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As I was growing up, the notion
that science may have had gender

connotations never occurred to me.
While studying for my degree in
chemistry from QIT (now QUT) I had
various jobs as a chemist at places
such as Golden Circle, the
Queensland Government Chemistry
Laboratory, Provincial Traders and
lastly – as Works Chemist (Qld) for
five years – at the oilseed processing
and surface coatings company Meggitt
Ltd. But the fact that chemists and
chemistry students were almost
entirely male escaped me. It wasn’t
until I started teaching chemistry at
high school that the penny dropped. 

I was first drawn into this debate
by results from the annual Royal
Australian Chemical Institute’s
Australian National Chemistry Quiz.
Results often showed that the highest
achievers in a chemistry class did not
always achieve the highest marks on
the quiz. Further, boys appeared to
outscore girls on the quiz even when
they received similar grades on school
chemistry tests. Similarly, published
reports of chemistry achievement in
Queensland schools showed that
there were relatively more boys than
girls at the highest level of
achievement. This was also true of
other Australian states as well as
internationally. 

I was drawn further into the debate
by ongoing questions of boys’ and
girls’ aptitudes and preferences for
science, particularly when I shifted
from a co-educational school to an
all-girls school in the same suburb of
Brisbane. It struck me that there was a
perception in the community sug-
gesting that girls would find physics
difficult when the Governor of
Queensland, Sir Walter Campbell,
visited my classroom and asked that
very question. Prompted no doubt by
the dearth of women in science
careers, his comment focused my
attention onto how research findings
could help me understand how
students, whatever the sex, could be
better prepared to face tests of
achievement in science. Differences in
boys’ and girls’ interests, hobbies and
reading were already apparent from
anecdotal evidence and it seemed that
the way boys and girls knew various
things about different science topics
could be relevant. When the large
database of results for the Australian
National Chemistry Quiz was made
available to me, I sensed the oppor-
tunity to enquire further into the sex
differences in chemistry achievement. 

A review of the literature shows
that the controversy over the nature
and causes of psychological sex dif-
ferences goes back many decades, but
it was probably the watershed review
by Maccoby and Jacklin1 that united
the many disparate and divergent
findings. Not that their review was

definitive – far from it. It prompted a
rush of enquiry into sex differences,
with researchers adopting many and
varied strategies and being aided by
developments in statistical analysis.
Dotted along the way were more
summary reviews often collating
larger and larger numbers of studies
on which to base conclusions – or
biases – as the case may be. The birth
of the meta-analytic review gave the
community of researchers new tools
to evaluate findings and to decide
whether the sex differences were
cultural or biological in origin.
Although some reported differences
are relatively large, there is recent
evidence of progressive changes in
girl/boy relativities suggesting that
much of the sex difference in cog-
nitive performance is attributable to
non-biological factors.

However, behind the numerical
correlations was a plethora of
ambiguous results from studies whose
methods were often questioned.
Although the field has matured, the
vigorous debates about the nature and
causes of sex differences have
remained very healthy. Ultimately, my
PhD research sought to determine
factors either influencing or causing
sex differences in chemistry.2

As with some other areas of
science,3 the evidence indicated that
boys’ achievement in chemistry was
higher, on average, than girls’, and
that this difference was not attrib-
utable to item difficulty confounds.4

The dearth of women in scientific careers and the differential performance of boys and girls at

the highest levels of achievement in high school chemistry have for decades been recognised

facts. A wide-ranging study undertaken in Queensland secondary schools has helped

understand why boys tend to perform better in chemistry than girls, in a particular range of

tasks. A statistical model shows that out-of-school interests and gender orientations are two

important sources of the sex difference in chemistry achievement.
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Of the various explanations con-
sidered for this effect, the most
promising appeared to be sex-cor-
related differences in science-related
interests and in orientations to sex
roles. For example, many students
engage in activities, interests and
sports that provide them with expe-
riences relevant to science. Such expe-
riences are likely to result in an inci-
dental knowledge and understanding
of these domains that the students
might otherwise not possess. Sex dif-
ferences in these science-related expe-
riences may be associated with sex
differences in incidental learning and
ultimately with performance on
formal chemistry tests. A student’s sex
role orientation, irrespective of bio-
logical sex, may also influence her/his
experiences of the world in ways that
influence the uptake and use of
science-related knowledge. My
research examined these possibilities,
culminating in a structural equation
model demonstrating sex influences
on chemistry problem solving partly
mediated by science-related
knowledge and sex role orientation.

An empirical test of science-related
incidental knowledge was developed
and trialled with 542 secondary
school chemistry students. Clear
evidence was found for sex differences
in this knowledge (some areas
favoured girls, others boys), and the
differences thus revealed were used to
construct a chemistry achievement
test with three subscales: one biased
in favour of girls’ incidental
knowledge, another biased in favour
of boys, and a third consisting of
neutral items. 

Performance on this test was cor-
related with students’ science-related
incidental knowledge and their sex
role orientation,5 and their enrolment
status for a concurrent physics course
(because earlier research suggested
this also might be a relevant predictor
of chemistry achievement). 

Preliminary analyses showed that
two of the three chemistry subtests
performed as expected. The boy-
gendered subtest produced a sig-
nificant difference in scores favouring
boys and with the neutral subtest
there was no significant difference

between boys’ and girls’ scores.
However, the girls’ subtest was
expected to show a sex difference
favouring girls, but this did not
eventuate.

The other variable thought likely
to give rise to sex differences in
formal chemical knowledge was sex
role orientation. Sex role orientation –
defined as masculine, feminine,
androgynous and undifferentiated –
was associated with differential per-
formance on the chemistry test. First,
highly masculine students tended to
perform significantly better than
weakly masculine students on the
boy-gendered chemistry questions
whereas highly feminine students per-
formed significantly better than
weakly feminine students on the girl-
gendered chemistry questions. Lastly,
as anticipated, there was no sex role
differentiation on the unbiased
chemistry questions.

However, some inadequacies were
apparent with the preliminary
analyses, and four additional variables
were included. Gendered knowledge
appeared to be a factor contributing to
sex differences in chemistry
achievement but the influence of total
incidental knowledge was uncertain.
Secondly, the effect of masculine and
feminine sex orientations was
apparent but the influence of non-tra-
ditional sex roles was not clear. Both
these variables needed to be
accounted for. The other aspects of
interest were the influence of the con-
current curriculum (in this case
physics) on chemistry performance
and the relationship of the chemistry
subscales to a more traditional test of
chemistry achievement.

The main analysis was motivated
by two purposes. The first was to take
account of all variables simulta-
neously. Although a variety of
commonly used statistical methods
were applied to the data to test and
control factors for one another’s joint
influence, they did not take account
of measurement error, relationships
among predictor variables and
unequal interval scaling of inde-
pendent and dependent variables. For
better estimates of effects structural
equation modelling was adopted. It

allowed the determination of con-
struct validity of measures and the fit
of the model, none of which could be
handled by classical regression
analysis. The second aim was to
incorporate non-gendered aspects of
incidental knowledge and sex role ori-
entation in addition to the gendered
aspects. 

To achieve these aims, a complex,
multistage, mediated-effects latent
variable structural model was hypoth-
esised. The measurement design con-
sisted of latent variables for gendered
and non-gendered science-related
incidental knowledge, traditional and
non-traditional sex roles, and a latent
variable for general chemistry
achievement, all of which used the
variables described earlier as indi-
cators. The structural design consisted
of the direct and indirect influences of
sex on each of the chemistry subtests,
with the indirect effects being defined
via gendered and non-gendered
science-related incidental knowledge
latent variables, traditional and non-
traditional sex roles latent variables,
and a concurrent physics enrolment
variable.

Several important conclusions were
drawn from the structural model. One
of the most obvious was that some of
the chemistry test performance was
sex-biased and some not. Some of the
influence of sex on these biased parts
of the test may derive from prior sex-
biased interests in science-related
knowledge – an effect resulting from a
knowledge difference. However, other
influences of sex on the biased parts
of the chemistry test may derive from
students’ sex role orientations – a
gender difference. 

As well as the gendered effects of
science-related incidental knowledge
(which showed that gendered
chemistry subtests show sex dif-
ferences in response to the variety of
students’ knowledge), there were non-
gendered effects suggesting that
amount of prior relevant knowledge is
important for some aspects of
chemistry achievement. In cognate
areas such as physics, formal courses
might act in the same way as the ‘inci-
dental curriculum’, both being 
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Jim O’Donnell International Travel Awards
To enable financial graduate students to present at a major
international conference overseas.
Professor Jim O’Donnell generously bequeathed the RACI
with a sum of $25 000.00 to establish the ‘Jim O’Donnell
International Travel Awards’. This amount has been
increased by donations from individuals, organisations
and companies.

Professor Jim O’Donnell, throughout his long and dis-
tinguished career at the University of Queensland, was a
tireless advocate for linking young Australian chemists
directly to international science. These awards go a long
way to fulfilling his vision.

The guidelines for the awards are:
• The awards will be available to financial RACI

members who are currently enrolled as graduate
students to enable them to participate in a significant
international conference overseas.

• Each awardee shall be the presenter of one oral paper.
• There will be two rounds of applications and awards

will be valued at A$1500 each.

Five (5) copies of the application for the second round

of the awards should be sent to the RACI National Office

by the closing date and should consist of a curriculum

vitae, including a statement of academic record, the

abstract of the paper to be presented and a short

statement indicating to the selection committee how

attending the conference will benefit the student’s career.

The award will be for a conference to be held between 1

July 2004 and 31 December 2004. 

Applicants should arrange for their principal research

supervisor to forward a reference to Lynn Williams,

RACI, 21 Vale Street, North Melbourne, Vic. 3051 by the

closing date. 

After that time, no further nominations for the award

shall be received. If, in the opinion of the Board, there is

no candidate amongst those nominated who has suf-

ficient merit, the Board may refrain from making an

award.

Closing date: 31 August 2004
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correlated with sex, and perhaps being responsible for dif-
ferences in chemistry performance, but the mechanism for
the influence of incidental and formal knowledge remains
an open question. 

In defining the contributions to the advancement of
theory and implications for theoretical advance, the mech-
anisms that underlie the influence of science-related inci-
dental knowledge on the learning and assessment of formal
chemistry is postulated: one concerns a knowledge uptake
effect in which the incidental knowledge of events and phe-
nomena is crucial; the other is a testing effect in which the
vagaries of assessment and the notion of fair testing are
paramount. In this way the implications for future research
are elaborated. But, more than build an understanding of
the nature and influences of sex differences in cognition,
the questions were posed: what can we do about it? how
can practice be changed? Various possibilities were can-
vassed, culminating in a description about how the new
syllabuses in chemistry and physics in Queensland6 have
been written with these questions in mind. 

The brevity of this report means that the details of the
literature review, research questions, test instruments,
structural models and discussion about ‘what can be done’

have necessarily been omitted. Several of the key chapters
of this thesis can be found for the next few months on the
author’s website (www.mbc.qld.edu.au/chemistry/
phd.html).
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