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Abstract
Girls continue to be underrepresented in Year 11 and 12 intermediate and advanced mathematics courses in
Australia, which has implications for their future educational opportunities and career aspirations. The present
study compared the choices of 84 Year 10 girls and boys from one school for their Year 11 mathematics course,
with their teachers’ recommendations for the same. Findings indicated that while most participants made course
selections aligned with their teachers’ recommendations, girls tended to under-aspire and boys tended to
over-aspire in their choice decisions, based on their teachers’ recommended course choices. In addition, utilising
the Expectancy-value theoretical (EVT) framework, we surveyed participants to measure their self-perceptions
(self-concept), and values about mathematics (intrinsic value, utility value, and attainment value). We also
measured participants’ views on the domain of mathematics (sense of belonging, growth mindset, the status of
mathematics, gender bias). Multivariate analysis of variance indicated that girls showed lowered self-concept,
sense of belonging, and growth mindset than boys, also viewing mathematics as less of a high-status subject than
boys. In addition, the survey obtained participants’ opinions on sociocultural influences on their mathematics
course selections, with no significant gender differences noted.
Keywords: gender, mathematics, sociocultural environment, value
1. Introduction
In Australia, girls and boys with similar proficiency in mathematics and sciences have been found to make
different choices about undertaking Science, Technology, Engineering and Mathematics (STEM) subjects at the
upper secondary level, which may affect their higher education and career opportunities (Broadley, 2015; Jeffries,
Curtis, & Connor, 2019; Timms, Moyle, Weldon, & Mitchell, 2018; Watt et al., 2012). Fewer girls than boys
choose to undertake advanced mathematics courses in Year 11 and 12 in comparison to other mathematics courses
(Barrington & Evans, 2014; Li & Koch, 2017; Wilson & Mack, 2014). Given that the choice to study the more
demanding maths courses has the potential to serve as critical filter in accessing future educational options and
influencing career aspirations noted in both local and international contexts (Watt et al., 2017; Watt & Goos, 2017),
the main aim of this study is to investigate salient influential factors associated with mathematics course selections
for girls and boys.
Lack of engagement in advanced mathematics courses has been reported to result from a complex reciprocal
interaction between personal and social factors, which may affect girls and boys differently (see Kirkham,
Chapman, & Wildy, 2019). Potential influences on students’ subject choice decisions have been described as
‘inside-out’ and ‘outside-in’ factors (Roeser, 2006; Spearman & Watt, 2013). The ‘inside-out’ view focusses on
psychological processes, such as personal beliefs and values, as key factors in subject choice decisions. The
‘outside-in’ perspective emphasises social forces as instrumental in providing opportunities and creating barriers
for girls’ educational choices, for example, by positioning them as less competent, or by reducing the value that
girls assign to mathematics as a discipline. This dual perspective enables the generation of a range of factor sets for
investigation, specifically, individual (self- and domain-specific beliefs, personal values), home (perspectives of
the expectations of parents and other family members), and school (judgements on the influence of teachers and
peers). Recent research in the mathematics domain has explored each of these factors in investigating educational
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engagement (Martin, Anderson, Bobis, Way, & Vellar, 2012; Martin & Lazdendic, 2018; Martin, Way, Bobis, &
Anderson, 2015; Wang & Eccles, 2012).
1.1 Individual Factors
1.1.1 Mathematics Self-Perceptions
An individual’s motivation to study a specific mathematics course may be influenced by personal perceptions of
mathematical ability and expectations of success in the mathematics course considered. Self-perceptions, therefore,
are both domain-specific (mathematics self-concept) and task specific (i.e., relating to beliefs about potential for
success in specific mathematics tasks, referred to as mathematics self-efficacy). Arguably, mathematics
self-concept is more useful in predicting choice behaviours in that it is based on personal evaluations of
domain-specific competence (Marsh, 2007; Marsh et al., 2018). The construct of academic self-concept intersects
with the expectancy element of Expectancy Value Theory (Eccles et al., 1983; Eccles, 1987), a theoretical
framework that has informed much of the work on beliefs and attributions towards the study of mathematics.
According to EVT, achievement in a domain is predicated upon an expectation of success in that domain, in
combination with a sense of valuing the domain (Wigfield & Eccles, 2000; Eccles & Wigfield, 2002). Modern
EVT theorists operationalise an expectancy of success through self-concept responses (Eccles, 2009; Guo, Parker,
Marsh, & Morin, 2015; Trautwein et al., 2012).
1.1.2 Perceptions of the Value of Mathematics
A key predictor of mathematics participation and choice is the subjective value assigned to the subject area by the
individual (Wang & Kenny, 2014). The notion of subjective task value is the second of the two components of EVT.
Value is conceptualised as encompassing four key facets: intrinsic value, utility value, attainment value, and cost
value (Eccles, O’Neill, & Wigfield, 2005; Wigfield & Eccles, 2000). Research on gender differences in task values
has produced some inconsistent findings, partly because a number of studies have collapsed task value facets into
one general value scale (see Gaspard et al., 2015). More recent research, however, has investigated value facets
separately.
Intrinsic value relates to the interest level or enjoyment factor experienced by an individual when engaging in a
task. Girls have been reported consistently to show lower levels of interest in mathematics than boys (Frenzel,
Goetz, Pekrun, & Watt, 2010; Gaspard et al., 2015; Lazarides & Ittel, 2013; Watt, 2016). Being interested in a
subject predicts on-going engagement and further subject choice (Watt et al., 2017). Previous studies have drawn a
link between intrinsic value and gendered educational and career choices (Guo et al, 2015; Lazarides, Rubach, &
Ittel, 2017). Specifically, Watt et al. (2012) reported that differences in intrinsic values predicted educational
aspirations in Australian adolescents.
Attainment value and utility value focus on the importance aspect of a task. Attainment value is an evaluation of a
task in terms of how closely it corresponds to a sense of identity, that is, the importance of being seen to do well in
a subject. Utility value is associated with the perceived usefulness of the task in achieving personal goals. Utility
and attainment values have been found to influence academic engagement in secondary school students (González,
Paoloni, Donolo, & Rinaudo, 2015; Watt et al., 2012). Fewer differences in mathematics attainment and utility
value between girls and boys have been reported than is the case with intrinsic value (Watt, 2004; Watt et al., 2012).
However, recent research has suggested that a more nuanced interpretation of utility value, in particular, may
throw more light on gender differences in value. Fadda, Scalas, Morin, Marsh, and Gaspard (2019) divided utility
value into three facets: utility for school (with respect to school-aged students); utility for life; and social utility.
Their results indicated that, while girls found mathematics to be more useful in school than boys, the opposite was
the case in relation to general utility for future life.
Cost value encapsulates the negative consequences of engagement in a task (Watt, 2016). Originally
conceptualised as a mediator of positive aspects of value (Eccles et al., 1983), more recently cost value has been
considered to be a type of value (Wigfield & Eccles, 2000), or a separate component to expectancy and value
(Barron & Hullman, 2014). Historically, cost value has been less extensively researched because of a lack of
consensus in definition and measurement (Chen & Liu, 2009). A major limitation in scales to measure cost value is
that cost items, by necessity, focus on particular issues relevant to the population tested and the nature of the
activity appraised, thereby lacking generalisation (for a discussion see Flake, Barron, Hulleman, McCoach, &
Welsh, 2015). This would suggest that, while cost value appears to be important in balancing risks with benefits of
choice decisions, more research is required in order to operationalise cost value theoretically and empirically. As a
result, this current study focusses only on other elements of the EVT framework.
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1.1.3 Perceptions of Mathematics as a Subject Area
Mathematics engagement has been reported to be influenced by domain-specific beliefs about the status of the
discipline, a perception of how mathematics knowledge is acquired, and opinions on who best acquires it. Recent
research has suggested that the discipline of mathematics is perceived by some to be a more prestigious discipline
than other domains of learning due the nature and the demand of the knowledge base (Bleazby, 2015; Francis,
Mills, & Lupton, 2017). For example, mathematics has a long-established subject matter that emphasises certainty,
reliability and absolute truths, in addition, it contains abstract and theoretical concepts that are considered to be
intellectually challenging. A central tenet in mathematics is that knowledge is constructed through reason and
justification in a search for truth. According to Francis, Archer, Moote, de Witt and Yeomans (2017), these are
aptitudes historically associated with masculinity. In addition, those with high mathematics ability are thought to
possess ‘raw aptitude’ or ‘natural brilliance’ acquired innately, characteristics that some researchers have posed to
be ascribed more often to men than to women (Leslie, Cimpian, Meyer, & Freeland, 2015). Two prevailing gender
stereotypes are the result: that mathematics is a masculine field; and that boys are better at mathematics than girls.
Gendered mathematics stereotypes have been reported in a range of countries globally (Ernest, Reinholz, & Shah,
2019). The presence of gender stereotypes serves to limit the potential for female identification with mathematics
as a subject, thereby reducing their sense of belonging in the field. A sense of belonging is a psychological state
associated with the feeling of membership in, or acceptance by, a group. Belongingness brings positive benefits in
terms of personal goals and future plans (Ryan & Deci, 2000). Conversely, a lack of sense of belonging has been
attributed by some to reduce interest in an endeavour, and this may be particularly true for females in the
male-dominated fields, such as mathematics (Good, Rattan, & Dweck, 2012; Pietri et al., 2019). Unfortunately, the
view that boys are more competent in mathematics than girls remains an on-going concern within Australian
society (Leder, Forgasz, & Jackson, 2014), and potentially an influential factor in the underrepresentation of girls
in STEM (Hobbs et al., 2017).
The notion that mathematics knowledge and skills are the result of an innate and fixed quality has received
attention through the work by Dweck and colleagues on the predictive effect of personal theory of intelligence, or
“mindset” on mathematics self-concept and values. In other words, the educational goals that students set for
themselves have been linked to their beliefs about the nature of intelligence and how it is formed (Blackwell,
Trzesniewski, & Dweck, 2007; Dweck, 2006; Dweck & Leggett, 1988). Belief orientations have been referred to
as “fixed” (i.e., entity) versus “growth” (i.e., incremental) mindsets. Specifically, those with an entity theory of
intelligence believe that their ability is static and unchangeable, that they have a certain amount of competence in a
subject area and that this is irrespective of effort. By implication, the goal of learning for individuals with a fixed
mindset would be to demonstrate their ability through a performance standard. Conversely, incremental theorists
believe that ability is malleable and can be cultivated with effort. A belief that ability is amenable to growth is more
likely to result in a focus on advancing skills and a greater resilience in the face of challenges and setbacks (Dweck,
2006).
Differences in mathematics-specific mindsets may influence an individual’s desire to pursue further studies. For
example, fixed mindsets are more likely to undermine interest in a subject, while growth mindsets are more likely
to promote feelings of competence and motivation to learn more (Good et al., 2012). Girls have been described as
more likely to hold fixed mindsets in mathematics than boys (Degol, Wang, Zhang, & Allerton, 2018; Dweck,
2013; Hwang, Reyes, & Eccles, 2019; Seo, Shen, & Alfaro, 2019), partly attributed to the possibility that in an
environment in which fixed ability views predominate, negative views about the self can be thought of as
unchangeable (Good, 2012; Pietri et al., 2019). Given this, it remains likely that the relationship between gender,
mindset, task value, and aspirations is complex (Degol et al., 2018) and that further research to explore the
mechanisms that underlie gender differences in mindsets and motivation is warranted.
1.2 Home and School Factors
1.2.1 Home
The context of the home and family provides an important environment for the development of motivation in
relation to educational choices and career aspirations (Gemici, Bednarz, Karmel, & Lim, 2014). Parents provide
information and support to their school age children on academic choices and they communicate beliefs about their
children’s ability levels, as well as beliefs about the relative importance of different academic domains (Degol,
Wang, Ye, & Zhang, 2017; Korpershoek, Guntern, & van der Werf, 2014). Gender stereotypes about mathematics
can be perpetuated in the home environment in families with traditional expectations of gender roles (Bandura &
Bussey, 2004; Gunderson, Ramirez, Levine, & Beilock, 2012). Parents also directly or indirectly influence their
children’s future career aspirations through the opportunities and support they provide (Lazarides et al., 2017). In
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addition, the sphere of influence on academic course choices and career aspirations has been extended to older
siblings within the family. Older siblings are thought to exert a form of peer influence by providing advice and
support and acting as role-models, especially if they have recent personal experience in studying the mathematics
course options in question. Their impact, however, appears to be less strong than that of parents (Korpershoek et al.,
2014).
1.2.2 School
Self-perceptions about competence and value are formed within an educational context and serve to mediate
choices, both directly and indirectly (Nagy, Trautwein, Köller, Baumert, & Garrett, 2006). Students’ experiences in
the classroom play an important role in influencing personal evaluations of a domain (Gunderson et al., 2012).
Specifically, the quality of teaching is an important factor in student achievement and confidence (Hattie, 2009;
Mullis, Martin, Foy, & Arora, 2012; Jensen, Sonnemann, Roberts-Hull, & Hunter, 2016; UNESCO, 2017). A
perception of teacher expectations also impacts students’ views of themselves as learners. Concerningly, several
researchers have suggested that some teachers, like parents, may also hold gender stereotyped beliefs about their
students’ mathematics abilities (Gunderson et al., 2012; Legewie & DiPrete, 2012). Others have suggested that
teachers develop an unconscious bias against girls in mathematics (Blickenstaff, 2005), leading to them spend
more time assisting boys than girls in learning activities (Quaglia et al., 2013; Shumow & Schmidt, 2013; Spilt,
Koomen, & Jak, 2012). Notwithstanding the importance of teachers and the classroom climate, the opinions of
peers and friends in the adolescent stage of development may also influence an individual’s interests and choices
(Tajfel & Turner, 1986). For example, peer support has been shown to increase the likelihood of girls in enrolling
in advanced mathematics courses (Breakwell, Vignoles, & Robertson, 2003; Riegle-Crumb, Farkas, & Muller,
2006; Robnett & Leaper, 2012). The sociocultural aspect of the learning environment of the school is likely to be
an important source of influence in students’ mathematics course choices for Year 11.
1.3 The Present Study
In the current study, we sought to discover if gendered mathematics enrolment patterns noted nationally were
present in the course selections from all Year 10 students at one school. Then, using an original survey of 45 items,
we investigated the expectancy and value beliefs about studying mathematics based on the definitions of
expectancy and value in EVT. We also measured students’ beliefs about mathematics as a domain, as well as their
opinions on sociocultural sources of influence on their mathematics course choices. The research questions
addressed in this study were: Research Question 1: What Year 11 mathematics course choices did Year 10 boys
and girls of different achievement levels make? Research Question 2: Controlling for achievement level, do boys
and girls differ in their mathematics self-perceptions, perceptions of the value of mathematics, and in their
perceptions of mathematics as a subject area? Research Question 3: What sociocultural factors influenced girls’
and boys’ of different achievement levels mathematics course choices?
2. Method
2.1 Participants
The sample comprised the full cohort of Year 10 students enrolled at one coeducational school in Western
Australia (WA) that offers the Western Australian Certificate of Education (WACE) mathematics courses:
Mathematics Essential General; Mathematics Applications; Mathematics Methods; and Mathematics Specialist. In
WA, students in their final years of secondary schooling (Years 11 and 12) choose from a selection of courses in
order to achieve their WACE certificate. Many undertake the more demanding Australian Tertiary Admission
Rank (ATAR) courses often used as a common pathway to university entrance. These courses result in an ATAR
score at the end of Year 12 that represents a students’ rank in relation to others in their age group across the state. Of
the four mathematics courses available at the sample school, Mathematics Essential General is the only non-ATAR
mathematics course. This focusses on mathematical skills required in real world contexts. Of the three ATAR
mathematics courses, Mathematics Applications is the non-calculus course designed for students who wish to
extend their mathematics knowledge beyond the Year 10 curriculum. Mathematics Methods is an intermediate
level course that includes calculus and statistical analysis necessary for following pathways that require
mathematics at tertiary level. Mathematics Specialist is the most advanced course and may only be undertaken in
combination with Mathematics Methods. Mathematics Specialist is recommended for those intending to study
tertiary courses in mathematics, engineering, or physics (School Curriculum and Standards Authority, 2014).
The study included 84 participants, of whom 46 (54.8%) were girls and 38 (45.2%) were boys. Participants were
aged 15 (n=48, 57.1%) or 16 (n=36, 42.9%). One participant (1.2%) identified as being of Aboriginal or Torres
Strait Islander origin. Five participants (5.6%) spoke a language other than English at home. Of the participants, 47
46

jedp.ccsenet.org

Journal of Educational and Developmental Psychology

Vol. 10, No. 1; 2020

(56.0%) indicated that they had an older sibling in Year 11 or 12 in 2018, or an older sibling who had completed
secondary school within the previous five years, 37 (44.0%) did not have an older sibling in Year 11 or Year 12 or
an older sibling who had finished school recently.
Prior to the survey, school staff provided data on teacher recommendation for Year 11 mathematics course(s) for
each participant. This reflected the highest mathematics course that school staff considered that each participant
could complete successfully in Year 11. Data indicated that each participant was recommended to undertake one of
the four available options at this school; Mathematics Essential General; Mathematics Applications; Mathematics
Methods; and the combination of Mathematics Methods and Mathematics Specialist. This information served as a
proxy for current level of achievement, as recommendations were based on individual student grades. Participants
receiving an A grade were advised to take the Mathematics Methods and Mathematics Specialist combination.
Participants receiving a B grade were recommended to study Mathematics Methods alone, while participants
receiving a C grade or below were advised to take Mathematics Applications. Several participants receiving a C
grade were advised to take Mathematics Essential General, as were participants who were following a modified
Year 10 mathematics curriculum. In analysing data according to achievement level, participants were then
assigned to one of two achievement groups, Standard (Mathematics Essential General; Mathematics Applications)
or Advanced (Mathematics Methods, Mathematics Methods and Mathematics Specialist). One item in the survey
asked participants to indicate their Year 11 mathematics course selection. The five options were: No mathematics;
Mathematics Essential General; Mathematics Applications; Mathematics Methods; Mathematics Methods and
Mathematics Specialist. Participants’ stated course choice was compared to the teacher recommendations
according to achievement group, resulting in participants being described as aligned (participant course choice and
teacher recommended course matching), over-aspiring (participant course choice higher than teacher
recommended course), or under-aspiring (participant course choice lower than teacher recommended course).
2.2 Instrument
The survey was organised into two sections: (i) perceptions about studying mathematics; (ii) sociocultural sources
of influence on mathematics course choices. Most of the items were adapted from existing instruments measuring
self- and domain-specific psychological constructs drawn from the literature (for example, EVT), as specifically
stated in the sub-sections below. Other items were inspired by verbatim comments that emerged from a locally
based qualitative investigation of influential factors on Year 10 students’ mathematics course selections (Kirkham
et al., 2019).
Survey items were presented in a bipolar slider format anchored with statements at each of the endpoints to
encapsulate opposing qualities of the same concept. This allowed participants to respond by indicating the relative
strength of their attitude towards each concept. Participants responded by selecting a point on a continuum
between the endpoints by moving a marker along an absolute metric 11-point scale, presented visually as a slider.
The benefit of the use of a bipolar scale is that is captures extremes of opinions while allowing for a neutral
response. A slider format was adopted for this population of adolescent participants because of its potential to
increase engagement through a more interactive approach to responding (Roster, Lucianetti, & Albaum, 2015).
The starting point for the marker was the middle of the scale, as noted by Bosch, Revilla, DeCastellarnau, and
Weber (2019) as useful in reducing response style bias and extreme responding. To reinforce the meaning and
polarity of the opposing statements, numerical labels appeared at each point along the 11-point continuum as the
participant moved the marker along the slider. The use of an 11-point scale increased granularity and reduced
potential grade inflation.
2.2.1 Perceptions About Studying Mathematics
This section included 5 items to assess self-perceptions in relation to mathematics, 18 items to measure personal
values, and 8 items related to perceptions of mathematics as a subject area.
a.

Self-perception items. 5 items were designed to assess beliefs associated with mathematics self-concept, ie. I
expect to achieve poorly in maths assignments (1), I expect to achieve highly in maths assignments (11), as
adapted from the success expectancy items from Wigfield and Eccles (2000) and Watt (2004).

b.

Personal value items. 5 items assessed perceptions of the intrinsic value of mathematics, ie. I hate studying
maths (1), I love studying maths (11). A further 5 items were designed to measure the attainment value of
studying mathematics, ie. Achieving highly in maths does not matter to me (1), Achieving highly in maths is
very important to me (11). 4 items addressed the general utility of mathematics courses for an individual’s
future, ie. Having a high level of maths skills is not necessary in my potential future job/career (1), Achieving
a high level of maths skills is very important in my potential future job/career (11). These items were referred
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to as utility value-general. This section included items adapted from task value items detailed in Watt (2004).
An additional 4 items asked about the utility value of mathematics courses specific to school-based decisions
within the local context, for example, the importance of gaining a high score for university entrance or of
university perquisites. These items were drawn from the qualitative data in Kirkham et al. (2019), for example,
My ATAR score is not important to me at all (1), Achieving a very high ATAR score is extremely important to
me (11). These items were referred to as utility value-school.
c.

Perceptions of mathematics as a subject area items. 5 items measured participants’ sense of belonging in the
mathematics field adapted from the Math Sense of Belonging Scale (Good, Rattan & Dweck, 2012), ie. I feel
like a stranger in the maths world (1), I feel like I really belong in the maths world (11). Three single items
were included about the type of people who succeed in mathematics, how mathematics competencies are
formed, and the social status of those who achieve highly in mathematics. Of these single items, one item
created for this survey was designed to measure gender bias, (ie. I think that boys have far more ability in
maths than girls (1), I think that girls have far more ability in maths than boys (11)). A further item measured
entity versus incremental theories of intelligence in that mathematics ability was innate ie. I believe that some
people are born with natural maths ability (1), I believe that maths ability can be learned (11)). This was
adapted from the three-item scale on the implicit theory of intelligence developed by Dweck, Chiu & Hong
(1995). The final single item was created to assess perspectives on the social standing of mathematics as a
domain, ie. It’s much better to be excellent at maths than it is to be excellent at other subjects (1), It doesn’t
matter at all which subjects you excel at (11).

2.2.2 Sources of Influence on Mathematics Course Choices
The survey included nine items asking participants who influenced them in their Year 11 mathematics course
decision-making. Each item was stated as, “How important were [insert group name] in influencing your decision
about ATAR maths course selections?” The groups were: parents or guardians; brothers or sisters; other family
members; friends; older students; teachers; someone else you don’t know personally; someone else who is famous
or a role-model; media. Most of these sources of influence on students’ mathematics course choices were
identified in recent research with a similar population (see Kirkham et al., 2019). Participants responded using an
11-point bipolar numeric slider anchored with the statements “not important at all” (1) to “extremely important”
(11). The item referring to brothers and sisters was only analysed for those participants (n=47) who responded in
the affirmative to the initial item asking if they had an older brother or sister who was in Year 11 or 12, or who had
finished school recently.
3. Results
The three research questions posed for the study were addressed using a combination of descriptive statistics,
chi-square, and multivariate analysis of variance (MANOVA) procedures. Significant MANOVA effects were
followed with univariate analyses of variance (ANOVAs), interpreted using Holm–Bonferroni adjusted alpha
levels (Holm, 1979). Two participants’ responses were excluded for all analyses performed aside from those
related to Research Question 1, which pertained specifically to the issue of subject choice. This was because, in
other parts of the survey, these participants took under five seconds to respond to each item, which was deemed
insufficient time to consider the questions with due care. Thus, 84 cases were retained to address Research
Question 1, and 82 cases for Research Questions 2 and 3. Prior to conducting the former type of analysis, a series
of data screening runs was performed to ensure conformity to the underlying assumptions of normality, linearity,
outliers, univariate and multivariate homogeneity of variance. Despite some evidence of skew in some variables,
given the robustness of the procedures to deviations associated with non-normality, all of these analyses produced
satisfactory results.
3.1 Research Question 1: What Year 11 mathematics course choices did Year 10 boys and girls of different
achievement levels make?
The comparison of participant course selections with teachers’ course recommendations resulted in five clusters of
participants, namely:
1.

Standard achievement under-aspiring (recommended Standard, chose no mathematics)

2.

Standard achievement aligned (recommended Standard, chose Standard)

3.

Standard achievement over-aspiring (recommended Standard, chose Advanced)

4.

Advanced achievement under-aspiring (recommended Advanced, chose Standard)

5.

Advanced achievement aligned (recommended Advanced, chose Advanced)
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An Advanced achievement over-aspiring cluster was not possible in this study as the sample school did not offer
students a higher mathematics option beyond the Advanced pathway. The distribution of girls and boys by
achievement group and course choice is shown in Table 1. From Table 1, the percentages of girls and boys was
similar for the two aligned groups, although 5.5% more Advanced achievement boys chose to select an Advanced
aligned choice than Advanced girls. The percentages of girls and boys differed markedly; however, both for the
over-aspiring Standard achievement group (4.35% of girls vs. 15.79% of boys) and for both the under-aspiring
groups. Over twice as many Standard achievement girls as boys under-aspired to “no mathematics” (10.87% of
girls, vs 5.26% of boys). No boys in the Advanced achievement group under-aspired, while 13.04% of Advanced
achievement girls under-aspired. Based on these results, students’ choices predominantly aligned with their
teachers’ views of their achievement levels. Amongst those that did not align; however, boys showed a stronger
tendency to over-aspire, while girls showed a stronger tendency to under-aspire.
Table 1. Number of boys and girls by achievement group and course choice
Achievement group

Standard

Advanced

Gender

Cluster

Girls

Boys

Under-aspiring (chose no mathematics)

5 (10.87%)

2 (5.26%)

Aligned (chose Standard)

21 (45.65%)

18 (47.37%)

Over-aspiring (chose Advanced)

2 (4.35%)

6 (15.79%)

Under-aspiring (chose Standard)

6 (13.04%)

0 (0%)

Aligned (chose Advanced)

12 (26.08%)

12 (31.58%)

Total

46 (100.0%)

38 (100.0%)

3.2 Research Question 2: Controlling for achievement level, do boys and girls differ in their mathematics
self-perceptions, perceptions of the value of mathematics, and in their perceptions of mathematics as a subject
area?
Descriptive statistics for all subscale variables included in the analyses conducted to address Research Question 2
are shown in Table 2. Participants’ results were analysed according to achievement group and gender: Standard girl
(n=27), Standard boy (n=25), Standard total (n=52), Advanced girl (n=18), Advanced boy (n=12), Advanced
total (n=30), Total girl (n=45), Total boy (n=37), Total participants (n=82). To determine whether there were
significant differences across boys and girls as a whole, and whether the magnitude or direction of this difference
varied across achievement groups, a 2 (gender) by 2 (achievement group) MANOVA was performed, including all
of the EVT-based subscales, as well as sense of belonging, gender bias, growth mindset, and perceptions of the
status of mathematics as a subject area. Based on the Pillai’s trace criterion (used owing to the relatively low
sample size, see Tabachnick & Fidell, 2013), there was a significant main effect for achievement group, V = .42,
F(10, 69) = 5.08, p = .00002, as well as for gender V = .33, F(10, 69) = 3.33, p = .001. There was; however, no
significant multivariate interaction effect, V = .12, F(10, 69) < 1, p = .47. This result suggests that on the linear
composite dependent variable, there was a significant overall difference, both across achievement groups and
genders, but that the difference between genders was robust across the achievement groups (and vice versa).
Univariate analyses of variance (ANOVAs) on each of the individual subscales indicated that the main effect of
achievement group was significant for all subscales apart from gender bias, growth mindset, and mathematics
status, Fs(1,78) ≥ 10.23, ps ≤ .002, partial η2 ≥ .12. The gender main effect was significant for all subscales apart
from utility value – school, attainment value, and gender bias, Fs(1,78) ≥ 8.59, ps ≤ .004, partial η2 ≥ .10. Based on
the means shown in Table 2, these results indicated that boys were higher than girls on intrinsic value, utility value
– general, self-concept, and sense of belonging. They also held a stronger growth mindset and had a stronger
tendency to see mathematics as a high-status subject.
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Table 2. Descriptive statistics mean scores for self-perceptions, perceptions of the value of mathematics, and
perceptions of mathematics as a subject area
Achievement group

Intrinsic value subscale score

Attainment value subscale score

Utility value - school subscale score

Utility value - general subscale score

Self-concept subscale score

Sense of belonging subscale score

Gender bias - single item

Growth mindset -single item

Gender

Total

Girl

Boy

Standard

3.96 (1.60)

5.24 (2.02)

4.57 (1.91)

Advanced

5.70 (1.69)

6.83 (1.72)

6.15 (1.72)

Total

4.65 (1.83)

5.76 (2.05)

5.15 (2.00)

Standard

4.53 (1.83)

5.38 (1.93)

4.94 (1.91)

Advanced

6.72 (1.65)

6.95 (1.84)

6.81 (1.70)

Total

5.40 (2.05)

5.89 (2.02)

5.62 (2.04)

Standard

5.63 (1.91)

5.95 (1.98)

5.78 (1.93)

Advanced

8.07 (1.39)

7.90 (1.62)

8.00 (1.46)

Total

6.61 (2.09)

6.58 (2.07)

6.59 (2.07)

Standard

3.87 (2.02)

5.31 (2.33)

4.56 (2.27)

Advanced

5.71 (2.36)

7.77 (1.48)

6.53 (2.27)

Total

4.61 (2.32)

6.11 (2.37)

5.28 (2.45)

Standard

4.91 (1.60)

5.61 (1.42)

5.25 (1.54)

Advanced

6.04 (1.77)

7.90 (1.56)

6.79 (1.90)

Total

5.36 (1.74)

6.35 (1.81)

5.81 (1.83)

Standard

4.36 (1.53)

5.95 (1.84)

5.12 (1.85)

Advanced

5.77 (1.63)

6.98 (1.47)

6.25 (1.66)

Total

4.92 (1.70)

6.29 (1.77)

5.54 (1.86)

Standard

5.70 (1.07)

6.04 (1.43)

5.87 (1.25)

Advanced

5.50 (1.69)

5.92 (0.29)

5.67 (1.32)

Total

5.62 (1.34)

6.00 (1.18)

5.79 (1.27)

Standard

5.22 (2.89)

7.24 (1.99)

6.19 (2.67)

Advanced

6.39 (2.40)

7.83 (2.82)

6.97 (2.63)

Total

5.69 (2.74)

7.43 (2.27)

6.48 (2.67)

Advanced

3.00 (2.11)

5.25 (2.86)

3.90 (2.64)

Total

2.89 (2.09)

4.89 (2.64)

3.79 (2.55)

Note. Standard deviations appear in parentheses after means.

3.3 Research Question 3: What sociocultural factors influenced girls’ and boys’ of different achievement levels
mathematics course choices?
Descriptive statistics for the sociocultural values are shown in Table 3. The MANOVA on these scores indicated
that there was a significant multivariate main effect for achievement group, V = .26, F(9, 70) = 2.74, p = .008.
There was; however, no significant multivariate main effect for gender V = .079, F(9, 70) < 1, and no significant
multivariate gender by achievement group interaction effect, V = .195, F(9, 70) = 1.88, p = .07. Given that the
interaction effect did approach significance at the .05 level, the univariate ANOVAs were examined to determine
which of the specific variables were involved in this borderline effect. The univariate ANOVAs indicated a
marginally significant interaction effect for the questions, How important were parents in influencing you?, F(1,78)
= 7.44, p=.008, partial η2 = .09, How important were brothers/sisters in influencing you?, F(1,43) = 9.57, p = .003,
partial η2 = .18, and, to a more marginal extent, How important were teachers in influencing you?, F(1,78) = 4.25,
p = .04, partial η2 = .05. The relative scores for girls and boys separately for each source of sociocultural influence
are shown in Table 3.
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Based on the means for boys and girls in each achievement group across these three variables, for the question,
How important were parents in influencing you?, in the Standard achievement group, the mean score for girls was
higher than for boys. In the Advanced group, however, the mean score for girls was lower than for boys. For the
question, How important were brothers/sisters in influencing you?, in the Standard achievement group, the mean
score for girls was higher than for boys, but in the Advanced group, the mean score for girls was lower than for
boys. For the question, How important were teachers in influencing you?, in the Standard achievement group, the
mean score for girls was higher than for boys, but in the Advanced group, the mean score for girls was lower than
for boys. It is clear from these results that boys in the Advanced achievement group reported being more heavily
influenced by all three of these sources in their subject choices than were girls in the Advanced achievement group.
In the Standard achievement group, girls reported being more heavily influenced by these sources than boys.
Table 3. Descriptive statistics for sociocultural influences
Achievement Group

Parents

Older siblings

Other family members

Friends

Older students

Teachers

Someone you don’t know
personally

Someone famous or a role
model

Media

Gender
Girl

Boy

Total

Standard

6.67 (2.90)

5.16 (2.76)

5.94 (2.91)

Advanced

5.94 (2.76)

7.83 (1.64)

6.70 (2.52)

Total

6.38 (2.83)

6.03 (2.74)

6.22 (2.78)

Standard

3.85 (3.26)

2.52 (2.33)

3.21 (2.90)

Advanced

4.56 (3.57)

6.92 (3.53)

5.50 (3.68)

Total

4.13 (3.36)

3.95 (3.43)

4.05 (3.37)

Standard

2.59 (2.26)

3.04 (2.65)

2.81 (2.44)

Advanced

2.00 (2.00)

2.83 (2.29)

2.33 (2.12)

Total

2.36 (2.16)

2.97 (2.51)

2.63 (2.33)

Standard

3.89 (2.68)

3.04 (2.34)

3.48 (2.53)

Advanced

5.00 (2.85)

5.50 (2.58)

5.20 (2.71)

Total

4.33 (2.77)

3.84 (2.65)

4.11 (2.71)

Standard

3.96 (2.99)

3.88 (2.71)

3.92 (2.83)

Advanced

6.28 (2.93)

5.92 (2.68)

6.13 (2.79)

Total

4.89 (3.15)

4.54 (2.83)

4.73 (3.10)

Standard

6.44 (2.44)

5.32 (2.81)

5.90 (2.66)

Advanced

6.61 (2.95)

8.00 (2.00)

7.17 (2.67)

Total

6.51 (2.63)

6.19 (2.84)

6.37 (2.72)

Standard

2.11 (2.68)

2.04 (1.90)

2.08 (2.32)

Advanced

2.22 (2.26)

2.42 (2.88)

2.30 (2.48)

Total

2.16 (2.50)

2.16 (2.23)

2.16 (2.37)

Standard

1.59 (1.89)

2.04 (2.40)

1.81 (2.13)

Advanced

1.94 (2.07)

1.75 (1.49)

1.87 (1.83)

Total

1.73 (1.95)

1.95 (2.12)

1.83 (2.02)

Standard

1.37 (0.79)

2.12 (1.92)

1.73 (1.48)

Advanced

1.61 (1.46)

2.25 (2.30)

1.87 (1.83)

Total

1.47 (1.10)

2.16 (2.02)

1.78 (1.61)

Note. Standard deviations appear in parentheses after means.
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4. Discussion
The results related to Research Question 1 in this study indicated that, while girls deemed capable by their teachers
of undertaking advanced mathematics courses tended to under-aspire (i.e., select less advanced courses), the
opposite pattern was true for boys. While the results of this study are based on a small number of participants from
one school, they echo national statistics that show that higher-achieving girls are less likely to enrol in advanced
Year 11 and12 mathematics courses than higher-achieving boys (Li & Koch, 2017). Despite the fact that teachers
in this study viewed girls more frequently than boys to be capable of undertaking the advanced courses, fewer girls
than boys chose to do so, highlighting the on-going problem of the underrepresentation of girls in higher
mathematics courses.
The results related to Research Question 2 indicated that boys had higher scores in mathematics self-concept than
girls in both achievement groups. This result is aligned with findings from larger studies which indicate reduced
feelings of efficacy and competence in girls relative to boys when considering mathematics as a subject (Hyde,
2015; Parker, Van Zanden, & Parker, 2018; Sax, Kanny, Riggers-Pieh, Whang, & Paulson, 2015). Previous studies
have shown mathematics self-concept to be a predictive factor in subsequent mathematics course selections
(OECD, 2012; McPhan, Morony, Pegg, Cooksey, & Lynch, 2008). Further investigation of the role of mathematics
self-concept in gendered choices is important, especially as previous research has indicated a tendency for girls to
underestimate their mathematical abilities (Assouline, Colangelo, Ihrig, & Forstadt, 2006; Nokelainen, Tirri, &
Merenti-Välimäki, 2007).
Girls’ and boys’ perceptions of the subjective task value of mathematics in this study differed as anticipated
according to the research literature. Boys ascribed significantly more intrinsic value to mathematics than girls,
irrespective of achievement group. This finding is in line with those reported in various previous studies (Frenzel
et al., 2010; Gaspard et al., 2015; Lazarides & Ittel, 2013; Watt, 2016). Some researchers have suggested that high
achievement is more important for girls than boys in maintaining an interest in STEM disciplines (Holmes, Gore,
Smith, & Lloyd, 2018). However, for a number of girls in this study, having high achievement in mathematics did
not necessarily equate to being more interested in mathematics, nor to selecting a challenging mathematics course.
This is an important finding worthy of further research with a larger participant group.
In accordance with previous studies (for example, Watt et al., 2012), fewer differences were noted between the
results of girls and boys in terms of attainment value. However, gender differences were found in aspects of utility
value. While there were no significant differences between girls and boys in the perceived utility of mathematics in
enhancing their school results (utility value-school), girls were significantly less concerned than boys with general
utility value considerations. These results are aligned with recent findings by Gaspard et al. (2015), and Fadda et al.
(2019), which indicated differences in girls’ and boys’ perceptions of the general or future utility of mathematics,
but not in terms of its utility for school performance. Fadda et al. suggested that girls view mathematics as being
important in the school context but consider it less important in terms of their own future goals. Research on
approaches to increase girls’ appreciation of the utility of higher mathematics courses for future life is warranted if
they are to be encouraged to study these courses in greater numbers.
Turning to girls’ and boys’ perceptions of mathematics as a subject area, the findings of this study with respect to
sense of belonging in mathematics classrooms indicated that girls showed a significantly lower sense of belonging
than boys. This is not surprising considering the body of research suggesting that girls may perceive the
mathematics classroom as less welcoming than boys (for example, Cheryan, 2012). This may result in a lowered
sense of personal value and acceptance within the mathematics domain, as also noted in previous studies (Good et
al., 2012; Gunderson et al., 2012; Pietri et al., 2019). Given the importance of sense of belonging in predicting key
subject-related outcomes such as engagement and subject choice (for example, Good, 2012), this finding would
suggest that further empirical investigation in school-age populations would be recommended.
The results from the survey with respect to growth versus fixed mindset orientations also align with the findings of
previous studies indicating that girls hold more fixed mindset views than boys (Hwang et al., 2019; Seo et al.,
2019). Irrespective of mathematics achievement level, girls had a stronger tendency than boys to take the view that
some people are born with mathematics ability, as opposed to the alternative perspective that mathematics ability
can be learned. This is concerning, given the associations that have now been reported between academic mindsets,
achievement and STEM career aspirations (Degol et al., 2018; Huang, Zhang, & Hudson, 2018; Hwang et al.,
2019).
In this study, girls had a somewhat more balanced view of the relative status of mathematics in comparison to other
subject areas than boys. It is unclear based on the question posed in this study whether this indicated that girls saw
mathematics more negatively than boys, or whether they viewed other subjects as equally important. Previous
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studies evaluating the career preferences of individuals with high mathematical ability have shown that those with
equally high verbal and mathematical ability are more likely to select a non-STEM pathway than those with a
relative strength in the mathematics domain (Wang & Degol, 2013; Wang, Ye, & Degol, 2017). If it is the case that
females tend to show higher verbal abilities to males of similar mathematical abilities (Wang, Eccles, & Kenny,
2013), it is possible that mathematically capable girls with strong verbal skills will place a higher value on
humanities subjects as a result (Eccles & Wang, 2016).
One area in which no gender differences were found was in terms of gender bias. The mean scores for girls and
boys were close to a neutral position on whether girls or boys were viewed by participants as being stronger
mathematics students. Neutral beliefs about gender differences in mathematics have been noted in prior studies as
not unusual for adolescents (Passolunghi, Rueda Ferreira, & Tomasetto, 2014). Two possible explanations have
been offered. First, older school students may be aware of the undesirability of gender biased attitudes and may
censor their responses accordingly. Second, these students may not be consciously aware of implicit and automatic
stereotypical associations which link males more than females to mathematics. This implicit bias may be still be
present in individuals who outwardly reject mathematics gender stereotypes (Hill, Corbett, & St. Rose, 2010;
Passolunghi et al., 2014; Steffens, Jelenec, & Noack, 2010). As the present study relied wholly on self-report data,
it is therefore possible that the neutral finding for gender bias does not fully reflect participants’ true perceptions.
With respect to Research Question 3, findings revealed a potential gender disparity in the perceived influence of
parents, siblings, and teachers across achievement groups. Boys in both the Standard and Advanced achievement
groups perceived parents, siblings, and teachers to be somewhat more influential in their mathematics course
choices than girls in either achievement group. This result should, however, be interpreted with some caution, due
to the sample size and the fact that the result only approached significance at the .05 level. Even so, previous
research has documented the importance of parents and teachers on the mathematics course selections of both girls
and boys (Degol et al., 2017; Gunderson et al., 2012; Legewie & DiPrete, 2012). However, further research is
needed to evaluate more specifically whether girls and boys are subject to different kinds of sociocultural
influence.
5. Limitations
One limitation of this study is that it focused only on participants from one school. It is possible that different
findings may be obtained from participants from other schools in WA. Given the relatively small study sample,
group comparisons were based on small numbers in some cases, and this inevitably imposes restrictions on the
generality of the study. A further caveat is that the perceived influence of teachers is based upon a small group of
mathematics teachers. Participants from different schools may view the influence of teachers differently. A larger
sample of students from a range of schools would also provide more generalisable data in terms of sociocultural
influences on student choice. In addition, this study explored self-perceptions in relation to the study of
mathematics generally and did not address the perceived benefits associated with specific mathematics courses in
comparison to each other. This could be investigated in further research as it remains likely that students consider
the advantages of studying particular courses over others when making mathematics course selections. Finally, the
findings of the present study are limited by the cross-sectional nature of the data. As such, it is not possible to
ascertain whether participants changed their stated future mathematics course prior to starting their Year 11 studies.
Future research could investigate whether any such shifts in intentions are influenced by self-perceptions,
perceptions about the study of mathematics, or sociocultural factors.
6. Conclusion
It is important to note that there is likely to be a complex interplay amongst the various beliefs and perceptions
demonstrated by girls and boys in this study. In particular, it has been found in previous research that the different
perceptions studied here can compound and exacerbate one another. For example, recent studies have indicated
that having a fixed mindset in mathematics can make girls more susceptible to developing a lower self-concept
(Degol et al., 2018), a decreased sense of belonging and poorer performances when faced with difficulties,
especially in environments where stereotypes are perceived to exist (Hwang et al., 2019). Thus, girls’ overall
tendency to under-aspire may be a product not of one particular perception or belief, but of an overall profile in
which different negative beliefs compound others. In light of this, addressing the issue of girls’ propensity to
under-aspire when selecting mathematics courses is likely to require a multi-faceted approach.
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