection which should result in higher reliability. Each 

respondent receives the same set of questions, phrased in the same way. The respondent 

cannot be in any way influenced by the researcher, as may be the case in interviews, where 

the personal appearance, mood or conduct as well as variations in voice inflections, word 

emphasis or the use of probes may influence participants’ responses (Burns, 2000). Finally, 

self-administered questionnaires can allow large numbers of respondents to participate in the 

research that would not be feasible with interviews conducted in secondary schools.  

 

The weaknesses of survey research are the risk that participants may respond in a random 

fashion, or with perceived socially desirable responses, or their answers may not reflect their 

true feelings or attitudes. However, this can also be said about interview research. 

Questionnaires typically have a low rate of return and it can be difficult to obtain enough 

participants needed for a representative sample of the target population (Creswell & Plano 

Clark, 2008). Survey data can also appear superficial in comparison with rich data obtained 

from qualitative methods.  

 

The purpose of the quantitative phase of research was to follow up emergent themes 

identified in the qualitative data. The aims of Stage Three of this study were three-fold: 1) 

investigate differences in female students’ motivation, engagement, and academic buoyancy in 

a quantitative subject (intermediate mathematics) and a qualitative subject (English); 2) 

investigate the domain specificity of motivation and engagement constructs and academic 

buoyancy; and 3) investigate significant predictors of academic buoyancy. Stage Three 

addressed the final three research questions: 



96 

 

(d) Do female students in Far North Queensland differ significantly in motivation and 

engagement in English and intermediate mathematics subjects?  

(e) Which motivation and engagement constructs significantly predict Far North Queensland 

female students’ academic buoyancy? 

 f) Are Far North Queensland female student profiles of cognitions, behaviours, and academic 

buoyancy domain specific?  

 

3.7.2 Survey instrument 

 

The research instrument used for Stage Three data collection was the Motivation and 

Engagement Scale – High School (MES-HS) (Martin, 2009). Academic buoyancy or resilience 

arose as a factor motivating girls’ participation and persistence in Physics and intermediate 

mathematics in Stage Two teacher interviews. Positively oriented academic buoyancy is a 

relatively recent concept in relation to motivation and engagement in the face of setbacks and 

challenges as part of everyday life at school Martin and Marsh (2006). Academic buoyancy is 

relevant to stress levels and confidence, and dealing with negative feedback on schoolwork 

(Martin & Marsh, 2008). Thus it seemed a particularly useful instrument to gauge if there were 

differences between female intermediate mathematics and English students’ academic 

buoyancy. A two year licence was purchased to use this survey instrument, and a copy of the 

English and mathematics version of the survey is located in the Appendix D. The Motivation 

and Engagement Scale is comprised of 11 factors. Each of the 11 factors consists of 4 items, 

making up a 44 item instrument. On each item students rated themselves on a scale of 1 

(strongly disagree) to 7 (strongly agree). Samples of items on the MES scale are shown below 

(for the English questionnaire, English is substituted for mathematics): 

 

Boosters 

Self-efficacy – If I try hard I believe I can do mathematics well 

Valuing of school – Learning in mathematics is important 

Mastery orientation - I feel very pleased with myself when I really understand what I’m taught 

in mathematics 

Planning and monitoring - Before I start a mathematics assignment, I plan out how I am going 

to do it 
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Persistence - If I can’t understand my mathematics schoolwork at first, I keep going over it 

until I do 

Study management - When I study mathematics, I usually study at times when I can 

concentrate best 

 

Guzzlers 

Anxiety - I worry about failing mathematics exams and assignments 

Uncertain control - I’m often unsure how I can avoid doing poorly in mathematics 

Failure avoidance - Often the main reason I work in mathematics is because I don’t want 

people to think bad things about me 

Self-handicapping - I sometimes don’t study very hard before mathematics exams so I have an 

excuse if I don’t do so well 

Disengagement – Each week I’m trying less and less in Maths B 

 

The buoyancy scale, comprising of 6 items rated on a scale of 1 to 7, was also included on the 

MES. The academic buoyancy questions below were obtained from Martin and Marsh’s (2006, 

2008) studies of Australian secondary school students’ academic buoyancy: 

 

Academic Buoyancy Items  

1. I believe I’m mentally tough when it comes to exams 

2. I don’t let study stress get on top of me  

3. I’m good at bouncing back from a poor mark in my schoolwork 

4. I think I’m good at dealing with schoolwork pressures 

5. I don’t let a bad mark affect my confidence   

6. I’m good at dealing with setbacks at school (e.g., bad mark, negative feedback on my work) 

 

A copy of both surveys is included in Appendix D. 

 

3.7.3 Participants 

 

Principals from the same five regional schools that participated in Stage Two of the study were 

approached to participate in Stage Three of the research. Approval was granted by the 

principals to conduct Stage Three of the research at the schools. Individual classroom teachers 
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were then contacted and arrangements were made to meet with each teacher to explain 

Stage Three of the study, seek their approval for the survey to be conducted in their 

classroom, and organise the distribution of the questionnaires. Some teachers opted to 

distribute the questionnaires to their students themselves, while others invited the researcher 

to address the students to explain the study and distribute the questionnaires. All female 

students in participating English and Mathematics B classes at each of the five schools were 

invited to participate in the study, and issued information sheets, parental and student 

consent forms, and a questionnaire. A total of 117 students returned signed consent forms 

and a completed questionnaire. Specifically, there were 52 respondents for English and 65 

respondents for intermediate mathematics. Some students completed both English and 

mathematics questionnaires, while others, mainly those who were not enrolled in 

intermediate mathematics, completed only one.  

 

3.7.4 Data collection 

 

The research instrument used for data collection was the Motivation and Engagement Scale – 

High School (MES-HS) (Martin, 2009). A two year licence was purchased to use this survey 

instrument. The Student Motivation and Engagement Scale (Martin, 2001, 2003) is an 

instrument which measures secondary school students’ motivation through three adaptive 

cognitive dimensions, three adaptive behavioural dimensions, three impeding cognitive 

dimensions, and two maladaptive behavioural dimensions of motivation and engagement 

(Green et al., 2007).  

 

The Wheel identifies factors that enhance (‘adaptive’), obstruct (‘impeding’) or reduce 

(‘maladaptive’) motivation and engagement. Adaptive thoughts and behaviours include self-

efficacy, mastery orientation, the value of schooling, persistence, planning and study 

management. These are established by drawing on the following related theories. The self-

efficacy dimension of the wheel draws on a theory that conceptualises the development of 

students’ belief and confidence in their ability to succeed at school, to overcome challenges 

and to perform at their best (Bandura 1997). Mastery orientation draws on goal theory. This 

proposes that a focus on learning, solving problems and developing skills has a more positive 

connection with student motivation (Elliot & Dweck 1988; Nicholls 1989). The value of the 

schooling component of the wheel harnesses expectancy-value theory or the proposition that 
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a belief in school as useful, important and relevant interacts with students’ expectations about 

their competence, which in turn impacts on their motivation and engagement (Eccles 1983; 

Wigfield 1994).  

 

Choice theory focuses on the positive and negative choices students make in class situations. 

This underpins their sense of control in their academic lives (Glasser 1998) and is a key 

dimension informing the uncertain control component of the wheel. Attribution and control 

theories (Connell 1985; Weiner 1994) address the controllability of events and outcomes in 

students’ academic lives. These directly inform the inclusion of uncertain control. Self-

regulation theory focuses on the processes through which students plan and manage their 

schoolwork. It informs the planning, study management and persistence components of the 

wheel (Zimmerman 2001). The anxiety component of the wheel draws on research into the 

effects of feeling nervous when faced with performance and evaluative challenges. This may 

cause students to worry about not doing well in these situations (Spielberger 1985; Sarason & 

Sarason 1990). Finally, need achievement theory, goal theory and self-worth motivation theory 

inform the processes by which students are oriented towards success and failure. Together, 

these drive students’ propensity to be fearful of failure. This fear is manifested in the failure 

avoidance and self-handicapping dimensions of the wheel. Indeed, it is expressed in the 

acceptance of failure as manifested in the disengagement component of the Wheel (Atkinson 

1957; McClelland 1965; Covington 1992). 

 

The Motivation and Engagement Wheel was chosen for Stage Three of the study because it 

combines the behavioural, emotional and cognitive aspects of engagement (Martin, 2005). 

Martin (2005) contends engagement is a multidimensional construct and the thinking, feeling, 

doing dimensions of student learning are interrelated. This approach sees engagement as 

more about the processes happening within students’ thoughts and emotions than the tasks 

they are performing (Martin, 2005). 

 

Green, Martin and Marsh (2007) used a unique data collection method based on 

Bronfenbrenner’s (1979) ecological theory. Green et al. (2007, p. 4) stated,  

 

most of the research...employs a research design that requires students to rate 

their motivation and engagement for various school subjects in one class only 

(typically mathematics). The present investigation adopts a more ecologically valid 

(see Bronfenbrenner, 1979) way of assessing self-reports of motivation and 
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engagement in specific subjects by asking students to rate their motivation while 

they are in the specific class to which these ratings relate.  

 

Green et al.’s (2007, p. 4) data collection method was followed in this study. Year 12 students 

were surveyed in English classes for the English MES, and in Mathematics B classes for the 

mathematics MES. The researcher or classroom teacher first explained the rating scale to 

students and presented a sample item. Students were then asked to complete the 

questionnaire, rating their motivation in either English or mathematics depending on the 

actual class they were in. Questionnaires were returned to the researcher or teacher once the 

survey was completed.  

 

 

3.7.5 Data screening and cleaning 

 

Quantitative data were entered into a Statistical Package for the Social Sciences (SPSS) version 

19 data base for analysis. Variables were checked for any violation of the assumptions 

underlying the statistical techniques that were used to address the research questions. 

Descriptive statistics were obtained on variables including the mean, standard deviation, and 

range of scores, skewness and kurtosis (Pallant, 2005). Frequency plots and histograms were 

checked for normality of distribution.  

The Expectation Maximisation (EM) method was used to deal with missing data (Tabachnick & 

Fidell, 2001). Conventional methods of handling missing data, such as listwise and pairwise 

deletion are viewed generally as ineffectual methods (Tabachnick & Fidell, 2001). A growing 

body of research suggests Expectation Maximization, available in SPSS missing values analysis 

(MVA), is substantially more efficient and uniformly more accurate than traditional methods 

(Tabachnick & Fidell, 2001). Expectation Maximisation deals with missing observations via an 

iterative-type process when estimating the means, the covariance matrix, and the correlation 

of quantitative variables with missing values. With this method, missing values are predicted 

based on other variables which are not missing. This procedure reduces the variance in the 

variable, and minimizes case losses, which becomes important when using relatively small data 

sets.  
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3.7.6 Data analyses 

 

Data analyses used Cronbach’s alpha to test for reliability, and confirmatory factor analysis 

(CFA) to test the psychometric properties of the Motivation and Engagement Scale (MES). 

Possible differences between groups were explored using multivariate analysis of variance 

(MANOVA), and path analysis was used to explore the cognitions and behaviours which best 

predict academic buoyancy. Cluster analysis was employed to determine student profiles in 

relation to the key construct, academic buoyancy, and the principal factors underpinning it. 

 

3.7.7 Criteria for identifying meaningful significant differences 

 

In the case of multivariate analysis of variance, to minimise the risk of Type 1 error a 

Bonferroni correction was applied to adjust for the number of tests involved, by dividing the p-

value of .05 by the number of independent variables (11), giving a revised significance criterion 

level of .004. Significant differences are reported only where they are also educationally 

meaningful, that is, where the differences are large enough to have a practical, meaningful 

utility. Eta squared was used as the measure of effect size. Descriptors for eta squared follow 

Pallant’s (2005, citing Cohen, 1977) criteria with values above 0.01 interpreted as a small effect 

size, 0.06 as a moderate effect, and above 0.14 as a large effect. For all other data analyses, a 

level of significance of p = .05 was adopted unless otherwise specified. 

 

3.7.8 Analyses of variance 

 

A multivariate analysis of variance (MANOVA) was conducted to answer the research question: 

Do female students in Far North Queensland differ significantly in motivation and engagement 

in English and intermediate mathematics subjects? MANOVA compares groups in terms of 

their means on a group of dependent variables. This technique tests the null hypothesis that 

the population means on a set of dependent variables do not vary across different levels of a 

grouping variable. Or to rephrase the null hypothesis in a way that relates to this study: there 

are no differences in female students’ motivation and engagement in English and Mathematics 

B. 
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3.7.9 Path analysis 

 

Path analysis was used to investigate potential predictors of students’ academic buoyancy. 

Path analysis is closely related to multiple regression. It is a statistical technique used to 

examine causal relationships between two or more variables, and to understand comparative 

strengths of direct and indirect relationships among a set of variables (Tabachnick & Fidell, 

2001). Path analysis provides estimates of the magnitude and significance of hypothesised 

causal connections between sets of variables.  Correlation analysis was initially carried out to 

identify possible predictors of academic buoyancy prior to path modelling. 

 

3.7.10 Cluster analysis 

 

Cluster analysis is a multivariate technique that groups students based on their characteristics. 

Cluster analysis classifies students based on similar scores to other students on identified 

predictors (Hair, Anderson, Tatham & Black, 1995). K-Means Cluster Analysis was the analysis 

technique employed to generate cluster profiles. Cluster analysis was used to determine 

student profiles in relation to the key construct, academic buoyancy, and the principal factors 

underpinning it.  

 

3.8 Ethics approval 

 

Ethics approval to conduct the research was granted from James Cook University’s Human 

Research Ethics Committee (Ethics approval number H2766). Approval to conduct research in 

Queensland state schools was granted from the Department of Education, Training and the 

Arts – Strategic Policy and Performance (File number 550/27/627). Approval to conduct 

research in Catholic colleges was granted from Catholic Education Services, and the Principal 

from the independent school was contacted directly and approval was granted to conduct 

research at the school (See Appendix F for copies of approval letters).  
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Chapter 4 

Qualitative Study 

 

4.1 Quantitative Study  

 

Year 10 students are key stakeholders in relation to the quality of secondary science and 

mathematics education in Far North Queensland, Australia. Stage One of the study focused 

expressly on the enrolment decisions of high achieving female secondary students in Far North 

Queensland, Australia. Two different groups of female students were surveyed, (1) Year 10 

students and (2) Year 11 and 12 students. The Year 10 girls were all streamed into the highest 

level of mathematics and extension science classes. This group was chosen because they have 

demonstrated they have the potential to succeed in senior secondary science and higher-level 

mathematics, and because high academic achievement is associated with enrolment in 

physical science subjects (Ainley, Kos & Nicholas, 2008). Moreover, by limiting the study 

sample to mathematics and science proficient students, influences other than academic ability 

were able to be examined (Lyons, 2005). The second group was selected because and future 

scientists, engineers, and health professionals are generally drawn from students who have 

achieved highly in secondary school science and mathematics (Ainley, Kos & Nicholas, 2008). 

However, researching with an elite group of students also has its setbacks. The limited 

numbers of girls in these classes restricted the number of potential participants. 

Data were gathered from 97 high achieving Year 10 science and mathematics students and 44 

Year 11 and 12 Physics and intermediate mathematics students, from 8 coeducational 

secondary schools, via a survey. This section reports the results from the student 

questionnaires and is divided into five sections. The first section presents students’ 

demographic data with regards to subject enrolment and socio-economic status. The second 

section examines students’ preference ranking of subjects and their reasons for enrolling, or 

not enrolling, in senior Physics and intermediate mathematics. Students’ expectations and 

values of Physics and intermediate mathematics are presented in the third section, while the 

fourth section considers students’ views about the importance and relevance of science and 

mathematics in their lives, and their perceptions of Physics and intermediate mathematics 
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based on advice they would give others thinking of studying these subjects. The fifth section 

provides a summary of the Chapter. Throughout this chapter, data that is similar for both 

intermediate mathematics will be discussed together to avoid repetition. Where data is 

different for each subject, it will be discussed separately. 

 

4.2 Results 

4.2.1 Participants 

 

An overview of Year 10 participants (n = 97) by school sector and location variables is shown in 

Table 4.1. Just over 60% of students attended schools located in a large regional city, with 

about 38% from rural areas. Sixty-one percent were from Government schools, with Catholic 

and Independent schools contributing about 20% of the sample each. Based on secondary 

schools and combined schools (excluding primary and special schools) the sample was slightly 

over-represented by students from government schools (55%, ABS, 2009), and students from 

the Catholic school sector (18%, ABS, 2009), and underrepresented by students from the 

Independent school sector (27%, ABS, 2009).  

Table 4.1 

Overview of Year 10 respondents by school sector and location variables 

  Count % of Total 

Location 

Regional city 59 61 

Rural Town 38 39 

    

School Sector 

Government 59 61 

Catholic 19 19.5 

Independent 19 19.5 
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A breakdown of Year 10 participants by school sector, location, socioeconomic status (SES), 

and subject selection status is shown in Table 4.2.  

Table 4.2 

Break down of Year 10 respondents by school sector, location, SES, and enrolment status 

School 

Sector 

Location SES Year 10 

participants 

n (%) 

Mathematics 

selected 

n (%) 

Physics 

selected 

n (%) 

Gov1  Rural Low 12 (12) 12 (12) 6 (6) 

Gov2 Rural Low 2 (2) 1 (1) 0 

Gov3 Regional Med 10 (10) 7 (7) 0 

Gov4 Regional Low 11 (11) 9 (9) 1 (1) 

Gov5 Rural Low 24 (25) 14 (14) 5 (5) 

Cath1 Regional High 11 (11) 8 (8) 3 (3) 

Cath2 Regional Low 8 (8) 7 (7) 2 (2) 

Cath3 Rural Low 0  0  0 

Ind1 Regional High 19 (19) 11 (11) 5 (5) 

Total   97 69 (71) 22 (22) 

 

 

4.2.2 Mathematics and Physics subject choice 

 

Table 4.3 shows of the 97 participants, a large majority of 71% (n = 69) had selected 

intermediate mathematics, and 22% (n = 22) of students had also selected Physics. Twenty-

nine percent (n = 28) had selected neither intermediate mathematics nor Physics.   

 

Table 4.3 

Participants’ selection of Physics and intermediate mathematics 

 Frequency Percent  

 Maths B  47 48.5 

Physics and Maths B 22 22.7 

Neither 28 28.8 

Total 97 100.0 
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4.2.3 Subject choice and socioeconomic status 

 

Considering 57 of the 97 students (59%) in the Year 10 study sample attend schools in areas 

ranked in the lowest two quartiles of the Index of Relative Socio-Economic Disadvantage 

(based on the Australian Bureau of Statistics SocioEconomic Index for Areas [SEIFA], 2006), the 

association between socio-economic status and Physics and intermediate mathematics 

selection requires closer investigation. Socio-economic status is a strong predictor of 

educational expectations, with high socio-economic status related to higher expectations 

(Benner & Mistry, 2007). Parents from low socio-economic circumstances and parents with 

lower levels of education have been found to report lower educational expectations for their 

children in comparison with parents from higher socio-economic circumstances and more 

education (Benner & Mistry, 2007; Davis-Kean, 2005; Zahn & Sherraden, 2003). Figure 4.1 

shows the relationship between socio-economic status and intermediate mathematics 

selection of Stage One participants. 

 

 

Figure 4.1. Socio-economic status and intermediate mathematics selection 

 

The left side of the graph represents students who did not select intermediate mathematics, 

and the right side represents students who did select intermediate mathematics. An equal 



107 

 

number of girls from schools in lower and higher socio-economic status areas chose to study 

intermediate mathematics in the senior years. The main point of interest is 78% (22 of 28 

students) of girls who chose not to enrol in intermediate mathematics attended schools in 

areas ranked in the lowest two quartiles of socio-economic disadvantage (ABS, 2006). Chi-

square analysis confirmed a significant relationship between intermediate mathematics 

selection and socio-economic status within this study sample χ2(3, N = 96) = 13.37, p = .004.  

 

Figure 4.2. Socio-economic status and Physics selection 

 

Figure 4.2 shows the relationship between socio-economic status and Physics selection status 

of Stage One participants. Again, the left side of the graph represents students who did not 

select Physics, and the right side represents students who did select Physics. The majority of 

students who selected Physics (59%, N = 13) attend schools ranked in the two highest quartiles 

of the SEIFA, whereas only one student who attended a school ranked in the lowest quartile of 

the SEIFA selected Physics. The majority of students who did not select Physics (63%, N = 47) 

attended schools ranked in the lowest two quartiles of socio-economic disadvantage. Chi-

square analysis confirmed a significant relationship between Physics selection and socio-

economic status within this study sample χ2(3, N = 96) = 15.41, p = .001. 
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4.2.4 Post-school destinations 

 

The majority of Far North Queensland Year 10 participants (77%) intended to study at 

university after completing secondary school, and a further 16% were planning to study at 

TAFE or take up a traineeship or an apprenticeship (see Figure 4.3). A larger percentage of 

regional participants (81.4%) intended to study at university compared with rural participants 

(71.1%), and a larger percentage of rural participants (13.2%) were planning to undertake an 

apprenticeship or traineeship, or were undecided about their post-school destination (10.5%) 

compared with regional participants (8.5%, 1.7% respectively).  

 

 

 

Figure 4.3.  Percentage of Year 10 students’ post-school destinations 

 

4.2.5 Preference ranking of Year 10 subjects 

 

Preference ranking is a simple method to clearly show the relative popularity of school 

subjects, and gives some indication of students’ attitudes toward, and liking of, school subjects. 

While it is a somewhat blunt instrument due to the relative nature of the scale, this technique 

can still provide an effective answer as to the popularity of mathematics and science compared 

with other subjects (Osborne, Simon & Collins, 2003). Participants were asked to number their 
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school subjects in order of preference, one being their favourite subject, and seven being their 

least favourite. Languages other than English and religious studies were excluded because they 

are not universally studied in Year 10. Figure 4.4 shows students’ first preference of Year 10 

subjects in seven key learning areas.  

 

 

Note: HPE = Health and physical education, ICT = Information and communication technology, SOSE = Study of 

society and the environment  

Figure 4.4.  Year 10 students’ preference ranking of subjects 

 

Science was the third most popular subject after the Arts and HPE. Around 16 percent of 

mathematics and science proficient students ranked science as their favourite subject, and a 

further 17 percent classified science as their second favourite subject. However, caution must 

be exercised in interpreting the results. In Australia, students study a general science subject in 

junior secondary school which includes four branches of science; Chemistry, Biology, Geology 

and Physics. Therefore, the preference is for the general science subject, not Physics per se. 

 

Only 11% of mathematics proficient students nominated mathematics as their favourite 

subject, and a further 11% ranked mathematics as second favourite subject. Based on first 

preferences, mathematics was ranked fourth ahead of English, ICT and SOSE. Interestingly the 

language rich subjects, English and SOSE, are among the least favourite subjects, and SOSE was 

not nominated as a favourite subject by any participant.  
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4.2.6 Expectancy-value variables 

 

Items for the Year 10 student Physics and intermediate mathematics enrolment questionnaire 

were developed to: gauge students’ attitude towards Physics and mathematics, identify 

students’ rationales for taking or not taking senior Physics and intermediate mathematics, and 

investigate students’ perceptions of the influence of their parents and teachers. This section of 

the survey consisted of 20 items relating to factors which had been reported to influence 

students’ Physics and mathematics selection choices (Barnes et al, 2005). The survey also 

included an open response question, giving respondents an opportunity to record additional 

reasons for selection or non-selection. The questionnaire asked students to rate the factors 

that influenced their senior subject choice on a five point Likert-type scale with the following 

options: (1) Strongly disagree, (2) Disagree, (3) Neither agree or disagree, (4) Agree, and (5) 

Strongly agree. Multivariate analysis of variance (MANOVA) were conducted for scale items to 

compare responses to expectancies and values with intermediate mathematics and Physics 

selection and non-selection choices. Logistic Regression analysis was undertaken to investigate 

the potential predictors of students’ selection of Physics and intermediate mathematics, and 

answer the research question: what motivational factors predict young women’s selection of 

Physics and intermediate mathematics in the senior years of schooling in Far North 

Queensland? 

 

4.2.7 MANOVA 

 

A multivariate analysis of variance (MANOVA) was performed to investigate differences in 

mathematics selection status and subject choice motivations and influences. Eight dependent 

variables were used: family encouragement, teacher encouragement, interest, relevance to 

career plans, requirement for university, university options, perceptions of difficulty, and prior 

achievement. The independent variable was subject selection status.  

 

Intermediate mathematics 

 

There was a statistically significant difference between students who did and did not select 

intermediate mathematics on the combined dependent variables: F(8, 87) = 19.55, p < .001; 

Wilks’ Lambda=.35; partial eta squared=.64. When the results for the dependent variables 

were considered separately, all differences reached statistical significance using a Bonferroni 



111 

 

adjusted alpha level of .006. Table 4.4 presents the expectancy value scale item mean scores 

(each with a possible range of I to 5) for students who did and did not select intermediate 

mathematics, along with the F ratio on scores for each scale. The mean scores of students’ 

expectancies and values in the two selection categories differed significantly, and for most of 

the scales each selection category scored on different sides of the midpoint (3.00), more 

university options being the only exception. Students who did select in Mathematics B are 

characterised by high perceived family encouragement, moderate teacher encouragement to 

select, moderate interest, high career value, low perceived difficulty, and high prior 

mathematics achievement. Cohen (1992) suggests effect sizes for various indexes, including 

partial eta squared: 0.01 is a small effect, 0.09 a medium effect and 0.25 a large effect.  

 

Table 4.4 

Students’ mean responses to mathematics expectancy value scale items 

 

Note. * p < .01, **p < .001 

 

Physics 

 

A multivariate analysis of variance (MANOVA) was performed to investigate differences in 

Physics selection status and subject choice motivations and influences. Seven dependent 

variables were used: family encouragement, teacher encouragement, interest, relevance to 

career plans, requirement for university, perceptions of difficulty, and prior achievement. The 

independent variable was selection status. There was a statistically significant difference 

between students who did and did not select Physics on the combined dependent variables: 

F(7, 88) = 24.76, p < .001; Wilks’ Lambda=.34; partial ε2 = .66. When the results for the 

Scale item Did Not Select 

Mathematics B 

n = 28 

Selected 

Mathematics B 

n = 68 

Standard deviation 

Not selected/selected 

F(1, 94) Partial 

eta 

squared 

Family Encouragement 2.11 3.81 .95/.99 57.43** .38 

Teacher Encouragement 2.04 3.50 1.07/1.11 35.07** .27 

Interest 2.82 3.59 .94/.99    12.10* .11 

Relevant to Career Plans  2.46 4.12 1.10/1.00 50.95** .35 

Requirement for Uni 2.21 3.94 .99/1.10 51.25** .35 

More Options at Uni 3.00 4.49 .94/.61 83.96** .47 

Difficulty 2.36 3.89 1.36/1.04 19.22** .17 

Prior Achievement 2.89 3.90 1.03/.96 20.66** .18 
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dependent variables were considered separately, the only difference not to reach statistical 

significance using a Bonferroni adjusted alpha level of .007, was prior achievement: F(7, 

88)=7.22, p=.009, partial ε2 = .07.  

 

Table 4.5 presents the expectancy value scale item mean scores (each with a possible range of 

I to 5) for students who did and did not select Physics, along with the F ratio on scores for each 

scale. The results show the mean scores of students’ expectancies and values in the two 

selection categories differed significantly, and for most of the scales each selection category 

scored on different sides of the midpoint (3.00), prior achievement being the only exception. 

Students who did select Physics are characterised by high perceived family encouragement to 

select, low teacher encouragement to select, high interest, high career value, moderately low 

perceived difficulty, and high prior mathematics achievement.  

 

 

Table 4.5 

Students’ mean responses to Physics expectancy value scale items 

 

Scale item Did Not Select 

Physics 

n = 74 

Selected  

Physics 

n = 22 

Standard deviation 

Not selected/selected 

F(1, 94) Partial 

eta 

squared 

Family Encouragement 2.00 3.68 .99/.84 51.96** .35 

Teacher Encouragement 1.96 3.14 .82/.71 37.12** .28 

Interest 2.47 3.77 .97/.81 32.71** .25 

Relevant to Career Plans  2.26 4.14 .96/.71 71.54** .43 

Requirement for Uni 1.88 4.00 .74/.81 133.11** .58 

Difficulty 2.08 3.41 .89/.91   37.56** .28 

Prior Achievement 3.26 3.91 .99/1.02      7.22 .07 

Note. * p < .01, **p < .001 
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4.2.8 Logistic regression analysis 

 

Logistic regression analysis was carried out to determine which variables best predict selection 

of Physics and intermediate mathematics. A direct logistic regression was performed on 

selection as outcome and all motivational predictors. The dependent variable, subject 

selection, was coded as a dummy variable (0 = did not select, 1 = selected). In the Forced Entry 

Method, all predictors enter the equation simultaneously, and all predictor variables are tested 

in one block to assess their predictive ability, while controlling for the effects of other 

predictors in the model. This is the preferred method if there are no specific hypotheses about 

the order or importance of predictor variables (Tabachnick & Fidell, 2001). This method allows 

evaluation of the contribution made by each predictor over and above that of the other 

predictors. Variables that did not contribute significantly to the model were removed one by 

one, and each subsequent model was tested to explore the predictive ability of the set of 

variables.  

 

4.2.8.1 Intermediate mathematics 

 

The best fitting intermediate mathematics logistic regression model with predictive power and 

significance consisted of the variables: career value (recommended for university course), 

family encouragement, and perception of task difficulty.  

A test of the full model with all three predictors against a constant-only model was statistically 

reliable, χ² (3, N = 96) = 67.489, p = < .005, indicating that the predictors, as a set, reliably 

distinguish between students who selected and who did not select intermediate mathematics. 

Prediction success was high, with 94% of students who selected Mathematics B and 71% of 

students who did not select Mathematics B correctly predicted, for an overall success rate of 

88%. The chi-square value for the Hosmer-Lemeshow Goodness of Fit Test was 3.646 with a 

significance level of .819, indicating support for the model (Tabachnick & Fidell, 2001). Figure 

4.5 shows the standardised parameter estimates for the Mathematics B model. 

 



 

 

Figure 4.5.  Standardised parameter estimates for the prediction of Math
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ed parameter estimates for the prediction of Mathematic

72% of the variance in participants’ Mathematics B 

The three variables all contributed significantly to the predictive ability 

According to this model, family encouragement exerted the strongest influence 

intermediate mathematics selection (β = .38). The odds of girls

experience family encouragement selecting intermediate mathematics are four times 

o do not receive family encouragement (p = < .005, odds ratio [Exp(B)] = 

recommended for a university course) also positively predicted 

intermediate mathematics selection (β = .33). The odds of girls for whom int

recommended for a desired university course selecting

mathematics is 3 times greater than for girls for whom intermediate mathematics is not 

for university study (p=0.001, odds ratio [Exp(B)] =3.250

is the third significant predictor of intermediate mathematics selection

odds of girls who do not believe intermediate mathematics will be too difficult 

intermediate mathematics are twice as high as for girls who believe intermediate mathematics 

=0.010, odds ratio [Exp(B)] =2.308). Table 4.

unstandardised Beta values, the Wald statistics, p values, and odds ratios for each predictor.
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Table 4.6 

Logistic regression analysis of intermediate mathematics selection as a function of motivational 

variables 

Variables in the Equation 

 
B S.E. Wald df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower Upper 

Step 1
a
 MBDIFF .836 .325 6.634 1 .010 2.308 1.221 4.361 

MFAMENC 1.469 .386 14.520 1 .000 4.346 2.041 9.255 

MTHREQUNI 1.179 .356 10.959 1 .001 3.250 1.617 6.530 

Constant -9.406 2.235 17.704 1 .000 .000   

a. Variable(s) entered on step 1: MBDIFF, MFAMENC, MTHREQUNI. 

Note: MBDIFF = Perception of difficulty, MFAMENC = Family encouragement, MTHREQUNI = Mathematics is 

recommended for a desired university course  

 

These findings support the majority of literature discussed in Chapter Two that reported lack 

of interest was a deterrent to further participation (e.g., Osborne et al., 1997; Tytler et al., 

2008). However, some studies reported interest was a significant predictor of participation in 

higher-level mathematics in senior secondary school (Ercikan et al., 2005; McPhan et al., 2008). 

In light of these divergent findings, a logistic regression was modelled using AMOS to 

determine if interest had an indirect influence on subject selection, mediated by perception of 

difficulty, family encouragement, and career value. The model, shown in Figure 4.6, was an 

adequate fit to the data, χ² (3) = 20.35, p = .062 (CFI = .85, GFI = .87, NFI = .85, RMSEA = .246). 

The model explains 46% of the variance in subject selection (R² = .456), and shows while 

interest does not have a direct effect on selection, it does have a significant indirect effect on 

intermediate mathematics selection, mediated by family encouragement, career value, and 

perceived difficulty.  



 

Note. All regression paths are significant at the .012 level, allowing for a Bonferroni correction, with the exception 

of the path from interest to selected intermediate mathematics

difficulty, MFAMENC = Family encou

ENROLLED = Selected intermediate mathematics

Figure 4.6. Regression model of s

intermediate mathematics

 

4.2.8.2 Physics 
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All regression paths are significant at the .012 level, allowing for a Bonferroni correction, with the exception 

selected intermediate mathematics (NS). INT1 = Interest, 

difficulty, MFAMENC = Family encouragement, MTHREQUNI = Math is a required for a desired university course

intermediate mathematics 

Regression model of standardised parameter estimates for the prediction of 

intermediate mathematics selection 

 selection logistic regression model with predictive power and 

significance consisted of the variables: career value (relevant to career plans), family 

encouragement, and perception of task difficulty (see Figure 4.7).  

est of the full model with all three predictors against a constant-only model was statistically 

) = 65.313, p = < .005, indicating that the predictors, as a set, reliably 

distinguish between students who selected and did not select Physics. Prediction success was 

% of students who selected Physics and 96% of students 

correctly predicted, for an overall success rate of 91%. The chi-

Lemeshow Goodness of Fit Test was 2.260 with a significance level of 

(Tabachnick & Fidell, 2001).  
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Figure 4.7.  Standardised parameter estimates for the prediction of 
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ed parameter estimates for the prediction of Physics

 percent of the variance in participants’ Physics

The three variables all contributed significantly to the predictive ability 

According to this model, the most important factor influencing whether 

Physics is career value (relevance to career plans) (β = 

’s career plans involve Physics, selecting Physics, is four times 

’s career plans do not involve Physics (p = .004, odds ratio [Exp(B)] = 4.360). Family 

encouragement positively predicted Physics selection (β = .26). The odds of girls

experience family encouragement selecting Physics are three times greater 

amily encouragement (p = .008, odds ratio [Exp(B)] = 3.120). Perception of 

is the third significant predictor of Physics selection (β = .23

difficulty of a subject are related to perceptions of competence; perceived difficulty is based on 

liefs about one’s ability to cope with the level of difficulty. The odds that girls, who believe 

will not be too difficult, will select the subject are almost three times greater than for 

 would be too hard (p = .022, odds ratio [Exp(B)] =

summarises the unstandardised Beta values, the Wald statistics, p values, and odds ratios for 
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ratio [Exp(B)] =2.807). Table 4.5 

values, and odds ratios for 

.75 



118 

 

Table 4.7 

Logistic regression analysis of Physics selection as a function of motivational variables 

Note: PFAMENC = Family encouragement, PHYDIFF = Perception of difficulty, PRELCAR = Physics is relevant to 

career plans 

 

These findings are consistent with the majority of literature discussed in Chapter Two, which 

reported low interest discouraged further participation (e.g., Barnaby & Defty, 2006; Lyons et 

al., 2006; Trumper, 2006; Young et al., 1997). However, some studies reported interest was a 

significant predictor of participation in Physics in senior secondary school (Lyons & Quinn, 

2020), or had a substantial indirect influence on participation (Barnes et al., 2005). In view of 

these divergent findings, a logistic regression was modelled using AMOS to determine if 

interest had an indirect influence on participation, mediated by perception of difficulty, family 

encouragement, and career value (see figure 4.8). The model, shown in Figure 4.7, was an 

adequate fit to the data, χ² (3) = 40.71, p = .156 (CFI = .78, GFI = .79, NFI = .78, RMSEA = .362). 

The model explains 50% of the variance in subject selection (R² = .498), and shows while 

interest does not have a direct effect on selection, it does have a significant indirect effect on 

Physics selection, mediated by family encouragement, career value, and perceived difficulty. 

Variables in the Equation 

 
B S.E. Wald df Sig. Exp(B) 

95% C.I.for EXP(B) 

Lower Upper 

Step 1
a
 PFAMENC 1.138 .430 7.014 1 .008 3.120 1.344 7.244 

PHYDIFF 1.032 .450 5.258 1 .022 2.807 1.162 6.782 

PRELCAR 1.472 .513 8.235 1 .004 4.360 1.595 11.919 

Constant -12.161 2.673 20.700 1 .000 .000   

a. Variable(s) entered on step 1: PFAMENC, PHYDIFF, PRELCAR. 
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Note. All regression paths are significant at the .012 level, allowing for a Bonferroni correction, with the exception 

of the path from interest to selected Physics (NS). INT1 = Interest, FAMENC = Family encouragement, CARPLANS = 

Physics is relevant to career plans, PENROL = Selected Physics 

 

Figure 4.8.  Regression model of standardised parameter estimates for the prediction of 

Physics selection 

 

In the following section, the analyses and interpretation of the results in relation to the 

science, mathematics and gender literature are discussed. 

 

4.2.9 Discussion 

 

This section discusses findings from the Year 10 student survey such as socio-economic status, 

post-school aspirations, liking of science and mathematics, interest, utility value, difficulty, 

prior achievement, and perceptions of family and teacher encouragement to select 

mathematics and science.  

Results confirmed students who attended schools located in areas of high socio-economic 

advantage were significantly more likely to select intermediate mathematics and Physics, 

corroborating findings from other studies of the relationship between socio-economic status 
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and selection of Physics and higher-level mathematics (e.g., Fullarton & Ainley, 2000, Lamb & 

Ball, 1998; Woolnough, 1994). The majority of rural and regional Year 10 participants (77%) 

intended to study at university after completing high school, supporting findings from similar 

studies which highlight how higher education and training has become a naturalised discourse 

for contemporary students (E.g., Alloway, Gilbert, Gilbert & Muspratt, 2004; Brinkworth & 

Truran, 1998). A recent large scale study of regional Australian youth’s aspirations and 

expectations found a matter-of-fact acceptance among rural and regional students that 

extended study and training is necessary to achieve their aspirations and goals in 

contemporary times (Alloway et al., 2004). These data from the current study support this 

finding and indicate rural and regional Far North Queensland high achieving girls understand 

education does not cease at Year 12, and further study or training is required to gain a 

competitive edge, to provide options, and to achieve desired futures in the 21st century 

(Alloway et al., 2004). However, while many students intended to enter higher education after 

completion of secondary schooling, intention does not always translate into reality for some 

students. For example, McMillan and Marks (2003) reported only 38% and 41% of a 1995 

Australian Year 9 cohort had enrolled in a bachelor’s degree in their first (1999) and second 

(2000) post-school year respectively. Regional and rural students are less likely to participate in 

higher education than students living in metropolitan areas (Thomson, 2005), however Jones 

(2002) found when other background characteristics were taken into account, such as 

numeracy scores, language background, and parental socioeconomic status, geographic 

location has no significant effect on university entrance. Socioeconomic status appears to be 

more influential on intermediate mathematics and Physics subject selection than geographic 

location (Jones, 2002). 

Mathematics and science proficient female students generally held favourable views of science 

and mathematics, nominating them as third and fourth favourite subjects respectively, ahead 

of language rich subjects. Science was ranked as the third most popular core subject after the 

Arts and HPE, and mathematics was ranked fourth before English, ICT and study of society and 

the environment (SOSE). Science and mathematics proficient young women’s preference for 

mathematics and science over humanities subjects intuitively suggests these girls are more 

inclined to be interested in and enjoy a subject they feel confident about and in which they 

have previously achieved (Eccles & Wigfield, 2002). Twenty-eight percent of girls agreed 

Physics was interesting, 50% of girls agreed mathematics was interesting, and interest 

indirectly influenced subject selection decisions. Girls’ lower interest in science compared with 

mathematics resonates strongly with the literature discussed in Chapter Two: an irrelevant 
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curriculum (Lindahl, 2003; Lyons, 2006; Osborne & Collins, 2001) and the uninspiring way 

science is taught (Young, Fraser & Woolnough, 1997) results in a subject that lacks personal 

meaning and relevance for girls (Schreiner, 2006) and is unlikely to engage them. Tytler et al. 

(2008) argued the nature of the traditional science curriculum with its strong focus on 

conceptual content and a transmissive pedagogy fails to make science meaningful and 

interesting, and fails to engage girls. The difference between girls’ interest in mathematics and 

physics may be accounted for by the fact that all Year 10 girls in this study were in high ability 

mathematics classes, whereas only some of the girls were in high ability science classes. Girls 

who were not in high ability science classes may lack a strong interest in science. Additionally, 

the science girls see on television shows such as Mythbusters has shown them that science can 

be interesting and exciting, but when this is compared against their school science 

experiences, school science is the loser (Tytler, 2008). The role of interest in relation to identity 

will be further discussed in section 4.5. 

 

Career value was a significant predictor of both Physics and intermediate mathematics 

selection, which was expected based on the literature review. A contradiction was noted 

between girls’ understanding of the requirement of Physics and intermediate mathematics for 

future university courses, and the relaxation of university entrance requirements. Around half 

of the respondents agreed they selected these subjects because they were a university 

requirement. Although many universities no longer stipulate Physics and intermediate 

mathematics as prerequisites for mathematics and science based courses, they are still 

recommended for many of these courses. In Year 10, Queensland students research possible 

careers and careers pathways prior to making their senior subject choices (C. Jackson, personal 

communication, 22 June, 2008). Thus, Queensland students who are contemplating 

undertaking a university course are likely to be aware of the entry requirements and 

recommendations for that course. It is also probable teachers and parents provide guidance to 

students regarding the assumed background knowledge that is desirable and required for 

certain university courses.    

 

Perception of difficulty was a significant predictor of Physics and intermediate mathematics 

selection, but students were opposite in their response patterns regarding this question. Forty-

five percent of respondents disagreed they thought Maths B would be too hard, whereas 44% 

of respondents agreed they thought Physics would be too hard. A similar response pattern was 

noted in regards to prior achievement in mathematics and science. Around two-thirds of 
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students agreed they had achieved highly in mathematics in the year the questionnaire was 

administered, whereas two-thirds of students disagreed they had achieved highly in science 

that year. These results indicate it was easier for the girls in this study to construct a positive 

mathematics identity than it was for girls to construct a positive science identity. According to 

Schreiner (2006) youth is a phase in life which is particularly concerned with identity 

construction. Youth identity is in continuous reflexive development, and is managed through 

personal choices of identity signs. Choices carry messages about an identity, and identity 

development is seen as a driving force behind the choices young people make (Schreiner, 

2006). If a school subject is inconsistent with a student’s vision of who they are or who they 

want to be, the subject will be rejected (Boaler, William & Zevenbergen, 2000). Schreiner and 

Sjoberg (2007) contended that when young people make educational or career choices, they 

express or communicate important components of their identity, thus an educational choice is 

an identity choice.  Communicating what one is, is just as important as communicating what 

one is not (Schreiner, 2006). According to Schreiner (2006), students wish to occupy 

themselves with subjects that are exciting and enriching. Girls choose subjects that will absorb 

them and develop their abilities, and choices are directed towards a preferred personal future, 

thus students will not engage with subjects that lack personal meaning, relevance and value, 

or do not enrich their identity (Schreiner, 2006).  

 

Parental encouragement was the third significant factor predicting Physics and intermediate 

mathematics selection. Aikenhead (2001) proposed a border crossing was necessary for 

students to enter and succeed in the world of school science. This implies the study of science 

is not a natural transition for most students, but resembles entry into a foreign culture. The 

concept of a foreign culture arises from the difference between a student’s life-world culture 

and the culture of the scientific community (Aikenhead, 2001). Aikenhead (2001) classified 

students’ transition from their life-world culture into the world of school science in four ways: 

smooth, manageable, hazardous, or impossible. Success in school science is related to how 

easily students can negotiate the transition into the culture of school science (Aikenhead, 

2001). Some students are proposed to have smooth and manageable transitions because the 

culture of family and friends is congruent with the cultures of school and science (Aikenhead, 

2001). On the other hand, other students find the home and school science border crossing 

virtually impossible or frustratingly difficult because the family culture is incompatible with the 

cultures of school and science (Aikenhead, 2001). The significant influence of family 

encouragement on Physics and intermediate mathematics subject choice supports the theory 
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that cultural capital facilitates a smooth and manageable transition into and success in the 

world of school science (Aikenhead, 2001; Lyons, 2004, 2005). 

 

Stage One of this study has highlighted that there is no one overarching factor affecting 

Physics and mathematics subject choice. Subject selection is a multidimensional phenomenon 

with many considerations involved in the decision-making process (Eccles & Wigfield, 2002). 

According to Schreiner (2006), students' interests and attitudes towards science [and 

mathematics] are influenced by a wide range of factors, operating at many different levels. The 

findings from this stage of the study describe an important and often underrepresented group 

of highly talented and academically motivated girls who are educated in small towns and a 

regional city with limited scientific industries, no science education centre, and few 

opportunities to meet girls from other schools interested in science. These results are 

representative of the factors relevant for predicting the subject selection of a group of girls 

who could be considered the most likely to pursue the study of intermediate mathematics and 

Physics, but whose rural and regional environments might not support such interests and 

aspirations. While these findings may not generalise to rural and regional girls in different 

locations or girls in urban areas, it is feasible that these girls’ views are representative of the 

views of other Australian science and mathematics proficient girls regardless of geographical 

location. 

 

4.2.10  Limitations 

 

Several important limitations should be considered when interpreting the findings of this stage 

of the study. First, the data were produced from survey items from a pre-existing scale, and 

modified for the purpose of this study. The items used were mainly single indicator variables 

and as such, factor analysis to examine construct validity and Cronbach’s alpha to examine 

reliability were unable to be conducted. Additionally, single indicator variables are not ideal to 

measure multifaceted constructs such as self-concept of ability. Thus, findings from this stage 

of the study should be treated as indicative only and interpreted with caution.    

Second, the study was limited in that the measure of students’ socioeconomic status was only 

a general measure of the index of disadvantage of the area in which the schools were located, 

rather than a specific measure such as parental education or occupation. Because the measure 

of socioeconomic status was so broad, differences found in terms of socioeconomic status and 

subject selection should be interpreted with caution. It is therefore important that subsequent 
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investigations include a specific measure of socioeconomic status and draw from a larger and 

more diverse population of schools (i.e., schools across multiple districts) to test the 

consistency and generalisability of the present findings.    

Finally, the study was limited by its reliance on self-report data. Given the potential for flawed 

self-assessment to confound results of research based on self-report data, subsequent 

research is needed to verify the consistency and accuracy of the present findings. Subsequent 

research could address this issue by examining the accuracy and consistency of students’ 

values and beliefs through the use of multiple methods and measures, for instance examining 

students’ values and beliefs over time and comparing students’ self-ratings of ability to those 

of teachers and other measures of achievement. 

 

4.3 Year 10 qualitative data 

 

4.3.1 Year 10 students’ reasons for selection or non-selection 

 

This section reports the results from the qualitative questions on the Year 10 student 

questionnaire which focused on reasons for selecting Physics and intermediate mathematics, 

students’ views about the importance and relevance of science and mathematics in their lives, 

and students’ perceptions of Physics and intermediate mathematics based on advice they 

would give others thinking of studying these subjects. A full description of participants, data 

collection and analysis methods is provided in the methods chapter and is summarised here for 

clarity. The Year 10 survey included open response opportunities for respondents to record 

their views about the reasons they chose to study or not study Physics and Mathematics B in 

Years 11 and 12, the importance and relevance of science and mathematics in their lives, and 

the advice they would give a friend who was thinking about selection Physics and Mathematics 

B. The responses were collated and coded thematically based on expectancy value theory 

(Wigfield & Eccles, 2002). Responses to the open-ended question about reasons for selection 

and non-selection of Physics and intermediate mathematics were coded into six positive and 

negative categories. These categories were: further study/career value (career); interest and 

enjoyment (interest); self-concept of ability (ability); perception of difficulty (difficulty); teacher 

advice; and parent expectations (Wigfield & Eccles, 2002). The frequency of students’ 

responses in each category are reported along with summaries of students’ responses.  
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4.3.1.1 Intermediate mathematics 

 

Students were asked: What are the reasons you chose to study, or not to study, Maths B in 

Years 11 and 12? Of the 84 students who responded to this question, the majority (n = 47) 

indicated future study/career value as a reason for choosing senior intermediate mathematics. 

The second most frequent response was self-concept of ability (n = 23), indicating students felt 

confident in their capabilities to undertake this level of mathematics. The most frequently 

given response for not selecting (n = 11) was that Maths B was not required for further 

study/career plans. These results triangulate with the quantitative results reported in this 

chapter and the literature discussed in Chapter Two which conveyed utility value and 

conceptions of competence strongly influence subject choice decisions (Brinkworth & Truran, 

1998; Eccles, 1994; Eccles & Wigfield, 2002; Lindhal, 2003; Lyons, 2003; McPhan et al., 2008).  

A sample of responses from the three most frequent categories for selection (career, ability 

and interest) illustrate the multidimensional decision making process.  

• I enjoy maths and understand it well. They could both further me in studies. 

Course requirement (not sure) (Interest/enjoyment, ability and career) 

 

• I chose to study both Maths B and Physics in Year 11 and 12 because I enjoy the 

subjects, am able to cope with the requirements and they are both possibly 

needed for the course I want to study at university (Interest/enjoyment, ability 

and career) 

 

• I’m good at maths, achieving well so far, and my teacher said I would definitely 

cope with it. It’s also a prerequisite for lots of courses I might be interested in 

(Ability, teacher advice and career) 

 

4.3.1.2   Physics 

 

Of the 67 students who provided a response to the question: What are the reasons you chose 

to study, or not to study, Physics in Years 11 and 12?, the most frequent response students 
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gave for not selecting Physics was it was not required for future study plans and career plans (n 

= 30). The second most frequent reason was a lack of interest in or enjoyment of Physics (n = 

23). The most frequently given reason for selecting Physics was further study/career value (n = 

20).  

A representative sample of responses from the most frequent categories for selecting or not 

selecting are provided below to contextualise numerical results.  

• Physics is quite hard and I don’t think it will help me with my career choice (Neg 

career, difficulty) 

 

• I need Maths B and Physics to get into the university course I want to do and I 

find them interesting (Interest, career) 

 

• I’m not studying Physics and Maths B because I don’t enjoy it and not enough 

brains. It will not help me achieve my goals in life (Neg interest, ability, career) 

 

The top two reasons students gave for selecting mathematics were career and ability, which 

are associated with students’ perceptions of their own competencies in learning mathematics, 

and the value of mathematics to their future life (Eccles & Wigfield, 2002). By contrast, the top 

two reasons for taking Physics were career and interest reasons (Barnes et al., 2005). It is 

interesting to note that all four top reasons are related to students’ previous learning and 

future studies: academic achievement in junior years, experience in learning junior science, 

and future study and career goals. The most frequent response for mathematics and Physics 

indicate students pay more attention to the value of intermediate mathematics and Physics for 

their future study, rather than concern about their interest in and enjoyment of the subjects, 

which corroborates previous research (e.g., Barnes et al., 2005) and quantitative results which 

showed interest indirectly influenced Physics and intermediate mathematics selection, 

mediated by career value, perceptions of difficulty, and family encouragement.   

 

4.3.2 Importance and relevance of mathematics and science 

 

Students were asked: How important and relevant is maths in your life? The majority of the 91 

respondents believed mathematics was important (n = 56), and one-third of students (n = 30) 
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related its importance to career value in terms of further studies and career aspirations. The 

results indicate most students value mathematics for instrumental, practical reasons, but the 

relevance of mathematics for everyday applications and problem solving was not as well 

recognised (Boaler, 1997a; Erickan, 2005).  

Students were divided about whether they reported science to be important or not. The most 

frequent response from students (n = 39) was science is not important or relevant in their lives. 

However, an almost equal number of students (n = 38) responded that science was important 

and the most frequently given reason was career value in terms of further studies and career 

aspirations. Very few students (n = 9) related the importance of science to understanding the 

world which indicates the underpinning concepts of the Queensland science curriculum have 

not been well communicated to or are not considered relevant by this group of academically 

able girls (Brickhouse et al., 2000; Queensland Studies Authority, 2007).  

 

4.3.3  What advice you would give another student who was thinking about 

selecting intermediate mathematics?  

 

Students were asked this question to gain an indication of their perceptions of the subject. 

Again, the themes of future study and career needs, and ability, were prominent (Brinkworth & 

Truran, 1998). The most common advice students would give was in terms of whether the 

subject was needed for career plans (48%), followed by whether the student has the ability to 

cope with the requirements of the subject (40%). Below is a representative sample of the 

responses students gave. 

• If they were good at it, I would tell them to do it, but if it had nothing to do with 

their future and they were not very good at it...I’d tell them not. (Ability and 

career) 

 

• It depends if they did extension maths in junior school. If they did and found it 

hard I would say to them it’s going to be harder than it is in junior, much harder, 

but if they found maths easy in junior I suppose I would try to encourage them. 

(Ability and difficulty) 
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• If a fellow Year 10 asked for my advice, I’d assist them by definitely 

recommending Maths B because of the great career paths it provides. Even if it 

wasn’t necessarily needed and the student enjoys maths or can cope with it, 

Maths B would be a strong recommendation. (Interest/enjoyment, ability and 

career) 

 

4.3.4 What advice you would give another student who was thinking about 

selecting Physics?  

 

Advice about Physics similarly focused on whether the subject was needed for future study and 

career reasons (44%), and ability to cope with the requirements of the subject (27%). Unlike 

mathematics, advice about Physics focused strongly on whether the student was interested in 

or enjoyed the subject (34%). A small percentage of students (4%) would actively discourage 

other students from selecting Physics. Physics is recognised as having considerable currency in 

terms of its strategic value for further study and career plans (Barnes et al., 2005; McPhan et 

al., 2008), however, more emphasis is applied to the intrinsic value of interest and enjoyment 

of Physics (McPhan et al., 2008). A representative sample of student responses is provided 

below to add dimension to the statistics.  

• If you enjoy the subject and you think you will cope well then go ahead and do 

Physics. (Interest/enjoyment and ability) 

 

• If they were smart, could handle the work load and knew they needed it for their 

career then I would tell them to go for it. (Ability, difficulty and career) 

 

• I would advise them not to do it unless they enjoyed it and needed it for their 

future careers.  (interest/enjoyment and career) 

 

4.3.5 Summary of Year 10 qualitative data 

 

The Year 10 qualitative survey data indicated participants selected intermediate mathematics 

and Physics mainly for future study and career reasons, a finding that triangulates with the 
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literature discussed in Chapter Two (e.g., Barnes et al., 2005; Brickhouse et al., 2000; 

Brinkworth & Truran, 1998; McPhan et al., 2008). Girls also considered whether they were 

capable of achieving well in the subject (Brickhouse et al., 2000; Eccles & Wigfield, 2002; 

Lindhal, 2003; Lyons, 2003). The main difference between intermediate mathematics and 

Physics selection was girls were more likely to select intermediate mathematics to increase 

their tertiary study options, whereas girls were more likely to select Physics with a specific 

career in mind. The majority of girls did not select Physics because it was not relevant to their 

career plans, it was not an interesting or enjoyable subject based on their Year 10 experiences, 

and it was perceived as too difficult, supporting previous research findings (Barnes et al., 2005; 

Lindhal, 2003; Lyons, 2003).  

These themes were reflected in the selection advice participating girls would give other 

students. The key difference between mathematics and Physics advice is interest and 

enjoyment. The majority of students did not find Physics interesting (Lindhal, 2003; Lyons, 

2003), therefore, the advice they would give a friend included whether they were interested in 

and enjoyed the subject enough to select in and persist with it for the next two years. 

The majority of students reported mathematics was important in terms of future study and 

career aspirations, but did not find it very relevant to their lives (Fredricks & Eccles, 2002). 

Students remained divided about the importance of science, and almost half thought science 

was not important (Goodrum et al., 2001; Lyons, 2005; Osborne & Collins, 2001). The fifty 

percent who thought science was important articulated their reasons in terms of future study 

and career aspirations (Barnes et al., 2005).    

 

4.4 Year 11 and 12 data 

 

4.4.1 Schools and geographic location 

 

The second group of participants in this stage of the study were 44 young women who had 

successfully transitioned from compulsory Year 10 science and mathematics to post-

compulsory senior secondary Physics and intermediate mathematics. Not all students 

streamed into the highest ability Year 10 mathematics classes and extension science classes 

choose to continue studying these subjects. Therefore it was of interest to this study to 

investigate successful students’ motivations for continuing with these subjects, and students’ 
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perceptions of their teaching and learning experiences in these subjects. A better 

understanding of successful students’ motivations will help to inform policies and programs 

aimed at encouraging greater female participation.  

In 2008, 7,769 Queensland female Year 12 students were enrolled in Mathematics B, making it 

female students’ third most popular senior secondary school subject choices after the 

compulsory English Authority subject (n = 18,542), and Mathematics A (n = 13,257). The 7,769 

female Mathematics B students were from 383 schools in Queensland - an average of 20 

female students per school. By contrast, in 2008 only 2,091 Queensland female Year 12 

students were enrolled in Physics, from 371 schools - an average of 6 female students per 

school (Statistics from Queensland Studies Authority: www.qsa.qld.edu.au). Given the 

generally smaller size of regional and rural secondary schools compared with urban schools in 

capital cities, the number of female students in each of the participating schools in this study 

was, in all probability, lower than average. The participating schools averaged around 3 female 

students in their Year 12 Physics classes and 12 or fewer female students in their Mathematics 

B classes. Thus, the low number of female Year 12 Physics and Mathematics B participants in 

this study is reflective of enrolment trends in Far North Queensland, rather than indicative of a 

low rate of return of surveys.  

Table 4.8 

Overview of Year 11 and 12 respondents by school sector and location variables 

  Count % of Total 

Location 

Regional city 33 75.0 

Rural Town 11 25.0 

    

School Sector 

Government 37 84.1 

Catholic 3   6.8 

Independent 4   9.1 

 

An overview of Year 11 and 12 participants by school sector and location variables is shown in 

Table 4.8. Three-quarters of participants (75%) attended schools located in a large regional 
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city, and one-quarter (25%) attended schools located in rural areas. Students attending 

Government schools made up 84% of the sample, with Catholic and Independent schools 

contributing the remainder of the sample. 

 

Table 4.9 

Year 11 and 12 participants listed by type of school attended, location, SES, and subjects 

enrolment 

School Sector Location SES 
Mathematics 

n (%) 

Physics 

n (%) 

Gov1 Rural Low 2 (4) 1 (2) 

Gov2 Rural Low 3 (7) 3 (7) 

Gov3 Regional Med  7 (16) 1 (2) 

Gov4 Regional Low          22 (50)  6 (14) 

Gov5 Rural Low 3 (7) 2 (4) 

Cath1 Regional High 0 (0) 0 (0) 

Cath2 Regional Low 0 (0) 0 (0) 

Cath3 Rural Low 3 (7) 3 (7) 

Ind1 Regional High 4 (9) 0 (0) 

   Total  44 16 (36) 

 

The 44 Year 11 and 12 participants attended seven coeducational secondary schools in a Far 

North Queensland regional city, and rural towns up to three hours drive west and south of the 

city. Five of the schools were state secondary schools, one was a Catholic college, and one was 

an independent college. Twenty-five percent of students attended schools in a rural location (n 

= 11), and 75% of students attended schools in a regional location (n = 33) [See Table 4.9]. All 

44 students were enrolled in intermediate mathematics, and 16 of these students were also 

enrolled in Physics. 

Female Year 11 and 12 Physics and intermediate mathematics students from the seven 

coeducational schools were surveyed to explore why girls enrol in these subjects, and their 

experiences and perceptions of these subjects. Due to the small numbers of participants, only 

the results of the open response survey questions will be presented. Students enrolled in 

intermediate mathematics and Physics completed identical surveys with only the terms 
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mathematics and Physics changed for each survey. Eight open response questions were on 

each type of survey. These questions were: 

• Who encouraged you to enrol in Maths B/Physics? 

• In what way did this person influence your interest in maths/Physics? 

• What are the reasons you chose to study Maths B/Physics in Years 11 and 12? 

• What has been the most enjoyable aspect(s) of your maths/Physics course so far? 

• What has been the least enjoyable aspect(s) of your maths/Physics course so far? 

• What would you say to a friend in Year 10 who was thinking about doing maths 

B/Physics next year and asked you about the maths/Physics course? 

• What do your friends think about students studying Maths B/Physics? 

• How important and relevant is Maths B/Physics to you?  

 

The responses from each mathematics question and each Physics question were collated and 

common themes were identified. The questions are presented as headings and the themes 

that were identified from each question are presented as subheadings. Representative 

samples of direct quotations are presented with each theme to strengthen the dependability 

of the data, the interpretations of them, and the conclusions drawn.    

 

4.4.2  Encouragement to enrol in mathematics and Physics 

 

Students were asked to respond to the freeform questions, “Who encouraged you to enrol in 

Maths B/Physics?” and “In what way did this person influence your interest in maths/Physics?” 

Half (52%) of the participants did not report any encouragement to enrol in intermediate 

mathematics, One-third (34%) indicated parental encouragement, and almost one-quarter 

(23%) reported teacher encouragement. Additionally, one-third of respondents indicated they 

were influenced by career advice, and almost one-quarter of respondents reported they were 

influenced by advice that they were capable of doing the higher level of mathematics. A typical 

response from each of these categories is presented: 

• Persuaded me that the subject would further my career choices. (Further 

study/career)  
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• They said that I was quite good at maths and shouldn’t let it go to waste. 

(Ability) 

In terms of encouragement to enrol in Physics, results showed half (n = 8) of the participants 

did not perceive encouragement to enrol in Physics from any outside sources, one-third (n = 5) 

indicated parental encouragement, and one-quarter (n = 4) reported teacher encouragement.  

Seven girls indicated they were influenced by further study and career advice, three reported 

they were influenced by advice that they were capable of doing the subject, and three 

reported they were influenced by interest in and enjoyment of the subject. Samples of 

responses are shown below: 

 

• By encouraging me to do the Vet science course (Career) 

 

• He advised me on how it suited me and would be good if I wanted to study 

medicine (Ability, career) 

 

• I liked it and I’m good at it (Interest/enjoyment, ability) 

 

4.4.3 Reasons for enrolling in intermediate mathematics and Physics 

  

Students were invited to respond to the freeform question, “What are the reasons you chose 

to study Maths B/Physics in Years 11 and 12?” Sixty-two percent of Year 11 and 12 

Mathematics B students gave further study and career aspiration reasons for enrolment. One-

third of students cited interest and enjoyment, and one-third gave reasons related to their 

ability to cope with the demands of the subject. Almost one-quarter of students stated it 

would boost their OP (tertiary entrance) score. Samples of typical responses are presented 

below. 

• I thought I would need it for work and uni. I thought I would cope fine and be 

good at it. I was interested in it. (Career, ability, interest/enjoyment) 

 

• Open my career options, interesting and get a high OP score (Career, 

interest/enjoyment, OP) 
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• Because I was good at it and if I wanted to take the option of trying for a good 

OP for uni, then Maths B was a good option. Maths is my best subject. (Ability, 

OP, career) 

 

Similar patterns were identified for Physics enrolment reasons. The majority of respondents (n 

= 7) cited further study and career reasons for enrolment in Physics, and several students (n = 

3) reported interest in and enjoyment of Physics. Examples of responses are presented below. 

• Mainly because it was a recommended study for Veterinarian Science. But also 

because I’m interested in the subject (Career, interest/enjoyment) 

 

• Open my career options, interesting and get a high OP score (Career, 

interest/enjoyment, OP) 

 

4.4.4 Most and least enjoyable aspects of intermediate mathematics/Physics 

 

Students were asked to state the most and least enjoyable aspects of their 

mathematics/Physics subjects so far. Thirty-four students responded to the question about the 

most enjoyable aspects of their mathematics subject. Figure 4.9 shows the frequency of 

student responses. Some responses were classified into more than one category.  
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Figure 4.9.  Most enjoyable aspects of Maths B subject 

 

Although six students reported a particular content or mathematics topic they enjoyed, the 

most frequent responses focused on learning new things (26%), achieving well (21%), and 

understanding the mathematics they were being taught (21%).  Samples of student responses 

are shown below: 

• Learning new and complicated procedures and finally figuring out how to do 

them. (Learn new things, understanding) 

 

• When I got a tutor and passed second semester – understanding the work 

(Understanding, achievement) 

Thirty-five students responded to the question about the least enjoyable aspects of their 

mathematics subject so far. Figure 4.10 shows the frequency of student responses, many of 

which were classified into more than one category. For clarity, categories with less than three 

responses are not shown. 
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Figure 4.10. Least enjoyable aspects of Maths B subject 

  

The least enjoyable aspects of mathematics for these students were tests and examinations 

(29%), and difficulty understanding the content (26%) – sometimes due to the amount of 

content and the fast pace of delivery. Sample responses from the most frequent categories 

are:  

• Because of the amount of things we need to learn and because it’s all condensed 

into a short time frame we move very fast and it can become confusing at times. 

(Fast pace, understanding) 

 

• Not understanding certain aspects and freaking out before an exam. 

(Understanding, examinations) 

 

Ten students responded to the question as to the most enjoyable aspects of Physics. Figure 

4.11 shows the frequency of student responses, many of which were classified into more than 

one category. 
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Figure  4.11. Most enjoyable aspects of Physics subject 

 

Eight of ten respondents nominated a topic they enjoyed, including sport and human 

movement, and waves. Four students enjoyed topics that had practical applications and could 

be applied to everyday situations. Samples of responses are: 

• Applying Physics to practical circumstances especially in sport and movement 

(Content, practical applications) 

 

• The wave chapters, I found them interesting and relates to everyday life 

(Content, practical applications) 

 

Ten students responded to the question about the least enjoyable aspects of Physics. Figure 

4.12 shows the frequency of student responses, many of which were classified into more than 

one category. 
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Figure 4.12. Least enjoyable aspects of Physics subject 

 

Students nominated a Physics topic they had not enjoyed or found difficult such as electronic 

circuits, telescope research, density and waves. Three students found writing up practicals, and 

writing in general, to be the least enjoyable aspect of Physics. Samples of responses are: 

 

• All the writing. We haven’t done much hands on stuff (Writing, little practical 

work) 

 

• The complexity of the electrical sub-circuit modules and circuit function 

breakdowns (Content) 

 

• Density, I found it hard to grasp the logical thinking of it (Content) 

 

4.4.5 Intermediate mathematics enrolment advice 

 

Students were asked what advice they would give to a friend in Year 10 who was thinking of 

doing Mathematics B next year. The difference between asking this question to Year 10 

students, and to Year 11 and 12 students, is the latter have had at least one year of experience 
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with the subject and their advice will be based on the knowledge and interpretation of their 

own experiences.  

Thirty-four students responded to the question. Forty-one percent (n = 14) framed their replies 

in terms of the work load involved to succeed in the subject, 38% (n = 13) responded in terms 

of the inherent challenge and difficulty intermediate mathematics represents. Twenty-nine 

percent (n = 10) referred to the personal qualities needed to achieve highly in intermediate 

mathematics: commitment, dedication, self-discipline, organisation and concentration. 

Students perceive intermediate mathematics as a challenging subject with a high work and 

study load, and students need to be motivated and apply themselves to keep up and be 

successful. Samples of responses are: 

• That if you wish to do well you will need to study hard and concentrate in class 

(Study load, concentration) 

 

• That it is challenging, interesting and hard and you really need to be committed 

otherwise it will be hard (Challenge, interest, difficulty, commitment) 

 

• If you do it you can’t slack off and you need to listen and do your work and 

study. (Dedication, work load, study load, concentration) 

 

• I would say you have to be dedicated and pay attention or else you will get 

behind in your work. (Dedication, concentration, work load) 

 

4.4.6 Physics enrolment advice 

 

Students were asked what advice they would give to a friend in Year 10 who was thinking of 

doing Physics next year. Nine students responded. Seven framed their advice in terms of work 

load, difficulty, challenge, motivation, study load, dedication and effort. Their perception of the 

subject as time and effort intensive, and as difficult, was manifest. Typical responses are:   

 

• It is difficult and quite challenging but if you are interested, go for it! If you are 

motivated and work hard you will achieve highly in Physics. (Difficulty, challenge, 

motivation, work load) 
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• I’d say it’s a great, interesting subject, but it also relates to everyday life a lot, so 

it’s understandable. Also great to learn how things work. Although it is a lot of 

work. (Interesting, work load) 

 

4.4.7 Perceptions of intermediate mathematics 

 

Participants were asked what their friends think about students studying intermediate 

mathematics, to gain an insight into how they think the subject, and the students who do it, 

are perceived by others. Thirty-three girls responded to the question. Nine (27%) referred to 

the perception of difficulty and high workload. Seven (21%) reported the perception of being 

smart. Three (9%) stated that other students think they are “crazy”. Sample responses are: 

 

• They think that I am pretty smart, to take up such a hard subject. (Smart, difficulty) 

 

• They find it difficult so they think I’m ‘crazy’ for taking it. (Difficulty, crazy) 

 

4.4.8 Perceptions of Physics 

 

Participants were asked the same question in respect of perceptions of students studying 

Physics. Nine students responded of whom three said students who study Physics are 

perceived as “nerds” or “crazy” and three said students are perceived as smart. Samples of 

responses are: 

 

• That people studying Physics are nerds or either crazy. A lot of my friends have 

also chosen the subject. (Nerd, crazy) 

 

• They think the people who do it are smart. They think it is hard. (Smart, difficult) 
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4.4.9 Importance and relevance of intermediate mathematics and Physics 

 

Year 11 and 12 students were asked how important and relevant Mathematics B is to them. 

Thirty-three students responded to the question, with one-third (n = 11) stating intermediate 

mathematics was important, and nearly one-quarter (n = 8) saying it was important and 

relevant. Fifteen students (45%) referred to Mathematics B importance or relevance in terms 

of career value. Six girls stated Mathematics B was neither important nor relevant. 

In terms of the relevance and importance of Physics, nine students responded to the question. 

Seven students stated Physics was either important, relevant, or both important and relevant, 

and five of these students related its importance and relevance to career value. Two students 

related its importance or relevance to life in general. Only two respondents reported Physics 

was not important or relevant.  

 

4.4.10      Summary of findings 

 

Mathematics B students perceived learning new things, achieving well and understanding the 

mathematics they were taught were the most enjoyable aspects of the subject. Tests and 

examinations, and not understanding were the least enjoyable aspects of the subject. 

Understanding emerged as a common theme in terms of most and least enjoyable aspects of 

mathematics. Over one-quarter of students commented that understanding was the most 

enjoyable aspect, and over one-quarter of students commented that lack of understanding was 

the least enjoyable aspect of intermediate mathematics.  

Physics students found particular Physics topics the most enjoyable aspects of the subject, 

especially topics with practical applications and relevance. Least enjoyable were complex and 

difficult topics, as were writing up practicals and writing in general.  

Advice students would give others about intermediate mathematics and Physics focused on 

the high study and work load, the challenge and difficulty involved in the subjects, and the 

personal motivation and engagement qualities needed to succeed in the subjects, such as 

motivation, dedication, commitment, self-discipline, effort, organisation and concentration. 
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Participants perceive female mathematics students are identified as undertaking a difficult 

subject with a high workload, and are smart. Several participants perceive female Physics 

students are identified as “nerds” or “crazy” for taking on such a difficult subject.  

The majority of participants thought intermediate mathematics and Physics are important and 

relevant, and most related the importance and relevance to the instrumental value of the 

subjects for future study and career plans.  

 

4.5 Discussion  

 

Stage One of the study had the purpose of gaining a better understanding of the motivational 

factors that predict mathematics and science proficient girls’ selection of Physics and 

intermediate mathematics in the senior years of schooling, and the influences that impact on 

their subject choice decisions. With respect to student characteristics, the findings of this study 

are in alignment with what has been found in previous research. That is, differences in 

participation in intermediate mathematics and Physics were found to vary as a function of 

socioeconomic status. Specifically, students who attended schools in areas of socioeconomic 

advantage were found to be more likely to select intermediate mathematics and Physics than 

were students who attended schools in areas of socioeconomic disadvantage (Fullarton & 

Ainley, 2000, Lamb & Ball, 1998; Woolnough, 1994).  

The combination of perceived family support, encouragement and high expectations was 

positively related to subject selection and career choices. Science and mathematics proficient 

girls in rural and regional North Queensland are more likely to choose Physics and intermediate 

mathematics when the importance of science and mathematics is advocated by a significant 

and supportive family member. These results contribute to previous work, which has 

demonstrated a relationship between family cultural and social capital and enrolment in 

science subjects (Lyons, 2005). The strategic orientation towards education of some parents is 

a type of cultural capital, typical of families of high socio-economic status (Bourdieu & 

Passeron, 1997). Parental emphasis on the importance of a strategic orientation, and 

expressing confidence in their child’s ability to take on challenging subjects, is particularly 

influential in subject selection decisions (Lyons, 2004).  
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One of the key findings from this stage of the study was high ability regional and rural North 

Queensland girls are interested in mathematics and science, although the actual choice of 

subject is tipped by other factors. These findings undermine the commonly held notion that 

girls are not interested in or engaged with science and mathematics (e.g., Boaler, 1997; 

Lindahl, 2003; Lyons 2004; Lyons & Quinn, 2010; Masters, 2006). Hence, the question that 

emerges is ‘which girls are more interested and engaged in mathematics and science?’ The 

work of Haste (2004), Costa (1995), and Schreiner (2006) can provide some useful insights.  

 

Haste’s (2004) recent study of 704 UK youth aged 11 to 21 found girls are not as turned off by 

science as is commonly believed (Haste, 2004). Using factor analysis, Haste (2004) identified 

four distinct value sets among participants, which are outlined below. ‘Green’ values refer to 

ethical concern about science interfering with the environment, animal experimentation, the 

fast pace of science, and being effectively involved in the community and having one’s views 

heard. The ‘Techno-investor’ links enthusiasm for technology, a positive attitude towards 

scientific development, and trust in the government and scientists. ‘Science-oriented’ reflects 

a general interest in science and technology topics, endorsement of a scientific way of 

knowing, a preference for clear right and wrong answers to problems, and a belief that science 

can solve human problems. ‘Alienated from science’ refers to boredom and a lack of interest in 

science, and scepticism that science can solve human problems. Haste found that girls were 

just as interested in science or science careers than boys, but were more interested in the 

areas of science that affect them personally, and socially responsible and people-oriented 

aspects of science (Haste, 2004). A closer examination of female responses showed around 

one-third of female participants expressed a science-orientation (Haste, 2004).  

 

Costa (1995) used a ‘multiple worlds’ model to identify five types of science students based on 

the relationship between their worlds of family, peers, and school and the world of science 

and the scientific community. The five student types are outlined below. For the ‘Potential 

scientist’ the worlds of family and friends are congruent with the worlds of both school and 

science. They are motivated and successful, and they see science as the door to the future. 

They are positive and active in the classroom, and are aspirants to scientific careers. For ‘Other 

smart kids’ the worlds of family and friends are congruent with school, but not congruent with 

science. These students are smart, and excel in science as well as in all other subjects, but they 

question the value and relevance of science in their personal life, and do not see themselves as 

potential scientists. For ‘I don't know’ students the worlds of family and friends are 
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inconsistent with both school and science. These students are not negative to school or to 

school science, but like all other school subjects, science is a "conglomeration of information" 

without much personal meaning for them. Their achievements are reasonable. For ‘Outsiders’ 

the worlds of family and friends are discordant with both school and science, and this prevents 

success in science. These students spend their time "usually daydreaming". They fail in classes, 

and are alienated from school. At school, they are not together with friends, because school is 

merely something to get through. For ‘Inside Outsiders’ the worlds of family and friends are 

irreconcilable with the world of school, but potentially compatible with the world of science. 

These students have negative attitudes to most of their classes, including science. Due to their 

world of family, they are outside science, school and society, but they have some interests and 

abilities in science, and could have been inside science.  

 

Schreiner’s (2006) study of 1204 Norwegian students used cluster analysis to identify five 

distinct student types which she described as:   

• The Selective Boy who shows his identity by expressing very high interest in 

stereotypical masculine topics. He finds school science interesting and not difficult but 

not as interesting as other subjects.  

• The Selective Girl knows who she wants to be and who she does not want to be. 

School science is somewhat difficult and not very interesting and she prefers other 

subjects much more.  

• The Reluctant students are not interested in learning about anything much in science; 

do not see the benefit of science to society and, in general, do not plan for a job that 

requires an advanced education. 

• The Undecided students are not disinterested but there is not much interest either. 

• The Enthusiast finds school science interesting, useful and not too difficult but science 

classes are not more interesting than other subjects. These are the school-committed 

student types; they like science and school and appreciate the value of education and 

school  

 

Although these typologies are quite different in their focus, they do have elements in common. 

Based on Haste’s (2004) typology, the girls in this study who chose Physics would be classified 

as science oriented because they show a general interest in science. Using Costa’s (1995) 

typology, those who chose Physics would be described as other smart kids because they do 

not aspire to be scientists but they are smart and excel in science and their family world is 
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congruent with school. According to Schreiner’s (2006) typology, girls who chose Physics would 

be considered enthusiasts because they find school science interesting, useful, and not too 

difficult, and they are committed student types. When we combine these typologies, the 

answer to our question, which girls are more interested and engaged in mathematics and 

science, becomes: they are a group of smart, enthusiastic, committed students with a science 

orientation who value school and their world of family and friends is congruent with school. 

The girls in this study, on the whole, did not fit the conventional picture of girls who are bored 

and disinterested in science (Haste, 2004), and find science a difficult subject (Schreiner, 2006) 

with little personal meaning (Costa, 1995).  

 

Education at a Glance (OECD, 2007) reported Australian girls continue to underestimate the 

relevance of mathematics to their lives. The importance of mathematics was acknowledged by 

a majority of girls, whereas girls were divided about the importance of Physics. Physics was 

seen as relevant when the topic had practical applications, but complex or abstract topics with 

little personal meaning were not considered relevant. Situating science in meaningful contexts 

is a major principle underpinning recent Queensland science curriculum reform (QSA, 2007). 

Overall, Physics and intermediate mathematics subjects were considered important and 

relevant in terms of their utility value for further study and careers. It appears to be a 

contradiction that these girls considered intermediate mathematics and Physics important in 

terms of their utility value for university studies considering these subjects are generally no 

longer required as university prerequisites for mathematics and science based courses. One 

explanation for this contradiction is that these subjects are now classified as recommended, or 

highly recommended, in university study guides which convey their necessity and importance 

to students. Another explanation is that teachers may communicate that students enrolling in 

science and mathematics based university courses are still expected to have a certain level of 

mathematics and science knowledge, regardless of relaxed prerequisites. According to 

Schreiner (2006), girls’ desire to have a meaningful career is a driving force in their subject 

choices. From the range of possible future options and alternatives, girls choose the most 

interesting option that will develop themselves, their identity, and their abilities (Schreiner & 

Sjoberg, 2007). Students’ qualitative responses showed participation in intermediate 

mathematics and Physics conferred conflicting identities: that of highly intelligent and that of 

crazy or nerd. Cultural stereotypes about gender impact on girls’ subject choices and career 

aspirations (Schreiner, 2006). In this case, the identity of crazy or nerd operates to discourage 

young women from pursuing non-traditional subjects. Gender stereotyping exerts subtle 

pressure to restrict the range of choices, expressed as peer pressure, and parents and teachers 
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gendered expectations of female students (Tytler et al., 2008). Gender stereotypes have been 

implicated in channelling girls into gendered educational and occupational choices, and 

shaping the choices that are seen as normal and desirable for young women (Alloway, Dalley, 

Patterson, Walker & Lenoy, 2004; Walkerdine, 1989).  

Forgasz (2006) argued students choose not to do subjects they think will be difficult, or that 

they expect not to do well in. Perception of difficulty was a significant consideration in girls’ 

subject choice decisions, and low perceived difficulty positively influenced subject choice. This 

study found that although these girls acknowledged Physics and intermediate mathematics 

were difficult subjects that required a large expenditure of time and effort to succeed, they 

persisted with these subjects to the end of secondary school. The difficulty arose when 

students were exposed to a fast pace of instruction to get through a large amount of content in 

a limited timeframe, a practice that results in a superficial understanding of mathematics 

concepts rather than a deep conceptual understanding. A transmissive pedagogy, used as a 

means to transmit a great deal of information in a short amount of time, defeats the purpose 

of education if students cannot gain mastery of the content. Lockhart (2002) described 

expecting students to learn rules and procedures that have no meaning to them as senseless, 

and instead advocated creative thinking to develop the mathematical ideas and concepts 

behind the rules and procedures. 

 

4.6 Conclusions 

 

Stage One of this study was designed to answer the research question:  

(a) What motivational factors predict young women’s selection of Physics and intermediate 

mathematics in the senior years of schooling in Far North Queensland? 

This group of academically capable young women who enrolled in Physics and intermediate 

mathematics are interested in these subjects, feel they are capable of achieving well, are 

planning higher education or careers involving Physics and mathematics, feel Physics and 

mathematics are important and somewhat relevant, and their subject choice decisions are 

encouraged and supported by their families. Their choices are identity choices which express 

who they are and communicate important components of identity (Schreiner & Sjoberg, 2007). 

From the range of possible future options and alternatives, girls choose the most interesting 
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option that will develop themselves, their identity, and their abilities (Schreiner & Sjoberg, 

2007). However, the science and mathematics they experience at school tends to erode their 

interest and confidence in their ability when they are unable to develop a deep conceptual 

understanding of the material. Whether lack of deep understanding results from an overload 

of content required to be covered, or a fast-paced transmissive pedagogy, or a combination of 

both, the end result is the same. It is important that pedagogical practices in science and 

mathematics are aimed at developing students’ science and mathematics interest, confidence, 

competence, and deep conceptual understandings, and identifying specific instructional 

practices (e.g., inquiry-based learning, problem-based learning) that best promote these 

characteristics in all students (Boaler, 1997a; Buck 2002). There is some evidence from this 

study that a context-based learning approach makes Physics more personally relevant for 

students. However, teachers are bounded by constraints of the educational environment and 

educational system, and tension exists between engaging students through active learning, 

and expediently covering enough content for students to pass examinations.  

 

Stage One has set the foundation for Stage Two of the study which directly asks female Year 12 

Physics and intermediate mathematics students’ what motivated them to continue studying 

Physics and mathematics in the post-compulsory years, to ascertain the degree of influence 

teachers and parents had on their choices, and to determine how teaching and learning 

experiences in science and mathematics encourage or discourage their continuing 

participation. Stage Two of this study explores how teachers view their role as science and 

mathematics educators, their perceptions of female students’ enrolment motivations, their 

attitudes towards female Physics and mathematics students, and their knowledge and beliefs 

about how to encourage greater female participation in these subjects. 
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Chapter 5 

Qualitative study results 

 

5.1 Introduction 

 

This chapter presents and discusses the results from interviews with Mathematics B and 

Physics teachers and Head of Departments conducted between March and May 2008. The 

purpose and method of this component of the study are set out in the methodology chapter 

and also summarised at the beginning of this chapter for clarity. Results and discussion are 

presented under subheadings based on the questions asked in the interviews. A summary of 

the results and discussion completes this chapter. The overall conclusions drawn from these 

interview data are presented in Chapter 8. Throughout this chapter, data that is similar for 

both intermediate mathematics will be discussed together to avoid repetition. Where data is 

different for each subject, it will be discussed separately. 

 

5.2 Stage 2 interviews: a summary 

 

Stage Two comprised a deeper exploration of teacher explanations and beliefs about female 

participation in Physics and intermediate mathematics. The purpose of this stage of the study 

was to obtain a more comprehensive and nuanced understanding of the factors associated 

with female Physics and intermediate mathematics participation, and the social and structural 

barriers inhibiting participation. The main themes explored in the interviews are presented 

below: 

• Reasons for student subject selection 

• Perceptions about low female enrolments and high drop-out rate 

• Perceptions about the ‘typical’ kind of girl who enrols 

• Gender stereotyped beliefs about boys’ and girls’ ability in Physics and mathematics 

• Ideas to encourage greater enrolment 
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5.3 Teacher interview results 

 

The findings in this section are structured under the questions asked in the interviews. Themes 

which emerged from the responses become sub-headings for each question. This chapter 

builds a picture of Physics and mathematics teachers’ knowledge, beliefs, and attitudes about 

girls motivations to participate in intermediate mathematics and Physics and persist with these 

subjects, girls’ achievement in these subjects, teachers’ knowledge of ideas to increase female 

enrolments in these subjects, their perceptions of the impact of the new Physics syllabus on 

female enrolments, and changes teachers would make to the syllabus to encourage greater 

enrolments.   

Table 5.1 shows the participating teachers’ school sector, gender, teaching domain, whether 

they had a science degree, years of teaching experience, and if they were a Head of 

Department in their domain. The majority of teachers hold a science degree regardless of 

whether they teach science or mathematics. Their teaching experience ranges from four years 

to forty years, and the majority of the participants were male. Five taught at state schools, four 

at Catholic colleges, and two at an independent school. 

Table 5.1 

Teachers listed by school sector, gender, teaching domain, qualifications, teaching experience, 

and Head of Department (HOD) status 

School M/F Domain 
Science 

Degree 
Teach exp HOD 

Gov4 Male Maths  4 yrs  

Gov3 Male Science  6 yrs  

Ind1 Male Science  7 yrs  

Cath2 Male Science  7 yrs  

Cath2 Female Science  12 yrs  

Cath2 Female Maths  14 yrs  

Gov4 Male Maths  20 yrs  

Gov4 Male Science  26 yrs  

Gov3 Male Maths  30 yrs  

Ind1 Male Maths  34 yrs  

Cath1 Female Maths  40 yrs  
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A total of 11 teachers (8 males and 3 females; five Physics teachers and six mathematics 

teachers) participated in individual interviews as part of this research project. In this results 

section, when the numbers of teachers are reported in a specific category, the number of 

female teachers will also be specified (f) for that category. Passages quoting teachers are 

marked with a name, school type, number of years teaching experience, and subject domain. 

All names are pseudonyms.   

 

5.3.1 Have you noticed a change in the number of girls enrolling over the last 5-10 

years? 

 

In response to this question, three of the five Physics teachers stated there was no change to 

enrolments, with only a small number of girls enrolling each year and always a lower 

proportion of girls compared with boys. Two teachers (f = 1) said female enrolments had 

increased from 5 years ago but Physics classes were still male dominated. Physics teachers are 

aware of girls’ low participation rate and are not noticing any change to this pattern.   

 

Five mathematics teachers responded to this question. Two Mathematics B teachers (f = 1) 

said there were no changes to female enrolments. Three teachers described an increase in 

female enrolments; one reported a major increase, another said classes are more female 

dominated and the third teacher reported that female enrolments had increased, reached a 

peak, and are now tapering off. These Mathematics B teachers are not aware of any decline, 

and three perceive an increase in participation in their schools.  

 

5.3.2 What motivates girls to enrol in Physics and Maths B? 

 

Four major themes emerged from the analysis of teacher interviews for this question, these 

were: family and socioeconomic status, ability, careers, and male orientation. 
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5.3.2.1 Family and socioeconomic status 

 

The family environment was identified by a number of teachers as being a key influence to 

students’ enrolment in Physics and intermediate mathematics. Research literature supports 

this observation (e.g. Lyons, 2005) with strong links established between parents’ attitudes to 

schooling and students’ subject choice. Four teachers (f = 1) from four different schools said 

parents from a high socioeconomic (SES) background have high educational aspirations for 

their children, and tend to support and encourage their child to enrol in Physics and 

intermediate mathematics:  

 (Nina, Cath2, 14 years, Maths B) [In] this school we have a fairly high 

socioeconomic intake, and so the parents are more likely to push their child in to 

Maths B than not. 

(Robert, Gov4, 26 years, HOD, Physics) It’s more of a socioeconomic description 

than a boy/girl sort of thing. I find that the girls that come out of families...where 

the parents are engineers or teachers or other professionals, their girls have an 

equal incentive. 

Vaughn who teaches at a school located in a low socioeconomic area expressed the view many 

parents with a lower socioeconomic background were unaware of university requirements and 

career paths, and consequently provided little support and encouragement to their children in 

terms of subject choices:  

 

(Vaughn, Gov4, 20 years, HOD, Maths B) There are a lot of parents for example 

who have no idea what courses kids can do these days, and then they don’t 

provide any support or leadership in helping or guiding their kids into appropriate 

subject choices. Kids are left with their own devices and often they don’t make the 

best decisions for themselves.   

This lack of parental knowledge and involvement was thought to be negatively impacting on 

capable students’ participation.  

While Vaughn recognised the importance of parental support, he also thought students must 

have a goal that motivates enrolment, and the personal attributes necessary for success:
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(Vaughn, Gov4, 20 years, HOD, Maths B) Parental, yes, parental support and 

encouragement. I think there must be a desire there from the first place, the kids 

are conscientious, they’re hard working, they want to succeed and they work 

towards that goal. That shows. 

 

5.3.2.2 Ability  

 

The majority of teacher interviewees (n = 6, f = 1) thought ability is one of the major 

determinants in Physics and Mathematics B participation. Teachers consider female students 

who enrol in Physics and Mathematics B have a high level of ability and are motivated to do 

well, but some teachers thought girls lacked interest in science: 

(Vaughn, Gov4, 20 years, HOD, Maths B) They’re high achieving students, they 

tend to get good results.  

 (Darren, Cath2, 7 years, Yr 11 coordinator, Physics) All the girls I’ve taught who’ve 

done very well, is because they want to do very well and it’s not much interest in 

it... it’s because they want to do well in the class. If it wasn’t that class they’d still 

be doing well. You know, the interest coming from Year 10, the interest is never, 

“Oh wow, science is wonderful”. It’s not like that, I think education’s still a chore 

for most kids and it’s a means to the end. 

Nina also expressed the view that while ability does influence subject choice, female students’ 

lower ability beliefs may also serve as a barrier to enrolment: 

 (Nina, Cath2, 14 years, Maths B) I think perhaps girls are not confident in their 

abilities. They don’t get that over confident, and so they probably underestimate 

rather than overestimate and be on the money or be underneath what they can 

do. So they probably look at it [subject choices] and go, “Oh, I don’t know whether 

I can handle Maths B but I know I’ll handle Maths A. I’ll do that and I’ll master it 

and I’ll get good results. I won’t worry about the scary possibilities that could take 

place in Maths B”. 

Nina and Kay made a reference to the same idea that female students would prefer the easier 

mathematics course [Maths A] if Maths B was not required for further study and career goals: 
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(Kay, Cath1, 40 years, maths coordinator, Maths B) Unless they want to go to 

university and do a particular course that requires maths, a lot of girls in particular 

are choosing a wider variety of subjects. And most would be content with doing 

Maths A if they didn’t have to do a higher maths. I think girls are trying to keep 

their options open.  

Frank commented that subject choice is multidimensional with a combination of factors 

contributing to the decision making process: 

(Frank, Ind1, 7 years, Physics) I think it’s got to do with a lot of self confidence, good 

maths skills, and a fairly clear career goal. I think they make a big difference with regards 

to girls doing Physics.   

From the view of these teachers a positive self-concept of ability is important and career goals 

also play a central part in subject selection decisions. This is discussed in the next section.  

 

5.3.2.3 Career goals 

 

In terms of career goals, all teachers (n = 11, f = 3) agreed career goals and university 

requirements motivated female students to enrol in Physics and intermediate mathematics:   

(Nina, Cath2, 14 years, Maths B) If they enrol in Maths B they’ve got a very definite idea 

of where they want to go, in to university, and which university courses. They want to do 

Maths B because they want to move on to engineering or on to Physics or medicine. 

They want a particular goal, a career, and they’ve got in and looked up the QTAC books 

and seen what the prerequisites for particular universities are and they’re away, they’re 

organised. 

Female students were perceived as having a future orientation and a strong career focus: 

(Darren, Cath2, 7 years, Yr11 coordinator, Physics) I think the girls, on average, are 

more focused, they know what they need, and a strong career focus  

(Keith, Gov4, 4 years, Maths B) They look at the jobs they want to do, and they see the 

pre-requisites that they need to do.  
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Vaughn and Naomi referred to intermediate mathematics and Physics as a critical filter for 

university courses and future careers: 

 (Vaughn, Gov4, 20 years, HOD, Maths B) It’s not the only way you can get into 

those better paying jobs, but it is a mechanism for those well paying professions. 

It is quite restricting if you haven’t achieved well in Maths B. It restricts you in 

being able to do the courses at university level, it restricts you in being able to get 

into the course in the first place, if you don’t do well you tend to get a not so good 

OP so as a result you might not pick the course that you want.  

 (Naomi, Cath2, 12 years, HOD, Physics) The careers these days that the girls are 

getting interested in require that high level of learning and high level of 

knowledge and Physics is one of those. If you do Physics in Year 11 and 12 you’re 

pretty much home and hosed for anything. 

Kay expressed the opinion that the value of studying a higher level of mathematics depended 

on students’ future study and career goals:  

 

(Kay, Cath1, 40 years, maths coordinator) Enrolment depends on what they really 

want to do and what they’re good at. I mean, they could do [Maths B] but if it’s 

not going to be really useful to them and they don’t really need it...I’d say yes 

myself personally but you’ve got to think of the long term future of what those 

kids actually need to do with their maths and how much they would actually use 

it. Unless you’re actually going to be working in courses that use [higher-level 

mathematics], you just forget it and it never impacts on your life ever again.  

Vaughn and Naomi commented that if Mathematics B is not required to achieve career goals, 

most female students will opt not to choose them. Future needs are viewed as motivation or 

disincentive for subject choice: 

(Naomi, Cath2, 12 years, HOD, Physics) I think the university requirements are 

deterring some of the students who don’t want to be doctors or whatever from 

doing Physics. Because they think, why bother doing it if I don’t have to, because 

it’s not a requirement. 
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5.3.2.4 Male orientation 

 

A fourth emergent reason is related to the perceived (and historical) male orientation of the 

subjects and of the Far North Queensland culture. Naomi believed the advertising and 

reputation of Physics as a boy’s subject is influencing enrolments: 

(Naomi, Cath2, 12 years, HOD, Physics) Probably just because of the way it’s been 

advertised to the girls. I think the sort of hard core sciences are tailored more to 

the boys and more physical learners rather than the girls who are not necessarily a 

physical learner but prefer to work through something on their own. They’re not 

necessarily going to be mucking around and getting stuff done with the boys. But I 

think it’s mainly the advertising as such, whether it’s in house or by parents, or by 

friends, or whatever, it is definitely influencing the girls.   

In a Mathematics B context, Nina expressed the view that the society and culture in Far North 

Queensland is male orientated which influences the subjects some girls see as appropriate to 

their future career and role in life.  

 

 (Nina, Cath2, 14 years, Maths B) Far North Queensland is not a good place to test 

for that particular thing. There are other issues going on. The society and the 

culture are very much male oriented up here, so it’s kind of more ingrained. So the 

girls that want to do Maths B, in my opinion, the girls that want to do Maths B are 

going to want to do Maths B regardless of the cultural feeling and all the rest of it. 

And those that are already influenced by our cultural norms won’t be thinking of 

it.  

Frank explained that while the male orientation and male domination of high school Physics 

had served to exclude female students in the past, girls were starting to feel more empowered 

to aspire to careers that have traditionally been considered male domains in Queensland: 

(Frank, Ind1, 7 years, Physics) It’s definitely dominated by males, always has 

been...Well, I think there weren’t too many [girls] previously because they were 

sort of bullied out by the boys I suppose, perhaps without direct bullying, the fact 

of the male domination side of it. But I think now they’re realising that. I suppose 

they want to break the tradition, they’re starting to feel more empowered which 

is good. I think they also feel that, “Hey, you know, there are good jobs out there 
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like engineering for a girl who wants to give it a go”. They’re saying, “Well stuff 

you guys, I’m going to do it anyway, I reckon I can and I’ll do it”. 

Simon thought the pendulum had swung in terms of cultural conceptions about the masculine 

nature of mathematics:  

(Simon, Ind1, 34 years, HOD, Maths B) I mean gone are the days when 

mathematics was seen as a male domain. Those days are well and truly gone. 

 

Discussion: 

This question explored Mathematics B and Physics teachers’ beliefs as to the factors that 

influence female students’ enrolment. The reasons for female participation generated in 

interviews are consistent with Stage One findings of socioeconomic status, ability and career 

value along with male orientation. Teachers were in agreement these are important factors 

motivating female students to enrol, or otherwise forming a barrier to enrolment. 

Teachers recognised socioeconomic background as influential in shaping girls’ post-school 

expectations and aspirations, coincident with educational research demonstrating a strong 

relationship between socioeconomic background and school performance in Australia (e.g. 

Connell, Ashenden, Kessler & Dowsett, 1982; Thomson, 2002). Teachers suggest students who 

come from middle-class family backgrounds where parents are working in professional 

occupations are more focused and oriented towards high achievement. These parents are 

perceived as having high expectations and the ability to provide appropriate advice about 

subject selection. This does not mean parents from low socioeconomic backgrounds do not 

encourage their children, but some teachers thought these parents may not have the capacity 

to provide actual support or insight into the requirements of school work and future study 

options. This is similar to an argument of cultural capital made by Lyons (2005).  

The majority of teachers perceived ability to be a motivating factor in female students’ 

enrolment decisions, consistent with recent research which found high academic ability is 

significantly associated with enrolment in senior Physics and intermediate mathematics 

(Fullarton & Ainley, 2000). However, the teachers’ suggestion that female students’ lack of 

confidence in their ability prompts them to choose easier mathematics courses was challenged 

some time ago by Collins, Kenway & McLeod (2000). Collins et al. (2000) argue that, although 

significantly more males than females express a high self-concept of mathematics ability, 
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female high school students are more likely to accurately judge their ability in mathematics, or 

underestimate it, whereas males tend to overestimate their ability (see also Meece, Parsons, 

Kaczala, Goff & Futterman, 1982; Thomson & Flemming, 2004). Female students are more 

likely to choose subjects in which they judge they will do comparatively well (Collins et al., 

2000), while male students tend to enrol in traditional subjects, or subjects highly rated by 

males (Collins et al., 2000; Queensland Studies Authority, 2009).  

 

A key factor influencing choice is whether or not the subject is required for further study and 

career aspirations, and the need to keep options open to maintain a wider range of choices 

and career pathways. Young women who have clear future study and career goals are 

perceived as being more motivated to enrol in Physics and intermediate mathematics.  But, as 

Newton’s third law states, to every action there is always an equal and opposite reaction. 

Teachers expressed the view that if Physics and intermediate mathematics are not required for 

career goals, students tend to opt out and do the easier mathematics course, and exclude 

Physics from their considerations. McPhan et al. (2008) argued a shift in student culture and 

diverse social pressures such as after school activities, part-time work, and a busy social life 

leave less time for students to study a difficult and demanding subject. Competition between 

academic and social demands can make less demanding subjects appear more attractive to 

students. The time and effort commitment necessary to sustain the challenge of rigorous 

mathematics often discourage otherwise capable students, especially when given the choice of 

higher achievement in a lower level of mathematics. Without the motivation of future study 

and career needs, there is little incentive for capable students to take on a conceptually 

difficult and time consuming subject. 

The male domination of Physics classes and the reputation of Physics and intermediate 

mathematics as boys’ subjects were suggested by two teachers as negatively influencing 

female participation. One teacher noted female students get conscious and sub-conscious 

messages about the gender suitability of subjects from friends, family and the society and 

culture of Far North Queensland. In the case of Naomi, Physics was described as a ‘hard core’ 

science which was tailored to boys. Boys were portrayed as active learners who muck around 

and get things done, constructing knowledge through experience. In contrast, girls were 

depicted as passive receivers of knowledge (Belenky, Clinchy, Goldberger & Tarule, 1986). The 

unquestioned masculine nature of Physics was considered congruent with boys’ preferred 

learning style (Kelly, 1985), and girls’ way of working with science was not as highly valued as 

boys’, an outlook which can have consequences for girls’ attitudes towards Physics (Andersson, 
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2010). Frank referred to the male domination of Physics as deterring girls from the subject in 

the past but did not reflect on the practices that allowed boys to dominate teacher time and 

classroom resources at the expense of girls, nor whether these had now changed (Warrington 

& Younger, 2000). Nina recognised that cultural stereotypes about gender, expressed as peer 

pressure, and parents and teachers gendered expectations of female students, exert subtle 

pressure to restrict the range of choices that are seen as normal and desirable for young 

women (Alloway, Dalley, Patterson, Walker & Lenoy, 2004; Schriener, 2006, Walkerdine, 1989).  

Simon thought mathematics was no longer considered a male domain which is consistent with 

recent findings (Forgasz, Leder & Kaur, 1999; Forgasz & Mittelberg, 2007; Watt, 2000, 2002) 

that mathematics is now classified as neutral, reflecting changing cultural conceptions of 

mathematics.    

 

5.3.3 Do you think there is a need to encourage more girls to enrol? 

 

Teachers were asked if there is a need to encourage more girls to enrol in Physics/intermediate 

mathematics. A negative response, and difficulty, cost and future needs responses emerged 

from interview data.   

 

5.3.3.1 Yes and no 

 

Three male teachers (two mathematics and one Physics) expressed the view that there was no 

need to encourage more girls to enrol. The maths teachers each have 30 years or more 

teaching experience and one is a Head of Department, and the Physics teacher is a Year 11 

coordinator.  

 

(Simon, Ind1, 34 years, HOD, Maths B) No, we have quite enough of a range.  

 

(Gary, Gov3, 30 years, Maths B) No, there’s not a problem alright. There’s not a 

problem with that. 

 

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) I don’t see why. I don’t think 

we need to. 
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After further probing, Darren agreed that there may be a need to encourage more girls, but 

there was also a need to attract more capable boys in terms of future science and engineering 

careers:  

 

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) In terms of the drought of 

engineers and research scientists, yeah then I guess we do. But I think we’ve got 

to attract the boys at the same [time]. So even though we’ve got more boys than 

girls yet again, there’re some perfectly capable boys who aren’t choosing [Physics] 

and would make excellent engineers for example. 

 

Two male teachers, Peter and Keith, agreed there is a need to encourage more girls to enrol:  

 

(Peter, Gov3, 6 years, Physics) Definitely [we] should be encouraging more [girls] 

to do [Physics] because some of them do a pretty good job of it when they do 

[Physics]. 

 

(Keith, Gov4, 4 years, Maths B) Of course we need to encourage more females, if 

for no other reason than just to simply break the stranglehold the males have had 

all this time.  

 

Several teachers also agreed there may be a need to encourage more females to enrol, but 

framed their answers in terms of difficulty, cost and future needs, which are discussed in the 

following section. 

 

5.3.3.2 Difficulty, cost and future needs 

 

Four teachers (2 mathematics, 2 Physics) recognised intermediate mathematics and Physics are 

difficult subjects and simply increasing numbers would not be a healthy strategy. The level of 

difficulty was perceived as a deterrent to most students and teachers were of the view it would 

be desirable to encourage more capable students: 
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(Nina, Cath2, 14 years, Maths B) I’d always like to have more girls in Maths B but I 

don’t think it would be healthy to encourage people that aren’t going to be able to 

pass. Mathematics B is a difficult subject for most students. Just boosting girls 

numbers in the classroom won’t be any use. I’d like to have more girls that won’t 

struggle. 

 

 (Robert, Gov4, 26 years, HOD, Physics) I think there is a need to encourage more 

kids that are capable of doing it. Because you can talk to any grade 11 or 12 and 

they will talk about the level of difficulty of the subject. They opt out because they 

think it’s too hard. 

 

Keith commented on the cost of taking on a difficult subject and the way male and female 

students cope with the level of difficulty: 

 

(Keith, Gov4, 4 years, Maths B) I think [students] who are doing [Maths B] are 

doing it because they want to. I think everyone should be encouraged to do Maths 

B, I think it’s great. But I understand that [students] have their own constraints, 

other subjects and life outside of school. It is a very difficult subject to do, but I’d 

love it if nearly everyone was doing Maths B. It’s good for logic development and 

just for self-esteem. [The difficulty] puts both boys and girls off, more so boys than 

girls these days. Boys are less likely to work at it, [less] discipline.  

Three teachers (f = 1) discussed cost in terms of time and effort spent on a difficult subject, and 

the risk of a lower tertiary entrance score: 

 

 (Darren, Cath2, 7 years, Yr 11 coordinator, Physics) With the OP [tertiary 

entrance score] you don’t have to count all of the subjects so you can do a so 

called ‘bludge’ subject and end up having more time for everything else. I guess 

if you don’t need that kind of subject, don’t do it, it has the ability of dragging 

your OP [tertiary entrance score] down.  

 

Four teachers, Naomi, Darren, Vaughn and Kay, were aware of the opportunities Mathematics 

B and Physics provide in terms of future study and careers, they articulated that enrolments 

depended on what students wanted to do in the future. If certain subjects are not required to 

achieve career goals, they assumed most female students will opt not to choose them:  
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(Vaughn, Gov4, 20 years, HOD, Maths B) I think there is a need to encourage all 

students to enrol because that gives them lots of opportunities at different 

professions. The girls that end up picking it [Mathematics B] already know that. 

Some girls opt to not choose it but it depends what they really want to do. 

 

 

Discussion: 

This question elicited both negative and positive responses, although the majority were 

positive. What is concerning is the negative responses came from three teachers, two who are 

school leaders - a Head of Department and a Year coordinator - and the three teachers have 71 

years combined teaching experience. The influence of teacher attitudes and values, combined 

with the influence of school environment, has an important effect in terms of educational 

outcomes for students (Wigfield & Eccles, 2002). The teacher-student relationship plays a key 

role in terms of subject choice; subject choices are influenced by teachers and students’ 

experiences in their classrooms (Wigfield & Eccles, 2002). Teachers have the capacity to 

substantially impact on students’ engagement and participation. Any negative teacher 

attitudes towards female participation in mathematics and Physics may be a barrier to greater 

female participation.  

Previous studies have found that science teachers often believe males are more suited to 

some science-related professions, and therefore it is more important for boys to participate in 

science education (Haggerty 1995; Kelly 1981; Spear 1985). These studies also found science 

and mathematics teachers hold less egalitarian beliefs regarding gender than teachers of 

humanities (Haggerty 1995; Kelly 1981; Spear 1985). I would like to bring in the notion of social 

value to explain negative teacher attitudes towards greater female enrolment. Glaser and 

Strauss’ (1964) study found nurses place a social loss value on dying patients based on the 

social characteristics patients embody such as education, occupation, social class, talent and 

accomplishments. Higher social characteristics are perceived as a greater social loss to the 

patient’s family, occupation and society upon death. Thus, patients with a higher social loss 

value are given a higher level of nursing care. If we extend this social value concept, the 

teacher who disagreed there is a need to encourage more female students, but saw a need to 

encourage more male students, is ascribing a higher social value to male students for their 

potential social contribution as future scientists and engineers. Consequently, a lower social 

value may be attributed to female students by some teachers in Far North Queensland. It is 
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this way that teacher attitudes towards female students may encroach upon girls’ motivation, 

engagement and subject choice decisions 

 

The finding from Stage One of the study, that career value and perceptions of difficulty were 

significant predictors of enrolment in Physics and intermediate mathematics, is corroborated 

by teacher interview findings. Several of the teachers acknowledged these subjects are not 

taken as ‘fun’ subjects or ‘bludge’ subjects; they are taken for their specific strategic value as 

pathways to university courses. Enrolment involves students weighing up their ability to be 

successful in the subject, and assessing the cost of taking these subjects in terms of time, effort 

and the risk of poor grades from a difficult subject lowering their tertiary entrance score.   

 

5.3.4 Do you have any ideas on how to increase female enrolments?  

 

There is diversity in teachers' opinions on the matter of how to increase female enrolments. 

However, there are significant points of agreement. The discourse of university options and 

career choices is woven through many of the responses in diverse ways. Ideas for increasing 

enrolments include advertising the career opportunities of Maths B and the potential 

monetary rewards for certain careers, encouraging girls to have higher career aspirations, 

single-sex classes with a science career focus, changing students’ gender stereotypes, and 

university access incentives for succeeding in Physics. 

 

5.3.4.1 Promote subject and advertise career opportunities 

 

One teacher with 40 years experience explained that as well as promoting the subject, it was 

important to show female students the relevance and application of the mathematics they are 

learning: 

 (Kay, Cath1, 40 years, maths coordinator) I think you’ve got to promote the 

subject really well. Show [students], particularly now, the application of what 

we’re doing, not just rote learning or learning huge chunks of theory without 

explaining why we’re doing that. Girls in particular like to know why they’re doing 

something and how it’s going to fit in with something else. Not just do it for the 

sake of doing it.  
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Vaughn described “advertising” career opportunities as a strategy for increasing enrolments: 

 (Vaughn, Gov4, 20 years, HOD, Maths B) I try to advertise the opportunities of 

that particular subject. What careers they can follow, what careers they can 

pursue and in doing so it tends to advise the maths student, “Is this the right 

subject for me? Is it going to help me towards what I want to do later on?” And 

sometimes, even as blatant as, “If you do this job you get this much money, 

compared to this other job that gives you thirty thousand dollars less”. 

However, as Darren pointed out, unless students need Physics for career goals the perceived 

level of difficulty will deter enrolments: 

 

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) They’ve done a good job with 

the syllabus by making it less rigorous mathematically. I personally believe that 

was probably the main reason for the new syllabus out now. I think it’s made 

[Physics] more achievable for kids that do struggle with maths. But unfortunately, 

I don’t think it’s working, I don’t think we’re getting the kids coming even though 

they have the ability to pass. They’re not choosing [Physics] so it’s a hard one. 

What to do that does encourage them to come in? I do believe it’s career choice 

which will bring them in, which is keeping them out. I don’t think it’s necessarily 

the actual subject even though it’s considered to be difficult. I think people 

sidestep [Physics] because it’s difficult and because they don’t need it.  

 

5.3.4.2 Changing gender stereotypes 

 

Peter commented that it is necessary to break down stereotyped beliefs about Physics being a 

boys’ subject before female students will consider enrolment: 

 

 (Peter, Gov3, 6 years, Physics) It’s hard, because I know from talking to some 

[girls] in the past, some of them just don’t see [Physics] as a, how do they put it, 

it’s not a girls’ area. It’s not a [natural] fit for the whole science/engineering field; 

you’ve got to be male. A lot of them have that view. It’s not considered their 

chosen area. [I’ve] really got to change [girls’] mindset that it’s more a boys’ area 
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than a girls’ area to start with, to make [girls] even consider to want to do 

[Physics]. 

An idea to overcome this problem was to involve Physics in a university course that was female 

dominated: 

 

(Naomi, Cath2, 12 years, HOD) Because they think, why bother doing it if I don’t 

have to because it’s not a requirement. We should be looking at different careers 

that Physics would be a good idea for but not necessarily as a prerequisite. 

Especially things that are female dominated like nursing, maybe we should have 

Physics involved in nursing. I don’t know how, but to get more girls doing Physics 

and then it gives them bigger choices down the track when they’re at uni or post-

grad or whatever because they’ve done Physics in senior school. It gives them 

more opportunities down the line. 

 

5.3.4.3 Single-sex classes and higher career aspirations 

 

One of the participating high schools is trialling single-sex classes to increase enrolments, and 

encouraging female students to consider an atypical career: 

 

 (Robert, Gov4, 26 years, HOD, Physics) At the moment we’re running single sex 

classes in Year 10 and that’s to try to increase all of our senior science enrolments. 

We’d got to a stage where we were struggling to get ten or a dozen kids into our 

senior subjects. At the moment we’ve got 30 kids that want to do biology, girls 

and boys, mainly girls. Chemistry class has about 20 kids in it, similar proportions 

of boys and girls, Physics has probably got 18 in it now, Science 21 is oversized, 

probably 25-30 in it. We attribute the single sex classes to this increase because 

the major emphasis of our single sex classes is we constantly remind the students 

of the types of people who admittedly tend do those jobs, so it’s a career. Rather 

than all the girls training to become nurses, we hit them quite frankly with, “Why 

aren’t you interested in becoming a doctor?” And similarly, engineering, there’s a 

high need for girls in engineering and I think that we can influence it a lot. Most 

kids that choose Physics at the Year 10 level chose it because they had a career in 

mind whether to become a vet, or a doctor, or an engineer. 
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5.3.4.4 University access incentives 

 

Frank thought “easier access” or preferential acceptance to particular university courses would 

help to increase female enrolments: 

(Frank, Ind1, 7 years, Physics) There needs to be a little bit more of a motivating 

factor coming from universities, for example, if there’s some sort of an easier 

access to particular courses because females have tackled and succeeded in 

Physics. Coming from a university, especially locally, and especially since ours has 

a fair range of engineering subjects, I think if that can be a bit of an enticement. 

Then perhaps the girls will say, “Oh yeah well if I’m going to get encouragement, 

and I’m going to have easier access by doing Physics rather than chemistry, I’ll do 

Physics”. You need that little bit of a carrot I think. And I don’t think it would be 

very hard to adopt. 

 

5.3.4.5 Physics syllabus 

 

The final theme to emerge from this question was in relation to the Physics syllabus, and the 

expectations embedded within the syllabus: 

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) We have to have kids who’re 

demonstrating deep understanding on all levels which means they can’t just be 

collecting facts, but I think if there was more of that [approach] - and that’s 

perfectly legitimate at the age of 17 - expecting a kid to be able to work as a 

research physicist at 17 is ridiculous. That gets back to the syllabus being a bit 

more realistic with what it requires kids to do, being honest about it and then 

allowing kids to do that. When I was at school a lot of [learning] was rote learning 

[of content knowledge] which is sort of terrible I suppose, but at least it got kids 

engaged. It gets kids engaged and it gets kids thinking they’re achieving 

something. And I do know some of the assessment tasks, when a kid’s got no idea 

what to do, they’re just in panic mode, disengaging, “What the hell do I do?” Then 

you have to sit down and it’s very labour intensive for the teacher, it’s all 

laboured. You have to sit down and structure it out with them and get them 
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started. So, I don’t know, a bit more [curriculum focus] which is seen as important, 

which is a bit easier to do perhaps. 

 

Discussion: 

 

This question was intended to explore teachers’ knowledge of educational means to increase 

female students’ participation in senior secondary school Physics and intermediate 

mathematics. The themes that emerged from teachers responses are consistent with themes 

which emerged from a study of Israeli Physics teachers’ who were asked the same question. Of 

the 25 Israeli teacher participants, almost two thirds did not consider low female participation 

rates a problem, and only 7 were able to describe educational means that may increase female 

participation in Physics classes (Zohar & Bronshtein, 2005). The responses from the Israeli 

teachers were: “separate classes for boys and girls, emphasizing the importance of Physics for 

future career options, developing girls’ deep understanding rather than addressing only 

technical issues, and changing students’ gender stereotypes” (Zohar & Bronshtein, 2005, p. 73). 

These are now discussed further. 

 

The importance of promoting intermediate mathematics by making explicit the relevance and 

application of theory resonates with findings from other studies (e.g., Boaler 1997a; 

Hildebrand 1996; Zohar & Bronshtein, 2005; Zohar & Sela 2003). Boaler (1997a) found girls 

reject mathematics when it seems irrelevant and does not make sense to them. Girls have a 

greater desire for relevance and to understand the mathematical (Boaler, 1997a), and the 

physical concepts they are learning (Zohar & Sela, 2003), and become frustrated when their 

access to understanding is limited. Boaler summarised these ideas by saying, “[Girls] want to 

be able to understand mathematics and they will not accept a system which merely 

encourages rote learning of symbols and equations that mean little or nothing to them” 

(1997a, p. 303). This finding corroborates a finding from Stage One in which female Year 11 

and 12 students reported a lack of understanding as one of the least enjoyable aspects of 

mathematics. Kay’s response recognised a fast paced, content-based, textbook approach to 

mathematics, as it is currently and widely taught in Queensland secondary schools, may be a 

barrier to participation and explain why some capable girls avoid enrolling in intermediate 

mathematics. Kay’s suggested strategies of different teaching methods that better suit girls’ 

way of learning and developing their deeper understanding of mathematical concepts are 

points that have been strongly echoed in the literature regarding women’s ways of knowing 



167 

 

(e.g., Boaler, 1997a; Kine & Hayes, 2010). Khine and Hayes (2010, p. 106) described the two 

forms of procedural knowledge, connected and separate knowing:  

 

Connected knowers do not seek logical or empirical explanation of a position; 

their aim is to understand the position rather than to test its validity...Separate 

knowing, on the other hand, requires a sense of detachment as required in critical 

thinking, scientific method, and textual analysis. 

 

While individuals draw on both connected and separate ways of knowing, some prefer one 

way of thinking over the other, and consistent gender differences have been found with 

females preferring a connected way of knowing and males a separate way of knowing (Khine & 

Hayes, 2010). Connected knowers seek to understand others' ideas and points of view, and 

emphasise the relevance of context in the development of knowledge and the fundamental 

value of experience (Khine & Hayes, 2010).   

 

Robert’s anecdotal evidence of increased enrolments due to single-sex science classes is 

positive, however Rowe (2000) warns that effects of gender grouping should not be over-

interpreted. He made the point that it is enthusiastic, well trained teachers who make a 

significant difference to learning experiences, not single-sex classes per se. (Rowe, 2000). 

Osborne, Simon and Collins (2003, p. 1064) cited recent studies which found female science 

uptake was not higher in single-sex schools,  

 

Contrary to popular belief that more girls choose to study science in a single-sex 

environment, two more recent studies – the youth cohort study conducted by 

Cheng, Payne and Witherspoon (1995) and a study based on questionnaire 

responses from 722 schools (Sharp, Hutchison, Davis, and Keys 1996) – both found 

that the uptake of physical science by girls in single sex schools was not higher 

than co-ed schools. The converse, however, that the uptake of arts and 

humanities was higher in boys only schools, was found to be true. 

 

It has been suggested that females are more successful in Physics in a single-sex environment 

due a less masculine image of Physics and the larger number of female role-models available 

(Gierl, 1994), but these differences may also be attributed to socioeconomic factors such as 

school resources and higher parental income of families who enrol their children in private 

schools (Young & Fraser, 1994).  
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Peter, Naomi, Robert and Frank all touched on cultural stereotypes and how they act to 

channel girls into subjects and careers that are considered gender appropriate (Alloway, Dalley, 

Patterson, Walker & Lenoy, 2004; Schreiner, 2006; Tytler et al., 2008; Walkerdine, 1989), 

although each teacher had different ideas on how to address this issue. Peter started from the 

premise that as a teacher he had the ability to influence students’ perceptions about Physics 

being a male domain, which he saw as a necessary step before girls would consider studying 

Physics. Robert started from the premise that teachers can influence gender stereotyped 

subject and career choices, and saw single-sex science classes as an non-threatening 

environment in which gender stereotyped career choices could be discussed and challenged. 

Rather than tackling the issue of gender stereotyped subject and career choices head on, 

Naomi thought embedding Physics in subjects considered traditional female domains such as 

nursing would influence more girls to participate. Frank drew on behaviourist psychology, 

offering a reward – easier university access – as a means to attract more girls to participate in 

Physics (Skinner, 1953). This strategy is currently being used in Queensland to try to attract 

more males to teaching by offering scholarships to male education students, and to attract 

science and mathematics graduates to teaching by offering to reduce their university fee debt 

(Martino & Kehler, 2006). Missing from Naomi and Frank’s suggestions are factors that are 

under their control such as the pedagogies and practices they use, their classroom behaviour 

and the classroom environment they create, and the guidance they offer female students, all 

of which have a strong impact on girls’ motivation to study Physics (Kenway & Gough, 1998; 

Zohar & Bronshtein, 2005).  

 

In terms of the masculine image of science, Kenway & Gough (1998), outline the argument of 

the masculine nature of science, and how its masculine bias alienates girls: 

 

science projects a masculine image and mobilises gender stereotypes through its 

text books, topics and assessment practices. As males are its dominant 

developers, propagators and consumers, science has become identified as (and 

indeed is) their terrain, reflecting and building on their values, interests and 

learning styles and negating or ignoring those of girls and women. Its inherent 

masculine bias is seen to alienate girls and women. (p. 7) 

 

All school subjects are value-laden cultural constructions which advantage and disadvantage 

certain groups, and patterns of participation in any subject are a consequence of how the 
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subject has been constructed (Hart, 1998). The view of Physics as a masculine domain is 

cultural rather than substantive, but male perspectives affect the pedagogies used to teach 

Physics (competition, logical positivism, the contention that science is objective and value free, 

inaccessible language, sexist examples and stereotypes). A strong history of cultural reform has 

been built around the idea that the nature of secondary school Physics needs to change, but 

attempts to change patterns of participation must contend with the underlying values which 

enable that particular construction to prevail (Hart, 1998). Haste (2008) found that girls related 

more strongly to socially responsible and people-oriented aspects of science values associated 

with science than to the space exploration and technology aspects which often dominate 

communication about science. She argued that the science curriculum needs to represent both 

these dimensions of science, and to acknowledge the value aspects and ethical concerns 

surrounding science and its applications. An example of resistance to curriculum reform is 

highlighted below. 

 

Darren criticised the current Queensland Physics syllabus (2007) for being unrealistic in the 

expectations of 17 year-olds being able to work as research physicists. Having experienced 

teaching with the previous content-based syllabus and the new context-based syllabus, he felt 

the assessment tasks in the new syllabus were too complex for students, and students 

struggled and disengaged with the constructivist style open inquiry learning tasks. He thought 

a greater importance placed on learning of content knowledge would engage students and 

more appropriately suit their capabilities at this age. Darren’s comments highlights the 

resistance of Physics teachers to move from a content-based curriculum to a context-based 

curriculum, and to change their well developed models of how to assess conceptual Physics 

knowledge (Tytler et al., 2008). 

 

5.3.5 Is there a typical kind of girl who enrols in Physics/intermediate 

mathematics? 

 

Generally, teachers spoke positively about the female students who do enrol in Physics and 

intermediate mathematics. Five Physics teachers (f = 1) and five mathematics B teachers’ (f = 2) 

responses were characterised by the positive qualities they attributed to female students 

which I have collated in Table 5.1. These are the terms teachers in this study applied to 

describe their female students. 
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Girls who enrolled in Physics were perceived by Robert as school leaders: 

(Robert, Gov4, 26 years, HOD, Physics) They’re the girls that have been quite 

focused on all aspects of school; they’re usually our leaders within the school, kids 

that are confident within themselves.  

The qualities needed to “survive” in Physics and career aspirations were considered integral to 

the enrolment decision: 

(Naomi, Cath2, 12 years, HOD, Physics) I think they’re very driven. I think they 

definitely have a career path chosen for them. They’re the ones with the 10, 15, 

20 year plan already done, definitely. They’re very mathematical, very organised 

because you wouldn’t survive without those sorts of qualities. So why would you 

put yourself through it if you didn’t have to basically, because it is a very hard 

subject. 

Table 5.2 

Characteristics of a typical girl who enrols in Physics/intermediate mathematics – summary of 

interview data 

Intermediate mathematics Physics 

 

Dedicated  Focused on all aspects of school 

Conscientious School leaders 

High achievers Self-confident 

Logical thinkers High academic achievers 

Studious Rise above failure 

Intellectuals Resilient 

Academics Strong mentally 

Diligent Not fazed by male dominated class 

Persevering Mathematical 

Goal oriented Organised 

Good note takers Persistent 

Resilient Hard working 

Specific career goal Driven 

Professional career goal Career goal 

Capable Long term plan 

Good at maths Ambitious 
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Girls who enrolled in Physics were perceived as high achievers and psychologically resilient: 

(Darren, Ind1, 7 years, Physics) Basically the higher academic achiever, the person 

with more self-confidence, the person who isn’t so much worried about failure 

because they can rise above it, just the person who can study alongside a male 

dominated class and not be fazed out by that. [The female student] tends to be 

the strong sort of woman, you know, mentally and within themselves 

psychologically. 

Nina and Vaughn held similar perceptions about girls who enrolled in Maths B and observed 

the importance of career aspirations:  

(Nina, Cath2, 14 years, Maths B) They’re intellectuals and they’re academics. 

They’re studious, they’re diligent, they persevere, they’re goal oriented, they 

know where they want to go after school, they’re organised. It’s rare that they 

don’t keep notes well.  

(Vaughn, Gov4, 20 years, HOD, Maths B) They generally are dedicated, 

conscientious, students who have a specific career in mind and are working 

towards that. And that tends to be a professional career such as psychology or 

technology or something like that.  

Darren’s response differed fundamentally from the others, with female students perceived as 

exercising their “right to learn” but not necessarily engaging and achieving highly in the Physics 

classroom. Darren referred to a stereotypical view of girls not expected to achieve in Physics: 

 (Darren, Cath2, 7 years, Yr 11 coordinator, Physics) I’ve got the persistent ones 

who like the idea of being there and aren’t necessarily achieving very well. 

Generally getting Cs and unfortunately I see this a lot. It’s the right to learn, “I 

want to”, and I’m happy with that and their ability. And I think that could be the 

stereotypical view of themselves, being a girl in Physics, you know, not expected 

to achieve, “I don’t have to achieve so a C’s all I got and that’s all I care about”, 

and then being disengaged to a certain extent as well because they got what they 

think they need and they get to turn off for the rest of the class.   

The other themes to emerge were related to parental push, status and self-esteem, and peer group:  

(Kay, Cath1, 40 years, maths coordinator) Some of them do it because they’re 

forced to do it by their parent. Some people still have doubts, a feeling that Maths 
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A is a lower subject therefore they don’t do it because it’s almost like an esteem 

thing.  

Peter thought peer group following was a factor in Physics enrolment: 

(Peter, Gov3, 6 years, Physics) A couple of the girls who’ve been doing [Physics], 

or a girl doing [Physics], because friends are doing [Physics], so they’ll do [Physics]. 

You get a lot of [peer influence] with the boys, but with the girls you get less [peer 

influence] but you do still get that happening. 

  

Discussion: 

The ascribed qualities of “typical” female students who enrol in maths B and Physics are 

comparable to the qualities of the ideal student (Lingard, Martino, Mills & Bahr, 2002). 

According to a study conducted with teachers from five different countries, the qualities of the 

ideal student include: motivated, intelligent, focused, organised, persevering, active learner 

(Harkness et al., 2007). As well as having the qualities congruent with the ideal student, girls 

who enrol in Physics and Maths B are perceived as being strongly career oriented and career 

goals were perceived as fundamentally driving enrolment decisions involving difficult and 

challenging subjects.  

However, for every silver lining there is a cloud. In relation to the reference to a stereotypical 

view of girls not expected to achieve in Physics, Darren’s comments reflect a view of these 

female students attributing their lack of high achievement to their own low expectations. In a 

review of research on the participation of girls in Physics, Murphy and  Whitelegg (2006) 

stated, “There is substantial evidence that teachers’ practices are key in determining students’ 

experiences of and attitudes to science and to Physics in particular” (p. 23). Murphy and 

Whitelegg (2006) reported on studies which found science teachers’ held higher expectations 

for boys than for girls and these teachers’ different behaviour and perceptions had the effect 

of marginalising girls in relation to boys. Referring to her research in maths education, 

Walkerdine (1989) argued that, “Even when girls performed equally well as boys, teacher 

interpretation of their work was less good and unintentionally influenced by the student’s sex” 

(cited in Murphy & Whitelegg, 2006, p. 26). Teachers’ gender stereotypes, or beliefs that one 

gender was more skilled, acts as a support in influencing boys subject and career choices, 

whereas for girls this acts as a barrier (Fouad, Hackett, Haag, Kantamneni, & Fitzpatrick, 2007). 
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Boaler’s (1997a) study of underachieving female students found that the deficit model of 

female students sustained in the literature over the last 30 years explained the failure of girls 

in terms of mathematics anxiety, low self-esteem, a lack of confidence, and attributing failure 

to a perceived lack of ability. However, more recent literature has shown that 

underachievement is not indicative of girls’ internal deficiencies, but is due to rejection of a 

subject that is predominantly irrelevant and makes little sense to students (Boaler, 1997). 

Reasons for underachievement are now being explained in terms of pedagogy and practice, 

and the education system. Underachieving girls are perceived as “a product of the type of 

school mathematics [and Physics] that is currently and widely taught in the UK and the USA” 

(Boaler, 1997a, p. 286). Blaming female students for disengaging in classes circumvents the 

need for teachers to critically examine their pedagogy and practice. The next section examines 

the way in which six male teachers positioned boys in contrast with girls. 

 

5.3.6 Are boys naturally better or have more natural ability than girls? 

  

Teachers have the potential to influence students’ perceptions, beliefs and values of school 

subjects. Historically, classroom studies have reported differential teacher behaviour and 

different teacher expectations for male and female students (Jones & Wheatley, 1988, 1990; 

Stanworth, 1987). More recent studies have similarly found some science teachers perceive 

boys as more academically able and “naturally” bright, and ascribe girls’ achievement to hard 

work rather than scientific talent (e.g., Carlone, 2004; Panizzon & Levins, 1997). The purpose of 

this question was to investigate if contemporary regional secondary school science and 

mathematics teachers’ perceptions and expectations of male and female students differed 

given Queensland educational policies that promote equity in education. Some teachers were 

surprisingly candid about their gender stereotyped beliefs. Four main themes emerged from 

responses to this question: effort vs. ability, background experiences and interest, differences, 

and communication and feminisation of the syllabus.  

 

5.3.6.1 Effort vs. Ability 

 

Table 5.2 summarises six male teachers’ (3 Physics and 3 Maths B teachers) responses to the 

question, are boys naturally better or have more natural ability in Physics/maths than girls? 
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Some responses from other interview questions are also included in the table due to relevance 

to the above question. The mathematics teachers’ years of teaching experience range from 20 

years to 34 years and two are mathematics Head of Departments (HOD), while the Physics 

teachers have between 6 and 26 years teaching experience, one is a HOD, and one is a Year 11 

coordinator.  

Table 5.3 

Are boys naturally better or have more natural ability than girls – summary of interview data 

Maths B 

 

Physics 

 

Boys not prepared for Maths B workload Boys and girls think differently 

Boys are less motivated than girls Boys achieve higher than girls 

Boys have a poor work ethic Always boys in top of class 

Small minority of boys with ability to think really well Overall boys perform better 

Some boys have greater insight into maths Girls have less interest 

Girls are more textbook mathematicians Girls who are interested perform just as well 

Girls perform better than boys Syllabus intended to make Physics more achievable for girls          

Girls have good work patterns Girls achieve better than boys 

Girls have good study patterns Boys’ ability levels are more varied 

Boys cruise more Most girls achieve higher due to effort and work 

Boys get a shock at the workload required to do well Girls are good at report writing 

Boys don’t work consistently and efficiently over extended 

periods 

Boys are good at experimental work 

Boys don’t like planned study Boys are not good at report writing 

Boys work hard at the last minute Girls who stay achieve higher than boys 

Emphasis on assignments deters boys Boys have more natural interest 

Boys better at exams  Girls put in more effort 

Boys used to have a natural interest in maths Girls are generally in upper level of achievement compared 

with boys 

Boys don’t have the motivation to succeed Boys more comfortable with practical work 

Boys don’t have the interest Girls are more tenacious with studying 

 Girls are academically competitive 

 

Overall, there was a sense of disappointment running through these six teachers’ 

conversations, as they described a subject in which boys previously excelled but now girls’ 

strengths served to highlight boys’ weaknesses. The skills which contribute to girls’ success in 

school are perceived to be lacking in boys:  
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(Gary, Gov3, 30 years, Maths B) They’re just sort of off, and [boys’] study habits 

are poor, the commitment, the work is poor. And all those things on the girls’ side 

are starting a lot later.  

Although one Physics teacher believed boys always achieved higher than girls, and one 

mathematics teacher believed some boys have a greater insight into maths than girls, there 

was general agreement amongst the six teachers that girls achieve more highly than boys. 

However, their achievement was attributed to effort, work and study habits, and being a 

textbook mathematician rather than ability: 

 (Simon, Ind1, 34 years, HOD, Maths B) I can think of some [boys] who have a 

greater insight into mathematics than girls.  However, those same boys tend to be 

less motivated, not willing to work, whereas the girls tend to be what I would 

classify as more textbook mathematicians, in that you give them something to do 

and they will do that a hundred times over without any trouble at all. Whereas 

boys will not put in the groundwork and that means that you have a very small 

minority who have the ability to think really well. I can think of one student last 

year who was very good, but constantly got beaten by the females in the class 

because he wouldn’t put in the effort. How do you get that to change?    

Girls were perceived to have a good work ethic and the ability to cope with the workload 

involved in Maths B: 

 

 (Vaughn, Gov4, 20 years, HOD, Maths B) From my experience, no [boys are not 

naturally better or have more natural ability than girls]. If anything, probably the 

reverse. The reason why I say that is boys tend to cruise a lot more and they get a 

bit of a shock as to the amount of work that needs to be done to do well in the 

subject. And Maths B is one of those subjects where you need to work 

consistently and efficiently over a long extended period of time and a lot of boys 

generally don’t do that. And they do get a bit of a surprise. Girls on the other hand 

seem to have that ability to work consistently and efficiently for a longer time and 

they can pick up and step up to the mark to the workload that’s required.  
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5.3.6.2 Background experiences and interest 

 

Boys’ background experiences and early socialisation were thought to advantage them in the Physics 

classroom: 

(Robert, Gov4, 26 years, HOD, Physics) [Boys] have one slight advantage in that 

they’ve torn push bikes apart and stuff like that. Whenever we get on to 

something practical like a project, I’m doing an electronics project at the moment, 

the girls really put up some barriers to themselves on that. Whereas boys just 

jump in, whether or not they pulled apart their remote controlled car before, they 

feel more comfortable with the project. 

Girls’ lack of similar background experiences were viewed as a deterrent to participation in Physics: 

(Naomi, Cath2, 12 years, HOD, Physics) I think the way that [boys are] brought up 

they have a programmed-sense of structural things, engineering, or the way things 

work in a physical sense but not necessarily how they’re working. [Boys] 

understand why they’re working but not necessarily right at the fundamental 

level. That’s coming from them being little boys and pushing trucks around and 

seeing what differences it makes when you push down the hill. The stimuluses 

that the boys get at a young age are very different to the girls. I think that’s a 

deterrent for girls because it’s alien to them. [Girls] get to Year 11 and Year 12 and 

they’ve never seen [a physical phenomenon] before and so why bother doing it. 

The sense of Physics being foreign to girls is carried a little further in this next teachers’ 

response, and also a perception that, as a result of differential childhood experiences, girls are 

less likely to take risks: 

 (Frank, Ind1, 7 years, Physics) I think the difference is generally boys give it a go 

and are not worried about mucking up because they’ve got a, “who cares” 

attitude, you know, “I’ll give it a go and if it doesn’t work, it doesn’t work”. 

Whereas girls tend to be more self-conscious about failure and want to pick 

something that they’re going to succeed in. So it becomes a little bit of, “Ooh, I’m 

a bit worried about this Physics thing, everybody says it’s really hard and I don’t 

want to fail so I’d rather not go anywhere near it”. I think it’s that. 
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Teachers struggled to generalise from the question. They did not agree that girls were less 

intellectually gifted, but attempted to differentiate interest from effort to explain gender 

differences observed in the classroom: 

(Gary, Gov3, 30 years, Maths B) There seems to be a more natural interest [with 

boys]. I’ve always seen that up until more recently. Boys don’t have the push 

anymore. They don’t have the interest. I’m just not sure what the change has 

been. Nothing’s really changed as far as the maths goes.  

 (Darren, Cath2, 7 years, Yr 11 coordinator, Physics) I’d have to say that I think 

overall boys probably perform a fraction better, but I wouldn’t say boys are better 

than girls, are more naturally gifted. I think it’s more of an interest thing and I 

think girls in general have less interest in [Physics]. But then the girls who do have 

interest in it, I think they perform just as well.  

(Peter, Gov3, 6 years, Physics) I wouldn’t say more natural ability, based on 

results in the past when you look at the spread of results, the girls who tend to 

stay in [Physics] generally do in the upper area compared to the boys. The boys 

have maybe more what you would call natural interest in the topic but they don’t 

always put in the same amount of effort that the girls who do it, tend to do. 

 

5.3.6.3 Differences 

 

The third theme emerging from this question was differences in thinking and in learning styles 

between male and female students. Again this is not to do with any differences of aptitude or 

ability, but a perceived difference in approach:  

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) I think they think differently, I 

think they definitely do think differently.   

(Kay, Cath1, 40 years, maths coordinator) No, I don’t think [boys are] naturally 

better. I think they have a different way of doing maths than girls. I’ve read a lot of 

research on that and the boys like the logic of maths, they like to get the answer, 

they like to get it often in the shortest possible way with the least possible work. 

[Boys] learn [maths] differently and attack it differently to girls. 
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Nina disagreed with the question and preferred to talk about individual ability rather than 

differences between gendered groups: 

 (Nina, Cath2, 14 years, Maths B) No, not at all. I think that maths ability goes to 

the individual. I’ve taught extremely high achieving males and I’ve taught 

extremely high achieving females and it really was more about the individual than 

it was about their sex. It had nothing to do with how the brain worked in the male 

versus female way. 

 

5.3.6.4  The feminisation of the syllabus 

 

The “feminisation” of the syllabus (Rowe, 2002) is a common thread that runs through seven (f 

= 2) Physics and mathematics teachers’ interviews. Responses to other questions involving this 

theme are also presented and analysed here because they are relevant to this discussion. The 

broadening of the Physics and mathematics syllabi to include literacy components and an 

assessed “communication” aspect was perceived by teachers as adversely affecting male 

students while benefiting female students. The following comments highlight the strength of 

feeling about this change, and some strongly held gendered beliefs emerge in these interview 

data. 

(Darren, Cath2, 7 years, Year 11 coordinator, Physics) There still is a real clear 

difference between boys and girls. Girls definitely like writing and boys don’t, and I 

think when you cater for the girls you alienate the boys. I think we need more 

choice of assignments so there’s less communication for the boys. For example, 

you might work out a quick thing, here’s a Physics problem, what’s the answer? 

And you know how kids will write out, equals this, equals that, and a few numbers 

here and there, and they’ll have an answer at the end which is perfectly correct. 

But you look at that and you think, “Oh I can see what he did there and I can see 

what he did there” but the communication is just rubbish. I think less labour 

involved in getting the assessment done, and for boys that means less writing in 

general, boys hate it. Girls tend to like the writing. I think the boys like doing, even 

though they don’t necessarily understand it, this is in general, not in every case, 

and the girls like collecting the information. And you know, we’re stuck with the 

syllabus. 



179 

 

 (Simon, Ind1, 34 years, HOD, Maths B) I would remove communication, it is a lot 

more difficult to mark. Everybody has a subjective point of view as far as what is 

good communication and what is not. Setting your work out, yeah, that is a good 

thing to be able to do. But, because a boy, for example, does not do everything – 

misses a couple of lines – but is still able to do [the calculation] mentally, you are 

going to penalise him for doing that? I don’t see how that is fair.  But that is what 

is happening in Maths B, we are having to assess [students] on communication 

and justification. Boys are renowned for not wanting to set their work out and not 

wanting to put an explanation at the bottom of what they have done or why this is 

the answer. Girls are outperforming [boys] in that area and hence, are being very 

seriously advantaged over the boys. Some boys hate English with a vengeance. 

Writing and communicating has now come into a subject that they were able to 

do very well and it has made them fail the subject.  They are being discriminated 

against very strongly.   

 

Boys are perceived as being strong in different areas compared with girls; girls are perceived as 

being weak in experiments and exams but strong in report writing:  

 

(Peter, Gov3, 6 years, Physics) The boys are good doing experimental parts of it, 

but when it comes to writing stuff up they’re not as good at that. When it comes 

to report writing the girls tend to do well at those tasks. But when it comes to 

exams [girls] generally tend to have more trouble with those. 

 

In terms of assignments, one comment was to give students options with the type of 

assignment they do:  

 

(Frank, Ind1, 7 years, Physics) For the boys, less labour intensive in terms of 

writing, for the girls let them write a bit more and then bring it together at the 

end.  

 

Gary suggested the shift to a range of assessment tasks and fewer exams could be a deterrent 

for male students:  
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(Gary, Gov3, 30 years, Maths B) With a strong emphasis on assignments, that 

could be a deterrent for boys. Boys don’t like that planned study, work hard at the 

last minute, you know, do it all at the last minute. They sit better at exams. 

 

The literacy and communication components of Maths B are consistently seen as 

disadvantaging boys. Only one teacher, Kay, questioned broad generalisations that the 

emphasis on literacy was a disadvantage for boys: 

 (Kay, Cath1, 40 years, maths coordinator) [Boys] like the problem solving, they 

don’t like writing, they don’t like having to do the written part of the course now 

that we have to do reports and adjudication and justification. I’m not saying every 

boy, but a lot of boys don’t like all that extra setting out and explaining why 

they’re doing things. This has been forced on to us by the QCS [Queensland Core 

Skills] test which has got a lot more literacy in it now than it ever had before. So 

even our maths syllabus contributes to the literacy component of field OPs, 

overall positions and field positions. [Students] have to learn how to be able to be 

good at English and be able to communicate what they know. It has been forced 

on them and [boys] don’t like it. It doesn’t always suit their natural learning styles. 

I mean the good boys still do what they’re asked to do but they do usually have a 

bit more of a flair for English. The ones who do get really good marks in Maths 

tend to also have a bit more of a flair for writing and speaking and communicating 

well. 

 

Discussion: 

 

The qualities of male students appear to be in contrast to the image of the ideal student. The 

discourse in which the teachers engage frames boys’ engagement and motivation within Maths 

B and Physics in a restrictive dichotomy in comparison with girls. The binary opposition 

between attitudes and beliefs about girls and boys positions girls as winners and boys as losers. 

Girls are winners who beat the boy with higher ability through their greater effort. Implicit in 

the teacher’s discourse is boys do have more natural ability but self-handicap through lack of 

effort. This finding suggests the emphasis of male teachers on female students’ effort rather 

than ability for academic achievement. This finding supports the results of other studies where 

it was shown that female students were viewed by teachers as not having the same ability as 
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male students (Fennema, Peterson, Carpenter & Lubinski, 1990; Gagne, 1993; Lee, 2002; 

Piirto, 1994). A recent Australia study of 200 high school teachers’ attributions of achievement 

for gifted students found that teachers attribute male students’ academic success to ability and 

failure to lack of effort, whereas female academic success was attributed to effort and failure 

to a lack of ability (Thomas, 2008). Overall, studies have found teachers believe effort is 

important and enhances the academic achievement of all students, but there is still a 

distinction regarding high achieving male students (Thomas, 2008). Lee (2002) argued,  

 

Conceptions act as filters through which teachers make curriculum decisions. 

Teacher attitudes and interactions, unavoidably influenced by their conceptions, 

will in fact construct expectations that fulfil their beliefs about gender and 

intelligence (p. 396). 

 

If male high school Physics and intermediate mathematics teachers continue to attribute the 

academic achievement of female students to effort rather than to ability, the full potential of 

their female students may never be reached (Lee, 2002; Thomas, 2008). Moreover, there are 

possible implications for female students’ self-esteem, intellectual growth, and success at the 

tertiary level. The next section follows this thread of attributed gender differences further in 

the area of literacy.  

 

Findings from these data suggest that male teachers are concerned about the issue of boys’ 

performance and achievement in Physics. While these comments do not relate directly to the 

issue of female enrolments, they are reported here because they are relevant to gaining a 

greater understanding of teachers’ beliefs, perceptions and expectations of the students they 

teach. Driving this discourse is the claim that the “feminisation” of mathematics and Physics 

education is at the heart of the problems boys are experiencing within these subjects (Martino 

& Kehler, 2006; Rowe, 2002). A link was made between boys’ underachievement and the idea 

that secondary school mathematics and Physics education is becoming increasingly feminised 

through the introduction of literacy elements. Other terms such as the “girlification” and the 

“oestrogenisation” of the mathematics and Physics syllabi have also been used to describe an 

increasing emphasis on verbal reasoning and analysing context (Bleach, 2000). The reduction 

of examinations in which boys previous achieved highly, the reduction of rigorous 

mathematics, and the inclusion of assignments and investigations which are perceived to 

advantage girls, are viewed as detrimental for males who make up the bulk of students who 

enrol in Physics. Rowe (2000, p.3) argued, "Since the early 1990s there has been a notable 
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increase in the demand for higher levels of operational literacy and, especially, verbal 

reasoning and written communication skills in school education – areas in which girls, on 

average, have distinct maturational and socialization advantages”. Ridd (2004) articulated the 

problem associated with a syllabus that he claims is a “de facto examination of students' 

English comprehension and expression” (pp. 14-15), 

There is a tendency, a deliberate policy, to remove, or at least grossly degrade, the 

use of mathematics in Physics. Such a move has the potential to move Physics 

back to a pre Newtonian, non-numerate study. There is a huge increase in the 

level of English comprehension even in mathematics. As one education analyst put 

it in reference to a maths assessment in South Australia: 'The level of 

nomenclature and sophisticated verbal reasoning skills that are required - to even 

understand what the problem is - is on average four times greater than what is 

required in Australian History and English Literature'... the over emphasis on 

verbal skills, together with a concurrent de-emphasis on mathematics will 

adversely affect males from lower socio-economic backgrounds who are relatively 

poorer at literacy than numeracy. There is a very major social justice issue here. 

 

However, Cohen challenged the idea that boys’ underachievement was the result of external 

factors rather than as a result of their own intellect or motivation, “attributing boys’ failure to 

a method has made it possible to explain away their poor results without implicating boys 

themselves” (Cohen, 1998, p. 20). The representation of boys as victims of the increased 

feminisation of these subjects is expressed through teachers’ language of: boys being 

penalised, girls being very seriously advantaged over the boys, boys being discriminated 

against very strongly, and catering for girls alienates boys. Connell (1985) argued, “for some 

teachers, a deficit account of students serves as a ‘protection’ mechanism, placing the blame 

for poor student performance outside teachers’ control” (as cited in Lingard, Martino, Mills & 

Bahr, 2002, p. 53). According to teachers in this study, the feminising of the mathematics and 

Physics syllabi emerges as the source of trouble for boys and accounts for girls outperforming 

boys in these subjects. The teachers have ignored how socioeconomic status factors into 

opportunities for achievement and the relevance of schooling; their narrative is about boys 

versus girls. In a UK context, Bleach argued that girls’ achievement has not improved at the 

expense of boys, “the overall success of both genders has been improving since GCSE started, 

so boys’ achievement is not worsening in absolute terms. What is happening is that girls are 

outpacing boys and to an increasing degree.” (2000, xiv).  
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These discrimination arguments are driven by certain taken-for-granted stereotyped 

understandings: boys like action-based learning rather than literary-based tasks, whereas girls 

like writing and collecting information (Martino & Kehler, 2006). These teachers are using 

simplistic stereotypes about boys’ preference for active, hands-on learning versus girls’ passive 

participation as an explanation for boys’ lower performance in relation to girls. This is not to 

deny that certain groups of boys are experiencing problems that need to be addressed, but 

there appears to be a tendency to homogenise boys and to avoid discussion about which boys 

are struggling (Martino & Kehler, 2006).  

 

This raises questions about the need for teachers to critically examine the role that particular 

values, expectations and perceptions on the basis of gender play in terms of how they teach 

and relate to students. Stereotypical gendered expectations and perceptions have the capacity 

to significantly influence the learning of girls in the classroom with the ability to affect their 

educational outcomes. This also raises questions about the truths contained in taken-for-

granted assumptions. Are math and science proficient girls more motivated and engaged with 

language rich tasks and subjects? Or do girls do the work that is asked of them even though 

they may not have any great liking for the literacy aspects of the subjects? These questions will 

be explored further in the third stage of this research study.   

 

5.3.7 Why do you think the drop-out rate is so high? 

 

During the interviews, Physics teachers were presented with the following statement and 

question: The Human Rights and Equal Opportunity Commission (HREOC, 2000) reported 

approximately 80% of girls drop out of Physics after experiencing Physics classes. How does 

this compare with your experiences as a Physics teacher? Mathematics B teachers were also 

asked what the drop-out rate was for female students and their opinion of the reasons girls 

drop out of intermediate mathematics.  Their responses are shown in Table 5.3 below, which 

shows the lowest drop-out rates are reported from the three female teachers from Catholic 

colleges, and from a male teacher from an Independent school. The highest drop-out rates, 

between 30-60%, are reported by teachers from state high schools, and/or teachers with less 

than 10 years teaching experience (see Table 5.4).  
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Table 5.4  

Teachers’ reports of female student drop-out rate from Physics and Maths B 

Teacher Domain No. of years 

teaching 

School  Drop-out rate 

Naomi Physics 12 Catholic <10% 

Nina Maths B 14 Catholic <10% 

Simon Maths B 34 Independent <10% 

Kay Maths B 40 Catholic <10% 

Gary Maths B 30 Government 10-20% 

Robert Physics 26 Government  20% 

Keith Maths B 4 Government  30% 

Frank Physics 7 Independent 40% 

Darren Physics 7 Catholic 40% 

Vaughn Maths B 20 Government  40% 

Peter Physics 6 Government  60% 

 

The themes that emerged from the question about reasons for the high drop-out rates were 

difficulty and ability, work and study load, and success and failure.  

 

5.3.7.1 Difficulty and ability 

 

High drop-out rates in Physics and intermediate mathematics were attributed to the difficulty 

of the subjects, and the appeal of “easier” alternative subjects. Lack of ability was also 

identified by teacher participants as a cause of high drop-out rates in Physics, but unsupportive 

teacher strategies increased the likelihood of students withdrawing from Physics sooner rather 

than later. The level of difficulty was identified by seven teachers (f = 1) as a reason for the 

high female drop-out rate:   

(Vaughn, Gov4, 20 years HOD, Maths B) It is so hard and so demanding in terms 

of work.  

 (Simon, Ind1, 34 years, HOD, Maths B) “Why am I putting myself through the 

strain of doing Maths B when I could just take it a lot easier and do Maths A?“  
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Difficulty was differentiated from effort:  

(Robert, Gov4, 26 years, HOD, Physics) I don’t think it’s the level of difficulty, if 

they were to put the effort in and ask for more support.  

 (Frank, Ind1, 7 years, Physics) [Girls] normally make up their minds in the first 

couple of weeks. They’ll sit there and they’ll say, “Oh no, this is too hard” and walk 

off. I don’t know where they could possibly get the idea that Physics would be 

easy (laugh), I’m not saying it’s hard but you’ve got to work at it like everything 

else.  

Ability was also considered a reason for female students dropping out:  

(Kay, Cath1, 40 years, Maths coordinator) Kids self selected into the subject who 

really didn’t have the ability to actually do it.  

(Frank, Ind1, 7 years, Physics) Another reason is they find out that they have to 

have a fairly high maths competency, and if they haven’t they’ll go, “Uh-uh, it’s 

not for me”.   

(Darren, Cath2, 7 years, Yr 11 coordinator, Physics) The main thing is the ability 

level or the preparedness for senior schooling. I think the realisation that it’s not 

worth it, you know, getting D+, D+, D+, and then they finally pull out, so I’d say the 

ability level is the biggest reason. 

Keith and Nina differentiated between girls and boys in terms of dropping out:  

(Keith, Gov4, 4 years, Maths B) Mainly girls because girls tend to realise earlier on 

that hey, this is not for them, or I’m not going to be able to do this. Boys will chug 

along for longer and get a few Ds. 

 (Nina, Cath2, 14 years, Maths B) That’s that thing about the girls, they actually 

estimate their ability closer to the mark than boys do. Very low drop-out rates. If 

they’ve picked [Maths B] they probably should be there and they do well.  

Peter and Naomi revealed that the first unit they do with Year 11 students is intentionally 

difficult and is intended to “weed them out”: 
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 (Peter, Gov3, 6 years, Physics) We do motion first. It’s probably one of the more 

maths intensive topics so some people after that who’re struggling maths wise do 

start to think and question whether they need to stay in the subject.  

 (Naomi, Cath2, 12 years, HOD, Physics) We start off with Nuclear Physics, and we 

do that for a particular reason, it’s to weed out the kids that really aren’t going to 

gain the most from it. We start with one of the most difficult subjects and it 

definitely does weed them out, both boys and girls. Sometimes they see that 

Nuclear Physics first up and think, “Oh well I’m not even going to bother”. 

Gary commented that the drop-out rate is lower than it used to be due to schools more 

frequently streaming students based on ability:  

(Gary, Gov3, 30 years, Maths B) Not as much as it used to be because we stream 

them into extension, so from extension maths they go into Maths B. We still do 

get a few who drop out - mostly boys, the occasional girl, but usually boys.  

The mathematical nature of Physics was also given as a reason for the drop-out rate:   

(Peter, Gov3, 6 years, Physics) It could be the nature of the subject as well 

because Physics is generally a lot like maths. It’s a very mathematical subject. Part 

of it could just be the way the subject is in terms of being more mathematically 

linked than an English kind of subject. 

Frank thought peer group following was also a factor in the high drop-out rate:  

(Frank, Ind1, 7 years, Physics) And there’s also just plain old peer group following, 

you know, “My friend isn’t doing Physics, I won’t do Physics”. Peer group following 

is pretty important. 

 

5.3.7.2 Work and study load 

 

The cost of doing Physics and Maths B, in terms of work and study load, was 

acknowledged as a barrier to persisting with these subjects. Simon framed his response 

in terms of the cost of doing something more enjoyable, and Robert expressed the 

opinion that study is not compatible with student culture: 
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 (Simon, Ind1, 34 years, HOD, Maths B) What happens is that [students] realise 

the amount of work involved in doing Maths B and go, “Oh but that is cutting 

down the time I can spend doing Art or doing something else that I really enjoy 

doing. I’ve got to spend all this time doing Maths B”.   

 (Robert, Gov4, 26 years, HOD, Physics) Just the study related to the subject. A lot 

of the kids don’t succeed simply because they’re not doing the homework or the 

study. Just a matter of study doesn’t fit within their culture. 

 

5.3.7.3 Success and failure 

 

The final theme in response to this question related to high achieving female students and 

their interpretation of success and failure: 

 (Peter, Gov3, 6 years, Physics) High academic achievers feel more pressure to 

achieve in all areas. Sometimes one bad result they’ve got has a big impact on 

how they think about it. 

 (Darren, Cath2, 7 years, yr 11 coordinator, Physics) I had a girl last year who 

dropped it after term one in Year 12. She was a solid C student but the problem 

was she was an A student in other subjects. Through Year 10 [she was] always 

getting good grades and then bang, suddenly [in] Year 11 Physics and she had to 

be very uncomfortable not succeeding [easily], having to work at it, she didn’t like 

that at all. 

 

Discussion: 

The participants in this study reported a range of teacher female drop-out rates, from less than 

10% to 60%. The lowest drop-out rates (<10%) were reported from the three female teachers 

from Catholic colleges, and from a male teacher from an Independent school. As shown in 

Table 5.4, the highest drop-out rates, between 30-60%, were reported by teachers from 

government secondary schools, and/or teachers with less than 10 years teaching experience. 

There are several factors which may be contributing to the reported lower drop-out rates, such 

as the school environment, the gender of the teacher, high teacher expectations, high parental 
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expectations, length of teaching experience, or a combination of these factors. However, there 

is some evidence the gender of the teacher can make a difference. A recent Israeli study of 25 

coeducational high schools found female teachers were attracting more girls to their advanced 

placement Physics classes than were male teachers (Zohar & Sela, 2003).  

The question about reasons for the high female drop-out rate elicited responses which add to 

the evidence that ability beliefs and perceptions of difficulty are factors which influence 

persistence with Physics and intermediate mathematics. The finding from Stage One of the 

study that high self-concepts of ability predict enrolment converges strongly with the finding 

from teacher interviews that low competence beliefs and a high perception of difficulty are 

barriers to persistence and contributing factors to the high female drop-out rate. Expectancy-

value theory contends that students are more motivated to select challenging tasks when they 

believe they have the ability to be successful (Jacobs, Lanza, Osgood, Eccles & Wigfield, 2002). 

Students are much more likely to value a subject in which they feel competent, and select 

themselves out of a subject in which they are not succeeding as well as expected (Jacobs et al., 

2002). Simpkins and Davis-Kean explained it this way:  

When people make decisions concerning their course work or career, they weigh 

the perceived costs and benefits associated with the various outcomes. According 

to the Eccles et al. Expectancy Value Model, two of the key factors adolescents 

contemplate when making a decision are their self-concept of their abilities in an 

area and how much they value an area (Simpkins & Davis-Kean, 2005, p. 44). 

 

The finding that Year 12 students’ perception of intermediate mathematics and Physics as time 

and effort intensive and difficult supports teachers’ perception that the sacrifice of time and 

effort can be a factor in students’ decisions to drop-out. A factor that teachers did not discuss 

was whether intermediate mathematics and Physics are inherently difficult subjects, or 

whether teacher practices and pedagogies, such as the fast pace of delivery and lack of time to 

consolidate new knowledge, create a situation in which these subjects come to be seen as 

difficult precisely because mastery learning cannot occur. 

Murphy and Whitelegg (2006) argued that teachers are one of the most influential factors in 

Physics enrolment. However, the practice of beginning with an intentionally difficult and 

mathematics intensive unit to “weed out” students raises questions about the extent teachers 

assist students who may not be in the top category of academic achievement (Lingard, 

Martino, Mills, & Bahr, 2002; Seymour & Hewitt, 1997). This practice relates back to the 
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concept of social value (Glaser & Strauss, 1964). Students who are not necessarily high 

achievers, who “are struggling maths wise” and “really aren’t going to gain the most from it” 

have been attributed a lower social value in terms of their potential contribution to 

mathematics and science (Seymour & Hewitt, 1997). These students are positioned as weeds, 

defined as a plant that is not valued where it is growing and one that tends to overgrow and 

choke out more desirable plants. Topics designed to filter students out sidesteps the need for 

teachers to provide a supportive approach to improve the academic outcomes for all students 

initially enrolled in the subject.  

The perception that girls strive to achieve highly and are not satisfied with merely passing is 

reviewed in section 5.3.9, which concerns a discussion about the impact of the new context-

based Physics syllabus. 

 

5.3.8 What do you think keeps girls persevering in such a challenging subject?  

 

The themes that arose from this question were: success, attribution and resilience, and career 

aspirations. 

 

5.3.8.1 Success, attribution and resilience 

 

Success was a common theme among teacher responses, with five teachers’ (f = 1) comments 

touching on this theme:  

(Simon, Ind1, 34 years, HOD, Maths B) Some just do it because they succeed.  

Robert combined the themes of success and self-esteem:   

(Robert, Gov4, 26 years, HOD, Physics) I know, because they enjoy the challenge, 

because they feel good about themselves, they’re able to succeed.  

Darren’s response concerned the prestige associated with doing Physics: 

(Darren, Cath2, 7 years, Yr 11 coordinator) I think the success that some of the 

girls get definitely keeps them coming back. I think there’s a bit of, “hanging with 

the brains” mentality there. And I have seen some of those ones who dropped out 
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who never should have been there in the first place who’ve stuck on for a long 

time, I can’t say that’s what their reason was, but it would seem that, yeah. So I 

think there’s a bit of prestige which goes with it, which is strange, I don’t 

understand why, but perhaps that’s a reason. 

Nina thought girls’ perseverance was due to resilience and to attributing failure to lack of effort 

rather than to lack of ability: 

(Nina, Cath2, 14 years, Maths B)  I think that [girls’] egos don’t get battered by 

poor results in the same was that a boy’s ego gets battered. I mean it’s still a 

trauma for them, but it seems like they can recover from that better. They seem 

to be able to go, “Right, I didn’t do so well, what am I going to do about it?” 

Rather than, “I can’t cope with the fact that I thought I was doing this well and 

now I don’t know”. If they don’t do so well they go, “The reason behind this is 

because I haven’t done this, this and this and I’m going to that this time around”. 

Whereas the boys tend to go, “How could this be, that doesn’t match my self-

image so it can’t be true”. Because [boys can] think that way they find that very 

difficult to work out and work through.  

Kay linked perseverance to resilience and motivation to achieve a goal: 

(Kay, Cath1, 40 years, maths coordinator) Girls, if they make up their minds to do 

something, they’re not easily swayed. And they don’t react as much to peer group 

pressure as some of the boys do, or some [non-enrolled] girls do. I think girls who 

make those decisions [to enrol and persevere] are pretty well determined and 

focused, particularly if they have a goal that they’ve set themselves they tend to 

just get on with it, ignore anyone else’s comments, or what anyone else is doing, 

and just persevere and keep going. And they will keep asking questions and they 

will keep trying to understand. They’re pretty strong characters usually. They hang 

in there, keep going.  

 

5.3.8.2 Career aspirations 

 

Eight teachers (f = 2) thought girls persevered with Physics and Maths B to achieve career goals:  
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(Frank, Ind1, 7 years, Physics) They’re the people who are determined, that have 

a clear career goal; they can see that Physics is important for that career.  

(Simon, Ind1, 34 years, HOD, Maths B) Well some say they need [Maths B] for 

future, they want to go into medicine, go to vet sciences, and they can see that by 

doing Maths B, that opens those doors for them.   

Naomi thought strength of commitment to career goals promotes perseverance, but also that 

the experience of high school Physics can prompt a change of career goals if commitment is 

low.  

(Naomi, Cath2, 12 years, HOD, Physics) Again it comes down to those girls that 

have that plan, they can see their path and they know that they’ve got to stick to 

it or they’re not going to get anywhere. Sometimes those girls have realised it’s 

only two years, they just have to get through it, and get into their career, and then 

they’re off. Once they’re on a path that’s it, they just go and do it. I’ve had new 

girls who realised that maybe this isn’t the path for me and they’re the ones that 

will drop-out. 

 

Discussion: 

Themes of success and achievement were used to explain girls’ perseverance in difficult and 

challenging subjects. Success and achievement was perceived to motivate further effort. 

According to expectancy-value theory, students’ beliefs about their past performance, their 

competence and the difficulty of the task determine their expectancies for future success, 

which in turn predicts their achievement related choices, performance and persistence 

(Wigfield & Eccles, 2002).  Individuals are more likely to engage in a task or activity, and more 

likely to persist, if they expect to succeed (Meece, Anderman & Anderman, 2006).  

The teachers in this study perceived girls attribute poor marks or grades to lack of sufficient 

effort rather than low ability, a finding supporting a recent New Zealand study which reported 

girls were more likely than boys to attribute achievement to effort (Meyer, Weir, McClure, 

Walkey & McKenzie, 2009). Students, who realise that a poor mark for an examination or 

assignment is probably the result of poor planning and study management, rather than a lack 

of ability in the particular subject, are able to maintain their self-efficacy and perseverance 
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(Craven, Marsh & Debus, 1991). Rather than give up or drop-out, students who attribute poor 

performance to effort are able to plan a strategy to improve future performance.  

Status and prestige associated with enrolment in Physics and Maths B, being perceived as 

smart, and a “hanging with the brains mentality” were also identified as reasons girls persevere 

in difficult and challenging subjects. It has been reported that the classroom composition, or 

the ability mix of the classroom, has effects on the educational attainment of individual 

students. This influence is referred to as educational peer effect (Zimmer & Toma, 2000). 

Increasing the ability of classroom peers has positive benefits for students of lower ability in 

terms of increased achievement scores (Zimmer & Toma, 2000). Therefore, “hanging with the 

brains”, or being in a classroom of high achieving students, has significant educational benefits 

for students of lower ability (Zimmer & Toma, 2000). However, I consider it problematic that 

the male teacher identified female students, “who never should have been there in the first 

place”, ascribing a lower social value (Glaser & Strauss, 1964) to students who are not in the 

top band of academic achievement. Again, this resonates with the notion of some students 

being undesirable “weeds” that are not valued in the Physics classroom garden, and an 

unsupportive approach from the teacher to improve their academic outcomes (Seymour & 

Hewitt, 1997). The same teacher distinguishes between the “brains” and those who hang out 

with them. Considering the small numbers of girls in most Physics classes, I would have to 

conclude that the boys are perceived as the “brains” and the girls are perceived as gaining 

status and prestige through association with them. These comments suggest some teachers 

continue to hold differential gendered beliefs and expectations about male and female 

students’ ability and achievement in Physics. 

Resilience was acknowledged by teachers as a factor promoting perseverance and persistence. 

Martin and Marsh define everyday academic resilience as, “students' ability to successfully 

deal with academic setbacks and challenges that are typical of the ordinary course of school 

life (e.g., poor grades, competing deadlines, exam pressure, difficult schoolwork)” (2008, p. 

53). Overall, the teachers in this study perceived female Physics and mathematics students to 

be highly resilient which helped them deal effectively with school challenges and setbacks 

(Martin & Marsh, 2008).  

 

Career aspirations were the final theme in teachers’ responses to this question. The teachers 

perceived future study and career goals promote female students’ perseverance with these 

subjects, but thought their degree of commitment to these goals was a key factor in their 

persistence. Future study aspirations and career goals continue to be a common theme in 
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subject choice research. Ten years ago, Brinkworth and Truran (1998) found the usefulness of 

mathematics for further study to be the major factor influencing whether or not students 

chose to study it in their senior years. Recent studies also found one of the most important 

predictors of enrolment is the valuing or usefulness of mathematics for reasons of tertiary 

entrance and future career aspirations (For example see: Barnes, McInerney & Marsh, 2005; 

DEST, 2006; Fullarton & Ainley, 2000).  

 

5.3.9 How do you think the new context-based Physics syllabus will impact on 

female enrolments? 

 

This question was only asked to Physics teachers. Thus the absence of responses from 

mathematics teachers is simply because the question was not put to them. The new 2007 

Queensland Senior Physics Syllabus was commenced as a trial-pilot in 2002 to 2003 with 26 

schools participating in the trial-pilot, one of which was a participating school in this study. The 

trial-pilot was extended in 2004, and several schools participating in the extended trial-pilot 

also participated in this study. Schools participating in the extended trial-pilot were approved 

to implement the 2007 Senior Physics Syllabus with Year 11 students in 2008. Schools offering 

Physics for the first time were also approved to use the 2007 syllabus. For all other Queensland 

secondary schools there was a two-year phase-in period, schools could implement the 2007 

syllabus with Year 11 students in either 2008 or 2009. At the time this study was conducted, 

some teacher participants had had several years of experience teaching with the 2007 Physics 

syllabus, while others had limited experience.  

One of the major changes in the syllabus has been a change in the philosophy of science, from 

a traditional view to a constructive view (QSA, 2007). The constructive view is evident in the 

2007 Physics Senior Syllabus’ view of science and science education (Physics Senior Syllabus, 

2007, p. 1): 

Explanations of natural phenomena may be viewed as mental constructions based 

on personal experiences and result from a range of activities including 

observation, experimentation, imagination and discussion. The evolution of 

scientific understandings has occurred in definable episodes, with chance 

sometimes playing an important role.  
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Accepted scientific concepts, theories and models may be viewed as shared 

understandings that the scientific community perceive as viable in light of current 

available evidence. Scientific knowledge is subject to questioning by the scientific 

community and may be reconfirmed, challenged, modified or replaced. New 

understandings are continually arising and this is an essential characteristic of 

science. 

At the classroom teaching and learning level, two main changes to the syllabus have occurred: 

• a reduction in the mandatory core of content knowledge, and  

 

• the requirement that learning experiences and assessment tasks be associated 

with numerous real-world contexts through which the key concepts and ideas of 

the syllabus can be developed. (Physics Senior Syllabus, 2007, p. 6)  

 

Another change in the syllabus is an increased range of context-related assessment tasks, 

including extended experimental investigations, extended response tasks, and exams, 

replacing the traditional method (exam only) of assessing student achievement (Lucas, 2004).  

The teachers in this study perceived the reduction in mathematics, and the increased range of 

assessment tasks, made Physics more interesting for students and easier for students to 

achieve a passing grade, but teachers were not optimistic that the new syllabus would lead to 

increased female enrolments. 

 

5.3.9.1 More achievable, less rigorous 

 

Four of the six Physics teachers commented that the new context based Physics syllabus has 

made the subject easier for students to pass/attain a C grade. However, as Robert pointed out, 

high achieving girls do not necessarily perceive a C grade as being successful: 

 (Robert, Gov4, 26 years, HOD, Physics) From talking to other people they reckon 

that a C is maybe easier for kids to attain, and to me, to get a C is successful in the 

subject unfortunately. Interestingly, and probably the girls more so than the boys, 

they don’t see a C as being successful. They’re mad keen on getting Bs and As. To 

explain to them, even though they’ve had to work hard at it, for them to get a C 

has been worth their effort, it’s very difficult to get the message across.   
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The reduction of rigorous mathematics and the range of assignment work combined with 

examinations have contributed to the four male Physics teachers’ perception that the new 

syllabus has made Physics more achievable for girls:  

(Peter, Gov3, 6 years, Physics) There’s less of the intense maths in there, 

definitely it makes it easier for [girls] overall.  

However, the four male Physics teachers were not optimistic about female enrolments 

increasing: 

(Darren, Cath2, 7 years, Year 11 coordinator, Physics) Within the [Physics] 

syllabus it really is changed so that anyone can pass. To do really well you need to 

have the basic force and energy and working with algebra. If you can’t do the basic 

things you’re never going to get an A. But it really is designed now where kids can 

go out and research something, like assignment work there, where they can still 

pass without showing a lot of the in-depth understanding that for an exam you’d 

need. I think kids can get by with less rigorous knowledge of everything. That 

doesn’t necessarily mean a really good Physics understanding, just a good basic 

scientific understanding. It’s not really any more about creating Physics students, 

it’s about using Physics to explain the world. Generally speaking, we can’t insist on 

a thorough understanding of anything especially mathematically, we just don’t 

have the time for it. I think the syllabus is intended to make it achievable for girls, 

like more achievable I should say, but I don’t think it’s changed enrolments all that 

much.  

Peter perceived the shift in the way grades are calculated has removed a barrier that 

contributed to the dropout rate. Based on a continuous assessment model, Year 12 grades now 

update Year 11 grades rather than carrying Year 11 results to Year 12: 

(Peter, Gov3, 6 years, Physics) Whereas the old modified syllabus, if you blew the 

first couple of exams, because exams counted for so much and all your marks 

carried through. If you had really bad semester you’d be pushing to even possibly 

get to a C by the end. So at least [the changes have] removed that hurdle, that 

automatic fail. Whereas with this syllabus, Year 12 work updates your Year 11 

work. So if you had a bad semester in semester one, Year 11, it doesn’t mean that 

you’ve blown the subject. It carries over until it’s updated. So your Year 11 mark 

counts until you do your Year 12 assessment. 
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5.3.9.2 Situational and contextual Physics more interesting 

 

Peter and Frank identified the context based syllabus has made Physics more interesting and 

fun both to teach and to learn. With the previous Physics syllabus, teachers began with 

introductory background knowledge such as significant figures and error analysis, which 

tended to put a lot of students off and was seen as dry, boring and painful to teach. Now, 

teachers are able to put the Physics into a context and show where it is relevant:  

(Peter, Gov3, 6 years, Physics) Backgrounds and basics are important but this is 

better because you can start showing where it’s relevant.  

Teachers are now able to introduce an interesting context and look at the different Physics 

content that apply to that particular situation:  

Frank, Ind1, 7 years, Physics) We’re doing forensic science at the moment and it’s 

appealing to both [girls and boys]. And we did Physics in medicine, which was 

appealing to both, at the end of last year. They weren’t over rapt in car safety stuff 

(laugh), but we did fair ground and that wasn’t bad, they enjoyed designing a 

loop-the-loop and this sort of stuff, they got stuck into that. My next [topic] is 

going to be under water, we might do a bit of snorkelling, they might enjoy that 

(laugh). [Teaching the new syllabus is] a lot more fun. I think it’s practical and 

rather than just learning one little set of facts and then another set of facts. You 

look at a particular situation and find all the different facts that relate and unite 

them and apply them and I think it’s a good idea. Whether it will bring more girls 

in, I don’t know, I don’t know. I make it a lot more interesting for me (laugh). If 

they have fun as well that’s good, but I’m the one that’s enjoying it (laugh). 

 

Discussion: 

This question was designed to probe teachers’ opinion of the new 2007 context-based Physics 

syllabus and the impact it may have on female enrolments. Evans and Tuovinen (2008, p. 1) 

suggested the intent of the new contextual Physics syllabus was to make, “Physics more 

accessible and relevant to generation Y”. However, there are conflicting views about the study 

of secondary school Physics and whose needs it should meet. From a scientific literacy 

perspective, the 2007 syllabus should teach students about science, and Goodrum, Hackling 
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and Rennie (2001), and Tytler (2007) have argued that the broad purpose and focus of school 

science should be the development of scientific literacy. The second view is the Physics 

syllabus should meet the needs of the small group of students who are intending to pursue 

careers in STEM professions and need to know how to do science. While the Queensland senior 

Physics syllabus does focus on teaching students to work scientifically, the syllabus’ rationale 

and global aims sections state the overarching aim of studying Physics is to develop students’ 

scientific literacy.  

The shift from the traditional aims of Physics teaching and learning, to educate the next 

generation of scientist and physicists, has drawn criticism from the academic sector. The heads 

of the Physics schools at some of Australia’s most prestigious universities were reported as 

resisting curriculum changes, believing the revised high school Physics syllabus present a “soft” 

version of Physics lacking both depth of understanding and rigorous mathematical content 

(Wolfe, Sydney Morning Herald, 22/04/05, p. 13). Ridd (2004, pp. 14-15) was critical of the lack 

of rigorous mathematics in the Physics syllabus, arguing, “There is a tendency, a deliberate 

policy, to remove, or at least grossly degrade, the use of mathematics in Physics. Such a move 

has the potential to move Physics back to a pre Newtonian, non-numerate study”. As noted 

earlier, Ridd (2004) severely criticised the Queensland senior Physics syllabus for an over 

emphasis on verbal skills and English comprehension, which he perceives as an equity issue 

that will disadvantage boys from low socioeconomic backgrounds who tend to struggle with 

literacy. Literacy and communication are strongly emphasised in the new Queensland Physics 

syllabus. One of the key competencies, KC2: communicating ideas and information, requires 

students to communicate effectively in a range of modes. Section 8 of the 2007 Physics 

syllabus (p. 32), entitled language education, in part states: 

It is the responsibility of all teachers to develop and monitor students’ abilities to use the 

forms of language appropriate to their own subject areas. Their responsibility entails 

developing the following skills:  

 

• ability in the selection and sequencing of information required in the various 

forms (such as reports, essays, interviews and seminar presentations)  

• the use of technical terms and their definitions  

• the use of correct grammar, spelling, punctuation and layout.  
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Teachers expressed the view that the context-based senior Physics syllabus has made Physics 

more achievable for girls precisely because of the reduction of rigorous mathematical content 

and the inclusion of a range of assignment work. While the intention of the syllabus may have 

been to increase the accessibility and relevance of Physics for contemporary adolescents, it is 

doubtful the syllabus was designed to be more achievable for girls who are professed to 

struggle with rigorous mathematics and examinations but excel in report and essay writing, 

and presentations. Teachers’ gender stereotyped perceptions indicate a belief that girls need 

an “easier” version of Physics to be able to achieve well, suggesting some teachers continue to 

hold low expectations and ability beliefs about female students. 

 

While some teachers considered that the new syllabus has made it easier for students to 

achieve a passing grade, there was also a perception that girls do not consider a C grade to be 

successful. Previous research supports this perception. Female students have been found to 

have a greater concern with achieving highly (Murphy & Whitelegg, 2003), and Bleach (2000, p. 

5) reported that girls are more likely, “to set high standards for themselves”. Daly, Grant and 

Bultitude’s (2009) UK study found a perceived difficulty to achieve high grades often 

contributed to girls’ reluctance to enrol in senior high school Physics.   

 

On an optimistic note, two teachers spoke about how they have positively changed their 

teaching in response to the context-based syllabus. Beginning with a context enhances the 

relevance of the content for students and creates a subject that is more connected to the 

students’ lives and their world beyond the classroom. 

 

5.3.10 What would you change about the Physics/Maths B syllabus to encourage 

greater enrolments? 

 

The purpose of this question was to explore which aspects of the Physics and Mathematics B 

syllabuses teachers were dissatisfied with and perceived as barriers to female enrolment. The 

themes emerging from this question were: no changes; reduction of content and increased 

time; assessment and assignments; improving the junior syllabus; introducing a national 

curriculum and national examinations; and more qualified and enthusiastic teachers. These 

themes are discussed below. 
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5.3.10.1 No changes  

 

Robert (Gov4, 26 years, HOD, Physics) and Vaughn (Gov4, 20 years HOD, Maths B) said they 

would not make any changes to the respective syllabuses. Both have 20 years or more teaching 

experience and both are HODs. Vaughn explained he liked how the mathematics subjects were 

“set up”. Robert said he liked the way Physics had been taught for the last 25 years but 

lamented the fact that Physics no longer has the same level of rigour, and perceived the 

changes within student culture as detrimental to students’ success in Physics 

 (Robert, Gov4, 26 years, HOD, Physics) I like the way things have been done for 

25 years. I remember vividly lessons that I used when I was in senior Physics 

myself, that I use still now, identical, identical. A lot of the rigor has gone, it’s not 

nearly as hard as we used to make it, but it’s still, the kids find [Physics] difficult in 

comparison with other subjects...The whole of senior school education is affected 

by the fact that all of the kids have got part time jobs. And that’s where a lot of 

the failure comes in, the kids are just not used to having the study regime, and 

although I regularly set homework, it’s not regularly done by all the kids, and if 

they haven’t got the routine all the way through the term they struggle with the 

routine come time for the exam. It needs to be practised. 

The next section discusses the concepts of too little time and too much content. 

 

5.3.10.2  Time is the enemy 

 

Five teachers [three Mathematics B teachers (f = 2) and two Physics teachers (f = 1)] gave 

responses that incorporated the concepts of too little time and too much content. Although 

the amount of content resulted in a shallow coverage of many topics rather than an in-depth 

study of fewer topics, these teachers believed the amount of content was necessary and 

justified the status quo based on university preparation and the necessity of meeting QSA 

(Queensland Studies Authority) guidelines:  

 (Keith, Gov4, 4 years, Maths B) The amount of [content] that’s in there, I would 

probably reduce it a little, but I understand the reasons behind not doing that. 
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That’s what I’d like to do. Focus a little bit more in depth and I think there’s a lot 

there to get through.  

 (Naomi, Cath2, 12 years, HOD, Physics) There’s always too much [content], 

perhaps for everything. It really is a lot. I understand that coverage is to try and 

help [students prepare] for university. I mean obviously these kids are going to go 

off to university, so the idea behind it is to help them to cope with that at least, or 

if you give them some sort of base background knowledge in what they’re going 

to confront when they get to uni. I think it’s necessary because most of them go in 

to university with rose coloured glasses on, they think it’s all going to be pub 

crawls and whatever. Whereas it’s hard work. So if they have a little taste of that 

in Year 12, then hopefully they’ll be able to cope just that fraction better when 

they get to university. But there is a lot of work to cover. It can be a bit daunting. 

And then with the teaching, how much of it, how in depth do we have go to get it 

all covered, because we have guidelines from QSA that we have to stick to, and 

[students] have to cover a certain amount [of content] otherwise it won’t go 

towards their OPs. 

The following comment from Nina reveals for many people a fundamental barrier to success in 

Mathematics B is lack of time spent on concepts: 

(Nina, Cath2, 14 years, Maths B) The amount of time you have to do work that 

you have to do. If we had more time, it’s my belief, one of my core beliefs is that 

Maths B is not too hard for most people to understand. It’s just that sometimes 

you have to understand it quickly and that cuts out a large number of people...You 

can reduce the content but then I don’t know how hard that would impact in 

particular university courses. I don’t know exactly what they require. I think the 

syllabus has been written by the syllabus writers to match university courses. I 

haven’t done a vast study myself as to whether that’s true. I did maths at 

university myself and my studies lead me to believe that it led me in the right 

direction. So what I’m teaching I think leads people in the right direction. But if 

you cut out a lot of content you cut out a lot of courses. If you’re wanting to do 

business or commerce, not engineering and Physics, so you can’t cut out certain 

sections and leave other sections. Unless you do this maths for engineering, do 

this [for commerce] in high school. And that doesn’t work well in a high school 

situation because you can’t afford to pay enough teachers to do that.  
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Kay expanded on this theme and referred to the amount of content and subsequent lack of 

time as defeating the purpose and missing the point of having applied mathematics:  

(Kay, Cath1, 40 years, maths coordinator, Maths B) – My biggest drama is not 

having enough time to really consolidate some of the key points that I would like 

to spend a lot more time on. And going over and making it really clear exactly why 

we’re doing [the curriculum material]. Sometimes we just rush through topics just 

to get them finished. And to me, we’re just defeating a purpose. Time would be 

my greatest enemy. I’d like to have more time in the day and in the week and in 

the year so that we could actually spend a bit more time doing those 

investigations. I’d like to do more investigations and more, “Why do we have to do 

it this way?”, rather than this is how it’s done...The purists would argue they don’t 

have as much content as we used to have but the focus has gone from just 

learning theory to being able to apply it. And if you don’t have time to...I mean, 

you’ve still got to learn your theory, and then if you don’t have time to actually do 

the applications then you’re missing the point of having applied mathematics as 

far as I’m concerned. 

 

5.3.10.3  Assessment is the enemy 

 

Five teachers’ (f = 2) responded to the question of changing the syllabus in terms of current 

assessment practices. Peter responded positively about the balance of different assessment 

techniques: 

(Peter, Gov3, 6 years, Physics) Assessment is not too bad because there is the 

balance of different assessment techniques. You’ve got the supervised 

assessments, or you’ve got the (inaudible) exams which are treated as a normal 

exam, answer short questions, algorithms, or stimulus response. You’ve got an 

experimental research task which is doing an experiment and collecting data, 

analysing that information. Then you’ve got the extended response tasks. So they 

could be researching an idea and preparing a powerpoint or brochure on 

something so there is a reasonable range of assessment tasks. The older syllabus 

was much more heavily into the exams. [The new syllabus] does have that better 

range of assessment techniques. 
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The other four teachers (f = 1)were more critical of the assessment process. The comments 

below are indicative of the range of problems teachers perceive with current assessment 

practices and procedures: 

 (Nina, Cath2, 14 years, Maths B) I think you can test mathematics in tests. You 

should be able to, and not do any assignments. Stuff the assignments, they take 

out so much time and effort and you really get driven insane by it. When I went 

through school we did the end of term test, the end of semester test and all of the 

rest of it but that’s all we had to do. So that when you had assignments, they were 

in other subjects, you didn’t have assignments in every single subject. We 

overload our senior students in the Queensland curriculum. They don’t get to 

enjoy their subjects. I don’t think [students] have enough time to learn how to do 

their exams, how to settle into an exam technique. 

 (Darren, Cath2, 7 years, Yr 11 coordinator, Physics) I think assessment really is 

the enemy of education. The assessment process is boring. It’s just long, lots of 

words. Kids work on one assignment for 3-4 weeks and you think, that’s what 

they’re focusing all of their time on instead of getting out there and doing 

something and actually understanding it which is what you’d hope education is all 

about. It’s all about the getting it on paper so you have the proof of what you’ve 

learned or what we say you’ve learned. Having to prove that you learned 

something doesn’t mean you didn’t actually learn anything, it means that you had 

to learn a certain part of something in a certain particular way and take time to do 

it (laugh).  

Darren also thought assessing students’ complex reasoning skills was unrealistic as most 

students did not have the cognitive ability for complex reasoning at that age:   

 And I think a [for] lot of kids, knowledge and understanding is normally a very easy 

thing for them to do, as long as they do the work. But to expect a kid to be able to 

take bits of information and use it in their own way, complex reasoning, I think is 

only a very rare thing up to the age of 17, you’re talking about one in ten kids, 

maybe not even that, who actually have that ability.  

He also believed the focus on assessment and the need for evidence of learning outcomes 

prevented the study of complex state-of-the-art science and technology: 
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 A couple of years ago we actually had an assignment with nano technology. Now 

the reason I was instrumental in stopping that was because again it comes back to 

this ‘what the kids can show they understand’ and it’s really good exposing the 

kids to that sort of stuff to hopefully get them interested, but to assess them on it 

is very unfair because there’s some really high order, very complex things there. 

And that’s part of the syllabus, the contextual approach, is to try to get something 

which is interesting and at least relevant to the kids and then go on with that. But 

if you aim for something which is too topical, too interesting, too state-of-the-art, 

there’s very little which we can break down and say, “well how about you 

understand this little bit of it”, and even if you do it just points out the fact that 

you don’t really know anything about this (laugh).  

  

5.3.10.4  Improving the junior syllabus 

 

Vaughn found fault with the mathematical skills students acquire in primary school, and was 

critical of the junior secondary school mathematics syllabus and the foundation and 

preparation it provides students with for the transition to senior secondary school 

mathematics: 

 (Vaughn, Gov4, 20 years, HOD, Maths B) Probably in Year 8, 9 and 10 junior 

mathematics syllabuses I find is a bit weak. There doesn’t seem to be as much 

knowledge or skills embedded into the students coming from Year 7 to Year 8 and 

as a result there seems to be a lot of work that needs to be done in only three 

years to get them up to the necessary skills and requirements for Maths B and 

Maths C. So I think in the first seven years, now with the prep year, eight years of 

schooling, perhaps a bit more can be done then to give them better foundations 

of maths skills. And in turn they would be passed on through 8, 9 and 10 and then 

eventually it will level across. 
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5.3.10.5  Qualified and enthusiastic teachers 

 

Nina thought improving the quality of teachers would improve enrolment numbers: 

(Nina, Cath2, 14 years, Maths B) I would increase the number of teachers that 

feel passionately about mathematics, and they like it, they like to teach it and it 

shows. That’s what I would do. That would change the number of enrolments. 

There’re not very many teachers that have done mathematics at university level, 

which is a real pity. But you might have your Bachelor of Science or whatever but 

majoring in maths, that would be great. Not a Bachelor of Arts and then you had 

to do Maths because the schools threw you in there.  

 

Discussion: 

Robert and Vaughn’s reluctance to change any part of the Physics and Mathematics B syllabi 

reflects Kenway and Willis’ (1993) contention of teacher resistance to deep-seated changes, 

with fundamental changes regarded as unnecessary, undesirable and impossible. The five 

teacher participants who were critical about the Physics and Mathematics B syllabuses being 

overloaded with content nevertheless justified why it was undesirable and impossible to 

change the existing state of affairs.  

To illustrate teachers’ reluctance to change the syllabus, I would like to describe my experience 

at a National Curriculum workshop. I recently attended an Australian Senior Years Curriculum 

development workshop held by ACARA (Australian Curriculum, Assessment and Reporting 

Authority). The purpose was to gather feedback on proposed National Curriculum senior years’ 

science courses, and to inform further development of the courses for sciences.  I was at a 

table with six senior secondary Physics teachers from different states and territories, and 

representatives from CSIRO (Commonwealth Scientific and Industrial Research Organisation), 

DEEWR (Department of Education, Employment and Workplace Relations), ACARA, and the 

AstroPhysics Society – a very interesting mix of backgrounds, opinions and ideas.  

One workshop session considered the proposed content in relation to the rationale, aims and 

overall purpose of the Physics course. The Physics teachers decided to list what they felt was 

fundamental knowledge that must be taught to students, and the logical sequence for 

learning. The ACARA representative suggested the resulting list looked like a 1950s curriculum. 
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Although I argued Physics already has low enrolment issues and reproducing the current 

curriculum will not improve enrolments, the teachers felt they would be failing students 

aspiring to university if certain topics were not included. I again argued that if we continued to 

reproduce the current curriculum we will not attract new students – especially girls - who may 

already find the curriculum uninspiring and irrelevant (see next chapter). A contemporary 

Physics curriculum needs to be relevant and forward thinking, and connect with students’ 

needs and interests.  

I wondered whether teachers could see outside of their own practice and their own science 

education to create a modern curriculum. Has Physics been taught like this for the last 50 years 

because it is what high school students need to know? Has teaching the same curriculum for 

50 years worked? The majority of teachers agreed that it has served very well. They were 

unable to conceptualise a curriculum that did not have this content and were complicit in 

maintaining the status quo (Hart, 2001, 2002). Science teachers tend to teach and assess 

students as they were taught and assessed through school and university in a self-reinforcing 

cycle (Tytler, 2007). Hart (2001, 2002) met with similar resistance as a project officer writing a 

new course for secondary school Physics in the state of Victoria, Australia. Her attempt to 

establish a contextually-framed Physics curriculum, meant to make Physics for accessible and 

meaningful, was opposed by disciplinary interests (Hart, 2001, 2002). Goodrum, Hackling and 

Rennie explained why attempts to develop less content-oriented science curricula continue to 

be resisted:  

One view is that the narrow, discipline-based science courses at the upper 

secondary level have served well the current leaders of science education, 

including academic scientists and many science teachers, so it is not surprising 

that many resist change to broader science courses that focus on social and 

environmental issues which are perceived to dilute the rigour of the discipline of 

science. (2001, p. 9) 

Physics enrolments are falling, and intuitively the purpose of any new curriculum is to make 

the subject more attractive, not less. Tytler (2007) criticised a narrowly conceived national 

curriculum that merely replicates existing curricula and is not innovative in content or teaching 

approaches. However, integrated science subjects, such as Science 21, with wider academic 

content, have experienced problems with acceptance. They lack the high status of Physics 

because they continue to be rejected as prerequisites for entry into university science courses 
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(Tytler, 2007).  A 21st century Physics syllabus would advisedly meet the learning needs of 

contemporary Australian youth, entice them back into science, and engage and enthuse them 

as agents of their own learning. The enthusiasm for doing science and the challenge of 

problem solving for a better future was not reflected in these proposals as far as I could 

determine. And the biggest stakeholders, students, were noticeably absent from the 

consultation process.   

With regards to assessment, a number of teacher participants would like to change the amount 

or types of assessment that are involved in Physics and Maths B, and believe students are 

overloaded with assignments and are unable to enjoy their subjects. The Physics assessment 

criteria were critiqued for being unrealistic in terms of students’ complex reasoning capabilities 

at the age of 17. And assessment was perceived as a barrier to studying state-of-the-art 

technologies and discoveries.  

The suggestion from one teacher that students receive a poor quality mathematics education 

in primary school and junior high school seems inconsistent with recent international survey 

data. Information about students’ knowledge and understanding of mathematics and science 

can be gathered from the Organisation for Economic Cooperation and Development (OECD) 

Programme for International Student Achievement (PISA), and the Trends in International 

Mathematics and Science Study (TIMSS) conducted by the International Association for the 

Evaluation of Educational Achievement (IEA). PISA provides information regarding the 

performance of 15-year-old school students (mostly in Year 10), and TIMSS provides 

information about the performance of students in Year 4 and Year 8. Australian students 

ranked equal ninth in mathematical literacy among the 57 countries that participated in 2006 

PISA study (Ainley, Kos, Nicholas, 2008). In 2002/3 at Year 4 Australia ranked equal 14th in 

mathematics among the 25 participating TIMSS countries; and at Year 8, Australia ranked equal 

10th in mathematics among the 46 participating TIMSS countries (Ainley, Kos, Nicholas, 2008).   

 

The final suggestion to increase enrolments was to increase the number of qualified and 

passionate mathematics teachers. Ridd (2004) reported that the shortage of secondary maths 

teachers is a nationwide problem in Australia and many secondary students are taught by 

teachers who are underqualified. However, unless it can be established that teacher quality 

and qualifications have declined over time, it is difficult to suggest a relationship with declining 

enrolments. Nevertheless, quality of teaching is the single most important determinant of 
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student achievement and Rowe (2002, p.2) provides evidence that good teaching is the key to 

success for all students: 

 

The finding that teacher quality has the greatest effect on student achievement, 

above and beyond differences between boys and girls, between students of low 

and high socioeconomic status, and between schools, does not mean that such 

differences do not exist. The evidence is clear that they do. It does, however, 

recommend that the best strategy to enhance educational quality and student 

achievement is to ensure that all students receive the best possible quality of 

teaching. 

 

And the best possible quality of teaching is from suitably qualified science and mathematics 

teachers with the ability to improve student achievement and improve student outcomes.   
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Chapter 6 

Student interview results 

 

6.1 Introduction 

 

Stage Two of the study also sought to explore female students’ views about secondary school 

Physics and intermediate mathematics education, such as the way it is taught and its relevance 

to contemporary young women’s lives. It provides a space for the student voice and in doing 

so, positions students as a key to any curriculum debate about transforming school science and 

mathematics to make these subjects more relevant to students’ needs and interests. The 

economic imperative to increase the number of STEM graduates has recently focused 

attention on the relative unpopularity and associated persistent gender disparity of physical 

science participation, and to a lesser extent intermediate mathematics participation, among 

young people and especially among young women (Lyons & Quinn, 2010; Murphy & Whitelegg, 

2006). Knowledge of students’ interests, attitudes and beliefs about physical science and 

mathematics can potentially assist in the development of science and mathematics curricula to 

engage all students and reduce gender disparity. Students have a unique perspective on what 

happens in mathematics and science classrooms. Excluding these perspectives means reform 

efforts will be based on an incomplete picture of how curricula could be improved. Cook-

Sather (2002, p. 3) has critiqued an education system founded on adults’ ideas of how 

education should be conceptualised and practised, which ignores the perspectives of those 

who experience education policies-in-practice, and argued, “There is something fundamentally 

amiss about building and rebuilding an entire system without consulting at any point those it is 

ostensibly designed to serve.”   

This chapter contains the results from interviews conducted with groups of female Year 12 

Mathematics B and Physics students. The purpose and method of this component of the study 

are fully documented in the method chapter (Chapter 3) and they are also summarised at the 

beginning of this chapter for clarity. The results are then presented under subheadings based 

around the questions used in the interviews. Discussion of the results is found at the end of 
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each question. A summary of the results and discussion completes this chapter. The 

conclusions from this component of the study are presented in Chapter 8.     

 

6.2 Stage 2 student interviews: a summary 

 

The purpose of Stage 2 of the study was to get beyond the statistics and qualitatively explore 

young women’s views of the factors associated with participation in senior Physics and 

intermediate mathematics, and the social and structural barriers inhibiting their participation. 

Semi-structured interviews were carried out with Year 12 Physics (n = 4) and Maths B (n = 5) 

students. The interview covered the following matters: 

• Motivations to enrol in Physics/Maths B 

• Perceptions about the teaching and learning of Physics/Maths B 

• Attitudes towards Physics/Maths B 

• Motivations to persist with these subjects 

• Interest and concept of ability in Physics/Maths B 

• Beliefs about which subjects are valued by society 

• Influence of others in subject selection 

• Ideas to encourage greater enrolments 

The young women were interviewed in pairs or in a small group of three. The young women 

had a lot less to say than their teachers (who are of course, professional talkers). Analysis for 

this chapter was consequently conducted on much less transcript data. It is therefore 

important to consider everything the young women did have to say, and were able to reveal at 

interview. The results are organised under the questions asked at interview. Interview 

transcripts were analysed by identifying emergent themes and general categories that were 

relevant to the study for interpretation and analysis (Creswell, 2009). Thematic charts were 

collated and specific central charts were produced for particular themes for a more detailed 

analysis (Creswell & Plano Clark, 2008). The results are organised under the questions asked at 

interview. Themes which emerged from the responses are used as sub-headings for each 

question. Where responses from multiple questions involve the same theme, this is discussed 

under one heading. Throughout this chapter, data that is similar for both intermediate 

mathematics will be discussed together to avoid repetition. Where data is different for each 

subject, it will be discussed separately. 
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Table 6.1 details the type of school participants attended, and their subject enrolment. 

Students 1-4 were interviewed in regards to Physics participation, while students 5-9 were 

interviewed in regards to intermediate mathematics participation. Even in this small sample, 

patterns of participation generally match Queensland patterns (QSA, 2010). More girls are 

enrolled in Mathematics B, chemistry and biology, than are enrolled in Mathematics C and 

Physics.  

 

Table 6.1 

Students listed by type of school attended and subject enrolment 

Student School Maths B Maths C Physics Chemistry Biology 

Brianna Ind1      

Linda Ind1      

Nicole Gov4      

Bree Gov4      

Cathy Cath2      

Isobelle Cath2      

Elayne Gov3      

Helen Gov3      

Fiona Gov3      

 

 

6.3 Results  

 

6.3.1 What career have you chosen? 

 

Three of the five Maths B students had not yet decided on a career but took intermediate 

mathematics to keep their options open. The other two mathematics students had each 

chosen a science-based career in the health field – physiotherapy and pharmacy. 

The four Physics students had all chosen a science-based career in the health field – general 

medicine, biomedical science, dentistry and gynaecology. The comment below from Bree is 

illustrative of the type of decision-making involved in career choice: 
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 (Bree - Physics student) I’m actually thinking about getting into gynaecology, so I 

have to do medicine and if I can't quite get the OP [tertiary entrance score], which 

I’d be very disappointed, it would probably be dentistry so I could stay in the 

science world. 

 

6.3.2 Why did you decide to enrol in Physics/Maths B? 

 

All mathematics and Physics students responded to this question in terms of careers and 

keeping future university options open: 

(Linda - Physics student) Because it’s for uni courses, keeping my options open by 

choosing all of the sciences and choosing Physics.  

Two mathematics students intertwined prior achievement with a future study and career 

discourse, and the cost associated with not doing the “right” subjects:  

(Elayne - Maths B student) I’d done pretty well in maths in the junior years so I 

thought I might as well give it a go. And the prerequisites, there’s just so many 

courses in uni. I wouldn’t like to have done Maths A and then got to uni and then 

worked out that I couldn’t do my course because I hadn’t done the right subjects. 

One mathematics student commented that she was influenced by teacher advice, and one 

student spoke about Physics increasing her grades, and how she liked the combined 

mathematics and science aspect of Physics: 

(Bree - Physics student) I thought for my future you know, just to make my grades 

higher.  Because it is a very good subject and it makes you go a lot higher [scaling 

and increased tertiary entrance score].  It is like maths and science in one, so it is 

pretty cool. 

 

Discussion 

The thoughts of the young women are congruent with findings from a recent US study that 

revealed,  
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females are more likely than males to report that they would pursue a career in 

the health field...and adolescents with high science values and 

selfconcepts...reported a higher likelihood of pursuing a health career than 

adolescents with moderate or low science values and selfconcepts. (Simpkins & 

Davis-Kean, 2005, p. 43) 

 

Interview findings converge with Stage One findings that one of the key reasons students enrol 

in intermediate mathematics is to achieve career goals and to increase their tertiary study 

options, whereas students enrolled in Physics for a specific career goal. Students and teachers 

agree that a strategic factor influencing choice is whether or not the subject is required for 

further study and aspiring university students need to keep options open for a wider range of 

career pathways. Previous research has consistently found students tend to explain Physics 

and intermediate mathematics enrolment in terms of future university study or careers needs, 

whereas biology enrolments are predominately explained by interest and enjoyment (Ainley et 

al., 2008; Barnes et al, 2005; Fullarton & Ainley, 2000). These data indicate that while interest 

may be a factor in girls subject choices as shown in Stage One, the overriding consideration 

involves what these subjects represent in terms of post-school options, and enhanced 

university and career opportunity.  

Kelly (1988) found career considerations were cited as a reason for doing Physics by 51% of 

boys and 48% of girls. Brinkworth and Truran’s (1998, p. 1) Australian study of the influences 

on Year 12 students’ reasons for studying mathematics, found, “The major factor influencing 

students’ choice as to whether or not to study mathematics was if they considered that 

mathematics was needed for further study.” More recently, Barnes, McInerney and Marsh’s 

(2005) Australian study of Year 10 students’ enrolment intentions found career considerations 

had the greatest direct influence on Physics enrolment for both males and females. Another 

recent Australian study found, “the importance of mathematics for further study emerges as 

the main reason for enrolling in mathematics courses” (McPhan, Moroney, Pegg, Cooksey & 

Lynch, 2008, p. 7). Osborne and Collins (2001) argued if instrumental value rather than intrinsic 

interest is driving enrolments, teachers need to place more emphasis on the range of 

occupations that involve scientific knowledge, and how scientific knowledge might be used 

within these occupations. 

A subject’s instrumental value can take several forms, such as a recommendation for university 

courses, and as a means to, “gain entry into university courses with high cut-off scores” 

(Brinkworth & Truran, 1998, cited in McPhan et al., 2008, p. 7). The perception that certain 
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subjects can increase a tertiary entrance score is related to the way subject marks are scaled. 

In Australia, scaling is a process which converts raw marks which are unable to be compared, 

into scaled marks which can be compared. Scaling compares relative performance across 

different subjects,  

How well a subject is scaled depends on how well its candidature does relative to 

your whole cohort, if your whole cohort did that subject...More specifically, the 

better the candidature for a particular subject does in their other subjects, the 

better that subject will be scaled...there tends to be a positive correlation 

between difficulty of subjects and their scaling. That is, people notice that harder 

subjects tend to scale better. The reason for this is that students who choose 

harder subjects tend to do better than their peers in their other subjects. (Dux 

College, n.d.)  

Students taking a combination of physical science and higher-level mathematics subjects can 

be advantaged by their grades being scaled higher than a student with the same achievement 

levels taking humanities subjects. Stage One results showed almost one quarter of Year 11 and 

12 mathematics students cited an increased tertiary entrance score as a reason for enrolment, 

and nearly one third of Year 11 and 12 Physics students cited an increased tertiary entrance 

score as a reason for enrolment. Students in this study were aware certain subjects have the 

effect of increasing grades and took strategic advantage of this benefit. 

 

6.3.3 Can you describe a typical Physics/Maths B lesson? 

 

Two main themes emerged from responses to this question: a transmissive pedagogy; and 

male dominated classes. The most common response from the young women was the style of 

teaching they experienced was the same, regardless of whether they studied Physics or 

Mathematics B. 

 

6.3.3.1 Transmissive pedagogy 

 

Seven girls described a dominant transmissive pedagogy in both Physics and Mathematics B 

classes. Sample responses are: 
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 (Cathy - Maths B student) We just get shown a few worked examples on the 

board and then we go ahead and do the chapter in the booklet and you kind of 

work out your problems from there. 

  (Nicole - Physics student) Probably we get taught something.  A few notes maybe 

on the subject and we will just do some work sheets or activities out of the book 

and we will just go from there. 

 

6.3.3.2 Male dominated classes 

 

Linda and Brianna described the difficulties of being in a combined Year 11/12 classroom 

dominated by male students and a male teacher, but also perceived some benefit in terms of 

help they can offer. Here is what they said: 

Linda There’s a lot of boys in our class, it can get very rowdy in a way, and we have 

a combined grade 11-12 class so that can be a bit hard sometimes. Some of the 

time in our class, because we have a male teacher, it ends up being kind of like a 

male to male discussion. And you can tell they are on the same wavelength. 

Brianna It’s so hard when there’s not, like, boys and girls can communicate 

together but it’s hard when there’s like a whole classroom of guys, in my opinion. 

But it’s good as well because there’re really good Physics students in our class, 

and they can help us. 

 

Discussion: 

Lingard (2002) found interest and engagement is lower when students experience a teacher-

centred pedagogy. In the 1990s Byrne (1994, p. 32) claimed, “proportionately more boys prefer 

a structured, information-transmitting directive teaching style” which “does not allow for 

discussion of related contextual and social issues”, the latter being a strong preference of girls 

(cited in Walkington, 1998, p. 77). More recently, Lyons (2006) argued both male and female 

students prefer a student-centred pedagogy. Three interpretive studies of Year 10 science 

students’ learning experiences in Australia, England and Sweden found the most frequently 

expressed student criticism was the, “transmissive pedagogy of school science, a feature 
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reported so widely that students appeared to regard it as an inherent characteristic [and] the 

students were overwhelmingly critical of its use as the default teaching option” (Lyons, 2006, 

p. 595). Tytler (2007, p. 12), in his comprehensive review of Australian science education, 

found that in the majority of schools,  

 

Science is a subject that delivers non-negotiable, abstract knowledge, tending to 

use an authoritarian and narrow pedagogy which is arguably insensitive to the 

diverse learning needs of students. Nor does it provide the intellectual challenge 

associated with exploration and questioning, and substantive discussion of ideas.  

 

The consequences of a pedagogy that fails to actively involve students in their own learning 

can be far reaching. The effect is that, “students fail to see the relevance of science for their 

lives and futures, and fail to engage with meaningful learning” (Tytler, 2007, p. 12). When 

young women are considering senior choices, a subject which fails to engage them with the 

content is at a disadvantage (Lindahl, 2003; Lyons, 2006).  

 

Another factor bearing on girls’ subject choices is the historically accurate perception that 

Physics, and mathematics, are a male domain (Harding 1998). While the subject of 

mathematics is increasingly perceived as gender neutral (Watt, 2000, 2002), the continued 

absence of female students and female teachers in senior Physics classrooms reinforces the 

idea of Physics as a male domain. The young women in this study raised the matter that they 

experienced some difficulties with a classroom dominated by male students and a male 

teacher. They noticed the teacher spent more time talking with the boys and favoured them 

with more attention. Warrington and Younger (2000, p. 493) cite studies which have shown, 

“girls were frequently marginalised in the classroom, with teachers responding more readily to 

boys, who monopolised linguistic and physical space and teacher attention.” This has also been 

highlighted in UK and Finnish studies (e.g., Lindroos, 1995; Taber, 1992). Warrington and 

Younger (2000) found the majority of interactions between teacher and students occurred 

with boys, the majority of teacher questions were directed to boys, and the majority of 

responses to open questions from teachers were from boys. With such experiences and 

conceptions about science, it is hardly surprising that when girls choose their subjects for the 

senior years of schooling, few girls choose Physics as a comfortable option. It is of concern that 

high achieving young women still have to negotiate the historical complexity of gendered 

science in 21st century Queensland secondary schools. 
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6.3.4 What do you like about Maths B/Physics? 

 

Three main themes emerged for this question, these were: a “straightforward” subject and 

understanding, status, and active learning.  

 

6.3.4.1 A straightforward subject and understanding 

 

All five Maths B students considered Mathematics to be a straightforward subject:  

(Cathy - Maths B student) There’s a right and a wrong answer so when you get it 

right you feel good.  

 (Isobelle - Maths B student) Last year it was my favourite subject. It’s good when 

you know what you’re doing and you practice it a lot, and then you start to like it. 

It’s not like English, it’s straightforward [rather than subjective]. 

 (Fiona - Maths B student) I like that I can just go in there and sit down and work 

and not have to think about it sometimes. Because in maths you don’t have to 

think about the whys or anything, you just have to kind of do it, and again, and 

again. 

Understanding was what the young women most liked about mathematics, and Nicole also 

referred to understanding as what she most liked about Physics. For Helen, understanding was 

the only thing she liked about Maths B: 

(Nicole - Physics student) You feel like, once you get something, you feel like you 

know it. You just feel like on top of the world.  

(Helen - Maths B student) I think that the only thing I like about maths is when I 

actually understand something and I can do it. And that always feels good. But 

apart from that I can’t think of anything.  
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6.3.4.2 Status 

 

One Physics student explained she is considered smart because Physics is perceived as a very 

difficult subject. She attributes her achievement to hard work and the motivation to achieve 

highly. The student being interviewed with her agreed: 

(Bree - Physics student) People go all the time, “Oh you are such a nerd, you are 

so smart”.  I’m like, “No, anyone can do Physics”. I feel like it is really easy 

because, I mean like I’m not a mathematical genius or anything, I work hard to get 

my grades, because I want to do well. 

(Nicole - Physics student) Yeah, I guess that is like everyone who wants to do well. 

 

6.3.4.3 Active learning 

 

Three Physics students made a reference to liking the mathematics and the active learning 

aspects of Physics classes:  

(Linda - Phyics student) I like the maths in the subject. I like the class because you 

get to do experiments and hands on and you see how things work which you do in 

most sciences.  

(Nicole - Physics student) But it is good, [our teacher] explains [and] does all the 

pracs with us as well, he explains.  Every topic we learn, we will do a prac. Just so 

we can visually see what is happening.  

(Brianna - Physics student) It would be like kind of boring if you just do paperwork 

and just sit there. You want to do something like full on hands on, you know, 

practical work instead of sitting there and just writing. It is just boring.   

 

Discussion: 

Cathy, Isobelle and Fiona’s responses to this question suggest these students consider 

mathematics to be a logical subject; the answer is either right or wrong, and whys and 

wherefores are not perceived to enter into the end result. These data suggest creative thinking 
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is not strongly promoted in mathematics as it is currently taught in Far North Queensland. On 

the other hand, the study of English does explicitly require critical analysis of texts, and 

interpretation of texts can be subjective. These data indicate this small number of high 

academic achieving young women tend to prefer the certainties of mathematics over the 

indeterminacies of the current English syllabus. Although mathematics is viewed as a 

straightforward subject, Nicole and Helen’s responses that understanding mathematics is what 

they like about the subject indicates they sometimes struggle to understand the mathematics 

they are taught. This finding corroborates with the Stage One finding that understanding is one 

of the most enjoyable aspects of learning mathematics, and lack of understanding is one of the 

least enjoyable aspects. Girls want to understand the mathematics rules they are being taught 

(Boaler, 1997b), but in secondary school mathematics, often the goal is to work quickly, to 

attain the correct answers, and to complete as many questions as possible (Zohar & Sela, 

2003). Content heavy curricula can result in topics being rushed, leaving little time to 

consolidate learning or to explore applications of theory. In terms of understanding Physics, 

lack of understanding is a factor in the high female drop-out rate (Hilderbrand, 1996). 

 

A certain level of prestige is associated with enrolment in subjects which are perceived as 

difficult. As more students in the top bracket of achievement enrol in higher-level mathematics 

and physical science subjects, this perpetuates the perception that a high level of intelligence is 

needed to be successful (Fullarton & Ainley, 2000; Thompson, 2005). A Queensland study, 

where Year 9 and 10 students were interviewed about mathematics ability grouping, found 

students in high ability groups were described as, “smart, clever, intelligent, [and] brainy” 

(Zevenbergen, 2003, p. 6). Teachers in this current study felt the same (See section 5.3.8.1). 

One teacher said the prestige attached to participation in Physics meant being perceived as 

one of the “smart” students, or status by association - “hanging with the brains”. However, 

Nelson (1996, p. 166) pointed out high academic achievement in some high schools can carry, 

“negative social prestige – they make you a nerd.” The dichotomy in terms of positive and 

negative social prestige is reported in Stage One findings (see section 4.4.7 and 4.4.8); 

respondents reported students studying intermediate mathematics and Physics were 

perceived as smart, but also as “crazy” for studying such difficulty subjects, or as “nerds”. In 

terms of gender and identity, any negative connotation associated with participation in 

intermediate mathematics and Physics may be a deterrent to enrolment for some young 

women (Nelson, 1996; Schreiner, 2006). 



219 

 

The majority of Physics students said active learning such as doing experiments and hands-on 

activities was a positive aspect of Physics classes. By contrast, the teachers interviewed 

perceived girls to be passive learners who prefer to work through something on their own, and 

who they saw as putting up barriers to physical activities (see sections 5.3.2.4 and 5.3.6.2). 

Teachers perceived boys as feeling more comfortable doing a project, more confident with 

practical work, less worried about making mistakes, and good at experimental work. Perhaps 

this disparity arises because boys can appear more confident with hands-on activities in a 

classroom, whereas girls may appear hesitant in comparison with boys. However, this is 

supposition in the case of this group of young women. The data indicate girls like hands-on 

learning and consider this to be a valuable aspect of science learning. The more experience 

girls gain with active learning, the greater their confidence will grow. What is of interest in this 

study is the indication girls see themselves as competent learners. Not all teachers interviewed 

were willing to concede the same. 

 

6.3.5 What do you dislike about Maths B/Physics? 

 

This question was designed to explore students’ perceptions of teaching and learning Physics 

and Maths B subjects after at least 12 months experience. Three common explanations 

emerged from students’ responses: difficulty due to amount of content and fast pace of 

teaching and learning; absence of applications; and deriving, modelling and assumptions for 

theory and reality were confusing and unrealistic. A further theme to emerge was autonomous 

learning due to large combined Year 11/12 classes.  

 

6.3.5.1 Content and fast pace 

 

 All of the Maths B students were critical of the amount of content that needs to be covered 

and the fast pace of delivery, which often precluded the opportunity to consolidate new 

knowledge. Sample comments are: 

(Fiona - Maths B student) My teacher does not explain things well. I need things 

explained a lot and that doesn’t usually happen. So I have to go to maths tutorials. 

Basically each term we cover lots of different topics but not as deep as I’d like to, 
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because we cover so much [content]. And you have to remember all of it because 

it’s three or four units. I think it’s just too much.   

 (Helen - Maths B student) She [the teacher] explains things well most of the time 

but we move through things so quickly it’s hard to keep on to that knowledge. So I 

have a maths tutor I go to and just go over everything at a lot slower pace. We 

definitely do too much [content] and move through it too quickly. 

 

6.3.5.2 Absence of applications 

 

Elayne offered further insight into the focus on formulaic learning and how the absence of 

learning of mathematical applications may be a deterrent to young women: 

 (Elayne - Maths B student) [the teacher] does explain things but we just do 

everything really quickly. And I find that a bit hard because when I don’t grasp the 

concept I like to go into the, “Oh, how does that work? Or why does that 

happen?”, and there’s very little if any focus on that in maths. It’s just 

remembering the formula type learning. It’s a lot more confusing [not learning the 

application], because especially in chemistry we still have formulas but it’s a lot 

easier to work out how and why they work and then it makes it easier to 

remember. 

Helen explained she saw Maths B learning as memorising formulas rather than gaining a deep 

understanding of concepts and applications:  

(Helen - Maths B student) I dislike that we aren’t told the application, we’re not 

told how it works or why it works or why it does stuff. And it’s just memorising, it’s 

really a test of our memory. 

 

6.3.5.3 Unrealistic and confusing 

 

One maths student and two Physics students responded they found aspects of their subjects 

dissatisfying due to the lack of practical application and unrealistic assumptions:  
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(Isobelle - Maths B student) There isn’t a practical side about it where you can put 

it into practice, like what you’re going to do in the future.  

Linda and Brianna reported that deriving, modelling and assumptions for theory and reality 

were confusing and unrealistic: 

(Linda - Physics student) The fact that it’s all different formulas that you have to 

do, deriving, modelling, just to find the same thing. It’s just all confusing. There’s 

this thing where you do this theoretical part and the reality part. Prove this part 

for the theory, then you have to do another thing to prove for the reality, and 

then the part that is the errors, and the errors are plus or minus and it’s just a 

pain. 

(Brianna - Physics student) And then you have assumptions you make as well, air 

resistance, friction, and well if we’re doing all this and were making the 

assumption that there is no air resistance then it’s not really that realistic. 

 

6.3.5.4 Independent and autonomous learning 

 

Although Nicole and Bree described difficulties with the lack of teacher time and assistance in 

composite Year 11 and 12 Physics class, they also recognised some benefits such as greater 

understanding and independent and autonomous learning: 

(Nicole - Physics student) How we have our double class probably is the hardest.  

[The teacher] probably wasn’t expecting to have it, because not a lot of kids do 

Physics and we don’t have a lot of [students] – compared to other schools, we are 

a small school. 

(Bree - Physics student) It used to be one on one, but now it is like, “I’ll get to you 

guys in like a week’s time” kind of thing. 

(Nicole - Physics student) Yeah, so it has kind of slowed down for us.  But in a way 

it is good because then we are self taught and we also communicate more with 

each other, between the three of us. 

(Bree - Physics student) And I think we retain it more because you are teaching 

yourself. 
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(Nicole - Physics student) And getting different ideas from the others is very good 

too. I’ve noticed that – explaining it to someone else, you can get it more and 

more. 

 

Discussion: 

Heavy content and fast pace, and the resulting lack of understanding, was raised as a barrier to 

learning mathematics. Students thought the pace of teaching was too fast to consolidate new 

concepts. Goodrum, Hackling and Rennie (2001) pointed out, “Students work at too great a 

pace for learning to be effective as they race through the content that is to be included in the 

test” (p. 22). A teacher with 14 years of teaching experience made an important point about 

difficulty and fast pace, “One of my core beliefs is that Maths B is not too hard for most people 

to understand. It’s just that sometimes you have to understand it quickly and that cuts out a 

large number of people” (Maths B teacher). The pressure to cover as much of the required 

content as possible can lead to a mile of concepts being covered by an inch of depth.  

The reported absence of learning applications was also problematic. Brown (2009) argued the 

application of mathematics was the ingredient that made the subject interesting and relevant, 

“Most children become much more interested when they can see the applications of 

mathematics and statistics and why these topics are important in real life. Teaching has to 

have this applied emphasis to make mathematics interesting and relevant” (p. 4). As a teacher 

in this study said, “If you don’t have time to actually do the applications then you’re missing 

the point of having applied mathematics as far as I’m concerned” (Maths B teacher).  

Students’ and teachers’ criticism of the absence of the application of mathematics, the fast 

pace of learning, and a lack of deep understanding of concepts highlights the problems of a 

mathematics syllabus overloaded with content and the current assessment process. Unless 

addressed, the current practices of fast-paced delivery and student memorisation strategies in 

place of mastery learning and deep understanding will lead to a huge cost borne by universities 

through remedial learning support programs (Fazackerley & Richmond, 2009). Over the last 15 

years, remedial mathematics programs have been set up in nearly all Australian universities; 

and by 2007, 32 of Australia’s 39 universities had some form of mathematics and statistics 

learning support (MacGillivray, 2009).  

Physics students did not report quite the same problems, but they did find aspects of Physics 

“confusing” and unrealistic. Students do find science more difficult than their other school 
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subjects (Linné Scientific Literacy Symposium, 2007), and the perceived complexity of Physics 

calculations suggests the level of difficulty is one of the least liked aspects of Physics. Zohar and 

Sela’s (2003, p. 259) study of Year 12 Israeli Physics students found that,   

  

girls express a clear dislike for studying Physics in a way that promotes rote 

learning and algorithmic problem solving. They yearn for understanding the 

meaning of whatever it is they are studying and for opportunities to engage in 

thinking and inquiry. When these desires are not met, they often voice aversion, 

frustration, criticism and recommendations for change.  

 

The young women I interviewed in regional Far North Queensland express similar frustrations. 

They also expressed dissatisfaction with composite Physics classes which reduced the amount 

of teacher time available for them. However, being resilient, they formed a study collective in 

which they learned by communicating together, explaining their understandings to each other, 

and in turn gaining greater comprehension and retention of the content material.   

  

6.3.6 What do you do when you don’t understand something in class? 

 

Students were asked this question to gauge the support available when they are struggling or 

having difficulties. Common among all students’ responses was there were often multiple 

sources of support available ranging from their teacher, other teachers, other students, a 

family member and tutors. 

 

6.3.6.1 Teachers 

 

Eight of the nine students responded they would ask their maths or Physics teacher or another 

teacher for help:  

(Cathy - Maths B student) But if I do have a big problem I’d go and ask [my 

teacher]. She’d help.  
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(Brianna - Physics student) We have a really good, really, really good maths 

teacher who has also taught Physics so he helps us with formulas and stuff like 

that. So he’s pretty cluey on that kind of stuff.  

Fiona’s learning style did not match her teachers’ pedagogy so she relied on other teachers in 

her school for explanations and clarifications: 

(Fiona - Maths B student) I whinge a lot to my teacher. I’m very whingey. [My 

teacher’s] not very patient with me which I don’t really like. So I go to maths 

tutorials that they have on Thursdays and then I get other teachers to explain it to 

me.  

Researcher - And they explain it better? 

(Fiona) Yes, they also explain it differently because each teacher has learned a 

different way and they teach it differently. 

Researcher - Do you think your teacher’s explaining skills aren’t that good? 

(Fiona) Well, just not for me because teachers cater for different students, how 

they learn, and I just don’t learn the same way that he teaches. But I can still 

understand things that he teaches me.   

 

6.3.6.2 Students 

 

Five students said they were able to ask friends or classmates for help, which had the added 

benefit of providing another perspective:  

(Elayne - Maths B student) Usually I just ask for the teacher or a friend to explain 

it to me again. And sometimes it’s helpful to get friends to explain it rather than 

the teacher because it’s another perspective on it.  

Often friends were turned to first before asking the teacher for help: 

 (Bree - Physics student) I will ask one of the [people] sitting next to me. I will look 

at my answer and then I’ll say, “Can I have a look at yours?” and look what she has 

done and her steps. That helps me a lot because you might have got something 
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wrong in just a step.  And then I will look back at the textbook, see what that has, 

and I’ll ask [my teacher] if I’m still not getting it.   

 

6.3.6.3 Family member and tutor 

 

Four students nominated a family member that could help them. Two Physics students named 

a brother and cousins, and two Maths B students named their father but both stipulated that 

they would approach their father only as a last resort: 

 (Isobelle - Maths B student) My Dad is brilliant at maths, he’s really, really good 

but I don’t ask him for help at all. He’d just go on forever. He’d never stop talking, 

basically. Once I let him know what we’re doing at school in maths he won’t ever 

stop talking about it. He’ll just make sure I know everything. I generally like 

figuring things out for myself otherwise I get annoyed. I don’t like asking people 

for help, I want to learn myself, I want to figure out myself. 

One Maths B and one Physics student said they have a tutor, another Maths B student had a 

tutor the previous year, one Maths B student was getting a tutor next term, and one Maths B 

student attended after school tutorial sessions. The student who had a tutor the previous year 

commented that putting in more work and effort had the same effect as a tutor:  

(Cathy - Maths B student) I did have a tutor last year for the first part but it didn’t 

really help a lot because if I don’t get it, I don’t get it at all. So I don’t [have a tutor] 

because it’s just pretty much a waste of money because I can improve just by me 

doing the work.   

The Physics student who has a tutor found it very helpful when she encountered problems:  

(Helen - Physics student) I’ll just ask my teacher or my friends and if I’m still 

confused I’ll ask my tutor, which is really helpful. 

 

Discussion: 

The teacher or a classmate was the first point of contact for most students to resolve 

immediate problems as they arise. Classmates were seen as particularly helpful in providing a 
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different perspective. However, if the student still had difficulties, another teacher, a family 

member or tutoring was the next pit stop in the drive for understanding. The difficulties with 

the fast pace and lack of understanding experienced by many of the students has been 

identified as a major cause of frustration, but tutoring can mean the difference between 

success and failure, and consequent withdrawal from subjects. Tutoring can be effective in 

helping students understand the content they are covering in class, can be conducted at a pace 

that suits the learner, and meets the needs of the individual (Price, Richardson & Jelfs, 2007). 

However, with tutoring between $35 and $50 per hour, the financial status of the family and 

parental willingness to pay for additional learning assistance is a factor here (H. Whitehouse, 

personal communication, August 7, 2010).  

 

6.3.7 What motivates you to keep persevering with such a challenging subject? 

 

This question was also asked to teacher interviewees with the intention of comparing and 

contrasting responses from teachers and students. The four themes emerging from the 

responses to this question were: future study and careers, make parents proud, personal 

achievement and alternatives. 

 

6.3.7.1 Future study and careers 

 

Two Physics and two mathematics students gave reasons associated with future study and 

careers as motivation to persist with challenging subjects: 

(Brianna - Physics student) The prospect of uni, that if we don’t pass then we 

can't get into the uni course that we are interested in.  

 (Cathy - Maths B student) It’s just got to be done I suppose. Well that’s the way I 

think about it, you know, everyone else is the same, they have to do it. It’s just 

one year of my life that I have to do, just got to get through it. 

Researcher – Because of what you want to do in the future? 

Cathy - That’s exactly right.  
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6.3.7.2 Make parents proud 

 

Two Physics students commented that their motivation to persevere was how proud their 

parents were of their achievement:  

(Bree - Physics student) My dad is sort of like, “My God, you are making me so 

proud”. 

(Nicole - Physics student) If your parents see your marks on your report card, they 

are really proud of you and what you get.  Like an A in Physics, my mum is like, 

“Wow”.  She is astounded by it.  It is really cool. But even if your parents don’t 

reward you or anything, it is just the look on their faces. 

 

 6.3.7.3  Personal achievement and alternatives 

 

Three students commented that they persist because they like to achieve highly and strive to 

get good grades:  

(Nicole - Physics student) I’m really conscious of my marks.  Like I don’t like 

getting… Yeah that is how we are – B is horrible”.  

(Fiona - Maths B student) What motivates me - I need good marks, that would be 

nice. Just, when you get something that you haven’t got for a long time, that 

makes you feel good. 

Two Mathematics B students discussed the alternative to taking Mathematics B. Helen spoke 

about the challenge of Mathematics B and lack of challenge in Mathematics A as motivation to 

persevere. Elayne raised lack of understanding in Mathematics B as a motivation to change to 

Mathematics A, but also differentiated between the level of difficulty and challenge: 

(Helen - Maths B student) I just think of the alternative which is going down to 

Maths A, and I’ve looked at the stuff they’re doing and I think I’d be bored. I’d 

rather have the challenge than being bored. 

(Elayne - Maths B student) My motivation has pretty much run out. I’m going to 

get a tutor and see if I can get things explained differently next term and see how I 
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go. But I might go down to Maths A the following term. But as [my friend] said, 

there really is a huge jump between the work in Maths A and Maths B. 

 

Discussion: 

Future study and careers again featured strongly as a motivation for students to persist with 

studies of mathematics and Physics. Students’ and teachers’ perceptions of the strategic 

instrumental value of these subjects was discussed in Chapter 4, Chapter 5, and above in 

section 6.3.2, and therefore will not be discussed again here except to say that career value 

continues to be a fundamental reason for enrolment and persistence in intermediate 

mathematics and Physics.  

Encouragement, in the form of parental pride in academic achievements, emerged as a 

motivating factor in students’ persistence with Physics. Parental encouragement significantly 

influences learning experiences (grades in mathematics and science) and outcome 

expectancies (Ferry, Fouad & Smith, 2000). The expectancy-value theory of motivation posits 

that as part of the socialisation process, parents communicate their beliefs and values to their 

children regarding the importance they attach to certain activities. Parents who value 

mathematics and science and believe their child has ability in these areas will convey this, thus 

developing positive beliefs about a student’s own competence and increasing the value they 

subsequently place on mathematics and science (Jacobs & Bleeker, 2004). Student interview 

data support Stage One findings which showed family encouragement to be a significant 

predictor of enrolment in Physics and Mathematics B. As shown in section 6.3.13, all nine 

students reported that their parents had influenced their mathematics and science enrolment 

decision to varying degrees. 

Achievement as a motivation to persevere corroborates teacher perceptions that success and 

achievement explain girls’ perseverance in difficult and challenging subjects (see section 

5.3.8.1). Interview data fit with the expectancy-value model of achievement choice which 

proposes that, “Children’s achievement performance, persistence, and choice of achievement 

tasks are most directly predicted by their expectancies for success on those tasks and the 

subjective value they attach to success on those tasks” (Wigfield & Eccles, 2002, p. 92).   

The status of Maths B, or lack of status in Maths A, was motivation to continue with Maths B. 

Students said there was a dramatic drop in the level of difficulty between Maths B and Maths 

A, and regard Maths A as too easy and lacking the challenge of Maths B. Maths A is the least 
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difficult mathematics subject which contributes to students’ tertiary entrance score. Research 

has found that the level of difficulty in different mathematics subjects has social meaning 

(Watt & Bornholt, 2000). Students are aware that the stratification of mathematics courses 

acts as a salient social category, and social categorisation impacts on students’ perceptions of 

talent and ability (Watt & Bornholt, 2000). The higher status of Maths B acts as a motivator to 

continue with this subject, while the lower status of Maths A acts as a deterrent to high 

achieving students when considering their progress. Interview data corroborate results from 

Stage One of the study which show students who selected Maths B are perceived to be smart 

(see section 4.2.9.7), and results from teacher interviews which illustrate the perception that 

there is a certain level of status and prestige associated with doing Physics (see section 

5.3.8.1). Lyons wrote, “The combination of difficulty and strategic value imbued physical 

science courses with a certain cachet” (2004, p. 4), referring to how a subject gains status and 

social value.  

 

6.3.8 How interesting is Maths B/Physics compared to your other subjects? 

 

Stage One results showed interest indirectly predicted Maths B and Physics enrolment. This 

question was designed to explore how much or little interest students have in these subjects 

and their reasons for such views.  

 

6.3.8.1 Not interesting 

 

All the Maths B students commented that they did not find the subject interesting, but 

indicated this may be a function of how they experience the teaching of senior mathematics. 

Fiona and Helen commented that mathematics was not interesting compared to their other 

subjects:  

(Fiona - Maths B student) It’s not interesting compared to some subjects where 

you learn about a whole different range of topics. Maths is just maths. I don’t 

think it’s that interesting but it is challenging.  

(Helen - Maths B student) I don’t think it’s interesting at all compared to my other 

subjects. But like [my friend] was saying before, if they explained how and why 
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things happened I think that would definitely make it more interesting for me, 

rather than giving me the formula and telling me to remember it. 

The following dialogue is from two mathematics students who were interviewed together. 

They discuss the lack of active, hands-on learning in Maths B and compare it to chemistry 

which does have experimental work, but they find the experiments are too basic to hold any 

interest for them. They also express a desire for the exciting science experiments they see on 

television:  

(Isobelle - Maths B student) Not very interesting. 

(Cathy - Maths B student) It’s not as exciting as, I don’t know, I find PE [physical 

education] pretty good because you actually get to do stuff and I’m a more 

practical person.  

(Isobelle) Yeah, not very exciting, drawing up a graph. 

(Maths B student) Yeah, more strain on the brain than anything else. 

Researcher – So most of your other subjects other than religion would be more 

interesting? 

(Cathy) Yeah, I don’t know, Chemistry is like, it’s got a bit of maths to it as well 

which is what I’m good at it. I don’t know, I find the experiments in Chemistry 

boring.  

(Isobelle) Yeah, they are really terrible. 

(Cathy) I hate doing them. I’d rather sit there and do theory for Chem.  

Researcher – Why do you hate doing the experiments? 

(Isobelle) Because they’re not very... 

(Cathy) Watching colour change, we don’t care. 

(Isobelle) Yeah, dissolving salt in water and that was... 

(Cathy) Yeah wow salt water, woohoo! 

(Isobelle) Yeah they’re very boring. And then you see like how it’s like on TV and stuff.  

(Cathy) And so you watch TV...  
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(Isobelle) How they blow up things...  

(Cathy) And you wish you could do stuff like on MythBusters. 

(Isobelle) But everything’s just too dangerous with the chemistry, and too much to 

buy equipment and the lawsuits. 

 

Linda and Brianna thought the formulas involved in Physics were a deterrent to enjoyment of 

the subject, but ranked Physics higher than English which was their worst subject: 

(Linda - Physics student) Similar to maths, except maths has those – the problem 

is you don’t really derive from it, it’s just straight up formulas that you use, and 

Physics, you have to change it to suit that particular thing, you have to change to 

suit the other parts. 

(Brianna - Physics student) Yeah there are so many variables in a Physics formula.  

Maths formula is only usually X or X & Y. 

(Linda) It is kind of similar, the same things happening but you have to use 

different formulas to work – two different formulas to work from the same thing. I 

would seriously put it as a 4 [out of 10], before English, because English I seriously 

cannot stand it. 

Researcher - So English is your worst subject, and then Physics? 

(Linda) Yeah.  I like Maths, Biology and Chemistry and then Physics and English. 

Researcher - So you both dislike English? 

(Brianna) Oh Yeah.  It is just hard. 

Researcher - Would that be your worst subject as well, do you think? 

(Brianna) Yeah. 

(Linda) Probably worst subject because, sometimes we do stuff in class which 

doesn’t have to do with what we have to do. 

(Brianna) Yeah. It doesn’t relate. 
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(Linda) If you are going to do Journalism at uni or something like that, it is pretty 

much really good for you, but if you are not going to do English, there is just no 

use for it. 

(Brianna) Yeah you don’t learn, because we don’t learn very much grammar or 

spelling in English anymore and I’m sure that is an area that everyone – most 

people still don’t know how to use “their/there” and apostrophes and it is like, 

“Aaaggh”. 

Bree compared Physics to biology, and found biology to be more interesting because it related 

to the human body and how systems work, whereas Physics was found to focus more on 

technical phenomena: 

(Bree - Physics student) I don’t find Physics that interesting.  It is just kind of like 

“Oh yeah, yeah”. It doesn’t really have anything in there that makes me like 

“Wow!” The subject I really love is probably Biology.  Like how things work.  It is 

just, that subject is the biggest work load of them all, but I really enjoy it.  Physics 

is interesting but it is probably like…out of the sciences, it is not my [favourite] 

because it is more getting to know the technicals. 

 

Discussion: 

Maths B was perceived as challenging rather than interesting, and students thought a greater 

focus on applied mathematics would make Maths B more interesting (as discussed in section 

6.3.5). A lack of active, hands-on learning was also perceived as contributing to the tediousness 

of mathematics.  

 

Barriers such as a rigid curriculum and the conservative attitude of many teachers and 

university academics (Peacock, 2007) are creating a mismatch between science in our world 

today and the popular science of Mythbusters that students see on television, and the science 

that is taught in Australian high schools (Tytler 2007). Building interest in science requires 

challenging units of inquiry with a focus on social and global problems, rather than the diet of 

uninspiring experiments, theory, and complex mathematical formulas currently experienced by 

students in secondary school science classes (Tytler, 2007). Unengaging school science 

experiences are unlikely to increase boys’ or girls’ participation in their senior years of 

schooling.  
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6.3.9 On a scale of 1-10, how good are you at Physics/Maths B? 

 

The four Physics students ranked themselves between 5 and 7 out of 10, indicating they 

perceive their ability as average to above average. Four of the mathematics students ranked 

themselves between 6 and 8 out of 10, while one student ranked herself as a 3 or 4. These data 

indicate the majority of Mathematics B students have slightly higher perceptions of their ability 

as mathematics students than the Physics students have of themselves as Physics students.  

For Mathematics B students the highest self-ranking of ability was 8:  

(Isobelle - Maths B student) Depending on what topic, I think if I put my mind to it 

and stuff, probably an eight. I feel pretty confident in maths, not that bad.  

Two Physics students and two mathematics students related confidence in their ability to the 

amount of time, effort and study they expended on the subject:  

(Nicole - Physics student) I think I’m about 7. You just need to revise and study 

and put the effort in. Last year I dropped down so much because I forgot about it.  

I just forgot how important school was and then came back up in year 12. This is 

my year, and it has really hit me, so I really want to put the effort in and the time 

to study. 

Helen related improvement in her ability to having a tutor:  

(Helen - Maths B student) I’m going to say about a six. I used to be absolutely 

horrible but I got my tutor half way through last term, which has really helped, so 

I’m improving quite a bit.  

Fiona differentiated between which aspects of mathematics she was good at, but commented 

that poor achievement in one area negated high achievement in another area: 

 (Fiona - Maths B student) I’d also say about a 6, 6.2. But the problem is I am very 

bad at KAPS2 which is the knowledge, and MAPS3 I do really well at because 

they’re more questions where you have to model problems. So I do really, really 

                                                           
2
 KAPS = knowledge and procedures - The objectives of this category involve recalling and using results and 

procedures across the range of subject matter in this syllabus (QSA, 2008, p. 4). 
3
 MAPS = modelling and problem solving - The objectives of this category involve the uses of mathematics in which 

the students will model mathematical situations and constructs, solve problems and investigate situations 

mathematically across the range of subject matter in this syllabus (QSA, 2008, p. 4). 
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well in those and not well in other parts, which kind of cancels them both out. But 

in my class I have got the highest marks. 

 

Discussion: 

All students but one felt reasonably confident in their ability. The advantage of having a tutor 

to improve performance and increase understanding cannot be underestimated - as 

performance improves so too does self-concept of ability and self-confidence. The reciprocal-

effect model contends that self-concept and academic achievement are, “related and mutually 

reinforcing” (Green, Nelson, Martin & Marsh, 2006, p. 537). Previous academic achievement 

affects subsequent academic self-concept, and prior academic self-concept affects subsequent 

academic achievement (Green et al., 2006; Guay, Marsh & Boivin, 2003; Marsh & Yeung, 1998).  

Fiona’s comment about poor performance in one area cancelling out high performance in 

another area converges with a Physics teacher’s comment about assessment in section 

5.3.10.3. Maths B students are assessed in three equally weighted general objectives criteria: 

KAPS (knowledge and procedures), MAPS (modelling and problem solving), and CAJ4 

(communication and justification). Students are awarded an exit standard for each of the three 

criteria. Table 6.1 below indicates the minimum combination of standards across the three 

criteria for each level (A represents the highest standard and E represents the lowest 

standard). Poor achievement in one criterion has the ability to lower students’ overall grade. 

Table 6.2 

Awarding exit levels of achievement 

VHA  Standard A in any two criteria and no less than a B in the remaining criterion  

HA  Standard B in any two criteria and no less than a C in the remaining criterion  

SA  Standard C in any two criteria, one of which must be the Knowledge and procedures 

criterion, and no less than a D in the remaining criterion  

LA  At least Standard D in any two criteria, one of which must be the Knowledge and procedures 

criterion  

VLA  Standard E in the three criteria  

Note: VHA = very high achievement, HA = high achievement, SA = sound achievement, LA = limited achievement, 

VLA = very limited achievement. 

                                                           
4
 CAJ = communication and justification - The objectives of this category involve presentation, communication 

(using both mathematical and everyday language), logical arguments, interpretation and justification of 

mathematics across the range of subject matter in this syllabus (QSA, 2008, p. 5). 
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Although Fiona has received the highest grades in her class, she still only ranked her 

mathematics ability as a 6 out of 10, indicating the current assessment system tends to make 

students to focus on the negative aspects of their performance that lowers their grades, and in 

turn their self-concept of ability (Green et al., 2006). 

 

6.3.10 What subjects do you think your school rates as most important? 

 

Education comprises of information a culture designates as important enough to transmit to 

young people and activities a culture considers worthwhile. What is included is signified as 

important and with high value, what is omitted or excluded signifies a cultural devaluation, and 

“the act of exclusion serves to reinforce that assessment” (Martin, 1995, p. 170). The question, 

what subjects do you think your school rates as most important, was designed to explore which 

subjects students perceived as most important to schools and subsequently to society. A range 

of views arose from this question depending on which school students attended. Two students 

from an Independent school, thought Christian studies, authority subjects and core skills were 

rated as most important at their school, but Brianna commented that while her school does 

not appear to favour any particular subject, individual teachers value and promote their own 

subjects: 

(Brianna - Physics student) Yeah, I think most [authority] subjects, it is not like 

they favour any, we don’t really see that they favour any subjects.  I mean, it has 

got to do with teachers because we have really good teachers here and they try 

and get more people to be interested in their subject. 

Helen, from a state high school, expanded on the idea about teachers valuing their own 

subjects, but singled out mathematics and science teachers as being the most noticeable:  

(Helen - Maths B student) The maths and science teachers themselves think their 

subjects are more important obviously because my maths teacher really gets 

annoyed at me because sometimes I have to go off to music lessons, and they’re 

not too happy with that. 

Bree and Nicole, from a state high school, thought mathematics and science were clearly rated 

as important in their school due to links with the nearby primary school and the local 

university:  
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(Bree - Physics student) Maths and Science because it is a given. 

(Nicole - Physics student) Yeah, our Science is pretty good.  Remember we had 

that thing last year with the science; the little kids would come and do the prac.  

Yeah, our school is pretty good with science. 

(Bree) Actually ours [science department] is very involved in the school, because 

they are always doing things with [James Cook University]. Our Maths Department 

is pretty big too, but not as big as our – yeah our science is probably big. 

Three Mathematics B students from a state high school all expressed the view that their school 

values the arts, and does not treat them as leisure subjects. A sample of responses are: 

(Fiona - Maths B student) Well [my school] is very focused on arts, so I think, I 

love the arts, I take those subjects. I think that is good because that’s what 

interests me.  

(Elayne - Maths B student) I don’t think that they really value any subjects more 

than another which is good because I know that a lot schools treat the arts as kind 

of leisure subjects that aren’t work but [my school] doesn’t take that view and I 

like that. It’s really equally rounded. 

Isobelle and Cathy, from a Catholic college, believed their school focused on music, and valued 

mathematics and English. The students thought the least valued subject was physical 

education due to it being considered a non-academic subject, and the poor sports equipment 

and below-standard gym as this excerpt from our conversation shows: 

(Isobelle - Maths B student) Music 

Researcher – There’s a big focus on music here?  

(Isobelle) Yeah, it’s just the whole QCS [Queensland Core Skills] thing about music 

adding an extra point and all that.  

(Cathy - Maths B student) It’s a MEX [Music excellence] program that they do 

here, but they have a guaranteed OP [tertiary entrance score] or something. 

(Isobelle) I don’t do sports, and I don’t think they think that’s very important 

anyway because the equipment and stuff is pretty bad.  



237 

 

(Cathy) I don’t know about Physics, perhaps because it’s sort of magnets and stuff 

like that. 

(Isobelle) Yeah, broken things too. Probably PE [Physical Education] is the most 

subject that they don’t focus on. Because it’s not education they’re not focused on 

that. The gym we have here is like really terrible. It’s like all broken stuff basically. 

And it’s near the toilets. And it’s not even a real...it’s just like a little bit of space 

that they had near the toilets.  

(Cathy) They do like mathematics competitions and English competitions and stuff 

like that so I guess that’s sort of some sort of focus. Because they tell us to do 

that.  

 

Discussion: 

Student responses differed depending on the school they attended. One school was thought to 

focus on and value the arts, another was thought to value the music program, two schools 

were thought to focus on and value mathematics and science, and the fourth school was 

perceived to have a strong focus on Christian studies, all authority subjects, and the 

Queensland core skills test.  

 

6.3.11 What subjects do you think are the most important? 

 

This question was intended to compare the subjects students believe important with the 

subjects students believe schools consider important. Eight of the nine students nominated at 

least one subject in response to this question. All eight students nominated English, five listed 

English and mathematics, and three thought English, mathematics and science were the most 

important subjects. Although students universally thought English was the most important 

subject, it was valued for basic communication needs rather than English literature 

appreciation, critical literacy or understanding Shakespeare. Six students commented that 

English was needed to communicate with people and communicate ideas. The comments 

below are representative of the responses to this question: 
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(Bree - Physics student) English is one of the most important and then I reckon 

science and maths is pretty equal, they both run into each other.  

(Cathy - Maths B student) Yeah, I’d probably say maths and the sciences, and 

English because you need that for everything as well.  

 (Helen - Maths B student) I think that English would definitely be one of the most 

important, because you can be really amazing at any subject but if you can’t speak 

and write, there’s not really much you can do. 

 (Isobelle - Maths B student) Yeah, English year round even though if you’re not 

good at maths, if you’re mathematically challenged and you learn English you can 

still communicate with people. 

(Fiona - Maths B student) English I think is more important on a level because 

people don’t take you seriously if you can’t put your ideas into intelligent words. 

But a well rounded education is important (laugh). 

 

Discussion:  

English is the only school subject that is compulsory for every Queensland student, in every 

year of schooling. The obligatory nature of English imbues it with a particular educational 

status and value. English is one of the cornerstones of education; the lack of an appropriate 

level of achievement in English affects achievement in all other school subjects and hampers 

students’ ability to operate effectively in society (Marks, McMillan & Ainley, 2004). Students 

recognise the importance of English in this regard, but as the following section and section 

6.3.8.1 shows, English is not particularly well liked as a school subject.  

The importance ascribed to science and mathematics possible reflects the fact that these 

subjects are pathways to prestigious university courses (Tytler, 2007). The strategic usefulness 

of mathematics and science subjects for university entrance substantially increases the 

magnitude of their value and weight. However, it is likely the current practice of Australian 

universities to lower prerequisites will have a flow-on effect to further undermine enrolments 

in higher-level secondary school mathematics and physical science subjects (Bourguignon, 

Dietrich & Johnstone, 2006).  
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6.3.12 What it is about English that you dislike so much? 

 

This question was addressed to the two Physics students who had previously stated that they 

did not like English and it was their “worst subject”. This excerpt from our conversation shows 

the Brianna and Linda articulated four main reasons why they disliked English: too much time 

spent deconstructing task sheets; one assignment after another; work in class is not related to 

assignments; and the push for a rapid understanding of English concepts.   

(Brianna - Physics student) For me, it is the fact that when we get a task sheet we 

have to spend a whole lesson deconstructing the task sheet to be able to 

understand what we have to do.  That is the thing that annoys me. Everything can 

be put so simply but it is put in a difficult way, like when we read task sheets and 

stuff, it is like, “Well this could really be said this way, but they choose to put it 

this way”.  It is hard.  It is like now, when I watch movies, I don’t watch movies, I 

analyse everything that is going on, “This symbolises this”.  Oh, it is like, “Oh God”. 

(Linda - Physics student) It is just like, when you get a task and you have three 

weeks to do that assignment, and then most of the time you don’t understand it, 

so after a week or two, when it comes to nearly the due date, then you get the 

point of what you are trying to actually do. They give you one assignment, and 

when that is done, they give you another one straight up. 

(Brianna) And you don’t necessarily study or work with stuff in class that is related 

to the assignment.  Sometimes, not all the time, but sometimes it is a little bit like, 

“Here just do this one that we have learnt just recently”. We had a big assignment, 

which is an oral presentation, and then it was just, “Here, do this as well”.   

(Linda) When they teach us the structural different stuff that you do, it takes a 

while for people to actually get it into their head, and for the teachers to actually 

say, “Oh, I have taught you guys how many times, and you don’t even get it”.  You 

know, they say that.  Well people take it at different paces to learn. So you just 

can't rush people into learning something that they don’t actually understand.  

But I don’t think [teachers] can see that. 
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6.3.13 To what extent did your parents influence your decision to take 

Physics/Maths B? 

 

Stage One study results showed family encouragement to be a significant predictor of 

enrolment in Physics and Mathematics B. The purpose of this question was to gain a deeper 

understanding of the types of encouragement students received and how it impacted on their 

subject choice decisions. Four students reported influence from both parents, three students 

said their father influenced them, and two students stated their mother was influential in their 

decision. While all nine students reported that their parents had influenced their decision, the 

extent of the influence ranged from helping to research university options and offering advice, 

to parental expectations that the student would take the subject, and to parents insisting that 

the student enrol in the subject.  

At one end of the scale, parents helped research university courses and offered advice: 

(Brianna - Physics student) Well I was contemplating, doing Physics or doing Art - 

something like a relaxing subject.  But then when we were looking on the internet 

on uni websites, some of them were like “Physics is desirable” or requires Physics 

so [my parents] were like “I think you’d better do it”.  I’m like, ok.   

Two Mathematics B students and one Physics student articulated the influence in terms of high 

parental expectations due to their ability and previous achievement. Two other Mathematics B 

students said although it was expected they would enrol in Mathematics B, they did not feel 

they were pushed and enrolment was their own decision. A sample of responses from both 

categories is shown below:  

(Bree - Physics student) Mum wanted me to do subjects I could do and would 

enjoy but also very high up there subjects, because she knows I’m capable of 

doing really high subjects.  

 (Fiona - Maths B student) They kind of expected it from me because I’m good at 

maths, so that’s really the only option that was there. But I kind of wanted to 

anyway. It’s not like they pushed me into it. 

 (Elayne - Maths B student) It was pretty much expected because I had been good 

at maths in junior. But they pretty much left it up to me and said, “Do whatever 
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you want to do, I think you could do Maths B if you wanted to”.  But it was really 

my decision. 

Linda spoke about high parental expectations to take subjects that led to professional studies 

at university: 

 (Linda - Physics student) My parents are the sort of parents [that] want to see you 

be somebody one day.  So my dad said that if you are going to waste your thirteen 

years in high school, from pre-school to year 12, they are 13 years, don’t just 

throw it away, and just do something easy. You are better off being a professional 

[and] taking subjects that really put you [at] higher levels of getting to the uni 

instead of just throwing it away. I took it from there. So I did Physics.   

Two fathers strongly influenced their daughter’s decision to enrol in Mathematics B:  

(Isobelle - Maths B student) A big extent basically. I talked to my Dad, he’s like, 

“You need to do Maths B, it’s so important” la, la, la. So I just did it to satisfy him. 

And I did Maths C and Biology. And then I dropped out of Maths C.  

Helen related how her parents insisted that she had to enrol in Maths B, English and chemistry 

to keep her university options open, but was then free to choose her other subjects:  

(Helen - Maths B student) My parents really wanted me to do Maths B. Basically I 

could choose whatever subjects I wanted to do as long as I did Maths B, 

English,[and] chemistry. They were really, really very definite about that. But now 

that they’ve seen Maths B and what I’m doing, they wouldn’t be completely 

against me going down to Maths A but they’re still encouraging me to do Maths B.   

Researcher – Why do you think your parents insisted on those three subjects? 

(Helen) Just to keep my options open. They knew that when they were my age 

they had no idea what they wanted to do, and they didn’t want me to end up with 

narrow options. 

 

Discussion: 

The data indicate parental encouragement was influential in students’ subject choice decisions, 

a finding coherent with national and international studies regarding the interaction between 
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parental influence and participation in senior Physics and intermediate mathematics. One 

Australian study found the influence of family members, “seemed to elevate or direct student 

aspirations towards a particular career path” (Young, Fraser & Woolnough, 1997, p. 205). 

Another Australian study reported, “About 71 per cent of the students choosing physical 

science courses described parents or other family members who advocated or encouraged an 

interest in science” (Lyons, 2004, p. 5).  The Longitudinal Surveys of Australian Youth (LSAY) 

series found the choice of Physics to be positively associated with having parents with higher 

levels of education and socioeconomic status (Fullarton & Ainley, 2000; Fullarton, Walker, 

Ainley, & Hillman, 2003). And Lyons and Quinn (2010) found just over 50% of Australian 

students who chose science, “reported their parents were influential to some extent” (p. 81). 

One US study found parental educational and occupational expectations had a strong effect on 

their child’s participation in mathematics, and were more important than teacher expectations 

and peer influence (Ma, 2001). Another US study reported  parental values predicted students’ 

occupational aspirations, concluding, “findings highlight the potential role of parents as 

socialisers of achievement-related values, and, ultimately, adolescents' occupational visions of 

themselves in the future” (Jodl, Michael, Malanchuk, Eccles & Sameroff, 2001, p. 1247).  A 

Swedish study found highly educated parents or parents from a high socioeconomic 

background, “have a positive influence upon children’s choice of gender-atypical education” 

(Dryler, 1998, p. 375).  The results from these studies indicate parental influence on subject 

choice is common across OECD nations. 

 

6.3.14 To what extent did friends influence your decision? 

 

This question was designed to explore whether and to what extent peer influence was a factor 

in subject choice decisions. Eight students responded that friends did not influence their 

decision: 

(Helen - Maths B student) Not at all. I have lots of friends of different ability levels 

and I knew that at least some of them would be in my class. And even if they 

weren’t, it wouldn’t really matter to me because I’ve been sitting by myself in 

maths for three years (laugh). I get really distracted by friends, so it’s not really 

that important to me.  

Nicole student stated that her friends encouraged her to do enjoyable subjects but she ignored 

their advice in favour of subject choices that were future orientated: 
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(Nicole - Physics student) Well, a lot of them said “Go for ones you are going to 

enjoy” but I wanted to do ones that are going to help me in the future, because if I 

had done ones I enjoyed, I would have done drama and art and fashion, because 

I’m very much into that.  That is the funny thing, because I’m very much into that 

but I do like the [maths and science] subjects, sort of like “Oh God they are so 

hard.” I chose subjects I could study hard on.   

Bree commented that while her friends encouraged her to take subjects she enjoyed, they also 

expressed a strategic orientation for future career choice: 

(Bree - Physics student) Not really, it was all my own thinking.  I mean they 

encouraged to go for what I wanted. They were kind of like “Yeah, do the things 

you enjoy but make sure you keep your options open for your careers”. 

Brianna said that although her friends did not influence her decision to enrol, her peers 

influence her now to persist and not drop out: 

(Brianna - Physics student) No. They influence me now.  Not to [drop out] – 

because I did Physics for a semester last year and then dropped out of it because 

it was too hard and there was so much going on.  And then I picked it up again this 

year because I needed it – I looked at other courses that I was interested in and 

they were like “We need Physics”.  I was like, “Aaaggh”.  So then I started doing 

Physics again.  And now all of the people in the class are like, “Oh no, you can't 

[drop-out again], you have to keep going”.  So it is like they influence me now [to 

persist]. 

Only one student said she enrolled in Physics because her friend enrolled:  

(Linda - Physics student) Well, [my friend] did.  [He] told me that he was going to 

do Physics and I just joined him. So, I basically work with him.   

 

Discussion: 

Peer relationships become increasingly important as students get older. Teenagers spend twice 

as much time with peers than with parents, and many adolescents, “identify friends as their 

strongest source of support” (Stake, 2006, p. 1020). However, these data indicate peer support 

takes the form of social and emotional support rather than influence enrolment choices – 
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except in one student’s case. For 8 of the 9 girls, subject choice decisions were independently 

made based on a strategic future orientation. Where advice from peers was proffered, this was 

ignored in favour of a deliberate calculated choice based on further study or career aspirations. 

Other research tends to confirm that peers do not have a strong influence on subject choice 

decisions. A US study found peer influence did not have a strong effect on participation in 

advanced mathematics (Ma, 2001). And a South Australian study reported peers have little or 

no influence on choosing to study mathematics (Brinkworth & Truran, 1998). However, Stake 

(2006) reported that peers play an important role in supporting motivation and confidence 

which is suggested by these interview data.   

 

6.3.15 Did any of your teachers encourage you to take Physics/Maths B? 

 

Stage One results showed while teacher encouragement was not a significant predictor of 

enrolment, the majority of students who enrolled in Physics and Mathematics B reported they 

were encouraged by their teachers to do so. This question was designed to explore the extent 

of the encouragement and the effect it had on enrolment decisions. 

Eight students revealed they were encouraged by one or more teachers to enrol in either 

Mathematics B or Physics. In some schools, students are recommended to enrol in particular 

science and mathematics subjects based on their past performance and achievement, but the 

final decision is still up to the student. One student told me that even though her teacher 

recommended she enrol in Mathematics B and Mathematics C she did not choose 

Mathematics C:  

(Fiona - Maths B student) Yes, because at the end of Year 10 they give us a little 

sheet that recommends what you do. 

Researcher – And they recommended Maths B? 

(Fiona) Yeah.  

Researcher – Did they recommend Maths C? 

(Fiona) Yeah.  

Researcher – But you chose not to do that? 

(Fiona) There’re so many subjects and you can’t take them all. 
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Elayne was influenced by her teachers’ confidence in her ability and gave weight to the 

recommendation to enrol in Maths B because it came from a mathematics professional: 

(Elayne - Maths B student) I had the little sheet that recommended Maths B. The 

teachers had faith in me. I’m just struggling more than I think anyone expected me 

to.  

Researcher – Was it important to your decision to know the teachers thought you 

could cope with that level of maths? 

(Elayne) Well yeah, if they said that I was recommended for Maths A and not 

recommended for Maths B then I’d think, “Oh well that’d be a fair point”. That’s a 

valid opinion of a maths professional. I didn’t know how hard it would be so that 

guided my decision. If they thought that I could do it then I could do it. 

Isobelle and Cathy explained that students in extension mathematics and advanced 

mathematics classes are expected to enrol in Mathematics B: 

(Isobelle - Maths B student) [Our teachers] talked to us about it and said that it’s 

pretty easy to do. They encourage you. Like if you wanted a good, bright future at 

uni, then maths would be a great option. 

(Cathy - Maths B student) In Year 10 we have extension [top streamed group], 

general [regular], and advanced maths [second top streamed group]. Pretty much 

extension, which is what we were in, they definitely do Maths B. [Our teachers] 

pretty much tell you that you have to do Maths B. 

(Isobelle) [My teacher] said if you want to be in Maths A there’s something wrong 

because we’ve been in extension maths. I think everyone turned on to Maths B. 

(Cathy) Like even the advanced kids, most of the advanced go on and do Maths B. 

Some of them aren’t really good but they get to go through, a couple times.  

Bree spoke about how her teacher’s advice influenced her when she was unsure of her ability 

to cope with Physics, and Nicole commented that her teacher influenced her to take subjects 

that link with and support her other subjects:  

(Bree - Physics student) I was really quite worried if I could handle Physics so I 

went and talked to my Year 10 science teacher, and she was like, “Yeah, you’d be 

absolutely brilliant in Physics, you could handle that no problems”.  And then I 
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went and I sat in the back of [Physics] class for one lesson at the end of school.  I 

was like, “Oh this is pretty cool” and I kind of like, “Yeah, I’ll just do it and if worst 

comes to worst, and I’m absolutely failing, I’m not enjoying it, I’ll just change [to 

Maths A]”. 

(Nicole - Physics student) [My Year 10 science teacher] influenced me to do it.  

Said I should do it, it is going to get me a very high OP.  And [the Physics teacher].  

Because it was in a weird line, we had lines, they were horrible. There was Physics, 

Science 21, I was going to do Science 21 originally and what else was there? And 

Fashion, but Fashion is not OP. And Photography, so I talked to [the Physics 

teacher] about it and he was like, “Oh well if you are going to do chemistry and 

maths, you should do Physics”, because Physics is going to help me with Maths C 

and it does in a way.  Like the vectors and all the formulas you do in Physics you 

kind of sometimes use in Maths C. 

 

Discussion: 

Teacher recommendations and expectations were influential in terms of students’ perceptions 

of their ability to successfully cope with the subject requirements. Advice about which subjects 

have the potential to increase tertiary entrance scores and are congruent with other subjects 

also helped to influence students’ choices. High teacher expectations were also influential, and 

for extension mathematics students at one school, teacher expectations led to the whole class 

enrolling in Maths B. Although the advice from teachers appears to be somewhat less 

influential than advice from parents, based on Stage One findings, teacher advice was taken 

seriously and did guide choices. Stake (2006) reported teacher encouragement was important 

for students to develop a positive vision of themselves in a future science-based career. 

However, Stake (2006) argued that the relationship between ability, encouragement and 

attitudes towards science are not unidirectional, “Although encouragement from important 

others can influence attitudes, students who show more positive attitudes toward science may 

engender more encouragement from others” (p. 1040). 

One of the barriers to subject choice was the timetabling of particular subjects. A report by 

Ainley, Robinson, Harvey-Beavis, Elsworth and Flemming (1994) found around 43% of Year 12 

students indicated curriculum constraints (e.g., timetable clashes, subject not offered) resulted 

in them not being able to study at least one subject of their choice. Australian secondary 
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schools organise the timetabling of senior subjects on ‘lines’, which Walkington (1998, p. 4) 

succinctly explained:  

'Lines' here refer to the availability of subjects in relation to others in a particular 

school. Usually, students need to select a subject from each line. While a 

particular subject may appear on more than one line (for example Mathematics 

A), subjects studied by a smaller number of students may only appear once (for 

example Physics and Ancient History) forcing a choice to be made.   

Having Physics on only one line may limit choices for students who wish to combine humanities 

and science subjects (Walkington, 1998). Timetabling patterns have implications for subject 

choices, particularly when the other subjects offered on the same line are ones female 

students traditionally have more interest in such as fashion or the Arts (Kenway & Willis, 1993). 

The arrangement of certain subject choice lines can have the effect of tacitly streaming girls 

into non-academic courses (Girls, School and Society, 1975). 

 

6.3.16 Have you ever thought of dropping out of Physics/Maths B? 

 

This question was asked to the five Mathematics B students but only two of the four Physics 

students (the question was not included in the first interview but was subsequently added to 

the interview schedule). Four students, three enrolled in Mathematics B and one in Physics, 

stated they had not considered dropping out. One student failed the first term in Year 11 but 

did not attribute her failure to lack of ability. A strong self-perception of ability led to resilience 

over occasional failure and enabled persistence:  

(Cathy - Maths B student) No, not really. I did fail first term Year 11 but I knew I 

could do it. Just didn’t do very good that term.   

Fiona’s response also demonstrates the relationship between ability beliefs and resilience to 

difficulties and persistence:  

(Fiona - Maths B student) I say that I probably should a lot but I think I’m just 

being dramatic. I don’t know. I can do the things there if I get lots of help, so I 

think that’s good that I’m able to do it. I think it suits my ability level.  
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Two Mathematics B students and one Physics student agreed they had thought about dropping 

out. However, Helen’s belief that the alternative, Mathematics A, would not challenge her 

ability led to persistence with Mathematics B:  

(Helen - Maths B student) I have, quite a bit, but like I said before, the jump 

between Maths A and Maths B, it’s so big I just don’t think I’d be interested at all 

in Maths A, so I’d rather stay in Maths B.  

Elayne and Brianna both commented about learning assistance in terms of dropping out and 

persistence:  

(Elayne - Maths B student) Yeah, I have thought about it, I’m still uming and 

ahing. But I know a lot of people who have got tutors and who have said that 

that’s really helped, so I’m going to give that a go next term and then make my 

decision based on how much that helps me.  

(Brianna - Physics student) Yes, thought and did [drop out], came back again. 

Researcher - And what is keeping you there now, is it the uni aspirations? 

(Brianna) The uni, yep.  And it is not too bad now.  I have a Physics tutor outside 

of school so if I don’t understand something, he is really nice, he just helps me 

along a bit.      

 

Discussion: 

The two mathematics students who stated they had not considered dropping out both 

indicated they had struggled with Mathematics B but persevered because they felt they had 

the capability to achieve well in this challenging subject. Their failure or poor performance had 

not been attributed to lack of ability, but rather to factors within their control. These students 

understand the significant link between effort and achievement; that you can improve with 

greater effort (McPhan, Moroney, Pegg, Cooksey & Lynch, 2008). 

 

The three students who had thought about dropping out also indicated they also had struggled 

with Mathematics B and Physics. The student who did drop out and came back now has a 

tutor, and another student is getting a tutor. These students are fortunate that their parents 

have the financial capital to provide them with a tutor to assist them. When students are 
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unable to understand what they are being taught, through complexity, abstractness, or pace of 

delivery and the inability to consolidate new knowledge, it can lead to frustration and anxiety, 

and a perception that Physics and intermediate mathematics are inherently difficult. It may 

also contribute to the drop-out rate if students are unable to gain access to tutoring. Those 

students whose families can provide tutors are privileged in that they can go over material at a 

slower pace and gain a better understanding of the concepts they are being taught.  

 

6.3.17 Do you think that boys are naturally better or have more natural ability at 

Physics/mathematics than girls? 

 

This question was intended to explore if female students believe boys are better at 

mathematics and Physics than girls. The three Mathematics B students from one state high 

school believed the top mathematics students at their school were boys. Helen suggested boys 

could be better at studying and concentrating, rather than better at mathematics, and Fiona 

thought boys were more competitive for top grades rather than more intelligent: 

(Elayne - Maths B student) I know that a lot of the maths geniuses in my class are 

boys. I guess girls can [achieve highly], but yeah, a lot of the guys get it quicker I 

guess. 

(Helen - Maths B student) I’m not sure, like [my friend] said most of the top maths 

students are boys and I don’t know if that’s because they’re better at maths or 

just better at concentrating and studying. 

(Fiona - Maths B student) Well, most of the boys at our school are better at maths 

but I think that’s because they’re more competitive. That’s what they do in maths. 

They compete with each other to get better marks. I’ve heard their conversation, 

so I think it’s more to do with their personality than their intelligence. 

Cathy and Isobelle, mathematics students from a Catholic college, suggested some boys had an 

overinflated self-concept of ability: 

(Cathy - Maths B student)  No. 

(Isobelle - Maths B student) Not this year anyway, not our grade. 
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(Cathy) No, there might have been some last year though. There’re probably girls 

on top. 

(Isobelle) There’re guys who think they’re better. 

(Cathy) They’re really not. 

 

Brianna and Linda, two Physics students from an independent secondary school felt that boys 

have the same ability as girls, and Linda suggested it is more the case that girls are generally 

not interested in Physics activities.  

(Brianna - Physics student) No, no.  I do not believe so. There are some boys in 

there that don’t know what they are doing or have no natural ability. 

 (Linda - Physics student) Well basically I don’t think so. They are just the same as 

girls. Most of the girls, they are all girly girly, they like girls’ stuff that they want to 

do. So you would say that. But boys are the same as all the girls. They don’t 

honestly know what is going on - they just sit in there half the time. 

Nicole and Bree, two Physics students from a state high school, thought boys were more 

mechanically minded, good with electronics and practical, but did not think they had more 

ability or talent because of their gender: 

(Nicole - Physics student) No. 

(Bree - Physics student) No not really. Maybe because boys are a little bit 

mechanically minded more than girls.  But some girls are really mechanically 

minded, they are more hands on. 

(Nicole) I am not mechanically minded but I will have a go.  You know, there are 

chicks out there that, “I love my cars” and stuff.  It just depends on the person 

really. The gender doesn’t affect. 

(Bree) Yeah I don’t really think gender affects it.   

(Nicole) No.  Brains are the same size. 
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Discussion: 

The Eccles et al. expectancy-value model posits that broader influences, such as gender, shape 

beliefs and behaviours, “through gender norms and roles of particular cultures” (Simpkins & 

Davis-Kean, 2005, p. 33). Girls’ perception that boys were better at mathematics possibly 

results from boys’ greater self-concept of ability and confidence within this domain (E.g., 

Jacobs, Bleeker & Constantino, 2003; Jacobs, Lanza, Osgood, Eccles & Wigfield, 2002; Marsh & 

Yeung, 1998; Simpkins & Davis-Kean, 2005; Watt, 2004). Furthermore, the perception that 

boys may be better at concentrating and studying reflects earlier comments from these three 

students that they are easily distracted in mathematics, to the extent that one girl sits by 

herself to avoid diversions. 

 

In regards to boys’ perceived achievement due to their competitive nature, research has found 

boys in particular tend to work well in competitive, high pressure environments. According to 

Zohar and Sela (2003), boys’ goal in mathematics class is to work quickly and complete as many 

questions as possible, conceivably leading to the assumption that, “guys get it quicker” than 

girls. Boys’ competitive behaviour in mathematics is viewed as a productive coping strategy in 

lieu of teaching for understanding, whereas excessive competitiveness and lack of deep 

understanding are viewed as unfavourable factors for many girls (Boaler, 1997; Zohar & Sela, 

2003). Thus the mathematics teaching and learning environment may be a contributing factor 

to the perception that boys are better at mathematics than girls.  

 

Previous research found, “Although males’ performance in math and science is similar to or 

lower than females’ performance, males have higher self-concepts in math and science” 

(Andre, Whigham, Hendrickson & Chambers, 1999; Eccles & Harold, 1991; Jacobs & Eccles, 

1992; Jacobs et al., 2002; Meece, Wigfield & Eccles, 1990, cited in Simpkins & Davis-Kean, 

2005, p. 33). Males can tend to have an overinflated notion of their abilities in these domains. 

While the female Physics students said academic achievement is related to individual cognitive 

abilities and not gender, they pragmatically accepted that boys tend to have more interest in 

Physics, mechanics and electronics, while most girls have little interest in these fields and 

prefer traditional female pursuits – they are “all girly girly”.  
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6.3.18 What would you change about Physics/Maths B to make it more appealing 

for girls? 

 

When students were asked what they would change about Mathematics B to make it more 

appealing for girls, they didn’t suggest more writing tasks or more assignments and 

investigations, their answers instead were common sense responses which would improve the 

teaching and learning of Mathematics B for all students. A summary of student responses are: 

� Make it more relevant to post-school uses 

� Put learning into practice 

� More relevance, more questions that apply to everyday situations 

� More communication about the relevance, usefulness and application of mathematics 

concepts 

� Teacher checks for understanding before moving on 

� More time to do things. Too much content in short time 

 

These responses are now discussed in more detail in the following sections. 

6.3.18.1 Relevance and connectedness 

 

All five Mathematics B students complained about the lack of relevance they experienced in 

the teaching and learning of Mathematics B, and the lack of connection to their life and the 

world beyond the classroom: 

(Isobelle - Maths B student) Just the whole way it’s taught and just kind of 

relating how you’re going to use it outside to what we’re doing right now.  

(Cathy - Maths B student) Yeah, putting it into practice and stuff. 

(Isobelle) Because we don’t really understand. 
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(Helen - Maths B student) I’d like the questions that we do to be more relevant. 

At the moment if we have questions that are based on pure whack situations, 

trying to figure out distance from a lighthouse to a boat or something, I can’t 

imagine me ever using that. And like [my friend] was saying before, being taught 

how and why things happen would definitely make it more interesting, and make 

me think about it more, instead of just shove it in there and forget about it later. 

(Fiona - Maths B student) Well more relevant would be more questions that apply 

to everyday situations, which I’m better at anyway. 

(Elayne - Maths B student) I think that the hows and whys would be good, 

because we all know that girls are communicators, we communicate a lot (laugh), 

and I think that some of that in maths would help girls a lot. 

 

 

Discussion: 

 

The comments from the Maths B students above suggest an absence of the productive 

pedagogy, connectedness – in particular connectedness to the world, as detailed in the 

Department of Education and Training’s Queensland School Reform Longitudinal Study,  

Connectedness describes the extent to which the lesson has value and meaning 

beyond the instructional context, making a connection to the larger social context 

within which students live. 

In a low-connectedness lesson with little or no value beyond the classroom, 

activities are deemed important for success only in school (now or later), but for 

no other aspects of life. Student work has no impact on others and serves only to 

certify their level of competence or compliance with the norms and routines of 

formal schooling. (Lingard et al., 2002) 

Lingard et al. (2002) emphasise that connectedness is unquestionably a key factor in 

maintaining students’ motivation and interest. Without the dimension of connectedness, many 

students disengage because of a “lack of perceived meaning in their lessons and schoolwork 

generally” (Lingard et al., 2002, p. 127). Osborne and Collins (2001) also found the lack of 

perceived relevance was a recurring theme in student interviews. The risk of providing a more 
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‘girl friendly’ curriculum content into classrooms is the possibility of a compensatory approach. 

Lingard et al. (2002) cautioned against a ‘dumbed down’ yet relevant curriculum as it may not 

provide students with the necessary cultural capital to achieve success beyond school. It is 

important to afford students a combination of relevant subjects and teaching approaches with 

high academic provision 

 

6.3.18.2 Overloaded content, fast pace and lack of understanding 

 

The problem of too much content and fast pace of lessons with little time to focus on 

applications and consolidate knowledge was also raised in the teacher interviews (see section 

5.3.10.2). One teacher comment from this section was, “If we had more time, it’s...one of my 

core beliefs is that Maths B is not too hard for most people to understand. It’s just that 

sometimes you have to understand it quickly and that cuts out a large number of people” 

(Female, Catholic, 14 years, Maths B). This theme was echoed by two Mathematics B students: 

 

(Cathy - Maths B student) I’d like it if the teacher would come round and ask you 

and say, “Do you understand this?” And talk to you about it and ask you questions 

about it. And she’d be like, “All right, what don’t you understand”, and talk it out. 

Because if I talk about something I can understand it. If I just sit there and I have 

no idea about what’s going on they just keep moving on. 

(Isobelle - Maths B student) It would be better if we had more time to do things, 

but I don’t think they can change that. Learning huge topics in such a short 

amount of time is really hard, especially if you’re doing other sciences. It’s pretty 

ridiculous. 

 

Discussion: 

Osborne and Collins’ (2001) qualitative study found a rushed curriculum was one of the most 

strongly articulated features in half of the science student interviews. Fried (2001, p.394) 

argued, “Mathematics curricula in secondary schools rarely leave room for additional subjects 

or for extended discussions on existing material. Teachers must complete a great number of 

topics in a very short time”. In order to cover a broad syllabus with limited time, teachers 

respond with a transmissive pedagogy to maximise student learning. Rushing through the 
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curriculum leaves students with a superficial understanding of topics and students must accept 

and memorise information rather than gain a deep understanding and mastery of content 

(Osborne & Collins, 2001). This approach appears difficult for everybody and it is concerning 

that the girls in this study found the content something to be endured. A sense of mastery is 

missing from these interviews. 

 

6.3.18.3 Teacher gender and perception of difficulty 

 

The emergent themes from Physics students’ responses to this question were teacher gender 

and the perception that Physics is an elitist subject, inherently difficult, and only for the most 

intelligent students. Brianna felt that more female Physics teachers would encourage greater 

female enrolments, whilst Linda disagreed and thought regardless of gender, a good teacher 

who helped them understand was more important. 

(Brianna - Physics student) I would get more female teachers. I have never met a 

female Physics teacher but I think more female teachers would be good. 

(Linda - Physics student) Yeah, I don’t really mind the teacher, as long as the 

teacher is good. And you can understand [them].    

 

Linda and Brianna also asserted that Physics suffers from an image problem as a difficult and 

elitist subject:  

 

(Linda) You just have to try it and then once you get used to it and see how it is 

going – like they say, “Oh no I’m too dumb for it”, you know.  It is not how dumb 

or how smart you are, it is how hard you work. 

(Brianna) It is not necessarily - a lot of girls think you have got to be really smart. 

(Linda) Smart to do that [but] it is not that, it is how much work and effort you put 

into it, to actually get it done. I wouldn’t really change it, because I think it is ok 

the way it is.  I think it is because girls look at the formulas, just look at the book, 

and they go, “Wow”.  But if they actually go into the class and try it out for a term 

or something, I think that they will like it or something like that.  You have to try it 

out first.   
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Researcher - So you think they are just put off by the looks of it? 

(Linda) Yeah, they ask you, “Is that easy?”  But you just tell them, “Oh it is a lot of 

work”.  And seriously it is a lot of work. 

(Brianna) But it pays off. 

(Linda) But yeah, you just have to get into it. 

(Brianna) Suffer for those two years.    

 

Discussion: 

 

Brianna’s desire for female Physics teachers may be an appeal for pedagogy regularly 

experienced in humanities subjects where female teachers are more common. Or possibly, as 

found in Section 6.3.3.2, the lack of female teachers in senior Physics classrooms reinforces the 

notion of Physics being a male domain, whereas more female teachers would help to negate 

this perception. A key point made by Linda was she did not mind the gender of the teacher as 

long as the teacher was good and she could understand. Slade and Trent (2000) found students 

felt good teachers might be male or female. And to reiterate the discussion of section 5.3.4, it 

is enthusiastic, well trained teachers who make a significant difference to learning experiences. 

Linda’s emphasis on understanding echoes the previous discussion in Section 6.3.4 and relates 

back to a transmissive pedagogy as the default teaching mode in Physics classes and a lack of 

mastery learning which appears to be an inherent characteristic of school science in recent 

studies conducted in Australia, England and Sweden [see Section 6.3.3] (Lyons, 2006). These 

data also relate to the discussion in Section 6.3.5 about the overcrowded curriculum and fast 

pace of delivery. The appeal for female Physics teachers, or good teachers, as a way to 

encourage more female students may simply be an appeal to change three of the barriers 

which deter girls from choosing to study these subjects, and create problems for girls who do 

choose to study these subjects: the transmissive pedagogy, the lack of mastery learning 

(understanding), and the perception that the subject is more suited to boys.  

 

Linda and Brianna thought the perception of Physics as an excessively difficult subject was a 

deterrent to female enrolments. They believed that if girls test-drove the subject they would 

realise that, although it does take a lot of effort and work, it is a subject in which young women 

can achieve. They also thought the long term benefits outweighed enduring the two years of 
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effort and hard work. But the comment about “suffering” again raises the issue of the absence 

of a mastery orientation in the Physics classroom. 

 

6.4 Conclusions 

 

This stage of the study had the purpose of going beyond survey responses, and providing a 

space for students’ voices, to gain a deeper understanding of students’ Physics and 

intermediate mathematics enrolment rationales. The findings offer contemporary insights into 

factors which positively influence and promote enrolment, and factors which are barriers to 

enrolment.   

 

The majority of girls interviewed aspired towards a career in the medical field, and enrolment 

in Physics and intermediate mathematics was consistently explained in terms of future study 

and career needs. The girls in this study were aware of potentially increased tertiary entrance 

scores due to the scaling process and took strategic advantage of this benefit to gain entry to 

tertiary courses with a high tertiary entrance score requirement. However, career aspirations 

alone were not sufficient for enrolment in these subjects. Physics and intermediate 

mathematics were considered high risk subjects and participants’ confidence in their ability to 

achieve highly in these subjects also influenced their enrolment decisions. The majority of 

students self-ranked their ability in Physics and intermediate mathematics between average 

and high, and related the amount of time and effort expended on studying with increased 

achievement and confidence in their ability. While the Physics students believed that academic 

achievement is related to individual cognitive abilities and not gender, they pragmatically 

accepted that boys tend to have more interest in Physics, mechanics and electronics, while 

most girls have little interest in these fields and prefer traditional female pursuits. Motivation 

to persist with these difficult and challenging subjects was related to future study and career 

aspirations, parental encouragement in the form of parental pride in academic achievements, 

personal achievement and success, and consideration of the alternatives. Additionally, the 

perceived lack of challenge in the basic mathematics subject motivated students to persevere 

with intermediate mathematics. The stratification of mathematics subjects creates salient 

social categories; the higher the level of mathematics, the higher the status ascribed to the 

subject (Watt & Bornholt, 2000). The difficulty and strategic value of intermediate 

mathematics imbues it with a level of social prestige not found in the basic mathematics 



258 

 

subject (Lyons, 2004). Physics and intermediate mathematics carry a certain positive status and 

social prestige, and female students studying these subjects were perceived as highly 

intelligent, but paradoxically high academic achievement in some secondary schools can carry 

negative social prestige and students were also perceived as nerds (Nelson, 1996).  

Parents were influential on all students’ Physics and mathematics subject choice decisions to 

varying degrees, from help with researching the requirements of university courses and 

careers, to high expectations of enrolment, and actual insistence on enrolment in particular 

subjects. Teacher advice and encouragement was important in relation to confirmation that 

students had the ability to cope with the requirements of Physics and intermediate 

mathematics. Friends had little or no influence in subject choice decisions.  

In terms of the teaching and learning environment, participants typically experienced a 

transmissive pedagogy regardless of whether they were enrolled in Physics or intermediate 

mathematics. Students’ description of their typical classroom lessons depicted “static 

situations and desk work” (Tytler et al., 2008, p. 108), which does not reflect the emphasis on  

active learning advocated by educational researchers and curriculum designers (Tytler, 2008). 

A key finding from the student interviews is the straightforward and logical nature of 

mathematics, the hard-edged clarity and the lack of ambiguity, was perceived to be a positive 

aspect of this subject. It could be interpreted from girls’ responses that they are more 

comfortable with mathematics examinations than extended response tasks and assignments. 

The active learning students occasionally experienced in Physics classes, such as experiments 

and hands-on activities, was highly valued by most students, a characteristic that diverges from 

the stereotypic perception of female students as passive learners (Fennema et al., 1990). These 

finding undermine some of the directions Australian Physics and mathematics curricula are 

heading in. In the case of the Queensland Mathematics B syllabus, the introduction of literacy 

elements and a wider range of assessment tasks such as open-ended mathematical 

investigations in which there is not one correct answer (QSA, 2007), may undermine the very 

aspects of the subject that these girls perceive to be positive. Similarly with Physics, the 

introduction of a wider range of assessment tasks such as: extended response tasks in which 

assessable outcomes include either a written presentation in the form of a report, assignment 

or article, or a non-written presentation in the form of an oral or multimodal presentation; or 

extended experimental investigations in which the assessable outcome is a written scientific 

report (QSA, 2007), does not cater to girls stated preference for active learning. A contradiction 

was noted between the not so subtle gender positioning of teachers of mathematics (Simon) 

and Physics (Darren, Peter and Frank), and these girls’ preference for active learning (see 
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section 5.3.6.4). These four male teachers positioned girls as passive learners who like and 

excel at writing in general, and report writing and communication and justification in particular 

(Fennema et al., 1990). Moreover, these teachers perceived the literacy elements and wider 

range of assessment tasks advantaged girls, while at the same time disadvantaged boys (see 

section 5.3.9).  

The girls in this study regarded the negative aspects of Physics and intermediate mathematics 

to include a lack of understanding due to a curriculum overloaded with content and the fast 

pace of delivery which often precluded the opportunity to consolidate new knowledge, the 

absence of the application of mathematics formula, and unrealistic and confusing Physics 

formula and calculations. All of the girls in this study felt Physics and intermediate mathematics 

were less interesting than most of their other subjects, and attributed the lack of interest to a 

lack of active hands-on learning, little focus on applied mathematics, and memorisation of 

formula. The diet of uninspiring experiments, theory, and complex mathematical formula 

currently experienced by those students in their secondary school science classes was not 

engaging for students and lacked the spark of excitement they desired. Furthermore, the 

requirement for composite Year 11 and 12 Physics classes due to small enrolment numbers 

reduced the amount of time the teacher was available for student questions and the amount 

of time spent on instruction. The male domination of Physics classes and monopolisation of 

teacher time and attention served to marginalise female students (Murphy & Whitelegg, 

2006). These negative experiences are possible contributing factors of the high drop-out rates 

for Physics.  

Five male teachers, Vaughn, Simon, Robert, Frank and Darren, asserted that the level of 

difficulty and lack of ability were causes of the high female dropout rate in Physics and 

intermediate mathematics (see section 5.3.7.1). Their assertion suggests these teachers 

complacently believe it is the inherently difficult nature of these subjects which causes girls 

struggle to achieve and drop out; their pedagogy and practice were not considered (Boaler, 

1997). Yet four girls said when they struggled with understanding they turned to their tutor or 

after school tutoring where concepts could be explained at a slower pace and they had time to 

consolidate new knowledge (see sections 6.3.6. and 6.3.16). It appears from these girls’ 

explanations that they do not find mathematics and Physics inherently difficult, their difficulty 

lies in the fast paced delivery of lessons which does not leave spaces for explanation, 

discussion, application or consolidation of learning (Boaler, 1997).   
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Students’ responses to ways to change Mathematics B to make it more appealing for girls were 

common sense suggestions which could possibly improve the teaching and learning of 

Mathematics B for all students (Boaler, 1997). They included making Mathematics B more 

relevant to post-school uses, putting learning into practice, more relevant questions that apply 

to everyday situations, more communication about the relevance and application of 

mathematics concepts, teacher checks for understanding before moving on, and spending 

more time on topics rather than rushing through a large volume of content in a short time. 

Physics students recommended more female teachers, and good teachers who promoted 

understanding. The suggestions for improvement reflect diversity amongst the regional 

mathematics and science proficient young women and the issues they consider relevant to 

enhance their learning experiences.  
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Chapter 7 

Quantitative Study 

 

7.1 Quantitative study  

 

Stereotypical views of girls at school persist both within the school context and the public 

sphere, and circulate in teachers’ discourses, for example: girls are naturally talented at English 

but not mathematics; girls favour language based tasks and subjects over numeric based tasks 

and subjects; and girls succeed in mathematics through study and effort rather than ability 

(Dalley-Trim, 2009). 20th century research into subject preferences and subject choice has 

supported the finding that girls favour English and humanities, while boys favour Physical 

Education and science (Colley, Comber & Hargreaves, 1994; Lamb & Ball, 1998). But is this true 

for 21st century young women in regional Queensland? Such discourses mask the complex 

nature of individual differences within groups of girls, but the power of populist discourses 

should not be underestimated, as they inform the perceptions of both teachers and students. 

Teachers who adopt these seemingly straightforward stereotypic understandings of girls are at 

risk of positioning female students to take up historically deficit and pre-determined 

mathematics identities within the mathematics and classroom (Dalley-Trim, 2009). The aim of 

the third stage of this study is to investigate the “common sense” stereotypical understanding 

that emerged from Stage Two teacher interviews: girls favour language based tasks and 

subjects over numeric based tasks and subjects; and, girls require a high level of academic 

resilience to enrol in and persist with intermediate mathematics.  

  

Self-perceptions are not static or fixed, rather they are flexible, contextual, and vary depending 

upon the frame of reference. Bornholt, Goodnow and Cooney (1994, p. 676) identified four 

variations of an academic frame of reference: “the subject matter (mathematics compared to 

English); the specific or general nature of perceptions (e.g., estimates of scores on a recently 

completed test, and expected performance over the year); distinction between perceptions of 

performance and perceptions of ability; and the student's year in high school”. The frame of 

reference also varies with the nature of the comparison group; are self-perception judgements 

based on comparisons within social groups or between social groups, with other females or 



262 

 

with males (Bornholt et al., 1994). This third and final stage of this study asks the research 

question:  

d) Do female students in Far North Queensland differ significantly in motivation and 

engagement in English and intermediate mathematics subjects?  

The frame of reference in this case is subject based; mathematics compared with English. 

English was chosen as the comparison subject because it is a core subject and also a 

compulsory subject for all Australian students. All Year 12 students enrolled in intermediate 

mathematics are also enrolled in senior English. The comparison across the two subject 

domains allows for two possible outcomes. The first is that perceptions of motivation and 

engagement will be similar across subject domains. Young women in senior secondary school 

may perceive themselves to be equally motivated and engaged in both domains, reflecting a 

general sense of motivation and engagement rather than subject specific motivation and 

engagement. The second possible outcome is that motivation and engagement will be different 

across two domains. Girls’ positive evaluation of their motivation and engagement in English 

compared to mathematics would support previous research that draws distinctions within 

motivation and engagement by subject domain (e.g., Watt, 2004; Wigfield et al., 1991). Domain 

specificity of motivation and engagement is assessed between parallel motivation and 

engagement constructs across the domains of mathematics and English. Participants were Year 

12 female students, chosen because, by this stage, young women are better able to make 

realistic judgements about their motivation and engagement (Bornholt et al., 1994; Cocks & 

Watt, 2004; Fredricks & Eccles, 2002). 

The emergent “common-sense” or stereotypical understanding, that girls require a high level of 

academic buoyancy to enrol in and persist with intermediate mathematics, informed the final 

two research questions:   

(e) Which motivation and engagement constructs significantly predict Far North Queensland 

female students’ academic buoyancy? 

 f) Are Far North Queensland female student profiles of cognitions, behaviours, and academic 

buoyancy domain specific?  

Based on previous research (Green et al., 2007), it is hypothesised that the adaptive cognitive 

and behavioural dimensions (booster thoughts and behaviours) of the Motivation and 

Engagement Wheel are significant positive predictors of academic buoyancy, and academic 

buoyancy is more of a general academic orientation rather than domain specific. 
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Full details of the methods used for this stage of the study are outlined in Chapter Three, but 

will be summarised here for clarity. Participants were 117 female Year 12 students from 5 

coeducational secondary schools in regional Far North Queensland. Students completed the 

Motivation and Engagement Scale – High School (MES - HS), an instrument that measures 

motivation and engagement through adaptive cognitive and behavioural dimensions (booster 

thoughts and behaviours), impeding cognitive-affective dimensions (mufflers), and maladaptive 

behavioural dimensions (guzzlers) of motivation and engagement. The MES – HS consists of 11 

factors, each of which comprises four items (a 44 item instrument). In addition the participants 

were administered a six item academic buoyancy scale (Martin & Marsh, 2006, 2008)  that 

measured students’ academic buoyancy within each of the two domains, intermediate 

mathematics and English. To avoid the methodological concern of possible bias associated with 

asking students to respond to the same item in different subject domains, students were asked 

to rate their motivation and engagement in each school subject while they were in the actual 

class where they studied that subject (Green, Martin & Marsh, 2007). Students were 

administered the mathematics specific questionnaire while in intermediate mathematics 

classes, and the English specific questionnaire while in university-qualifying English classes. The 

rating scale was first explained to students, and then students were asked to complete the 

questionnaire and return it to the researcher when they were finished. Some students 

completed both the English and mathematics questionnaires, while other students completed 

only one questionnaire. A copy of the survey instrument is in Appendix D.  

 

7.2 Item statistics 

 

Before conducting the central analyses of interest, it was important to first test the 

psychometric properties of the 44 items. Therefore, a set of item analyses was conducted 

encompassing assessment of consistency of means and variances, analysis of distributional 

properties, corrected item-total correlations, and reliability coefficients. Item means, standard 

deviations, and corrected item-total correlations are presented in Tables 7.1 and 7.2. Given 

that each item is scored on a seven point scale, the mid-point is 4. Mean scores above 4 

indicate agreement with the statement, and mean scores below 4 indicate disagreement with 

the statement. The corrected item-total correlation figures give an indication of the degree to 

which each item correlates with the total reliability score. Low values of less than .3 indicate 
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that the item is measuring something different from the scale as a whole. All values are above 

.3, which indicates reliability between each scale item and the scale as a whole. 

 

Table 7.1 

Raw score item statistics for booster thoughts and behaviour dimensions 

    Corrected 

BOOSTERS Mean             SD Item-Total

                                            Correlation 

Self belief 

Q13   If I try hard, I believe I can...   6.13 .86 .67 

Q23   If I don’t give up, I believe I can... 5.36 1.35 .60 

Q33   If I have enough time, I believe I can... 5.97 .93 .46 

Q40   If I work hard enough, I believe I can... 5.42 1.52 .55 

Valuing 

Q4   I am able to use some of the things I learn... 4.60 1.54 .62 

Q14 Learning at school is...   6.08 .97 .64 

Q34 What I learn at school is... 5.09 1.67 .73 

Q41 It’s important to understand what... 5.94 1.12 .35 

Learning focus 

Q2   I feel very pleased with myself when I really... 6.29 .79 .50 

Q7   I feel very pleased with myself when I do... 6.33 .77 .59 

Q25 I feel very pleased with myself when what I... 5.56 1.20 .65 

Q26 I feel very pleased with myself when I learn... 5.46 1.30 .72 

Planning 

Q21 I get it clear in my head... 4.41 1.33 .44 
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Q27 Before I start an assignment, I... 4.44 1.56 .65 

Q30 I try to plan things out before I... 4.38 1.48 .75 

Q39 I usually stick to... 3.15 1.59 .56 

Task management 

Q3   When I study, I usually study... 5.42 1.27 .61 

Q17 When I study, I usually organise... 4.48 1.73 .65 

Q32 When I study, I usually try to... 5.01 1.32 .74 

Q44 When I study, I usually study at... 5.03 1.46 .56 

Persistence 

Q1   If I can’t understand my schoolwork... 5.21 1.17 .56 

Q9   If my homework is difficult, I... 4.77 1.36 .68 

Q28 When I’m taught something that... 5.18 1.16 .64 

Q36 I’ll keep working at difficult... 5.07 1.37 .70 

Table 7.2 

Raw score item statistics for muffler and guzzler dimensions 

                                           Corrected 

                                                                                                                                                  Item-Total                

MUFFLERS                                                                                                   Mean               SD Correlation 

Anxiety 

Q10 When exams and assignments are... 5.15 1.63 .58 

Q19 I worry about... 5.27 1.72 .61 

Q37 When I do tests... 4.35 1.64 .43 

Q43 In terms of my schoolwork... 4.25 1.83 .59 

Failure avoidance 
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Q11 Often the main reason I work at school is because I don’t want 

people to think that... 

2.42 1.55 .71 

Q20 Often the main reason I work at school is because I don’t want 

people to think bad... 

2.26 1.47 .79 

Q31 Often the main reason I work at school is because I don’t want 

to... 

4.07 1.92 .57 

Q38 Often the main reason I work at school is because I don’t want 

my... 

2.97 1.75 .73 

Uncertain control 

Q6   When I don’t do so well at school... 3.62 1.69 .61 

Q12 When I get a good mark I’m... 3.45 1.64 .80 

Q16 When I get a bad mark I’m... 3.07 1.59 .71 

Q18 I’m often unsure how... 

 

3.78 1.67 

.65 

GUZZLERS 

Self sabotage 

Q5   Sometimes I don’t try... 2.52 1.65 .56 

Q24 I sometimes don’t study... 2.24 1.52 .70 

Q35 I sometimes do things... 2.30 1.42 .69 

Q42 I sometimes put... 2.58 1.58 .67 

Disengagement 

Q8   Each week I’m... 2.41 1.50 .60 

Q15 I don’t really... 2.14 1.39 .72 

Q22 I’ve pretty much given up being involved... 2.23 1.27 .74 

Q29 I’ve pretty much given up being interested... 2.27 1.45 .72 
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7.3 Reliability 

 

In terms of reliability, Cronbach’s alpha values above .7 indicate internal consistency of the 

scale. According to Martin (2009), the Motivation and Engagement scale has good internal 

consistency, with Cronbach’s alpha coefficients reported between .77 and .82. In the current 

study Cronbach’s alpha coefficients ranged from .75 to .85 (See Table 7.3), so the scales can be 

considered reliable and as having good internal consistency (Tabachnick & Fidell, 2001).  

 

Table 7.3 

Higher order factor descriptive statistics and Cronbach’s alphas 

 
Mean SD Skew Kurtosis 

Cronbach’s 

alpha 

Booster thoughts      

Self-belief 5.82 .95 -.55 -.28 .75 

Valuing 5.53 1.08 -.64 .26 .76 

Learning focus 6.04 .84 -.69 .45 .78 

Booster behaviours      

Planning 4.20 1.19 -.08 -.70 .79 

Task management 5.14 1.20 -.63 .58 .81 

Persistence 6.04 .84 -.69 .45 .82 

Mufflers      

Anxiety 4.88 1.33 -.29 -.50 .75 

Failure avoidance 3.03 1.46 .69 -.09 .85 

Uncertain control 3.56 1.39 .29 -.37 .85 

Guzzlers      

Self-sabotage 2.52 1.31 .48 -.82 .83 

Disengagement 2.35 1.22 .60 -.65 .85 
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7.4 Normality - skewness and kurtosis 

 

Skewness and kurtosis provide information on the distribution of scores on continuous 

variables. The skewness value describes the symmetry of the distribution and kurtosis 

peakedness of the distribution. A perfectly normal distribution would give a skewness and 

kurtosis value of 0, although this would be very uncommon in the social sciences (Pallant, 

2005). A skewed variable is a variable whose mean is not in the centre of the distribution. 

Positive skewness values indicate scores clustered to the left (low values), and negative 

skewness indicates a clustering of scores to the right (high values). Skewness values of +/-1 to 

+/-2 are considered acceptable for psychometric purposes (Pallant, 2005). Positive kurtosis 

values indicate the distribution is too peaked (clustered in the centre), negative values indicate 

a relatively flat distribution with too many cases in the extremes (Pallant, 2005; Tabachnick & 

Fidell, 2001). A kurtosis value of +/-1 is considered very good for most psychometric uses, but 

+/-2 is also usually acceptable (Pallant, 2005). 

The skewness and kurtosis values in Table 7.3 are all within the +/-1 value, however the shape 

of the distribution for each item was checked visually to assess normality. Figure 7.1 shows the 

frequency of student responses to each latent variable with a normal distribution curve 

superimposed. All factors are reasonably normally distributed; they follow the shape of the 

normal curve (Pallant, 2005).  

 

Persistence 

Persistence 
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Figure 7.1. Frequency histograms with normal distribution superimposed 

 

7.5 Confirmatory factor analysis 

 

Confirmatory factor analysis (CFA) was applied to determine whether the measured variables 

reliably capture the hypothesized factors or latent variables. CFA performed with SPSS version 

18.0 was used to test the psychometric properties of the Motivation and Engagement Scale. 

CFA is a technique that requires a priori specification of indicators or items to their respective 

factors (Tabachnick & Fidell, 2001). CFA requires researchers to specify the exact number of 

factors that exist and how these factors are related to measured variables. CFA has the 

advantage of testing whether theoretical relationships between indicators or items and their 

hypothesized factors are supported by the collected data.  
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CFA could not be performed on the 44 items of the MES-HS due to the small sample size (n = 

117), giving a limited number of cases per variable. The ratio of cases to items is recommended 

to be at least 5 to 1: that is, 5 cases for each variable to be factor analysed is considered 

adequate (Tabachnick & Fidell, 2001). However, factor analysis could be conducted on the 

eleven latent variables. These are divided into four higher order factors; booster thoughts, 

booster behaviours, muffler thoughts, and guzzler behaviours. CFA was conducted to test the 

fit of the latent variables to the four higher order factors.  Prior to performing CFA, the 

suitability of data for factor analysis was assessed. Inspection of the correlation matrix revealed 

the presence of many coefficients of .3 and above. The Kaiser-Oklin value was .81, exceeding 

the recommended value of .6 (Kaiser, 1970, 1974 cited in Pallant, 2005). The Bartlett’s Test of 

Sphericity (Bartlett, 1954 cited in Pallant, 2005) reached statistical significance supporting the 

factorability of the correlation matrix, χ² (N = 117, df = 55) = 424.60, p < .001. 

The 11 latent variables of the Motivation and Engagement scale (MES) were subjected to CFA 

using Maximum Likelihood (ML) analysis with Oblimin rotation. A solution based on 

eiganvalues greater than 1 was specified. ML analysis showed the presence of three factors 

with eigenvalues exceeding 1, explaining 36.5 percent, 17 percent and 10 percent of the 

variance respectively.  An inspection of the elbow of the scree plot suggested the possibility of 

a four factor solution (see Figure 7.2), so the factor analysis was repeated with a four factor 

solution specified. The four factor solution increased the cumulative variance by 6.5% but 

resulted in several communality estimates greater than 1, and only one variable loading on the 

additional factor. A decision was made to retain the three factor model. To aid in the 

interpretation of the three components, Oblimin rotation was performed. Oblimin rotation was 

chosen because this technique assumes the variables are correlated (Tabachnick & Fidell, 

2001). The rotated solution revealed the presence of three components showing a number of 

strong loadings and all variables loading substantially on only one component. The three 

component solution explained a total of 63.5 percent of the variance. Interpretation of the 

three components was inconsistent with previous research on the MES scale, with two guzzler 

behaviour variables loading negatively and three booster behaviour variables loading positively 

on component one, three muffler thought variables loading positively on component two, and 

three booster thought variables loading positively on component three (see Table 7.4). The CFA 

using ML extraction and oblique rotation revealed a three factor solution that was an adequate 

representation of the data, χ² (N = 117, df = 25) = 31.13, p = .185, and accounted for 63.5% of 

the item variance.  
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Martin (2009) cautioned that with samples where the student body is more homogeneous 

(e.g., samples comprising students that are in a narrow band of achievement), the CFA fit is not 

as good as when the student body is heterogeneous. Martin (2009) advised that if there are 

some high correlations amongst factor sets, it may be necessary to aggregate two higher order 

factors into one factor, thereby yielding three higher order factors. In this study, I combined 

the three booster behaviour variables (persistence, task management and planning) with the 

two guzzler behaviour variables (self-sabotage and disengagement) into one higher order 

factor. This combination may not seem logical, however negative loadings are caused by sets of 

items that are negatively oriented to the underlying common factor. Guzzler behaviours have 

an inverse relationship with Booster behaviours, thus they are two sides of the same coin and it 

is reasonable to combine them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.2.  Scree plot and Goodness of Fit Test from Confirmatory Factor Analysis 
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Table 7.4 

 Oblimin rotated factor structure of the 11 item Motivation and Engagement questionnaire 

 

 

 

 

 

 

 

 

 

 

 

7.6 Mean scores for survey items 

 

Each MES item was scored on a seven point scale. Mean scores below 4 indicate disagreement, 

and mean scores above 4 indicate agreement with the item (See Table 7.5). Overall, female 

Year 12 participants responded positively to the booster behaviours and thoughts items, with 

the exception of planning – I usually stick to a study timetable or study plan for 

English/mathematics. Students tended to disagree with this statement which is understandable 

given their busy schedules with after school sporting activities, part-time work commitments, 

and social activities.  

In regards to mufflers, students tended to agree with the anxiety items and more strongly 

agree with items referring to worry and anxiety about examinations and assignments. Students 

mainly disagreed with the failure avoidance items, with the exception of item 31 – ‘Often the 

main reason I work in English/Maths is because I don’t want to disappoint my parents’. On 

Structure Matrix 

 
Loadings 

Factor 1 Factor 2 Factor 3 

Persistence .701 -.101 .476 

Task management .722 .076 .358 

Planning .606 -.041 .449 

Learning focus .507 .148 .750 

Valuing .386 -.166 .750 

Self-belief .421 -.337 .580 

Failure Avoidance -.226 .559 -.074 

Anxiety .084 .703 -.014 

Uncertain control -.194 .617 -.205 

Self-sabotage -.687 .291 -.312 

Disengagement -.783 .249 -.529 

Extraction Method: Maximum Likelihood.  

 Rotation Method: Oblimin with Kaiser Normalization. 
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average, students agreed with two uncertain control items regarding being unsure how to 

avoid doing poorly in English/Maths. Overall, participants disagreed with the guzzler items 

referring to self-sabotage and disengagement.  

 

7.7 MANOVA analysis 

 

A multivariate analysis of variance (MANOVA) was conducted to answer the research question: 

Do female students in Far North Queensland differ significantly in motivation and engagement 

in English and intermediate mathematics subjects? MANOVA compares groups in terms of their 

means on a group of dependent variables. This technique tests the null hypothesis that the 

population means on a set of dependent variables do not vary across different levels of a 

grouping variable. Or, to rephrase the null hypothesis in a way that relates to this study: H0: 

there is no difference in female students’ motivation and engagement in English and Maths B. 

The alternative hypothesis is: H1: There is a difference. A Bonferroni correction was used to 

address the problem of multiple comparisons, which results from the increase in Type One 

error that occurs in multiple comparisons analysis. As there were 11 variables, the correction is 

.05/11 = 0.004. If the unadjusted p-value is greater than the Bonferonni-corrected target alpha 

(.004), the null hypothesis will not be rejected.  

A multivariate analysis of variance was performed to investigate differences in motivation and 

engagement in the subjects of English and intermediate mathematics. The dependent variables 

were the 11 latent variables from the Motivation and Engagement Wheel. The independent 

variable was survey type (English or Maths B). Preliminary assumption testing was conducted 

to check for normality, linearity, univariate and multivariate outliers, homogeneity of variance-

covariance matrices, and multicollinearity, with no serious violations noted.  

There was a statistically significant difference between the English and Maths B combined 

dependent variables: F (11, 105) = 4.39, p < .001; Wilks’ Lambda = .68; partial eta squared = 

.315. When the results for the dependent variables were considered separately, only one 

difference reached statistical significance, valuing: F (1, 117) = 22.86, p < .001, partial eta 

squared = 0.17. Partial eta squared represents the proportion of the variance in the dependent 

variable that can be explained by the independent variable. According to generally accepted 

criteria (Cohen, 1988, cited in Tabachnick & Fidell, 2001), 0.17 is considered a large effect and 

represents 17% of the variance in valuing scores explained by subject type. An inspection of the 
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mean scores (see Table 7.5) indicated that the participating students reported higher levels of 

valuing of English (M = 6.02, SD = .14) than Maths B (M = 5.14, SD = .12). The small probability 

value (p value) and the large effect size indicate the strength of evidence for rejecting the null 

hypothesis - H0: there is no difference in female students’ motivation and engagement in 

English and Maths B. H0 is rejected in favour of H1: there is a difference.  

 

Table 7.5  

Estimated marginal means of motivation and engagement variables by Maths B and English 

subjects 

 

Dependent Variable Survey type 

Mean Std. Error 

95% Confidence Interval 

Lower Bound Upper Bound 

d

i

m

e

n

s

i

o

n

0 

Persistence 
dimension1 

English 5.135 .145 4.847 5.423 

Maths B 5.200 .130 4.942 5.458 

Task management 
dimension1 

English 4.981 .166 4.651 5.310 

Maths B 5.262 .149 4.967 5.556 

Planning 
dimension1 

English 4.308 .165 3.980 4.635 

Maths B 4.108 .148 3.815 4.400 

Mastery Orientation 
dimension1 

English 6.000 .118 5.767 6.233 

Maths B 6.077 .105 5.869 6.285 

Valuing 
dimension1 

English   6.019** .137 5.747 6.291 

Maths B 5.138 .123 4.895 5.382 

Self-efficacy 
dimension1 

English 5.865 .133 5.603 6.128 

Maths B 5.785 .119 5.550 6.019 

Failure Avoidance 
dimension1 

English 2.865 .203 2.463 3.268 

Maths B 3.154 .182 2.794 3.514 

Anxiety 
dimension1 

English 4.731 .184 4.367 5.095 

Maths B 5.000 .164 4.674 5.326 

Uncertain control 
dimension1 

English 3.500 .194 3.116 3.884 

Maths B 3.600 .173 3.257 3.943 

Self-sabotage 
dimension1 

English 2.538 .182 2.177 2.900 

Maths B 2.508 .163 2.184 2.831 

Disengagement 
dimension1 

English 2.269 .170 1.933 2.605 

Maths B 2.415 .152 2.115 2.716 

Note: ** = p < .001 
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7.8 Measurement invariance analysis 

 

In order to answer the research question, (e) Which motivation and engagement constructs 

significantly predict Far North Queensland female students’ academic buoyancy?, path analysis 

was carried out using the Amos (Analysis of Moment Structures) program, an enhancement to 

the SPSS base system. Analysis of path coefficients enables the determination of the relative 

contributions of motivation and engagement constructs to academic buoyancy. Prior to 

carrying out path analysis, it was important to test for invariance across factor structure. 

Measurement invariance analysis uses multiple-group CFA to test whether the relations of 

variables are identical for different groups (e.g., Maths B students and English students) or 

whether groups differ in particular ways across groups on the constructs represented 

(Vandenberg & Lance, 2000). Establishing measurement invariance is necessary as constructs 

may have different meanings for different groups which would subsequently invalidate any 

comparisons between them. At a minimum, the relations of variables should be identical across 

groups if any meaningful group comparisons are to be made. Unless there is reasonable 

support for the invariance of the motivation and engagement structure across domains, 

comparison of responses across English and Maths B students cannot be justified. Factor 

invariance tests whether the sample variances and covariances for each group come from the 

same population by comparing an unconstrained model of variances and covariances of the 

measured variables to one in which the variances and covariances are constrained to equality 

across groups.  

 

7.8.1 Multi-group CFA and invariance across Maths B and English students    

 

The multi-group CFA examined the Motivation and Engagement factor structure for Maths B 

and English students and allowed all factor loadings, uniquenesses and correlations to be 

freely estimated. The model yielded a good fit to the data (χ² = 99.3, df = 78, CFI = .95, NFI = 

.82, RMSEA = .049). This model has measurement and structural invariance for all parameter 

estimates, suggesting the factor structure is parallel for Maths B and English. These data 

indicate Maths B and English students are not substantially different in terms of the underlying 

motivational constructs and the composition of and relationships amongst these constructs.   
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7.9 Correlation analysis to identify possible predictors 

 

Correlation analysis was used to identify possible predictors of academic buoyancy. 

Accordingly, zero order correlations between motivation and engagement dimensions with 

academic buoyancy were carried out. Findings are presented in Table 7.6. Six of the motivation 

and engagement factors were significantly correlated with academic buoyancy. Many of the 

dimensions of the Motivation and Engagement Wheel are correlated (Martin, 2001), so it is 

important to control for collinearity when identifying a set of possible predictors (Martin & 

Marsh, 2006). Accordingly, a series of partial correlations were carried out, having the effect 

that, “when a given part of the Wheel was correlated with [academic buoyancy], the other 

dimensions of the Wheel were used as covariates in that bivariate analysis” (Martin & Marsh, 

2006, p. 273). These partial correlations exhibit a more, “focused profile” (Martin & Marsh, 

2006, p. 273), and of the six correlated factors, three remain significantly correlated with 

academic buoyancy: valuing of subject, persistence, and anxiety (negatively).    

 

Table 7.6 

Determining significant predictors, zero order and partial correlations with academic buoyancy 

 

 

 

 

 

 

 

 

  

                                               Academic Buoyancy 

                                                      Zero order r                Partial r 

Self-efficacy   .20* .03 

Mastery orientation .10 .04 

Valuing of subjects     .30**     .20* 

Planning .13 .04 

Study management .02 .00 

Persistence     .27**     .30** 

Anxiety               -.51**    -.43** 

Uncertain control     -.32**     -.14 

Failure avoidance     -.34**    -.08 

Self-handicapping  -.12 .01 

Disengagement -.08   .24* 
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7.10 Path analysis of predictors 

 

Using the identified set of possible predictors of academic buoyancy (valuing, persistence, and 

anxiety), path analysis was conducted to determine the relative contribution of these factors 

to academic buoyancy. In the path model, the three predictors (valuing, persistence, and 

anxiety) were entered as exogenous variables predicting academic buoyancy. The chi-square 

test for the model was significant, indicating the model did not fit the data well (χ² (3) = 15.5, p 

= .001). The standardised residuals matrix indicated that the model did not adequately explain 

the relationship between persistence and valuing (standardised residual = 3.574).  

Martin and Marsh (2006) posited that booster behaviours follow from booster thoughts; 

therefore the variable, persistence, was entered as a mediating variable between valuing and 

academic buoyancy. The introduction of the mediating variable resulted in a decrease in the 

magnitude of the β coefficient from valuing to academic buoyancy, yet the coefficient 

remained significant, indicating persistence partially mediates the relationship between valuing 

and academic buoyancy. The proposed model which hypothesised that student cognitive and 

behaviour characteristics predict academic buoyancy was a good fit to the data, χ² (2) = 1.9. p = 

.381 (CFI = 1.00, GFI = .99, NFI = .97, RMSEA = .000). The final model displaying standardised 

parameter estimates is shown in Figure 7.3. The model explains 36% of the variance in 

academic buoyancy (R² = .364). The three motivation and engagement factors remain 

significant predictors of academic buoyancy. These survey data show valuing, partially 

mediated by persistence, is the strongest predictor of academic buoyancy, while anxiety is a 

strong negative predictor of academic buoyancy.  
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Figure 7.3.  Standardised parameter estimates for the prediction of academic buoyancy. 

 

7.11 Profiling students in relation to academic buoyancy 

 

The final analysis of interest in Stage Three of this study was cluster analysis to determine 

student profiles in relation to the key construct, academic buoyancy, and the principal factors 

underpinning this. Cluster analysis is a multivariate technique that groups students based on 

their characteristics (that is, scores on the significant predictors). Cluster analysis classifies 

students based on similar scores to other students on identified predictors (Hair, Anderson, 

Tatham & Black, 1995).  

K-Means Cluster Analysis was used to generate cluster profiles, and two- and three-cluster 

solutions were examined. The three-cluster solution yielded two groups high in academic 

buoyancy and one group low in academic buoyancy, and while there were significant 

differences between the groups, they were not all significantly different from each other. The 

two-cluster solution yielded profiles of students who were high and low in academic buoyancy 

and the groups were significantly different from each other F (4, 112) = 65.89, p < .001; Wilks’ 

Lambda = .29; partial eta squared = .70. The two-cluster solution was accepted.  Analysis of the 

two-cluster solution meant interpreting the two clusters in terms of mean scores on each of 

the three predictors as well as academic buoyancy. Cluster means are shown in Table 7.7.   
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Table 7.7  

Cluster profile mean scores 

 

 

 

 

 

The findings show Cluster 1 is very high in valuing, high in persistence, and moderate in 

anxiety. It is this group that is high in academic buoyancy, and significantly higher than the 

other group. Cluster 2 reflects high valuing, moderate persistence, and high anxiety. This group 

is low in academic buoyancy, and scored significantly lower on academic buoyancy than the 

other group: F (1, 117) = 146.59, p < .001, partial eta squared = 0.56. Examination of cluster 

membership confirmed Maths B and English students are reasonably equally distributed 

between the two cluster groups (see Table 7.8), and there is no significant difference between 

cluster membership and survey type (Maths B or English), Fisher’s Exact Test, p = .580. 

 
Table 7.8  

Distribution of students according to cluster membership and survey type 

 

 

 
Survey type 

Total English Maths B 

Cluster Cluster 1 27 30 57 

Cluster 2 25 35 60 

Total 52 65 117 

 
 

 

 

 

 
Valuing  Persistence Anxiety 

Academic 

Buoyancy 

Cluster 1 (n = 57) 6.00 5.58 4.09 5.21 

Cluster 2 (n = 60) 5.08 4.78 5.63 3.33 



281 

 

7.12 Discussion 

 

Stage Three of this study sought to examine if there was a factual basis underpinning 

“common sense” assumptions which emerged from teacher interview data. In terms of girls 

being more motivated and engaged in a language rich subject (English) compared with a 

quantitative subject (Maths B), the data demonstrated there was a significant difference 

between girls’ valuing of English and Maths B.  Students distinguished between the value of 

English and Maths B, and expressed a significantly higher endorsement of the belief that what 

they learn in English is useful, important, and relevant to themselves or the world in general, 

compared with their beliefs about the value of Maths B. It should not be inferred from this 

finding that girls’ value of Maths B is low. Girls reported a high mean level of agreement for 

valuing of Maths B (M = 5.138) on a scale of 1 to 7, but reported a higher mean level of valuing 

for English (M = 6.019). 

This finding corroborates student interview data findings (Chapter 6) that English is perceived 

as the most important school subject, and students recognise its usefulness for communication 

needs within and outside of educational contexts, even though Stage One and Stage Two 

student interview data revealed the subject is not particularly well liked or enjoyed. Students 

had a lower endorsement of the value of Maths B, highlighting perceptions that mathematics 

has less importance and relevance to girls, outside of its utility value as a stepping stone 

towards tertiary study opportunities (McPhan et al., 2008). These findings are consistent with 

the literature on the expectancy-value model of achievement motivation. Values predict 

secondary students’ academic choices (Barnes et al., 2005; Eccles, 1994), and the lower value 

ascribed to Maths B has practical implications for girls’ participation and retention. Although 

speculative, the stronger English value endorsement may suggest the compulsory nature of 

English and the focus on literacy achievement at the school level imbues English with an 

importance and relevance that goes beyond the school context to include communicating and 

understanding ideas, and productive functioning in the workplace and society. Poor literacy 

skills are a fundamental barrier to achievement in education and subsequent employment, 

whereas a lack of higher-level mathematics skills has lesser importance beyond the school 

context unless a mathematics-based career is an aspiration (McPhan et al., 2008). Year 12 

regional girls have similar levels of motivation, engagement and academic buoyancy in both 

English and Maths B, and similarly low levels of mufflers and guzzlers in both subjects. The 

absence of any other significant differences between groups of students is possibly a function 
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of the narrow range of academic diversity among the participants, most of whom are on a post-

school pathway to university. The inclusion of students from a wider spectrum, such as those 

on a vocational education pathway, may have produced greater differences in responses to 

variables.  

 

Path analysis showed three motivation and engagement factors predict academic buoyancy: 

valuing, partially mediated by persistence, and low anxiety. A similar study by Martin and 

Marsh (2006) found five factors predicted academic buoyancy, and a 5-C model of academic 

buoyancy was proposed. The 5Cs are: confidence (self-efficacy), coordination (planning), 

control, composure (low anxiety), and commitment (persistence). Based on the findings from 

this study with regional female Year 12 Maths B and English students on a university post-

school pathway, I propose a 3-C model of academic buoyancy. My 3Cs are: commitment 

(persistence), composure (low anxiety), and care (valuing). High academic buoyancy is 

predicted by a high value placed on an academic subject, the subsequent commitment and 

perseverance when faced with difficulties, and lower levels of stress in terms of study 

pressures.  

 

Using these same four factors (persistence, anxiety, valuing, and academic buoyancy) cluster 

analysis revealed two distinct student profiles. The high academic buoyancy group had high 

scores on booster thought (valuing) and behaviour (persistence) dimensions and moderate 

muffler (anxiety) scores, while the low academic buoyancy group had high and moderate 

scores on booster thought (valuing) and behaviour (persistence) dimensions respectively, with 

high muffler (anxiety) scores. Student responses from English surveys and from Maths B 

surveys were relatively evenly distributed between the two groups, suggesting academic 

buoyancy is a broad orientation rather than domain specific. The key finding from the cluster 

analysis of student profiles is; students with high motivation (booster thoughts), high 

engagement (booster behaviours), and moderate anxiety (muffler thoughts), are more likely to 

have high academic buoyancy, and are likely to be better equipped to weather occasional 

setbacks and disappointments in their schooling experience. However, the lack of clustering of 

Maths B or English respondents in either group indicates motivation, engagement, and 

academic buoyancy are individual traits or characteristics. These are not domain specific 

characteristics. In other words, some students are motivated to achieve highly in all school 

subjects, while other students lack the same high level of commitment and perseverance, 

report higher anxiety, and consequently lower academic buoyancy.    
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Detailed statistical analyses show it is a myth that female students who participate in Maths B 

are all highly motivated and highly buoyant individuals. This study found there is no single 

profile that can categorise the girls who were enrolled in intermediate mathematics in terms of 

motivation, engagement and academic buoyancy, nor is there one single profile for the girls 

who were enrolled in English. Some are more motivated and engaged than others, some have 

higher levels of anxiety, and some are more academically buoyant than others. Teachers’ 

gender stereotyped assumptions that the “typical” girl who participates in intermediate 

mathematics has the qualities of an “ideal” student – motivated, focused, organised, 

persevering, and resilient – is revealed by these data to be a construct of the teacher. There is 

little statistical evidence that girls in regional Queensland who persevere with non-compulsory 

intermediate mathematics to Year 12 form a particular “type”. The answer to research 

question (d) is that motivation, engagement and academic buoyancy are not subject (domain) 

specific among regional North Queensland Year 12 girls on a university pathway. The Year 12 

girls in this study may value English higher than mathematics because the state education 

system does so by making the study of English the only compulsory senior school subject in 

Queensland. But otherwise, any “common sense” views that girls require a uniform higher 

level of academic resilience to persist in intermediate mathematics cannot be shown from 

these survey data.  
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Chapter 8 

Summary and conclusions 

 

8.1 Introduction 

 

This chapter begins with a summary of the literature review and the methods used. The 

section titled drawing the threads together synthesises the results and discussion from the 

three stages and examines the main themes that have emerged. The conclusions from the 

study, and limitations of the study, are then discussed. A section considering the directions for 

future research completes this chapter and the thesis.  

 

8.2  Summary of literature 

 

Enrolments in the traditional academic subjects of Physics and intermediate mathematics are 

in decline and have been for some time. Over the five year period from 2000 to 2004, there 

was an overall decrease in intermediate mathematics enrolments as a percentage of Year 12 

student numbers (Forgasz, 2006). Lower female enrolments have mainly contributed to the 

overall decline over this time period (Forgasz, 2006). Lower proportions of females than males 

participate in higher-level mathematics and Physics in all Australian states and territories, while 

greater proportions of females than males enrol in biology and basic mathematics (Queensland 

Studies Authority, 2009). The unequal status and value of these subject choices disadvantages 

girls in terms of university entrance and future career pathways (Lingard, Martino, Mills & Bahr, 

2002).  

The literature review briefly looked at historical gender, science and mathematics education 

research, how the field has progressed over time, and how seminal researchers have shaped 

discourses about and conceptions of female mathematics and science students. This discussion 

was followed by a discussion of expectancy-value achievement motivation theory and the 

rationale for its use in this project, a consideration of cognitive motivational factors, the 

influence from adult socialisers, such as parents and teachers, and the effect they have on 
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participation in higher-level mathematics and science, drawing on expectancy-value 

achievement motivation theory, and recent Australian and international research.  Affective 

factors, educational factors, and academic buoyancy with regard to Physics and mathematics 

participation were considered as relevant to this research study. This was followed by a review 

of the literature pertaining to studies that research solely with girls rather than take a gender 

comparative approach (Baker & Leary, 1995; Jacobs et al., 1998; Joyce & Farenga, 2000; 

Walkington, 1998). Gender comparative studies can create a negative stereotype of girls 

(Jacobs, 2010). They tend to tell a story of girls who have less interest in and enjoyment of 

mathematics compared with boys, and of girls who like science less than boys (Brickhouse et 

al., 2000; Jacobs, 2010). Many studies describe girls as a homogeneous group who perceive 

mathematics to be more difficult and requiring greater effort than do boys, and who have 

lower science self-concepts of ability than boys in secondary school (e.g., Andre et al., 1999; 

Barnes et al., 2005; Eccles & Harold, 1991; Jacobs & Eccles, 1992; Meece et al., 1990). Common 

is a stereotyped portrayal of girls who do not find science and mathematics relevant and 

engaging (Goodrum et al., 2001; Lyons, 2005; Osborne & Collins, 2001), who are more anxious 

about their mathematics performance than boys (Buck, 2002; Boaler, 1997a; Meece et al., 

1990), and who have lower academic buoyancy compared with boys (Martin & Marsh, 2008).  

By contrast, studies that research solely with girls illuminate the positive qualities that attract 

girls to science, such as girls’ interest in science, their perception of their ability to achieve well 

in the subject, peer and family member support, and a desire to care for people or animals 

(Jacobs et al., 1998; Joyce & Farenga, 2000; Walkington, 1998; Wigfield & Eccles, 1992). 

Kenway and Gough (1998) proposed the emerging trend of acknowledging differences among 

girls and women was preferable to continually focusing on gender differences. Brickhouse et 

al. (2000) questioned whether research that considers girls only in comparison to boys has 

exaggerated the differences between the sexes and overlooked the diversity within the 

groups. Brickhouse et al. (2000, p. 457) argued that "... we need to know more than that they 

are girls. We need to know what kinds of girls they are." These are the premises upon which 

this study was shaped. This study used a which girls? approach to focuses on the diversity 

within groups of girls and avoid reinforcing historically persistent social stereotypes (Jacobs, 

2010). Using this approach to understanding differences in motivations, experiences and 

choice focused attention away from differences across gender and helped to expand our 

understanding of what kinds of girls they are (Brickhouse et al., 2000).  

 

The literature pointed to three main issues motivating and/or inhibiting girls’ participation and 

retention in Physics and intermediate mathematics: personal motivations, social influences, 
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and classroom environment factors. In terms of personal motivations, the science and 

mathematics education most girls experience in secondary school is neither relevant nor 

engaging and may not readily connect with their interests and experiences (Boaler, 1997a; 

Goodrum et al., 2001; Lyons, 2005; Osborne & Collins, 2001). STEM subjects are struggling to 

compete with contemporary subjects that do capture students’ interest, and girls are 

gravitating towards subjects that they find more interesting, relevant and engaging than 

Physics and intermediate mathematics (Lyons & Quinn, 2010). Furthermore, there appear to 

be few extrinsic rewards for studying Physics and higher-level mathematics in senior secondary 

school (Lyons & Quinn, 2010). This increases the odds of a negative cost/benefit analysis when 

young women consider which level of mathematics or science to study (Brown, 2009; McPhan 

et al., 2008). Incentives to enrol are low given the perceived level of difficulty of Physics and 

intermediate mathematics, their removal as university prerequisites, and the appeal of less 

academically challenging and less risky subjects (Lyons & Quinn, 2010). Against this negative 

background of barriers to participation, this study was interested in the little researched sub-

population of high academically achieving rural and regional young women in North 

Queensland who overcome these barriers and do participate in Physics and intermediate 

mathematics. Although previous studies have identified influences of youth’s academically 

related beliefs on subject choice (e.g., Simpkins, Davis-Kean & Eccles, 2006), the degree to 

which these beliefs influence the subject choices of high achieving North Queensland regional 

and rural young women has not been researched. 

 

In terms of social influences, parental encouragement and support is likely to increase girls’ 

motivation to continue to study Physics and intermediate mathematics in the post-compulsory 

years of schooling (Alloway et al., 2001; Jacobs et al., 1998; Lyons, 2005). The socioeconomic 

background of the local community and of the student’s family is an important factor in 

educational participation and retention rates (Young, Fraser & Woolnough, 1997). Rural 

students tend to have lower socioeconomic backgrounds, and rural parents tend to have lower 

educational attainment, and lower educational expectations for their children (Young et al., 

1997). Young people’s vocational aspirations are shaped by the jobs they see in their 

communities, and gender-role attitudes may be particularly important in a rural and regional 

setting, in which definitions of appropriate roles for women may be narrower and fewer non-

traditional role models may be available (Jacobs et al., 1998). The use of single categories of 

rurality and regionality in large scale studies has meant a lack of studies which might capture 

local community variations in these cultural influences. Trends of participation and attitudes 
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have not been specifically documented for females in rural and regional Far North Queensland 

communities, and this study aimed to fill this research gap. 

 

Teacher encouragement is also influential on girls’ subject choices, particularly when parents 

also emphasise the importance of a strategic orientation, and expresses confidence in the 

child’s ability to take on challenging subjects (Barnett et al., 1993; Hattie & Timperley, 2007; 

Lyons, 2006). Teachers are an important group who have guidance and advisory roles critical 

for influencing students’ attitudes, engagement and motivation (Zohar & Bronshtein, 2005). 

Teacher practices affect students both academically and socially, influencing the development 

of students’ science and mathematics identities (Zapata & Gallard, 2007) and student 

willingness to persist with STEM subjects (Brickhouse et al., 2000). Research consistently 

shows teachers’ understanding of and attitudes towards gender affect their conceptions and 

expectations, and even prejudices towards students’ achievement in secondary school science 

and mathematics (Huang & Fraser 2009; Kahle & Meece 1994; She & Fisher 2002). In the 

classroom teachers’ expectations and values about the capabilities of female students impact 

on how they view and interact with female students and define the expectations they hold for 

students based on gender (Brickhouse et al., 2000). Although teachers report they have the 

same expectations of girls’ and boys’ achievement, their pedagogy and practices often indicate 

otherwise (Zohar & Bronshtein, 2005). Thus the classroom environment can be a barrier or 

obstacle to girls’ participation and persistence with Physics and intermediate mathematics. It 

was therefore felt necessary to construct a research design that took into account not just the 

perceptions of the girls, but also those of their teachers, and how the perceptions of teachers 

encroach on girls’ attitudes and motivation. Zohar and Bronshtein (2005) argued the 

information about Physics teachers’ knowledge and beliefs regarding girls’ low participation 

rate in advanced Physics classes is still fragmented, pointing to a need for additional studies 

that would examine this issue in a comprehensive way. There are currently no Australian 

studies that ask Physics and mathematics teachers a series of focused questions regarding the 

various facets of the problem of girls’ low enrolments in Physics and intermediate 

mathematics; that is, their views regarding the scope of the problem, regarding its causes, and 

regarding their knowledge of educational means that might eliminate this problem. This study 

aimed to address this gap in gender and Physics and mathematics education research.  

 

Academic buoyancy is one factor that provides a buffer between successful female students 

(those who persist with intermediate mathematics to Year 12) and the academic challenges, 

stress, study pressure, the masculine environment, and sense of lower value girls may 
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experience in mathematics classrooms (Martin, 2003). Without some level of academic 

buoyancy, girls are unlikely to persist with intermediate mathematics in the face of academic 

challenges and negative classroom environments (Martin & Marsh, 2008). Currently, there are 

no studies that explore the academic buoyancy of regional North Queensland female students, 

or the domain specificity of academic buoyancy among this population of students.  

 

The review concluded that further research was needed in these areas to contribute to the 

understanding of these issues in a rural and regional North Queensland context and clarify 

issues relating to the uptake of intermediate mathematics from female students’ and their 

teachers’ perspectives.  

 

The next section describes the methodology and the questions investigated in this project. 

 

8.3 Methods used 

 

Female students’ motivations to participate in senior secondary Physics and intermediate 

mathematics, and differences in motivation and engagement in English and intermediate 

mathematics were examined in this research project. The study sought to provide a space for 

the teacher and student voice, to examine the issue of female participation from the 

perspective of those involved in the teaching and learning process. This study was conducted in 

nine coeducational secondary schools located in a regional city in Far North Queensland, and 

surrounding rural towns up to two hours drive west and south of the city. The participating 

schools represented the three different school sectors (Government, Catholic and 

Independent), and were located in a range of socio-economic areas.    

The project had three stages: 

• An anonymous survey of female Year 10 extension science and mathematics students 

(n = 97), in which students’ reasons for subject choices were examined, and an 

anonymous survey of female Year 11 and 12 Physics and intermediate mathematics 

students (n = 44), to gauge their attitudes towards and perceptions of Physics and 

intermediate mathematics. 

• Semi-structured interviews with Physics and intermediate mathematics teachers, and 

science and mathematics Heads of Departments (n = 11), to probe their knowledge and 



289 

 

opinions about female motivations to enrol in Physics and Maths B, and educational 

means to encourage greater participation; and semi structured interviews with small 

groups of female Year 12 Physics and Maths B students (n = 9), to probe in more detail 

their enrolment rationales, and their teaching and learning experiences in Physics and 

Maths B classrooms.   

• An anonymous survey of female Year 12 Maths B and English students to investigate 

selected findings from Stage Two, namely differences in motivation, engagement and 

academic buoyancy in a humanities (qualitative) subject compared with intermediate 

mathematics (quantitative subject). 

The study used a blend of both quantitative and qualitative research methods (a pragmatic 

mixed methods approach) to address the diverse range of research questions. The research 

design was a sequential exploratory approach, where selected findings from Stage Two 

informed, and were further explored, in Stage Three.  

In overview, the first stage investigated academically proficient female students’ motivations 

for participation in Physics and intermediate mathematics. These were investigated using a 

range of descriptive and inferential statistical procedures. Open responses to survey items 

were analysed thematically, and response frequencies were reported. The second stage 

focused on an expanded understanding of students’ reasons for subject selection, attitudes 

towards Physics and Maths B, beliefs about the value of these subjects, interest and 

perceptions of competence in these subjects, and parental and teacher influence on subject 

choice decisions. Stage Two also explored Physics and intermediate mathematics teachers’ 

attitudes, beliefs and knowledge about girls’ participation in Physics and intermediate 

mathematics, and ideas about how to encourage greater participation. All interview data were 

coded thematically, followed by interpretive analysis. The third stage focused on select results 

from the second stage in two main areas: girls’ motivation and engagement in intermediate 

mathematics compared with English; and a comparison of academic buoyancy in these 

subjects. These were investigated using multivariate analysis, path analysis, and cluster 

analysis. The sequential exploratory model proved to be flexible and effective in exploring 

Physics and intermediate mathematics participation, particularly with respect to unanticipated 

findings such as teachers’ “common sense” understandings.  
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8.4 Drawing the threads together 

 

The three stages of research were designed to develop a deeper understanding of issues 

relating to girls’ participation in Physics and intermediate mathematics in regional Queensland. 

Each stage assisted in obtaining a more refined view of particular issues which emerged during 

the analysis. These issues are classified as: personal (cognitive) influences; social influences; the 

classroom environment (teacher pedagogy and practices); and motivation, engagement and 

academic buoyancy. Within each issue the findings from the three stages are synthesised to 

develop a deeper insight into each.  

 

8.4.1 Personal influences  

 

This study found female high achieving regional and rural North Queensland students 

participate in Physics and intermediate mathematics for reasons of utility value, perceptions of 

their ability to do the subject, parental encouragement and interest. Stage Two teacher and 

student interview findings converged with Stage One findings in regards to motivations to 

participate. One of the key reasons these students selected Physics and intermediate 

mathematics was to achieve career goals and to increase their tertiary study options. Low 

perceptions of difficulty and high conceptions of ability positively influenced participation in 

Physics and intermediate mathematics. And family encouragement was a significant influence 

on selection of Physics and intermediate mathematics among this population of young women. 

Although these findings were evident in both Stage One and Stage Two of the study, some 

barriers were also identified.  

 

8.4.1.1 Intrinsic value 

 

Significant findings emerged regarding interest in science and mathematics which challenge the 

popular stereotype that girls have low interest in these subjects and prefer humanities subjects 

(Colley, Comber & Hargreaves, 1994; Lamb & Ball, 1998). While science and mathematics were 

not favourite subjects for the majority of Year 10 participants, they were clearly preferred over 

and above the humanities subjects of English and Studies of Society and the Environment 

(SoSE). Year 10 students who selected Physics and intermediate mathematics responded 
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positively about finding these subjects interesting, and interest indirectly influenced their 

selection of both Physics and intermediate mathematics. Education and subject choice is 

closely connected with identity construction: identity development can be seen as the driving 

force behind the choices young people make, and in the school context, young people 

communicate their identity through their choices (Schreiner, 2006). Subject preferences carry a 

message of identity. If girls find the discourse or perception of a school subject is inconsistent 

with their ideas about who they are or who they want to be, they may avoid participation 

(Boaler, William & Zevenbergen, 2000; Schreiner, 2006). According to Schreiner (2006), young 

women choose their subjects for existential reasons – they want to be occupied with 

something fulfilling and enriching that will personally develop their talents and abilities. Thus 

subject choice is related to personal relevance. Aikenhead (2004, pp. 5-6) concluded, “school 

science will only engage students in meaningful learning to the extent to which the curriculum 

has personal value and enriches or strengthens students’ cultural self-identities.” Girls choose 

subjects that will absorb them and develop their abilities, and choices are directed towards a 

preferred personal future, thus students will not engage with subjects that lack personal 

meaning, relevance and value, and do not enrich their identity (Schreiner, 2006). Most of the 

girls in this study had chosen careers related to caring and helping professions in health and 

medical fields which were personally relevant and meaningful to them. It could be interpreted 

from these choices that the pathways that students must follow to achieve their goals are also 

considered to have intrinsic value and these choices strengthen their self-identity. The finding 

from Cleaves’ (2005) study, that interested students persist with science studies despite 

negative school experiences, supports the argument that intrinsic value is a salient factor in 

subject choice decisions. However, students’ descriptions of their typical Physics and 

mathematics lesson as static situations and deskwork do not reflect recent changes to the 

Physics and mathematics curricula which emphasise active learning and problem solving, and 

require changes in teaching and assessment practices (Tytler et al., 2008). This situation 

suggests a gap between policy and practice, and a need for professional in-service learning for 

teachers, to change the culture of mathematics and Physics teaching, to increase the relevance 

and value of these subjects, and to engage students in meaningful learning (Schreiner, 2006).  
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8.4.1.2 Self-concept of ability 

 

Positive self-concepts of ability in science and mathematics are crucial to future participation 

and persistence with these subjects (Cleaves, 2005). Low perception of the difficulty of Physics 

and intermediate mathematics was a significant predictor of subject selection in both subjects; 

girls who believed they were capable of meeting the demands of these subjects were more 

than twice as likely to select Maths B, and nearly three times as likely to select Physics. Stage 

Two Interview data showed the majority of Year 12 participants self-rated their ability in 

intermediate mathematics and Physics between average and above average, and the majority 

of teachers agreed girls participating in these subjects were high achievers. However, some 

(male) teachers held gender stereotyped beliefs about girls’ academic achievement, attributing 

their achievement to effort rather than ability, whereas boys’ achievement was attributed to 

natural ability and talent (Fennema, Peterson, Carpenter & Lubinski, 1990). Boys were 

perceived to self-sabotage by poor study and work habits, while girls were perceived to excel 

in these areas and consequently outperform more talented boys. The history of gender 

discrimination in mathematics and sciences may account for the persistence of gender 

stereotyping in regional Queensland schools in the 21st century. Gender stereotypes influence 

the perception of student competency (Leder, Forgasz & Solar, 1996). As discussed in the 

literature review, girls have historically been regarded as having an inferior ability in science 

and mathematics and their achievement attributed to effort rather than ability (e.g., Fennema, 

1974; Fennema, 1976; Fennema & Sherman, 1977; Fennema et al., 1990; Leder, 1992; 

Maccoby & Jacklin, 1974; Stage, Krienberg, Eccles & Becker, 1985). Taylor (2004) asserted that 

gender stereotyped ideas about male and female ability are to some extent still reflected in 

society and in schooling. Taylor’s assertion is supported by the results of a relatively recent 

study which reported that teachers who endorsed the culturally dominant gender-role 

stereotype attributed higher mathematical abilities to their male students than to their female 

students (Teidemann, 2002). The perceptual bias of teachers is likely to be more detrimental 

to girls’ achievement than to the achievement of boys (Teidemann, 2002). Gendered beliefs 

about ability contribute to different expectations for different groups, and can perpetuate 

gender differences in participation (Fennema et al., 1990; Stage, Krienberg, Eccles & Becker, 

1985; Taylor, 2004).  
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8.4.1.3 Utility value 

 

High utility values significantly predicted selection of intermediate mathematics and Physics, 

with female Year 10 students three and four time more likely to select if intermediate 

mathematics and Physics respectively are required for further study and career goals, 

compared with students whose career goals do not involve mathematics and Physics. Recent 

research reported many students planning to continue studying STEM subjects in the senior 

years of secondary school endured the negative aspects of these subjects in order to achieve 

their career goals (Cleaves, 2005). For students who did not have a STEM career goal, the 

negative aspects and experiences of these subjects were proposed to be a sufficient deterrent 

to future participation (Cleaves, 2005). The findings from Stage Two of this study corroborate 

Cleaves’ (2005) findings. Teacher interview data showed all teachers perceived further study 

and career goals motivated female students to enrol in Physics and intermediate mathematics. 

Students also expressed further study and career goals as motivation to enrol in both Physics 

and intermediate mathematics. The fundamental difference between Physics and intermediate 

mathematics enrolments was: students enrolled in intermediate mathematics to increase their 

university options if a career choice had not yet been made, whereas students enrolled in 

Physics with a specific career in mind. The majority of girls in this study had all chosen a career 

in the health and medical field – physiotherapy, pharmacy, medicine, biomedical science, 

dentistry, and gynaecology - and their career decisions were influenced by a desire to be in a 

helping profession. Given student reports of generally unengaging experiences of school 

science and mathematics, the strategic value of these subjects is often the factor which tips 

the scales in the decision making process (Cleaves, 2005; Lyons & Quinn, 2010). However, the 

elimination of mathematics and Physics as prerequisites for certain university courses 

potentially removes the strongest motivation for enrolment (Fullarton, Walker, Ainley & 

Hillman, 2003; Lyons & Quinn, 2010; Thomas, 2000).   

 

8.4.2 Social influences 

 

The Stage One finding that socioeconomic status is significantly associated with selection of 

Physics and intermediate mathematics corroborates teacher interview findings that subject 

selection was perceived to be related to socioeconomic status. Teachers believed parents with 

higher educational attainment or in professional occupations have higher educational 
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aspirations and expectations for their children, and were thought to be more likely to 

encourage or push their daughters to enrol in Physics and intermediate mathematics. Teachers 

also believed parents from lower socioeconomic backgrounds lacked knowledge of university 

recommendations for different careers, and offered limited guidance about choosing 

advantageous combinations of subjects. Cleaves (2005) found parental influence and advice to 

be a significant factor in a number of her students’ choice, but she speculated that this factor 

may be more influential for high achieving students. This suggests that girls from lower 

socioeconomic groups may require special attention when subjects selections are being 

considered, and the implications of different subject selections need to be communicated to 

students and their parents (Cleaves, 2005). Many studies that examine parental influence on 

students’ subject choices focus on background characteristics such as parental socioeconomic 

status, level of parental education, and parental occupation (e.g., Davis-Kean, 2005; Dryler, 

1998), or on parental educational expectations and encouragement (e.g., Crosnoe, Mistry & 

Elder, 2002; Ferry, Fouad & Smith, 2000). In contrast, this study directly asked girls the extent 

of parental influence on their subject choice decisions. Student interview data revealed 

parents were influential on all students’ Physics and mathematics subject choice decisions to 

varying degrees, from help with researching the requirements of university courses and 

careers, to high expectations of enrolment, and actual insistence on enrolment in particular 

subjects. These girls’ parents were interested and involved in their daughter’s education, and 

influential in the educational pathway their daughter chose (Lyons, 2005). 

 

8.4.3 Classroom environment 

 

When teachers were asked about their ideas on how to increase female enrolments, only three 

teachers suggested educational factors that are under their control such as the pedagogies and 

practices they use, their classroom behaviour and the classroom environment they create, and 

the guidance they offer female students, all of which have a strong impact on girls’ motivation 

to study Physics and intermediate mathematics (Kenway & Gough, 1998; Zohar & Bronshtein, 

2005). Kay (mathematics) thought it was important to accommodate girls’ way of learning and 

to develop their deeper understanding of mathematical concepts (Khine & Hayes, 2010). Peter 

(Physics) and Robert (Physics) believed as teachers they had the ability to influence students’ 

perceptions about Physics being a male domain, and to influence gender stereotyped subject 

and career choices. An interesting point is Robert talked about a strategy he was currently 
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using, while Peter referred to changing the perception of Physics as a male domain as 

something he will do in the future. The other teachers were unable or unwilling to critically 

examine their pedagogy or practices, or the classroom environment they create, and instead 

focused on non-educational factors such as advertising the benefits of careers in these fields, 

or factors that were not within their control such as university incentives and incorporating 

Physics in university courses traditionally dominated by women. These findings show most of 

the interviewed teachers were not aware of the multiple and complex factors that form a 

barrier to female participation in Physics and intermediate mathematics, and were not aware 

of pedagogies and practices that encourage girls’ learning and create a gender inclusive 

learning environment (Zohar & Bronshtein, 2005). Most teachers were unwilling to explicitly 

accept any responsibility for the existing situation of low female enrolments. This is concerning 

because if teachers do not believe their pedagogy and practices affect female participation in 

Physics and mathematics, then they do not believe any action on their part is necessary to 

reduce the gender disparity in these subjects (Zohar & Bronshtein, 2005).  

Teachers’ knowledge, beliefs, and values affect their professional behaviours and play a role in 

the development of a particular classroom environment, which can in turn impact on student 

participation and engagement with certain subjects (Zohar & Bronshtein, 2005). Teacher 

interview data revealed some teachers held gender stereotyped attitudes and beliefs towards 

appropriate subjects and suitable careers for males and females (Andersson, 2010; Zapta & 

Gallard, 2007; Zohar & Bronshtein, 2005). These teachers subscribed to an occupational 

hierarchy in which science and engineering were highly valued, and health and medical related 

professions were ascribed a lower value (Cross & Bagilhole, 2002; Johnson, 2007). Careers in 

science and engineering fields were considered more important for male students and 

ascribed a higher value than careers in the health field by some male teachers (Johnson, 2007). 

Teachers’ beliefs about the appropriateness of subjects for each gender can impact girls’ 

subject choices through the communication of gender appropriate subject selections and 

career advice (Kahle et al., 1993; Kahle & Meece, 1994). Certain teacher practices also 

discourage the retention of students, such as deliberately “weeding out” students rather than 

scaffolding learning and building students’ confidence in their abilities (Johnson, 2007; 

Seymour & Hewitt, 1997). The practice of deliberately weeding out students indicates different 

valuing of students in terms of their potential contribution to mathematics and science 

professions (Kahle et al., 1993; Kahle & Meece, 1994; Seymour & Hewitt, 1997). It also 

emphasises the role teachers’ values play in the development of a particular school culture 

and classroom  environment (Seymour & Hewitt, 1997), and how these values can impact on 
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student participation and engagement with certain subjects (Huanng & Fraser, 2009). Topics 

designed to filter out students avoid the need for teachers to provide a supportive approach to 

the improvement of academic outcomes for all students rather than just the academically elite 

(Seymour & Hewitt, 1997). Unconstructive teacher practices and negative attitudes towards 

female students could be a deciding factor for girls when weighing up the cost of persisting or 

desisting with physical science and higher-level mathematics. In the new millennium the need 

for equal opportunities in these subject areas still exist, evidenced by an absence of egalitarian 

beliefs as to girls’ equal abilities to study Physics and intermediate mathematics (Kaiser, 2010). 

 

Teachers characterised girls as “ideal” students (Harkness et al., 2007; Lingard et al., 2002) and 

believed these qualities translated into achievement differences between girls and boys.  The 

skills which contribute to girls’ success in school were perceived to be lacking in boys, and girls’ 

strengths served to highlight boys’ weaknesses in a subject in which boys previously excelled. 

According to seven teachers (f = 2) in this study, the feminising of the Mathematics B and 

Physics syllabuses emerged as the source of trouble for boys and accounted for girls achieving 

higher grades than boys in these subjects (Martino & Kehler, 2006; Rowe, 2002). Boys were 

represented as victims of the increased feminisation of these subjects while girls were 

perceived to be advantaged by the changes (Martino & Kehler, 2006; Rowe, 2002).  Essentially, 

these teachers contested the changes to the traditional content based syllabuses, with 

examination-based assessment, that suited boys’ learning style and was congruent with a 

transmissive pedagogy (Hart, 2001). Changes to the curricula have interrupted the dominant 

masculinity of Physics and Mathematics B and have prompted a counter discourse which 

resorts to constituting boys as subjects whose natural masculine talents are being thwarted by 

feminised curricula (Martino & Kehler, 2006). Another element of this discourse is the 

powerful way in which girls’ and boys’ perceived differences are normalised as truths – for 

example, simplistic stereotypes such as: girls are good at report writing and boys are good at 

exams and experimental work (Martino & Kehler, 2006). This contestation is a response to 

changes that threaten the traditional masculine domains of Physics and Mathematics B. Only 

one teacher attributed boys’ lower achievement to socioeconomic background, boys’ attitudes 

towards schooling, and their work and study habits. None of the teachers accepted any 

responsibility for boys’ poorer performance in comparison with girls’ performance, leading to 

the conclusion that these teachers do not actively reflect on how their pedagogy, practices, 

and behaviour affect student achievement. Attributing boys’ poorer performance to changes 

to the syllabus places the blame outside of teachers’ control and does not implicate the boys 
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either. The absence of a critical reflection on pedagogy and practice was a concerning outcome 

from the Stage Two teacher interviews.  

 

One of the key findings from Stage Two of this study was that girls highly value the active 

learning they experienced in Physics classes, and the hard-edged clarity and certainty of school 

mathematics, characteristics that diverge from the stereotypic perception of female students 

as passive learners (Fennema et al., 1990), who prefer humanities subjects and qualitative 

tasks (Colley, Comber & Hargreaves, 1994; Lamb & Ball, 1998). This finding undermines the 

direction in which the Australian Physics and mathematics curricula are heading in terms of 

assessment tasks. Recent changes to the Mathematics B and Physics senior curricula include a 

wider range of assessment tasks for both subjects, and a greater emphasis on literacy aspects, 

and communication and justification for mathematics in particular (QSA, 2007). Although some 

male teachers in this study perceived that these changes advantaged girls and catered to their 

preferred learning style, this small group of high achieving girls dispelled the gender 

stereotype of girls as passive learners who prefer a connected way of thinking and knowing 

rather than separate thinking (Becker, 1995). Drawing on Gilligan’s (1982) and Belenky et al.’s 

(1986) theory of women’s ways of knowing, separate thinkers prefer logic and rationality, 

whereas connected thinkers prefer to use intuition, creativity and experience. While most 

people are capable of both ways of knowing, some prefer one way of thinking over the other, 

and consistent gender differences have been found with females preferring a connected way 

of knowing and males a separate way of knowing (Khine & Hayes, 2010). In stark contrast, 

these girls embraced the logic, certainty and rationality of mathematics compared to the 

subjectivity experienced in subjects such as English. With only one right answer to a 

mathematics problem, students know when they get it right and can confirm their 

understanding and progress (Hart, 2001, 2002). Subjects such as English and history differ in 

significant ways; different views on questions and different approaches in answering them are 

accommodated and marking is subjective to some degree (Hart, 2001, 2002). It is this 

uncertainty and subjectivity that these girls find undesirable. The implications for girls’ 

participation in Physics and intermediate mathematics are two-fold: the changes to the 

Mathematics B and Physics curricula may serve to alienate the girls, and boys, who 

traditionally enrol in these subjects and appreciate the logic and rationality these subjects 

provide; on the other hand it is possible the changes will not persuade a new population of 

girls to enrol in these subjects because the subjects are not congruent with their identity and 

future career aspirations, or they do not suit women’s way of knowing.  
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When teachers were asked what changes they would make to the syllabus to encourage more 

girls to enrol in Physics and Maths B subjects, they commented on a variety of changes such as 

reducing the amount of content to be covered, increased time, lower emphasis on assessment 

and assignments, improving the junior syllabus, introducing a national curriculum and national 

exams, and more qualified and enthusiastic teachers. There was some convergence between 

students and teachers about the shortcomings of the Physics and Maths B syllabuses. Both 

teachers and students agreed there was not enough time to cover the required content, or 

consolidate learning, or demonstrate the application of theory, to ensure all students had a 

good understanding. The main difference was teachers defended the amount of content as 

necessary, whereas students criticised their resultant lack of understanding, and compared 

their studies to a test of memory rather than mastery of conceptual understanding (Tytler, 

2007).  

 

8.4.4 Motivation, engagement, and academic buoyancy 

 

English was perceived as the most important school subject, and students recognised its 

usefulness for communication needs within and outside of educational contexts, even though 

Stage One and Stage Two student interview data revealed the subject was not particularly well 

liked or enjoyed. Apart from a slightly higher valuing of English compared with Mathematics B, 

North Queensland regional female Year 12 students reported similar levels of motivation and 

engagement in both subjects. Taken together with Stage One findings that participants prefer 

mathematics and science over core humanities subjects, and Stage Two findings that girls 

favour the logic and certainty of mathematics over the subjectivity of views and approaches 

found in English, these findings explode the gender stereotyped myth that girls prefer 

humanities subjects over mathematics (Colley, Comber & Hargreaves, 1994; Marks, McMillan & 

Ainley, 2004).  

Valuing, partially mediated by persistence, and anxiety (negatively) predicted academic 

buoyancy. Based on the findings from this study with regional female Year 12 Maths B and 

English students on a university post-school pathway, I proposed a 3-C model of academic 

buoyancy: commitment (persistence), composure (low anxiety), and care (valuing) (Martin & 

Marsh, 2006). High academic buoyancy was predicted by a high value placed on an academic 
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subject, the subsequent commitment and perseverance when faced with difficulties, and lower 

levels of stress in terms of study pressures. Motivation, engagement, and academic buoyancy 

were found to be broad student orientations rather than domain specific. This study found 

there is no single profile that can categorise all girls who participate in intermediate 

mathematics, just as there is no single profile for all girls who participate in English. Some are 

more motivated and engaged than others, some have higher levels of anxiety, and some are 

more academically buoyant than others. Teachers’ “common sense” assumption that female 

students who participate in Maths B are highly motivated and highly buoyant individuals was 

also exposed as a gender stereotyped myth. The category of ‘female’ does not equate to one 

homogeneous group, and a ‘one profile fits all’ approach is not appropriate. Students with a 

range of abilities, varying degrees of adaptive cognitions and behaviours, and varying levels of 

academic buoyancy will be found in every classroom. Hence, the advantage of using a which 

girls? approach dispenses with homogeneous categories of gender – male and female – and 

provides a deeper insight into differences between groups of girls (Brickhouse et al., 2000; 

Jacobs, 2010; Kenway and Gough, 1998) .   

 

8.5 Conclusions from the study 

 

There is clear evidence of declining participation in higher-level mathematics and Physics at 

the secondary school level, a current and looming crisis in the supply and quality of teachers of 

mathematics and science, and a predicted skills shortage of scientists and engineers (DEST, 

2006; Forgasz, 2006a; Tytler et al., 2008). It has been argued that to alleviate skills shortages, 

greater numbers of participants must be drawn from traditionally underrepresented groups 

(Dhanaskar & Medhekar, 2004; Dick & Rallis, 1991; Dobson, 2007). Young women remain 

underrepresented in secondary school Physics and are not well represented in intermediate 

mathematics, a situation which has seen little change over time (ABS, 2006; Ainley, Kos & 

Nicholas, 2008; Fullarton, Walker, Ainley & Hillman, 2003). Instead of asking why girls’ 

participation is low in these subjects, it was considered more relevant to ask why capable 

students, particularly girls, do participate. The purpose of this study was to explore and 

describe the motivations and influences on female students’ participation in Physics and 

intermediate mathematics in the senior years of schooling based on teachers and students’ 

perspectives, and to explore the relationship between motivation, engagement and academic 

buoyancy factors in the domains of English and intermediate mathematics. 
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All too often, the accounts of students and their teachers are overlooked, even though they 

are key elements of the current education system. Listening to and responding to the student 

voice involves a fundamental shift in the way we view students – seeing them as part of the 

solution rather than part of the problem (Jenkins, 2006). Knowledge of the way students view 

their education, their values and priorities, and the ways in which they feel marginalised is 

important and necessary to the promotion of dialogue on reform of the curriculum and 

teachers’ pedagogy and practices in Physics and mathematics. Research into students’ interest 

and attitudes have a bearing on the teaching and learning of science and mathematics. 

However, research into and expression of students’ views about Physics and intermediate 

mathematics education has had little effect on pedagogy, assessment, or curriculum reform to 

date. Students do not speak with a single voice, and neither do their teachers. Their voices 

reflect a diversity of views and values, and their perceptions of Physics and mathematics 

education are influenced by their teaching and learning experiences, and are therefore likely 

to differ to by varying degrees. Although the views expressed in this study were not uniform, 

there was a degree of commonality. The following section looks at each research question in 

turn, and the answers that were generated from this study.  

Stage One of the study addressed the following research question: (a) What motivational 

factors predict young women’s selection of Physics and intermediate mathematics in the 

senior years of schooling in Far North Queensland? Selection of both Physics and intermediate 

mathematics was predicted by career value, perceptions of difficulty, and family 

encouragement, and indirectly influenced by interest. One of the key findings from this stage 

of the study was high ability regional and rural North Queensland girls are interested in 

mathematics and science, although the actual choice of subject is tipped by other factors. This 

group of academically capable young women who selected Physics and intermediate 

mathematics felt they were capable of achieving well, they were planning higher education or 

careers involving Physics and mathematics, and they received support and encouragement 

from a family member. These girls are smart, enthusiastic, committed students with a science 

orientation who value school and their world of family and friends is congruent with school 

(Costa, 1995; Haste, 2004; Schreiner, 2006) (see section 4.6 for an expanded discussion).  

Vast amounts of data were generated from Stage Two teacher and student interviews, thus the 

main findings relating to the research questions will be only briefly recapped. The first part of 

Stage Two explored the research question: (b) What explanations do young women give for 

their Physics and intermediate mathematics enrolment decisions and influences on these 

decisions? Parents were influential on all students’ Physics and mathematics subject choice 
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decisions to varying degrees, from help with researching the requirements of university courses 

and careers, to high expectations of enrolment, and actual insistence on enrolment in 

particular subjects. The majority of girls interviewed aspired towards a career in the health and 

medical field, and enrolment in Physics and intermediate mathematics was consistently 

explained in terms of future study and career needs. The girls in this study were aware of 

potentially increased tertiary entrance scores due to the scaling process and took strategic 

advantage of this benefit to gain entry to tertiary courses with a high tertiary entrance score 

requirement. However, career aspirations alone were not sufficient for enrolment in these 

subjects. Physics and intermediate mathematics were considered high risk subjects and 

participants’ confidence in their ability to achieve highly in these subjects also influenced their 

enrolment decisions. Teacher advice and encouragement was important in relation to 

confirmation that students had the ability to cope with the requirements of Physics and 

intermediate mathematics, whereas friends had little or no influence in subject choice 

decisions. One of the key findings from Stage Two of this study was the active learning 

experienced in Physics classes, and the hard-edged clarity and certainty of school mathematics 

was highly valued by these girls, a characteristic that diverges from the stereotypic perception 

of female students as passive learners (Fennema et al., 1990), who prefer humanities subjects 

and qualitative tasks (Colley, Comber & Hargreaves, 1994; Lamb & Ball, 1998) (see section 6.4 

for an expanded discussion of these points). One of the most consistent views to emerge from 

this stage was female students’ dissatisfaction with the pedagogy and practices they 

experience in Physics and intermediate mathematics classes, evidenced by their suggested 

commonsense changes to improve mathematics and Physics, which they felt would enhance 

their understanding, depth of knowledge, and the relevance of their science and mathematics 

education (see section 6.3.18). 

The second part of Stage Two explored the research questions: (c) What are Far North 

Queensland Physics and intermediate mathematics teachers’ and Head of Departments’ 

perceptions about female participation in Physics and intermediate mathematics, and what is 

their knowledge of educational means to encourage greater participation? The family 

environment was identified by a number of teachers as being a key influence to students’ 

enrolment in Physics and intermediate mathematics. Teachers recognised socioeconomic 

background as influential in shaping girls’ post-school expectations and aspirations. They 

suggested students who came from middle-class family backgrounds where parents work in 

professional occupations were more focused and oriented towards high achievement. Girls’ 

parents were perceived to have high expectations for their child and the ability to provide 
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appropriate advice about subject selection. Ability was also thought to be one of the major 

determinants in female Physics and Mathematics B participation. Teachers consider female 

students who enrol in Physics and Mathematics B have a high level of ability and are motivated 

to do well. In terms of extrinsic value, the teachers in this study thought a critical factor 

influencing choice was whether or not the subject is required for further study and career 

aspirations, or to keep options open to maintain a wider range of choices and career 

pathways, and female students were perceived as having a future orientation and a strong 

career focus. The male domination of Physics classes and the reputation of Physics and 

intermediate mathematics as boys’ subjects were suggested as negative influences on female 

participation (see section 5.3.2 for a full discussion of findings). 

Teachers’ ideas for increasing female enrolments included advertising the career opportunities 

of Mathematics B and the potential monetary rewards for certain careers, encouraging girls to 

have higher career aspirations, single-sex classes with a science career focus, changing 

students’ gender stereotypes, and university access incentives for succeeding in Physics. Few 

teachers were willing to consider educational factors that are under their control such as the 

pedagogies and practices they use, their classroom behaviour and the classroom environment 

they create, and the guidance they offer female students. The findings showed most of the 

teachers were unwilling to explicitly accept any responsibility for the gender disparity in 

participation (Zohar & Bronshtein, 2005) (see section 5.3.4 for an extended discussion).  

Stage Three investigated selected findings from Stage Two, namely differences in motivation, 

engagement and academic buoyancy in a humanities (qualitative) subject compared with 

intermediate mathematics (quantitative subject). Stage Three explored three research 

questions. The first research question was: (d) Do female students in Far North Queensland 

differ significantly in motivation and engagement in English and intermediate mathematics 

subjects? In terms of girls being more motivated and engaged in a language rich subject 

(English) compared with a quantitative subject (Maths B), the data demonstrated there was a 

significant difference between girls’ valuing of English and Maths B. Girls expressed a 

significantly higher endorsement of the belief that what they learn in English is useful, 

important, and relevant to themselves or the world in general, compared with their beliefs 

about the value of Maths B. The lower endorsement of the value of Maths B suggests for these 

girls, the importance and relevance of mathematics lies in its utility value as a pathway 

towards tertiary study opportunities, which has practical implications for girls’ participation 

and retention in intermediate mathematics. Apart from valuing, these groups of Year 12 

regional girls had similar levels of booster thoughts and behaviours in both English and 
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Mathematics B, and similarly low levels of mufflers and guzzlers in both subjects (refer to 

section 7.12 for an extended discussion). 

The second research question was: (e) Which motivation and engagement constructs 

significantly predict Far North Queensland female students’ academic buoyancy? Path analysis 

showed three motivation and engagement factors predict academic buoyancy: valuing, 

partially mediated by persistence, and low anxiety. Based on these findings, a 3-C model of 

academic buoyancy was proposed: commitment (persistence), composure (low anxiety), and 

care (valuing). High academic buoyancy is predicted by a high value placed on an academic 

subject, the subsequent commitment and perseverance when faced with difficulties, and lower 

levels of stress in terms of study pressures (see section 7.10).  

 

The third research question was: (f) Are Far North Queensland female student profiles of 

cognitions, behaviours, and academic buoyancy domain specific? Cluster analysis revealed two 

distinct student profiles. The high academic buoyancy group had high scores on booster 

thought (valuing) and behaviour (persistence) dimensions and moderate muffler (anxiety) 

scores, while the low academic buoyancy group had high and moderate scores on booster 

thought (valuing) and behaviour (persistence) dimensions respectively, with high muffler 

(anxiety) scores. The key finding from the cluster analysis of student profiles is: students with 

high motivation (booster thoughts), high engagement (booster behaviours), and moderate 

anxiety (muffler thoughts), are more likely to have high academic buoyancy, and are likely to 

be better equipped to weather occasional setbacks and disappointments in their schooling 

experience. The lack of clustering of Maths B or English respondents in either group indicates 

motivation, engagement, and academic buoyancy are individual traits or characteristics, they 

are not domain specific. In other words, some students are motivated to achieve highly in all 

school subjects, while other students lack the same high level of commitment and 

perseverance, report higher anxiety, and consequently lower academic buoyancy (see section 

7.11). 

Researching exclusively with girls has increased our understanding of North Queensland rural 

and regional girls’ attitudes and values towards Physics and intermediate mathematics, and 

their motivations to participate in these subjects, factors sometimes obscured by gender 

comparative studies. Teachers attitudes and values towards female participation in Physics and 

intermediate mathematics vividly illustrated some of the barriers girls must overcome to 

participate and succeed in these subjects. A key conclusion emerging from this study is that 
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these girls who chose to participate in Physics and intermediate mathematics are smart, 

enthusiastic, committed students with a science orientation who value school, and their world 

of family and friends is congruent with school (Costa, 1995; Haste, 2004; Schreiner, 2006). 

These girls do not conform to traditional gender stereotypes; they like science and 

mathematics, enjoy active learning, and value the hard-edged clarity and certainty of 

mathematics. The findings from this study explode the gender stereotyped myths that girls 

prefer humanities subjects over mathematics, girls are passive learners, and girls are not 

interested in science and mathematics (Colley et al., 1994; Marks et al., 2004).  

 

8.6 Limits to the study 

 

This study collected and examined data from one geographically remote regional and rural 

area of Far North Queensland, Australia. Consequently, some of the results obtained in the 

study may be unique to this area and the culture of Far North Queensland, and therefore 

generalisability from this study to the national or international situation may not be possible in 

all aspects. On the other hand, girls’ descriptions of their teaching and learning experiences in 

Physics and mathematics classrooms resonates with many national and international studies, 

and therefore the location of the study may not be a barrier to generalising the results.   

In studying mathematics and science proficient Year 10 students, and successful Physics and 

intermediate mathematics students (those who successfully transitioned to senior Physics and 

intermediate mathematics), the narrow range of participants’ academic ability and 

achievement also limit the generalisability of the study findings to other student populations. 

Similarly, the small number of student and teacher interview participants limits the range of 

views that could be expressed, and also limits the extent that commonalities of views, 

attitudes, beliefs and perceptions that could be identified.  

The analysis of the three years of result data was carried out using data that was separated in 

time from the Stage One surveys, the students and teacher interviews, and the Stage Three 

survey. This was unavoidable when using the exploratory model. However, it must be 

acknowledged that there were different populations of students involved in each of the stages 

of the study, although some students may have participated in more than one stage of the 

research. 
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One further limit of the study was the lack of socioeconomic and ethnic identifiers in Stage 

Two and Three of the study, which may affect results in other schools in different ways. The 

students involved in Stage Two and Stage Three of this study were predominately from a 

European  background with a degree of homogeneity of family background. Thus it is possible 

that the relationship between socioeconomic status and Physics and intermediate 

mathematics participation may be less clear in some settings where there is more ethnic 

diversity amongst successful Physics and intermediate mathematics students.  

 

8.7 Directions for future research 

 

This findings from this study suggest further research using a which girls approach be 

developed for comparing groups of female Physics and intermediate mathematics students in 

different geographic locations to confirm or refute the results of the current study. It would 

also be advantageous to disaggregate the results by socioeconomic group and ethnicity, while 

adjusting for ability, and other relevant variables. Further investigation could be carried out 

into the motivations, engagement, academic buoyancy, and barriers to female secondary 

students’ Physics and intermediate mathematics participation, and whether they are mediated 

by socioeconomic status and ethnicity.  

Study results show some teachers negatively stereotype students based on their gender. This 

may link to teachers’ beliefs and behaviours throughout education and may result in a self-

fulfilling prophesy for some girls and some socioeconomic groups in schools. These ideas 

deserve further study in other Australian states, in rural, regional and urban areas, to 

determine if this phenomenon is specific to Far North Queensland, specific to teachers at 

regional schools, or if it is common throughout urban, regional, and rural Australia. Differences 

between female students’ motivation, engagement and academic buoyancy in the secondary 

school subjects of English and intermediate mathematics may manifest differently in different 

geographic locations, and with different socioeconomic and ethnic populations of students. 

Finally, cross-cultural studies comparing Australian and international female students’ 

motivation, engagement and academic buoyancy in Physics, mathematics and English are 

warranted to explore if cognitions and behaviours manifest themselves in similar ways across 

cultures and specific geographies, or if indeed, findings do prove to be culturally and 

geographically specific within diverse Australian contexts.   
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Physics Students 

What other science and maths subjects are you enrolled in? 

Why did you decide to enrol in Physics? 

What career have you chosen when you finish your education? 

To what extent does your future career involve Physics? 

Can you describe a typical Physics lesson? 

What do you like about Physics classes? 

What do you dislike about Physics classes? 

What do you do if you don’t understand something in class? 

Do you have any support people who can help you with Physics? 

What motivates you or keeps you persevering with such a challenging subject? 

How interesting would you rate Physics compared with your other subjects? 

How interesting do you find everyday science compared with school science (e.g. cloning, 

genetic modification of food, vaccines against cancer etc) 

On a scale of 1 to 10 how good are you at Physics? Where do you rank in your class (in the top 

10%, 20% etc) 

What subjects do you think the school rates as the most important? 

What subjects do you think are the most important? Why? 

To what extent did your parents influence your decision to take Physics? Does either of your 

parents work in a science based field? 

To what extent did your friends influence your decision to take Physics? 

Did any teachers encourage you to take Physics? Who and what sort of encouragement? 

Have you ever thought about dropping out of Physics? Why and what kept you here? 

Do you think boys are naturally better at Physics than girls? Why? 

What would you change about Physics so it is more appealing to girls? 

Can you think of anything else that would encourage more girls to enrol in Physics? 
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Teachers 

Background information 

Other than a bachelor of education, what qualifications do you have? 

How long have you been teaching Physics and/or Maths B for? 

What classes are you currently teaching? 

What is the ratio of boys to girls in these classes? 

Have you noticed a change in the number of girls enrolling in these classes over the last 5-10 

years? 

In your opinion, what do you think are the reasons so few girls enrol in Physics? 

What do you think motivates girls to enrol in Physics? 

Do you think there is a need to encourage more girls to enrol in Physics? Why? 

Do you have any ideas on how to increase female enrolments in Physics? 

Is there a “typical” kind of girl who enrols in Physics? 

Are boys naturally better at Physics than girls? Why? 

The HREOC Commission reported approx 80% of girls drop out of Physics after experiencing 

Physics classes. How does this compare with your experiences as a Physics teacher? 

Why do you think this drop-out rate is so high? 

What do you think keeps girls persevering in such a challenging subject?  

Does your school have any programs to support girls enrolled in Physics? 

How do you think the new context-based syllabus will impact on female enrolments? 

Is there anything you do in your classes to inspire girls’ interest in Physics? 

If you could change something, what would you change about the Physics syllabus to 

encourage greater enrolments overall? 

 

 

 

 



385 

 

 

Appendix F 

 

 

 

Ethics approvals 

 

 

 

 

 

 

 

 

 

 

 

 



386 

 

 

 

 

 



387 

 

 

 

 

 



388 

 

 

 

 

jc163040
Text Box
ADMINISTRATIVE DOCUMENTATION HAS BEEN REMOVED 



389 

 

 


	Cover Sheet
	Front Pages
	Title page
	Statement of access
	Statement of sources
	Statement on the contribution of others
	Acknowledgements
	Abstract
	Table of contents
	List of tables
	List of figures

	Chapter 1. Introduction
	Chapter 2. Literature Review
	Chapter 3. Methodology
	Chapter 4. Qualitative Study
	Chapter 5. Qualitative study results
	Chapter 6. Student interview results
	Chapter 7. Quantitative Study
	Chapter 8. Summary and conclusions
	References
	Appendices
	Appendix A. Year 10 survey
	Appendix B. Year 11 & 12 Maths B Survey
	Appendix C. Year 11 & 12 Physics survey
	Appendix D. Motivation and Engagement – HS surveys English and mathematics
	Appendix E. Interview schedules
	Appendix F. Ethics approvals




