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Abstract Although women have made progress in entering
scientific careers in biology, they remain underrepresented in
mathematically intensive fields such as physics. We investigated whether gender differences in mathematics motivation
and socialisers’ perceptions impacted choices for diverse
STEM careers of varying mathematical intensity. Drawing
on expectancy-value theory, we tested structural equation
models in which adolescents’ preferred careers related to each
of physics, biology, chemistry, and mathematics were predicted by prior mathematical performance, motivations, and
mothers’ perceptions. We explored potential differences in
gendered processes of influence using multigroup models.
Samples were 331 Australian adolescents followed from 9th
to 11th grade in 1998 and 277 U.S. adolescents from 9th to
12th grade in 2009–10. In both samples female adolescents
preferred biological careers more than males did; male adolescents preferred physics-related careers and also mathematical careers in the Australian sample. Mothers’ perceptions
were important to female and male adolescents’ mathematics
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motivations; gendered motivations were more evident in the
Australian sample. Mathematics interest played the strongest
role in male adolescents’ preferred careers, whereas actual or
perceived mathematical achievements were most important
for females, demonstrating the impacts of mathematical motivations on preferences for diverse STEM careers.
Keywords Gender . STEM . Mathematics . Critical filter .
Career choice . Expectancy-value theory . High school
The winners of Google’s first-ever science fair were announced
in 2011. All three were young women (Miller 2011). In the last
three years (2014–2016) all grand prize winners have been
young women. The 2016 winning project involved a way to
reduce drought with fruit, the 2015 project was aimed at fighting ebola, and the 2014 winners were three young women who
collaborated on a project to address a bacteria that could fight
world hunger (www.googlesciencefair.com). This snapshot
captures much about current trends concerning gender and
STEM (science, technology, engineering, and mathematics).
Girls and young women are talented at, and interested in,
science. They are most represented in biology and, as these
examples illustrate, often they have a goal of helping people
(Diekman et al. 2011; Eccles and Vida 2003).
It is imperative to disaggregate discussions of different
fields of sciences rather than use an aggregated concept of
STEM. The entry of women and men into STEM careers
presents a mixed picture of gender similarities and gender
differences (Hyde 2005). In 2014 in the United States, 53%
of the doctoral degrees in biology went to women, 38% in
chemistry, 20% in physics, and 22% in engineering
(National Science Foundation 2016). In mathematics, women
earned about 30% of doctoral degrees, and about 41% at the
Bachelor’s level (Hill et al. 2010). In Bachelor-level sciences
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women earned 19% of engineering degrees, 38% physical
sciences, 58% biological and agricultural sciences, and 62%
of social sciences and psychology (National Student
Clearinghouse Research Center 2013). In Australia, outside
the biological sciences, women’s representation is even lower—with women earning 50% of the doctoral degrees in biology but 11% in chemical science and 5% in physical sciences
(Dobson 2012). At the Bachelor level, 53% of degrees went to
women in the natural and physical sciences, 13% in information technology, and 15% in engineering and related technologies (Australian Government Department of Education and
Training 2014).
The dearth of women in advanced mathematics and
associated fields (such as physics and engineering) has
been attributed to numerous contributing factors including discrimination, societal gender inequality, women’s
purported lack of mathematical ability and spatial skills,
cultural stereotyping of mathematics as masculine, gender differences in interests, and high-school academic
preparation (Ceci and Williams 2011; Cheryan et al.
2015; Else-Quest et al. 2010; Hyde et al. 2008;
Riegle-Crumb and King 2010; Sorby et al. 2013; Su
et al. 2009; Wai et al. 2009). Mathematics was first
identified as a critical filter by Lucy Sells in 1980
(see also Shapka et al. 2006). Researchers concerned
with gender equity have focused on mathematics participation precisely because of its identified role in limiting access to high-status careers. Crucial motivational
factors emphasised as impacting mathematical participation in expectancy-value theory (Eccles et al. 1983;
Eccles 2005, 2009) are students’ interest, perceived importance of mathematics, self-concept of own ability,
actual performance, and key socialisers’ perceptions. A
wealth of literature has collectively established their role
in predicting mathematics-related enrolments and career
choices.
Our study asks whether mathematical expectancies and
values could predict preferences for STEM-related careers
beyond mathematics, that is, in fields of physics, chemistry,
and biology. To test this idea, our study takes advantage of two
longitudinal datasets—one from Australia and another from
the United States—to examine mathematics-related influences
on mathematical and scientific dimensions of students’ subsequent career aspirations near the end of high school. We constructed and tested models capitalising on two study designs.
In these models, earlier mathematics self-concepts and values,
as well as prior mathematics performance and mothers’ perceptions of the adolescents’ mathematics ability, predicted career preferences in 11th (Australian study) or 12th grade (U.S.
study). Although collected a decade apart (1998 and 2009–10,
respectively), similar design and measures allow us to test the
role of mathematics-related expectancy-value factors on dimensions of STEM aspirations among two separate
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longitudinal datasets from culturally similar settings. Testing
the model with two samples from two cultures and somewhat
different times allows us to assess the robustness of the model
and whether the findings replicate across variations in setting
and design.
High school is the crucial time when most students make
choices whether to concentrate on STEM in the future (Maltese
and Tai 2011). Course selections can foreclose future educational
and career pathways (Watt 2006). In a U.S. decade-long study
(Farmer et al. 1999), students’ subsequent participation in science
careers in 1990 was significantly predicted by high-school variables including academic performance and valuing mathematics
and science from 1980, although predicting considerably more
variance for men than for women. Occupational preference in
senior high school plays a key role in the choice of students’
college courses and adult occupational interests. As such,
Riegle-Crumb and King (2010) have argued persuasively for
the importance of the high-school years in determining disparities
in STEM fields. Using data from the U.S. Educational
Longitudinal Study (ELS) 2002, they demonstrated that much
of the discrepancy in both gender and ethnic representation in
college majors in the physical sciences and engineering was
accounted for by differences in high-school course preparation.
According to the Eccles and colleagues’ expectancy-value
theory (EVT), a person chooses to take on a task—such as physics in high school or a mathematics major in college—if the
person values the task and expects that s/he can succeed at it
(Eccles 2005; Eccles et al. 1983). Different aspects of task value
include importance and intrinsic values. Importance value refers
to how useful or important the person perceives the task to be;
intrinsic value resembles interest. Expectancy-value theory also
outlines how values and ability expectancy beliefs (also referred
to as mathematics self-concept) are shaped by prior performance
in the domain and by socialisation experiences, such as mother’s
perceptions.
An abundance of research has demonstrated the crucial role
of self-concept and values in adolescents’ decisions to pursue
challenging mathematics courses above and beyond measures
of mathematical ability (Crombie et al. 2005; Meece et al.
1990; Updegraff et al. 1996; Watt et al. 2006; Wigfield
1993, 1994). For advanced mathematics enrolments in high
school, Watt et al. (2006) found that intrinsic value was a
predictor for Australian students, in contrast to self-concept
in the U.S. sample, as well as importance value for female
adolescents. Those authors interpreted these cultural differences in terms of the greater choice available to Australian
students in upper-secondary school, which allowed them to
follow their interests, whereas the highly test-driven culture in
the United States may focus students’ attention more on their
ability.
Closely related research emphasises the importance of interest in promoting academic performance, course choices, and
career paths (Hidi 1990; Hidi and Harackiewicz 2000;
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Harackiewicz et al. 2016b). For example, interest in introductory college courses predicts subsequent course choices, even
controlling for prior measures of ability and performance
(Harackiewicz et al. 2000, 2002, 2008). Moreover, utility value
and interest are linked; perceiving utility value in college course
material predicted interest in the material assessed at the end of
semester (Hulleman et al. 2008). Experimental manipulation of
utility value increased interest in high-school and college
STEM courses (Hulleman and Harackiewicz 2009;
Harackiewicz et al. 2016a; Hulleman et al. 2010) and STEM
course-taking in high school (Harackiewicz et al. 2012).

Gender Differences
Gender differences in mathematics-related self-concept and
values are well-established. A cross-national meta-analysis
of 2003 data from the Programme for International Student
Assessment (PISA) and Trends in International Mathematics
and Science Study (TIMSS) studies found gender differences
favouring boys and male adolescents for mathematics selfconcept and self-efficacy (Else-Quest et al. 2010). Based on
TIMSS data for mathematics self-concept, effect sizes for gender were d = .19 for Australia and .26 for the U.S. For mathematics self-efficacy assessed by PISA, effect sizes were
d = .37 for Australia and .19 for the U.S. A major metaanalysis of research on vocational interests found a substantial
gender difference in interest in engineering among North
American adolescents and young adults (d = 1.11) (Su et al.
2009). More modest gender differences were found for interest in science (d = .36) and mathematics (d = .34) averaged
across all ages tested. Stereotype threat theory and research
may be relevant here (Steele 1997). Mathematics and physics
continue to be culturally stereotyped as masculine domains
(Steffens et al. 2010) in which boys and male adolescents
may receive a stereotype boost (Shih et al. 2012; Walton and
Cohen 2003); simply because they are male, they have higher
expectations. At the same time, girls and female adolescents
experience stereotype threat and may doubt whether they can
succeed in these male-stereotyped fields. It is heartening that
moderator analyses have indicated smaller gender differences
in STEM interests among more recent cohorts (Su et al. 2009).
Gender differences in STEM perceptions are unlikely to be
due to mathematical achievement differences. A metaanalysis of 242 studies of mathematics performance, published between 1990 and 2007 across numerous nations,
showed no gender differences (Lindberg et al. 2010). In the
United States, a meta-analysis of state assessments from the
National Assessment of Educational Progress (NAEP)
showed no gender differences in mathematics performance
through the end of high school (Hyde et al. 2008). Using
cross-national data from 14 to 16 year-olds tested by PISA
and TIMSS, another meta-analysis found very small gender
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differences overall, but substantial variation across nations in
the magnitude and direction of the gender differences (ElseQuest et al. 2010). For 14–16 year-olds’ mathematical performance, gender effect sizes were: Australian d = .15 in TIMSS
and .06 in PISA; U.S. d = .06 in TIMSS and .07 for PISA.

Motivations for Mathematical Career Choice
Researchers have increasingly begun to examine whether there
are gender differences in the processes that link expectancies
and values to career preferences. For example, is interest in
mathematics equally important in predicting preferences for
mathematics-related careers for male compared with female adolescents? A handful of previous studies has examined these
possibilities and found evidence of gender differences in processes (Lazarides and Ittel 2013; Leaper et al. 2012; Robnett and
Leaper 2013; Watt et al. 2012). Watt et al. (2012) examined
whether mathematics expectancies and values predicted the
mathematics-relatedness of careers to which students aspired
in high school in the late 1990s, with samples from Australia,
the United States, and Canada, using an occupational coding
system for the extent to which aspired careers involved mathematics (none/any/average/high; from O*NET 98; U.S.
Departmen t of Labo r E mp lo yment a nd Training
Administration 1998).
Importance value predicted mathematical career plans for
Australian and Canadian female adolescents, consistent with
previous evidence that young women are engaged by tasks
they regard as socially meaningful and important (Eccles
and Vida 2003; see also Watt 2016). Stereotypic gender differences in educational and occupational outcomes occurred
in the Australian sample. Male adolescents displayed higher
mathematics intrinsic value in the Australian sample and
higher mathematics self-concept in both North American samples. Self-concept was a key predictor in the North American
samples, in contrast to intrinsic value among the Australian
sample. Australian students’ greater opportunities for choice
in mathematics course-taking in high school should promote
greater focus on interests (Watt et al. 2006; Watt et al. 2012).
The centrality of values to Australian participants’ future plans
may not be surprising, given high cultural emphasis on individual freedom, self-expression, and imagination. For example, Australia is ranked third on the Survival/Self-expression
values dimension of the Inglehart-Welzel Cultural Map of the
World - a scatterplot locating countries according to dimensional scores from the World Values Survey (Inglehart and
Welzel 2005, p. 64).
Societal values that emphasise self-expressive value
systems have been proposed by others as an explanation
for gender gaps in STEM careers among individuals in
Western, middle class societies (Charles and Bradley
2009). These values are prominent in the United
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States, Australia, and other post-industrial nations in
which people seek to take courses and find an
occupation that fits their interests and values. Charles
and Bradley (2009) found that the gender gap in engineering was largest in postindustrial/postmaterialist nations, such as Finland, Germany, Switzerland, and Hong
Kong. The gender gap in engineering was smaller in
materialist nations with developing economies, such as
Bulgaria, Colombia, Latvia, and Romania, where the
goal is to acquire a stable job that pays well rather than
to follow one’s passions or interests. The emphasis on
finding an interesting career matching one’s abilities in
the United States and Australia may contribute to gender gaps in fields such as physics and engineering—
unless we can find ways to enhance girls’ and young
women’s interest.
Measures of the mathematics-relatedness of adolescents’ career intentions provide an important extension
to understanding achievement-related choices beyond the
high-school years. Although limited career opportunities
as a consequence of limited participation in mathematics
have been widely recognised, until fairly recently (see
Watt 2006, 2008; Watt et al. 2012), there had been little
study of relationships between these two aspects of
mathematics participation in terms of empirical work
establishing relationships between expectancies and
values and mathematical career-relatedness. Those studies utilised the U.S. O*NET 98 database to
operationalise mathematics career relatedness (U.S.
Department of Labor Employment and Training
Administration 1998; for full details see Watt 2002).
That comprehensive database was based largely on data
supplied by occupational analysts from sources such as
the Dictionary of Occupational Titles (DOT) (see
Osipow and Fitzgerald 1996, for an overview), refined
and applied to the O*NET 98 content model in which
the definition of career mathematics-relatedness was
Busing mathematics to solve problems^, with classification codes ranging from none through any, average, and
high.
Since O*NET 1998, the more recent O*NET 2011 model
optimises power to detect individual differences by providing
a continuous score (0–100) per STEM dimension, which captures the extent to which knowledge of each of mathematics,
physics, chemistry, and biology is required for particular careers using updated information (National Center for O*NET
Development 2011). The current study builds on the previous
work by examining mathematics-related expectancy-value
predictors of Australian and U.S. adolescents’ aspired career—not only related to mathematics, but also to biology,
chemistry, and physics. Antecedent measures of mathematical
achievement and mothers’ views were added as important
background factors in the expectancy-value model.
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The Role of Parents
Much research and theory on the underrepresentation of
women in STEM fields seeks explanations within the
individual, whether in terms of the individual’s mathematical ability, interests, or course preparation. Longterm longitudinal research conducted by expectancyvalue researchers within the Parent Socialisation Model
demonstrates the important role of parents’ beliefs in
their children’s later academic and occupational choices
(Chhin et al. 2008; Davis-Kean 2005; Eccles et al.
1990, 1993a; Meece et al. 1982; Pomerantz and Dong
2006). Parents’ general and child-specific beliefs shape
children’s future beliefs and choices (Chhin et al. 2008).
Examples of parental beliefs have included gender-role
attitudes, perceptions of the child’s ability, and specific
expectations for the prestige of the occupation the child
will have. We utilised available measures of studentperceived (Australian study) or actual mothers’ perception (U.S. study) of their child’s mathematical ability to
examine their role in the adolescents’ developing mathematics self-concept, interest, and importance value—
over and above the adolescent’s prior mathematical
achievement.
Perceived mothers’ mathematics ability beliefs would
more likely be predictive of adolescents’ motivations
than mothers’ own-reported perceptions would be.
Students’ interpretations of environments have been argued to be more important than objective indexes because their perceptions of events amount to reality for
them (Goodnow 1988). There is a sizeable body of data
demonstrating that children’s views on several issues are
better predicted by their perceptions of parental positions than by the positions parents report for themselves
(Goodnow 1988). Whether perceived or actual measures
were available, however, the direction of influence is
not completely clear. In a study investigating maternal
influences on girls’ and female adolescents’ perceptions
of mathematical ability, the reciprocal nature of parentchild influences over time has found the strength of
influence over time to be greater from parent-to-child
than from child-to-parent (Eccles et al. 1993a).

The Current Study
Recognising that gender differences in mathematics have
been used as an explanation for the underrepresentation
of women in mathematics-intensive careers, we sought
to test whether, and the extent to which, mathematics
motivations could explain aspirations towards different
science-related careers—for female and male adolescents—over and above prior mathematical achievements
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and socialisers’ perceptions. Motivational variables were
mathematics self-concept and components of value (importance and interest). We expected that mathematics
self-concept, interest, and importance value would all
predict preferences for careers involving mathematics
and physics, but it was an open question whether they
would predict choices for the less mathematical sciences
of biology and chemistry. We examined the possibility
of gender-differentiated processes using the technique of
multigroup structural equation modelling.
xThe two samples available to us were adolescents who
completed 11th grade in 1998 (Australian sample) or 12th
grade in 2009 or 2010 (U.S. sample). The design included
two points in time, with data from 9th and 11th grades
(Australian) and 9th and 12th grades (U.S.), thus making it
possible to test predictions over time. We investigated gender
differences in mathematics self-concept, interest, importance
value, and aspired careers related to mathematics, physics,
chemistry, and biology. Mothers’ perceptions were included
as a predictor of adolescents’ expectancies and values, and
students’ prior mathematics achievement and mothers’ education level were included as controls. We did not expect to find
gender differences in mathematical performance, but instead
we predicted that gender differences would favour young men
for self-concepts, values, and STEM-related career intentions—except for biology, where higher values for female
adolescents were anticipated. Based on the preceding review,
gender differences were expected more among the earlier
Australian than among the contemporary U.S. sample.
Finally, values were expected to play a greater role in
predicting career choices in Australia than in the United
States.

Study 1: Australia
Method
Participants
Australian data come from the Study of Transitions and
Education Pathways (STEPS 2016; Watt 2004) which involved three government secondary coeducational schools in
metropolitan Sydney that enrolled students of upper middleclass socioeconomic status. The eldest STEPS cohort, who
completed surveys through 1996–1998 at the start of each of
grades 9 and 11, is included in the present study. Those present
at both points in time were identified (N = 358 of the 459
students initially present at grade 9), of whom 27 students
who wrote that they were undecided on their career choice
were excluded. Thus the final sample included 331 students
(146, 44%, young women and 185, 56%, young men). At
grade 9, the average age for these 331 students was 14.41 years
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(SD = .53); 73.1 % (n = 242) nominated English as their home
language (other home language groupings were 71 (21.6%)
Asian, 7 (2.0%) European, 10 (3.1%) Middle Eastern, and 1
(.2%) South American).
Measures
At Time 1 (grade 9) students reported their mothers’
highest level of education on an ordinal scale from 1
(partly completed high school), 2 (completed high
school), 3 (technical college), to 4 (university degree).
At Time 1 students also responded to two items about
their mothers’ perceptions of students’ own mathematical abilities: BHow talented does your mother think you
are at maths?^ and BHow well does your mother expect
you to do at maths at school?^ As a measure of prior
mathematics performance, at grade 9 students were
asked to report as a percentage, BWhat mark did you
get for your final Year 8 maths result?^
xMathematics-related motivations were measured in grade
9 using Eccles and colleagues’ expectancy-value measures
(Eccles 2005; Wigfield and Eccles 2000), with grammatical
and contextualising modifications for the Australian sample
(Watt 2004). These measures focused on perceived ability/
success expectancy (self-concept), intrinsic value (interest),
and attainment/utility value (importance). Each item was rated
on a 7-point scale from 1 (not at all) to 7 (very). All items and
Cronbach’s alpha measures of internal consistency are presented in Table 1.
At Time 2 in grade 11, Australian students were asked:
BWhat career are you mainly considering for your future?^
Each student’s career was then coded for the amount of mathematics and science knowledge (biology, chemistry, and physics) that was required for that occupation, using O*NET 2011
(National Center for O*NET Development 2011), a project of
the U.S. Department of Labor. This coding provided a quantification of the STEM knowledge required for a particular
occupation on a scale from 0 to 100. For example, for biostatisticians, mathematics = 95, biology = 49, chemistry = 12, and
physics = 10. Scores in the O*NET database are based on data
from workers and occupation experts. O*NET has the substantial
advantage of yielding a continuous score for each dimension
rather than a dichotomous variable (e.g., plans to be a physicist
or not). If students listed more than one occupation, the one that
they listed first was coded. Occupational data could be coded for
286 of the 331 participants.
Data Analyses
Analyses were conducted within the multiple-group mean and
covariance structures framework using Amos 21 (emulisrel6
option selected) to include mean-level information in addition
to the covariance matrix. All measurements were specified as
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Unconstrained CFA completely standardised factor loadings (LX) and Cronbach alpha reliabilities

Construct Item

Item stem

Australia
Math self-concept (α = .832; grade 9)
Abil1: Compared with other students in your class, how talented do you consider yourself to be at maths?
Abil2: How talented do you think you are at maths?
Exp1: How well do you expect to do in your next maths test?
Exp2: How well do you expect to do in school maths tasks this term?
Exp3: How well do you think you will do in your school maths exam this year?
Math interest (α = .941; grade 9)
Intrin1: How much do you like maths, compared with your other subjects at school?
Intrin2: How interesting do you find maths?
Intrin3: How enjoyable do you find maths, compared with your other school subjects?
Math Importance (α = .881; grade 9)
Att1:
To what extent will you need maths in your future work/career?
Att2:
How important is doing well in maths to you?
Util1: How useful do you believe maths is?
Util2: How useful do you think maths is in the everyday world?
Util3: How useful do you think mathematical skills are in the workplace?
Mother’s perceptiona (α = .707; grade 9)
Mq2:
How talented does your mother think you are at maths?
Mq4:
How well does your mother expect you to do at maths in high school?
What mark did you get for your final Year 8 maths result? (%)
Math scoreb
Mother’s
What level of education does your mother have? (1 = part high school; 2 = high school; 3 = technical
education
college; 4 = university)
What career are you mainly considering for your future? (grade 11)
mathematics O*NET score /100
Mathb
physics O*NET score /100
Physicsb
chemistry O*NET score /100
Chemistryb
biology O*NET score /100
Biologyb
United States
Math Self-concept (α = .882; grade 9)
Abil1: How good are you at math?
Abil2: If you were to rank all of the students in your most recent math class from the worst to the best, where would you put
yourself?
Abil3: Compared to most of your other school subjects, how good are you at math?
Math interestb (grade 9) How interesting is math to you?
Math importance (α = .811; grade 9)
Util1: How important is it that you learn math?
Util2: How important is math to your future?
Mother’s perception (α = .933; grade 7)
Mq1:
How good is your child at math?
Mq2:
How good is your child at math, compared to other kids?
Mq3:
How well did your child do in math this year?
Mq4:
How much natural talent does your child have in math?
Math scoreb (grade 10) WKCE math scores
Mother’s ed. b How many years of education do you have?
What job or career would you like when you’re 30 years old? (grade 12)
Mathematics O*NET score
Mathb
Physics O*NET score
Physicsb
Chemistry O*NET score
Chemistryb
Biology O*NET score
Biologyb

LX
males

LX
females

.60
.70
.86
.84
.76

.60
.78
.87
.85
.92

.91
.92
.94

.85
.93
.92

.74
.69
.82
.91
.87

.77
.66
.92
.77
.82

.69
.80
1.00
1.00

.74
.73
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

.95
.82

.95
.84

.80
1.00

.81
1.00

.89
.80

.91
.73

.94
.93
.86
.90
1.00
1.00

.92
.92
.81
.85
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

Not presented are the measurement errors (TD); latent intercorrelations shown in Table 5
a

items constrained to load equally for two-item subscales

b

Alphas are not applicable for single-item indicators

interval data, except for mother’s level of education which
was ordinal. Because popular approaches to missing data,
such as mean substitution as well as listwise and pairwise
deletion, can bias results (Allison 2001), Full Information
Maximum Likelihood (FIML; Arbuckle 1996) estimation
was used to include all observed data.

Measurement Models
xMeasurement equivalence indicates that constructs are
generaliseable to different groups, that sources of bias and
error are minimal, that gender differences have not differentially affected the constructs’ underlying measurement
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characteristics, and that between-gender differences in construct means, variances, and covariances are quantitative in
nature. Strong factorial invariance (Little 1997; Meredith
1993), or scalar invariance, implies that constructs are fundamentally the same across groups and consequently directly
comparable. This is tenable when sequential introduction of
equality constraints for factors’ loading and intercept parameters does not produce substantial change in model fit. The
sequence of analyses involves: (a) a combined multiple-group
model with no cross-group equality constraints imposed on
latent constructs for young men and young women (Model
1), (b) the addition of the constraint that loadings are invariant
across samples (Model 2), and (c) the assumption that intercepts are equivalent (Model 3: the Measurement Equivalent
Model; Little 1997). Nested models are compared according
to change in the Chi-square statistic relative to change in degrees of freedom; significant worsening of model fit indicates
that the imposed model constraints are not tenable. Because
the Chi-square comparison is highly stringent and sensitive to
sample size, Little recommended inspection of changes in
practical fit indices—initially with a margin of .05 (Little
1997) and later a more stringent margin of .01 (Little
2013)—indicating acceptable model similarity to proceed
with the introduced constraints. For factors that were measured by a single indicator, those item loadings were fixed to
unity and error variances to zero; uniquenesses for the four
STEM career preference outcomes were permitted to freely
covary.
Gender Differences
Gender differences in STEM career preferences and mathematics score were compared using MANOVA. For latent constructs measured by multiple indicators, latent mean gender
differences were estimated. Young men were set as the reference group, such that the freely estimated latent means for
young women produced the latent effect sizes corrected for
measurement error.
Gendered Processes
Multigroup structural equation models (SEMs) examined the
processes by which prior grade 8 achievement, grade 9 motivational factors, mothers’ perceptions, and mothers’ education
influenced male versus female adolescents’ STEM career
preferences by grade 11. Structural paths that were nonsignificant for both female and male adolescents (p > .05)
were sequentially deleted to achieve the final model. To identify where different gender processes occurred, structural
paths were sequentially constrained to be equal; when the
change in Chi-square value relative to the single degree of
freedom change exceeded the critical value (3.841, p < .05),
the assumption of equivalent relationship was not tenable,
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indicating significantly different processes for female and
male adolescents.
Results
Measurement Models
Among the Australian STEPS sample, initial unconstrained
multigroup confirmatory factor analysis (Model 1) examined
construct validity for male and female adolescents, with items
specified as indicators only for their respective factors, error
variances and factor correlations freely estimated, and no error
covariances permitted. Factor loadings were all statistically
significant and are presented in Table 1. Model fits for sequential constrained Models 1 through 3 are shown in Table 2. In
each, fit statistics were acceptable, and although the change in
Chi-square was statistically significant, showed small changes
in practical fit indices across sequential models, well below
the .05 margin referred to by Little (1997) and all but one
(p = .012) below the stricter .01 margin (Little 2013). The
condition of scalar invariance was therefore met, indicating
that quantitative comparisons of factor scores could be meaningfully undertaken across gender groups.
Gender Differences
Despite similar reported prior mathematical achievement, F(1,
217) = .034, p = .853, ηp2 = .000, male adolescents preferred
careers that were related to mathematics and physics significantly more than did female adolescents, F(1, 217) = 16.018,
p < .001, ηp2 = .069, for mathematics; F(1, 217) = 17.008,
p < .001, ηp2 = .073, for physics. Female adolescents significantly preferred careers related to biology, F(1, 217) = 4.773,
p = .030, ηp2 = .022; there was no gender difference for
chemistry-related careers, F(1, 217) = 1.901, p = .169,
ηp2 = .009. Careers related to mathematics were preferred
more than careers in physics, chemistry or biology (see
Table 3 for descriptive statistics). Female adolescents had significantly lower interest than male adolescents did in mathematics, lower self-concept, and considered their mothers to
believe them to be less talented (see Table 4); male and female
adolescents perceived similar mathematics importance.
Motivational Processes
The final structural equation model, including scalar invariance
constraints for female and male adolescents, exhibited satisfactory model fit across a range of frequently emphasised indices
(χ2 = 599.171 df = 369, RMSEA = .044, TLI = .927,
CFI = .942; see Fig. 1). xFor male adolescents, grade 11 mathematics-, physics- and chemistry-related careers were directly
predicted by grade 9 mathematics interest; biology-related careers, by grade 9 mathematics importance. For female
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Table 2
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Fit statistics for sequential constrained models
χ2

df

RMSEA

CFI

TLI

Model 1: Freely estimated

470.34

302

.041

.957

.935

Model 2: Loadings invariant
Model 3: Scalar invariance

493.56
550.35

312
327

.042
.046

.954
.943

.932
.920

Steps

Δχ2(df)

ΔCFI

ΔTLI

23.22(10)*
56.79(15)*

.003
.011

.003
.012

Australia

United States
Model 1: Freely estimated

*

218.39

138

.065

.982

.969

Model 2: Loadings invariant

221.64

144

.062

.983

.971

3.25(6)

.003

.002

Model 3: Scalar invariance

253.24

161

.064

.980

.970

31.60(17)*

.003

.001

p < .05

adolescents, all four career STEM dimensions were predicted
by grade 9 mathematics self-concept. Interest and self-concept
were strongly correlated (ϕs = .70 for male, .59 for female
adolescents), as were interest and importance (ϕs = .49 for
male, .44 for female adolescents). Self-concept and importance correlated only for male adolescents (ϕ = .47). Grade
9 student-reported mother perceptions correlated highly with
students’ mathematics interest (ϕs = .52 for male, .63 for
female adolescents), self-concept (ϕs = .70 for male, .84 for
female adolescents), and importance (ϕs = .41 for male, .30
for female adolescents). Grade 8 mathematics achievement
was highly correlated with mothers’ perceptions for female
adolescents (ϕ = .78), less so for male (ϕ = .52).
Achievement was moderately related to interest (ϕs = .48
for male and female adolescents), self-concept (ϕs = .46 for
male, .70 for female adolescents), and importance for male
adolescents (ϕ = .23). Latent correlations between all constructs are shown in Table 5. Parameter estimates for the
SEM are presented in Table 6.
Table 3

Significant gender moderation occurred between each of
prior mathematics achievement with self-concept, and
achievement with mothers’ perceptions. Female adolescents’
mathematics self-concept was significantly and substantially
associated more with their prior achievement than was the
case for male adolescents; reported mothers’ perceptions
concerning their daughters’ mathematical abilities were significantly and substantially more closely tied to daughters’
achievement in mathematics than to sons’.

Study 2: United States
Method
Participants
Participants were 298 adolescents (158, 53%, female adolescents) who participated in the longitudinal Wisconsin Study of

Descriptive statistics by gender for observed study variables, Australia and U.S.

Variables

Career preferences:
Math
Physics
Chemistry
Biology
Previous math performance
Math interest b

Australia

United States

Males
M (SD)

Females
M (SD)

da

Males
M (SD)

Females
M (SD)

da

53.74 (19.15)
24.51 (22.13)
21.50 (19.81)
16.41 (23.55)
75.27 (16.33)

43.45 (17.89)
14.41 (15.75)
18.48 (20.96)
24.84 (29.62)
75.82 (15.21)

.56*
.54*
.15
-.32*
-.03

54.46 (18.08)
29.40 (21.81)
29.88 (22.65)
27.31 (28.47)
599.97 (37.11)
3.79 (1.79)

51.58 (17.06)
19.68 (18.62)
31.43 (22.96)
40.11 (30.04)
598.34 (36.02)
3.79 (1.88)

.16
.48*
-.07
-.44*
.04
.00

The mathematics and science knowledge requirements of preferred careers are scored on a scale from 0 to 100. Previous mathematical performance is
reported as a percentage for Australian data and as a standardised test score for U.S. data
a

d is the effect size for the gender difference, equal to the mean for males minus the mean for females divided by the pooled within-groups SD

b

Measured by a single item for U.S. sample and by multiple item indicators for Australian sample. Values for Australia are therefore shown in Table 4,
which reports values for latent variables
*p < .05
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Gender differences in mathematics motivation variables: latent means (KA), item intercepts (TX) and loadings (LX)

Variables

KA (females)

Variance

p (C.R.)

Item

TX

LX

-.370

.560

<.001

a

5.358
6.042

1.000
1.000

Abil1
a
Abil2

4.810
5.025

.765
1.000

Exp1
Exp2

5.498
5.470

1.080
.990

Exp3
Intrin1

5.452
4.262

1.035
.968

Intrin2
a
Intrin3

4.514
4.196

1.008
1.000

Att1
Att2

5.342
5.866

1.141
.752

Util1
Util2
a
Util3

5.826
5.827
5.851

1.111
1.079
1.000

a

Mq1
Mq2
Mq3

5.671
5.336
5.842

1.000
1.020
1.002

Mq4
a
Abil1
Abil2
Abil3
a
Util1
Util2

5.195
5.167
5.072
4.575
5.512
5.728

1.071
1.000
1.007
.842
1.000
1.210

Australia
Mom perception

mq2_9
mq4_9

a

Self-concept

Interest

Importance

-.611

-.715

-.008

.754

2.753

1.113

<.001

<.001

.948

United States
Mom perception

-.090

1.338

.723

Self-concept

.093

1.551

.720

Importance

.283

2.709

.322

Parameter estimates are presented in unstandardised form; latent means (KA) are relative to the male adolescents as reference group in the original metric;
item loadings and intercepts were constrained to be equal across gender groups
a

Indicators of each construct were fixed to 1 to establish the factor metric. Not included are the measurement errors

Fig. 1 Structural diagram for
Australian STEPS male and
female adolescents. Mom perc =
Moms’ perceptions; Chem.
career = Chemistry career.
Paired parameters indicate
standardised structural paths
for male/female adolescents
for scalar invariant SEM;
grade measured is presented
in brackets per construct. Not
represented are measurement
errors, uniquenesses, intercepts or variances (refer to
Table 6). All single-item indicators specified to have
loadings of 1 and 0 measurement error. * p < .05. **
p < .01. *** p < .001

.16/.15
.38**/.18*
.34** /.27**
.80**/.70**
.88**/.86**
.28**/-.05
.10/.08
.07/-.13
.00/-.11

.19/.28**
.43**/.42**
.34**/.28**
.36**/.25**
.21**/.19*
.17 /.11
.02 /.28**
.07 /.10
.15 /.04

.11/.14
.42** /.42**
.37**/.18*
.23**/.19
.26**/.24**
.05 /.11
.05/.15
.01/.14
.00/.15

.11/.14
.19/.28**
.16/.15
.08/.12
.13/.08
.06/.06
.11/.08
.15/-.03
.21*/.08

.08/.12
.23** /.20**
.36**/.26**
.80**/.71**
.81**/.68**
.32**/-.02
.11/.05
.09/-.12
.05/-.08

.70**/.59**
.49** /.47**
.34**/.28**
.19*/.22*
.19*/.19*
.20*/.15

-.08/-.01
.52**/.63**
.48** /.48**

Interest

.13/.08
.25**/.25**
.21*/.18*
.88**/.86**
.81**/.68**
.26**/-.08
.09/.02
.03/-.15
-.03/-.14

.47** /.16
.49**/.45
.18*/.15
-.03/.07
.03/.15
.18*/.17

.01/.04
.41**/.31**
.24**/.15

Importance

.06 /.06
.06 /.11
.17 /.11
.28**/-.05
.32**/-.02
.26**/-.09
.63** /.55**
.45**/.53**
.09/.43**

.30**/.39**
.36**/.31**
.18*/.14
.62**/.56**
.45**/.53**
.29** /.37**

-.13/-.14
.24*/.40**
.25* /.38**

Math career

.11/.08
.05/.15
.02/.28**
.09/.08
.11/.05
.10 /.02
.63**/.55**
.54**/.53**
.09 /.33**

.08/.28**
.20*/.24*
-.02/.06
.62**/.56**
.73**/.73**
.46**/.54**

.05/.03
.07/.25*
.10/.24*

Physics career

*

p < .05. ** p < .01

Mom perc mom’s perceptions, Mom ed mom’s education. Correlations below diagonal from unconstrained CFA; above diagonal from scalar invariant CFA

.69**/.54**
.47**/.19*
.28**/.38**
.07/.26**
.03/.27**
.17*/.23*

.45**/.68**
.47**/.44**
.23**/.16
.24** /.37**
.10/.22*
.01 /.23*
.07/.20*

.71** /.82**
.50** /.60**
.41**/.33**
.23* /.38**
.06/.23*
.12/.24*
.13/.21

-.01 /.02
.71**/.84**
.46**/.70**

Self-concept

-.01 /.01
-.08/-.02
.02/.04
-.13/-.14
.05/.03
.21*/.03
.25**/.04

Self-concept
Interest
Importance
Math career
Physics career
Chem. career
Bio. career
United States
Mom ed.
Mom perc.
Math score
Self-concept
Interest
Importance
Math career
Physics career
Chem. career
Bio. Career

Math score

-.04/.03
.52** /.78**
-

Mom perc.

-.02/.17
.51**/.77**

-.02/.16
.04/.02

Mom ed.

Latent correlations between constructs for male / female adolescents

Mom ed.
Mom perc.
Math score

Australia

Constructs

Table 5

.15/-.03
.01/.14
.07/.10
.07/-.12
.09/-.12
.03/-.15
.45**/.53**
.54**/.53**
.69**/.83**

.05/.30**
.19*/.22*
.03/.14
.45**/.54**
.73**/.74**
.77**/.88**

.21*/.03
.13/.26*
.02/.25*

Chemistry career

.20* /.08
.00/.15
.15/.04
.00/-.10
.05/-.09
-.03 /-.14
.08 /.43**
.09/.33**
.69** /.84**
-

.18*/.24*
.20*/.16
.18*/.17
.29**/.37**
.46**/.54**
.77**/.88**
-

.25**/.04
.14/.23*
.07/.21*

Biology career
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Scalar invariant SEM: Item loadings (LX/Y in original metric and standardised), intercepts (TX/Y), and correlated uniquenesses (Z)

Construct

Australia
Self-concept

Interest

Importance

Mom. perc

Item

Importance

Standardised LX/Y:

Correlated uniquenesses (Males/Females p < .01)

Males / Females

Math

Physics

Chem.

.24 / .51
.43 / .48
.24 / .31

-.72 / .71
.46 / .51

-.78 / .88

.66 / .55
.43 / .53
.04a / .43

-.52/ .54
.07a / .34

-.69 / .83

Abil1

4.65

.76

.57

.67

4.82

1.00

.72

.80

Exp1
Exp2

5.27
5.26

1.08
.99

.85
.83

.90
.88

Exp3
Intrin1

5.23
3.94

1.04
.97

.81
.91

.91
.87

Intrin2

4.17

1.01

.93

.92

Intrin3
Att1

3.86
5.30

1.00
1.15

.94
.76

.93
.74

Att2
Util1

5.84
5.79

.76
1.12

.68
.84

.67
.90

Util2
Util3

5.78
5.81

1.08
1.00

.89
.86

.81
.82

mq2_9
mq4_9

5.24
5.92

1.00
1.00

.69
.80

.75
.75

72.96
2.79

1.00
1.00

1.00
1.00

1.00
1.00

52.05
23.87
21.11
15.47

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

Mq1
Mq2
Mq3
Mq4
Abil1

5.78
5.35
5.65
5.48
5.22

1.00
1.02
1.00
1.05
1.00

.94
.93
.86
.90
.95

.92
.92
.81
.85
.95

Abil2
Abil3
Util1
Util2

5.05
4.52
5.60
5.73

.84
.99
1.00
1.14

.82
.80
.79
.89

.84
.81
.73
.91

3.76
598.92
15.25
54.57
29.67
29.62
27.31

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00

Math career
Physics career
Chemistry career
Biology career
United States

Self-concept

LX/Y

Abil2

Math score
Mom ed.

Mom perc.

TX/Y

Interest
Math score
Mom ed.
Math career
Physics career
Chemistry career
Biology career

Mom perc mom’s perceptions, Mom ed Mom’s education. Not presented are the measurement errors (TD/TE), variances/covariances; latent intercorrelations (Φ) shown in Table 5; structural paths (γ) in Figs. 1 and 2
a

not significant (p > .05)

Families and Work (Hyde et al. 1995; the sample excludes
families who were part of an intervention group;
Harackiewicz et al. 2012). The average age of students was
15.50 years (SD = .32) in 9th grade in 2006–2007 and

18.51 years (SD = .33) in 12th grade in 2009–2010. Those
present at both points in time were included (reduced N = 277;
153, 55%, female adolescents). Ethnic distribution was 90.4%
White adolescents, 1.0% Black, and 8.6% biracial or

Sex Roles (2017) 77:254–271

multiracial, characteristic of the state of Wisconsin where 90%
of the population is White (U.S. Census Bureau 2006).
Participants attended 144 different high schools across
Wisconsin and 12 other states. Roughly half the sample completed high school in 2009; the other half in 2010. Mothers’
total years of education ranged from 10 to 20
(M = 15.31 years, SD = 2.04), where high school graduation
or GED (passing the General Educational Development test)
counted as 12 years.
Measures
At grade 9 (Time 1), as in Study 1, youth completed items
developed by Eccles and Wigfield (1995). Mathematics selfconcept was measured with three items (BHow good at math
are you?^; BIf you were to rank all of the students in your most
recent math class from the worst to best, where would you put
yourself?^; BCompared to most of your other school subjects,
how good are you at math?^); interest was tapped by a single
item (BHow interesting is math to you?^); and importance by
two items (BHow important is it that you learn math?^; BHow
important is math in your future?^), rated on 7-point scales
from 1 (not at all) to 7 (very).
The study was embedded within a larger ongoing longitudinal study. At an earlier wave of data collection in grade 7,
mothers had rated their perceptions of their child’s mathematical ability using four items from the Eccles scales (Eccles and
Wigfield 1995; Eccles et al. 1983) rated on 5-point scales that
were also included (BHow good is your child at math?^; How
good is your child at math, compared to other kids?^; BHow
well did your child do in math this year?^; BHow much natural
talent does your child have in math?^).
School transcripts were obtained for 242 of the participants. Standardised mathematics test scores were taken from
the Wisconsin Knowledge and Concepts Exam (WKCE) administered to all Wisconsin students in public schools in
October of 10th grade. Participants’ WKCE scores ranged
from 473 to 723 (M = 599.06, SD = 36.43). These scores were
missing for students who had moved to other states and those
who attended private schools or were home schooled. Finally,
at 12th grade (Time 2), students were asked, BWhat job or
career would you like to have when you’re 30 years old?^
Responses were coded using O*NET 2011 as described in
Study 1 such that a continuous score provided a quantification
of the STEM knowledge required for nominated occupations
on a scale from 0 to 100.
Results
Measurement Model
The same method used to determine scalar invariance was
repeated with the U.S. sample. As in Study 1, all factor
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loadings for the unconstrained model were statistically significant and the model indicated adequate fit (see Table 1).
Model fit for the sequentially constrained models supported
scalar invariance (see Table 2).
Gender Differences
A MANOVA examined gender differences in mothers’
education, adolescents’ mathematics interest, standardised
test scores, and occupational aspirations. There was a significant multivariate effect of gender, F(7, 185) = 4.127,
p < .001, ηp2 = .135. This was due to significant differences on biology-related career aspirations, which were
higher for female adolescents, F(1, 191) = 7.014,
p = .009, ηp2 = .035, and physics-related careers, which
were higher for male adolescents, F(1, 191) = 13.426,
p < .001, ηp2 = .066; both effect sizes were moderate
(see Table 3). Other variables were similar for male and
female adolescents, including the standardised mathematics
test (d = .04). As in Study 1, latent means were set to
zero for male adolescents for constructs measured by multiple item indicators such that latent means represent female adolescents’ difference relative to males. No significant gender differences were found for mathematics interest, self-concept, or importance (see Table 4).
Motivational Processes
The final structural equation model, shown in Fig. 2
(including scalar invariance constraints), exhibited satisfactory fit (χ2 = 333.56, df = 201, RMSEA = .049,
TLI = .923, CFI = .943; see Table 2). For male adolescents only, 9th grade mathematics interest predicted
12th grade career aspirations related to mathematics.
Physics career aspirations were predicted by importance
value for male, and mathematics achievement for female
adolescents. Mathematics interest and self-concept were
moderately correlated (ϕs = .52 for male, .43 for female
adolescents), as were interest and importance value
(ϕs = .45 for male, .24 for female adolescents).
Students with higher self-concept had higher scores on
the mathematics standardised test (ϕs = .56 for male,
.41 for female adolescents); test score was correlated
with mathematics interest (ϕs = .37 for male, .22 for
female adolescents). Mothers’ perceptions correlated
with students’ mathematics interest (ϕs = .27 for male,
.21 for female adolescents), self-concept (ϕs = .63 for
male, .33 for female adolescents), and standardised test
scores (ϕs = .64 for male, .58 for female adolescents).
There were no significant gender moderated paths.
Latent correlations among all constructs are shown in
Table 5; parameter estimates for the SEM are in
Table 6.
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Fig. 2 Structural diagram for
WSFW United States male and
female adolescents. Mom perc =
Moms’ perceptions; Chem.
career = Chemistry career.
Paired parameters indicate
standardised structural paths
for male/female adolescents
for scalar invariant SEM;
grade measured is presented
in brackets for each construct.
Not represented are measurement errors, uniquenesses,
intercepts or variances (refer
to Table 6). All single-item
indicators were specified to
have loadings of 1 and 0
measurement error. * p < .05.
** p < .01. *** p < .001

Discussion
Our study sought to understand whether mathematics-related
motivational factors predicted the mathematics, biology, chemistry, and physics requirements of careers indicated by female
and male adolescents at the end of high school among samples
from two similar settings, albeit collected a decade apart and
with slightly different methods. Did mathematics act as a critical filter across diverse STEM career aspirations?
Mathematics-related perceptions and achievement had implications for each examined STEM domain in the Australian sample and for half the STEM domains in the U.S. sample, with
different emphases for female and male adolescents. To our
knowledge, this is the first study to disaggregate high-school
students’ preferred future occupations for the knowledge required for not only mathematics, but also biology, chemistry,
and physics. This allowed us to examine gender differences
across different STEM dimensions of career plans; whether
and how they were predicted by mathematics self-concepts,
values, achievement background and mother perceptions; and
whether predictions were moderated by students’ gender.
Findings across the two samples showed many similarities.
Consistent with the patterns noted in the introduction, male
adolescents’ aspired careers required more knowledge of
physics than did females’—in both samples. In contrast, female adolescents were more likely than were male, to prefer
careers that involved knowledge of biology. In Australia, male
adolescents’ preferred careers also required more mathematical knowledge than did females’; in the U.S. sample, the gender difference was not significant (consistent with findings for
the Eccles et al. U.S. CAB sample collected a decade earlier,
reported in Watt et al. 2012). Female adolescents’ lesser preference for physics-related careers (and mathematics-related

careers in the Australian sample) did not lie in deficits in
mathematical performance. Gender similarities occurred for
mathematical performance in both samples, consistent with
the well-sampled TIMSS and PISA studies of both nations
(see Else-Quest et al. 2010). Despite this performance similarity, male adolescents in the Australian sample had higher
mathematics self-concept and interest than female adolescents
did. For chemistry, there was no significant difference in
career-related intentions in either sample, consistent with national patterns in the United States (National Student
Clearinghouse Research Center 2013) and Australia
(Dobson 2012).
Limitations and Future Research Implications
The two studies reported here were not designed together,
limiting direct comparisons. Nonetheless, the core motivation
measures were based on Eccles and colleagues’ (1995) measures in both, with slight variations. Both samples were predominantly White (73% for Australia, 90% for U.S.) and
overrepresented middle-class families, limiting the study’s
generalisability to ethnic minority and lower socioeconomic
background youth.
The longitudinal designs with two points in time add
weight to inferences about influences on students’ STEMrelated career aspirations by the end of high school, although
caution should be exercised in regard to causal inferences. It is
tempting to interpret the finding that U.S. mothers’ ratings of
their adolescents’ mathematics ability in 7th grade predicted
the adolescents’ self-concept of mathematics ability in 9th
grade (see Fig. 2) as an indicator of the influence of maternal
beliefs on children’s self-concept. However, third-variable explanations are also possible. For example, the child’s mathematics
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ability, demonstrated earlier through standardised tests or grades,
may account for the mother’s rating of her child’s ability and the
child’s mathematics self-concept. This objection was addressed
substantially by the inclusion in the model of measured mathematical performance, which means that other paths represent the
significance of those relationships controlling for background
mathematics achievement.
An important innovation was our use of continuous measures of the amount of mathematics, biology, chemistry, and
physics knowledge required for the adult occupation preferred
by the adolescent by the end of high school using O*NET
2011 scores (National Center for O*NET Development
2011). These scores allowed us to disaggregate patterns of
prediction for mathematics-, physics-, chemistry-, and
biology-related aspects of aspired careers. Such distinctions
are particularly important when trying to understand gendered
participation in diverse scientific fields. We believe this approach will prove useful to future research as we continue to
work to understand why adolescents do, and do not, aspire to
STEM-related careers.
In the current study, mathematics self-concept or performance was more important for female adolescents, and mathematics interest for male, in their STEM-related career
choices. These findings contrast with previous research
(Eccles and Vida 2003), including previous findings with this
same Australian sample in relation to mathematics career
plans (Watt et al. 2012). However, those analyses were based
on an earlier O*NET coding (U.S. Department of Labor
Employment and Training Administration 1998), which provided four less differentiated categories that could have attenuated relationships compared with the continuous scale of
O*NET 2011. Moreover, O*NET 1998 focused on the
amount of mathematics required in careers rather than the
knowledge prerequisite to careers (as done in the current coding). Career characteristics and knowledge are also likely to
have changed in the intervening 13 years. For example, the
field of law increased on its mathematics O*NET code from
1998 to 2011, perhaps due to the increased reliance on scientific forms of evidence in litigation, and it was a career to
which more of the Australian female than male adolescents
had aspired. In contrast, the field of finance decreased in its
mathematics requirements, possibly due to technological developments in the form of helpful software, and it was a career
preferred more by male adolescents. The mathematics career
results reported here are therefore not directly comparable to
those reported by Watt et al. (2012).
Practice Implications
It was not the case that female adolescents showed a deficit in
mathematics achievement as assessed by school grades or
standardised tests. Despite this equivalence, female adolescents in the Australian sample held lower mathematics self-
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concept, which was more highly based on their prior achievements than males’, suggesting that male adolescents’ ability
beliefs may be inflated. Interventions developed to counter
stereotype threat effects show great promise for closing such
gender gaps (Miyake et al. 2010). Another strategy is to work
on the discrepancy between the gender difference in preferences for careers involving physics and the gender similarity
in actual mathematical performance. Female adolescents need
to know that they are scoring as well as male adolescents on
these objective measures and that they can expect to be successful in mathematics-intensive careers. More pronounced
gender differences in aspirations among the Australian sample
raise the question of just how much choice should be offered
to students in terms of participation in core STEM disciplines
during high school.
Actual, or perceived, mathematical abilities were important for female adolescents’ mathematics-related career plans in both samples. In the United States, for
female but not for male adolescents, standardised mathematics test score in 10th grade predicted 12th grade
preference for careers involving physics. In the
Australian sample, perceived mathematical abilities predicted each of mathematics-, physics-, chemistry-, and
biology-related career plans for Australian female adolescents, but not for males. In addition, female adolescents’ self-concepts were significantly more closely tied
to their previously demonstrated mathematical achievements than were males’, supporting our anticipated gender differences in processes. The fact that female adolescents seemingly will not plan to pursue a STEMrelated career unless they think they are good at it
may stem from gender stereotypes, which magnify uncertainty or doubts about their success.
The role of interest was also affirmed in our study. Interest
in mathematics was significantly linked to career physics, career mathematics, and career chemistry dimensions for male
adolescents in the Australian sample. In the United States,
mathematics interest linked to career mathematics for male
adolescents, although measurement by a single item may have
reduced precision and the ability to predict other variables
(Cole and Preacher 2014). Why would mathematics interest
be an important predictor of mathematics-intensive careers for
male but not for female adolescents? The answer may lie in
the pattern for actual or perceived abilities noted earlier and
may be consistent with the original premise of the Eccles
et al.’s (1983) expectancy-value model, which posits that only
if individuals expect they can succeed and value mathematics
will they enrol in advanced mathematics.
Did mathematics-related predictors impact career outcomes for biology, which is not a mathematics-intensive
field in the way that physics is? Mathematics interest was
unrelated to biology careers, for either female or male
adolescents, in either sample. In the U.S. sample, none
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of the mathematics variables (self-concept, interest, importance, test scores, or mothers’ perceptions) predicted
biology-related career plans. However, mathematics selfconcept did predict all STEM-related career dimensions
for female adolescents (but not for males) in the
Australian sample, and mathematics importance was predictive of biological career plans for male adolescents.
Patterns of very high uniqueness between chemistry and
biology career plans in both samples (especially for female
adolescents) and between physics and chemistry career
plans in the Australian sample implied that students (especially female adolescents) who had chemistry interests
were more likely to plan to pursue biochemistry careers
(both samples), and students with physics interests were
more likely to plan to pursue physics/chemistry careers
(see Table 6). Therefore, mathematics-related motivations
are important for a range of STEM-related career plans,
beyond mathematics-intensive careers, towards which promoting students’ self-concepts and values is key.
According to expectancy-value theory, and the Parent
Socialisation Model embedded within it, the beliefs of
parents as socialisers exert an influence on their children’s ability self-concept, values, and long-term goals
(Chhin et al. 2008; Eccles et al. 1993b; Frome and
Eccles 1998; Jacobs and Eccles 1992). Our results are
consistent with this reasoning. The effects were stronger
with the Australian sample, likely because students reported on their mothers’ beliefs, whereas with the U.S.
data, mothers reported their own beliefs. Additionally,
mothers’ perception data were collected earlier in the
U.S. study (grade 7) than in the Australian study (grade
9) so that the former were a more distal influence. In
both samples, mothers’ perceptions of their child’s
mathematics ability correlated with the child’s mathematics self-concept and interest. None of these correlations was gender-differentiated; that is, mothers’ beliefs
in their children’s mathematics ability related similarly
to female and male adolescents’ mathematics selfconcept and interest (as well as importance in the
Australian sample).
Intriguingly, in the Australian sample, mothers’ perceptions were significantly and substantially higher for
sons than for daughters, at the same time as these were
significantly and substantially more tied to students’ actual mathematical achievements for daughters than for
sons. These findings point to a gender bias in these
mothers’ judgments about sons versus daughters, or they
reflect male and female adolescents’ own differences in
ability self-concepts. Stronger associations among the
Australian sample reflect that students’ perception of
how the parent feels is more important to their motivations, perceptions, and decisions than parents’ own reported perceptions (Goodnow 1988). These findings
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point to the importance of parents in encouraging or
discouraging their adolescents’ STEM career aspirations.
Therefore, interventions to increase STEM participation
may be able to target parents successfully (e.g.,
Harackiewicz et al. 2012).
Conclusions
In tune with the critical filter hypothesis, gender differences in
mathematics-related motivations had consequences beyond
mathematical career plans to diverse scientific career aspirations. Consequently, educators’ and policymakers’ attention
to optimise positive student perceptions in mathematics
should yield benefits for STEM participation more broadly.
Patterns of gender differences and predictive variables varied
considerably for mathematics and different sciences. In future
research on gender and STEM, it will be important to differentiate biology, chemistry, and physics, rather than relying on
aggregated measures of attitudes about science or STEM. At
the same time, we need to understand the choices into which
young women opt, instead of singularly focusing on why they
opt out of particular STEM domains (Eccles 2013). This approach entails taking a dual focus to encompass the career
choices that girls and young women actually make.
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