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Introduction
It is well-documented that the fraction of students
enrolled in physics and the absolute number of students
enrolled in physics have both been steadily declining for
several decades [1–3]. Biology, chemistry and physics
have shown decline since 1991 and, of these, the decline
in the study of physics is the most signi!cant. "e overall
declines are even more severe for enrolments of girls in
these subjects and again the drop is most dramatic for
physics [4–8].

"e reasons for these reductions in numbers are not
clear, are no doubt complex and are mirrored across
many developed nations [9]. One may reasonably speculate

that the reasons include a perceived lack of relevance,
lack of career opportunity, scepticism about the value of
science and, in Australia at least, the removal of science
as a prerequisite for entry to many university courses.
Many of these perceptions have been underlined by
recent reports. For example, a Universities Australia
report released in 2012 [3] indicates that many students
regard science as uninspiring and that they struggle to
contextualise their learning into their broader life expe-
riences. "e report reveals that enrolments in sciences
with an obvious human or social dimension (such as
psychology) have increased, while sciences such as physics
have decreased. "e report also suggests that girls have
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Increasing numbers of girls studying
physics through partnerships

Eroia D. Barone-Nugent, Harry M. Quiney and Keith A. Nugent

The ARC Centre of Excellence for Coherent X-ray Science headquartered in the School
of Physics at the University of Melbourne, in collaboration with Santa Maria College,
Northcote, a Catholic girls school in suburban Melbourne, has developed a
partnership aimed at empowering girls to continue with their study of physics to Year
12. The program is called Growing Tall Poppies in Science: An authentic science experience
for secondary students. The program has succeeded in doubling the number of girls
studying physics at Santa Maria College. A longitudinal study identified the program’s
impact on students’ subject selection, particularly physics in years 11 and 12. The
results show a statistically significant increase in both students choosing year 11
physics and the retention of those students into year 12 physics.

Growing Tall Poppies



particularly moved away from the study of physics. 
As part of the outreach activities of the ARC Centre

of Excellence for Coherent X-ray Science (CXS) [10]
and the partnership activities of Santa Maria College,
Northcote (SMC) we have, since 2008, developed an in-
teractive and integrated program that engages secondary
students with current research questions that allows them
to contextualise the physical sciences. Our program is
called Growing Tall Poppies: An authentic science experience
for secondary students (GTP, for short) and it engages
students with research projects that are cross-disciplinary
in nature and highlights how the physical and biological
sciences work together to resolve complex questions [11]. 

A recent review of science education by the Australian
Academy of Science (AAS) [2] indicates the need for a
greater emphasis on a pedagogical model of student en-
gagement that promotes relevance and meaning to students,
rather than on the transmission model. "is has been
supported by the AAS ‘Science by Doing’ program [2].
"e AAS also reported the importance of demonstrating
and emphasising cross-disciplinary links in order to keep
students in science. Our program has independently de-
veloped and implemented teaching and learning strategies
that are entirely consistent with these reports and our
results con!rm the value of such an approach. 

We undertook a longitudinal study to identify the
program’s impact on students’ subject selection, particularly
physics in years 11 and 12. "e results show a statistically
signi!cant increase in both students choosing year 11
physics and retention into year 12 physics. 

A partnership between CXS and SMC
"e GTP program is particularly directed towards girls
in the physical sciences with the overarching aim of
demonstrating that physics is relevant to their own
interests. "e program is a context-based curriculum pro-
viding an authentic science environment for students
aged 15–17 years. "e program promotes enduring science

learning by focusing on how the scienti!c process builds
knowledge that improves the quality of life and how it
can address complex problems that are relevant to society,
community and individuals. "e essential tenet is that if
girls can see the relevance of physics to society via, for ex-
ample, developments in the biological sciences and med-
icine, and if they can meet working physicists who are ex-
cited by what they do, then they will see why it is worth
continuing with its study to year 12 and possibly beyond.
"e guiding principles of GTP are outlined in Box 1.

Students crave excitement in their learning environment
and they o#en make career choices based on a perception
that their contribution will be valued. Secondary school
students deserve the opportunity to see how science is
constructed, and how the advances being made right
now can e$ect change, can cure disease, can understand
climate change and improve ‘the lot’ of humanity [7,
11–13]. "e key to the GTP program, then, is to link
science educators, students and scientists via current
research projects in which students are able to participate
and contribute. At the same time, the outcomes of the
program are aligned to key curriculum areas allowing the
research work to support and invigorate the classroom
experience. "e projects are chosen to be engaging, and
to provide students with the autonomy to follow their
own lines of inquiry; curiosity and problem solving are
central parts of the experience. "e students work with
young scientists who take on a collegial mentoring role
rather than a classical (didactic) teacher role. "e scientists
help the students to formulate their own questions, follow
their own ideas, to construct investigations and collect
!rst-hand data [14]. "is collegial environment includes
exposure to cutting edge technology and allows the
students to explore the sciences in the context of potential
career choices. "e students are expected to articulate, in
their re%ective assessment, attractive career directions
they may have identi!ed. 

A critical factor allowing students to bene!t from this
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Box 1. Attributes of GTP
(1) GTP takes students out of the classroom and immerses them in world leading science laboratories with world-class scientists and

cutting edge technology 
(2) GTP provides context-based projects to relate science content to a broader contextual meaning
(3) GTP allows an inside look at science
(4) GTP expects students to gather results that contribute to scienti!c knowledge     
(5) GTP expects students to present their work to the scienti!c community and publish their work online, and to re"ect on the meaning

and importance of science
(6) GTP develops student expertise and knowledge that is shared with their school community and friends and family      
(7) GTP participants are encouraged to develop a mutually supportive community
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partnership is that CXS is an interdisciplinary centre
working at the intersection of physics, biology and chem-
istry. "e fundamental science research goals of CXS
address questions that are directly relevant to society,
such as alternatives to existing antibiotics and new cures
for malaria. Of course CXS is not alone in having an in-
terdisciplinary research program. "e School of Earth
Sciences at the University of Melbourne has also participated
in GTP via a project that investigates questions regarding
global warming in an interdisciplinary manner. As part
of their GTP experience, students searched through
archived historical documents for reports on weather
data to analyse if there has been a discernible change of
Australian climate since colonisation; this project linked
physics, earth sciences and Australian history. (For a dis-
cussion and some idea on such approaches to learning
see [15, 16].) 

A sample project
"e GTP program has run projects over a broad range of
topic areas [10, 11, 14] and we invite interested readers
to visit our website for details of many of them [see
www.coecxs.org/growingtallpoppies]. In this section, we
describe in detail a project highlighting how an abstract
theoretical aspect of physics can be articulated to Year 10
students.

A central scienti!c aim of CXS is to develop new
forms of X-ray structural analysis applicable to single
bio-molecules using data obtained by scattering extremely
high-intensity coherent X-ray laser pulses from single
bio-molecules. Increasingly the bio-molecules of interest,
such as membrane proteins, do not form crystals. "is
new approach to structure determination does not require
crystallisation of bio-molecules. We need to put aside,
therefore, the well-established methods of crystallography
that have been developed in the 100 years since Australia’s
!rst physics Nobel laureates published the Bragg equa-
tion.

"ere is a fundamental di$erence between deducing
the molecular structure from a periodic (crystalline)
di$raction pattern, and the use of the continuous di$raction
pattern that would be produced by a single molecule (a
non-crystalline structure). Fortunately, while the single
molecule experiment is very much harder than an exper-
iment with a crystal, the data analysis, while still challenging,
is rather easier. 

"e key to solving the structure that will produce a
continuous di$raction pattern is to recognise that the
structure that produces it is subject to a considerable

number of constraints. For example, we know that the
molecule has !nite extent, we probably know a lot about
its atomic constituents by independent methods of
chemical analysis, and we know that its electron density
is numerically positive and real. It is now well-established
that iterative processes that systematically guess that
answer and impose constraints such as these can get you
to the solution reliably and, with modern computer re-
sources, rapidly.

Interestingly, the method of recovering the phase for a
continuous di$raction shares some deep connections to
the solution of a Sudoku puzzle and to other problems in

Box 2. X-Ray Sudoku
E#cient computational algorithms exist for the
determination of structures from experimental X-ray
di$raction data. While the concepts of optical phase, the
Fourier transformation of complex amplitudes and iterative
computational algorithms are unlikely to be familiar to
secondary-level students. Elser has pointed out (see
seedmagazine.com/content/article/microscopy_and_the_
art_of_sudoku/) that the general strategy involved in the
phase retrieval of X-ray di$raction data is common to a wide
range of problems, including the solution of the
mathematical puzzle Sudoku. Large numbers of people may
be daily observed performing “constrained searches on
iterated maps” as they commute home on the train. In
Sudoku, one requires that the integers 1 to 9 appear exactly
once in each row, each column and each 3%3 sub-block of a
9%9 grid, subject to the !xed ‘clues’ that distinguish one
puzzle from another. The solution of problems in coherent
phase recovery and Sudoku puzzles may be cast within a
common framework. 

Elser described a general computational search algorithm
for Sudoku in which two constraints on arrangements of the
integers are applied in turn until a solution is obtained. This
algorithm is able to solve Sudoku puzzles in between 10 and
100 steps. We have devised a simpli!ed version of this
algorithm, also involving the satisfaction of two constraints.
The rules are simple and have been used to formulate a board
game that we ask the students to make and then play.

“Our program … engages
students with research
projects that are cross-
disciplinary in nature and
highlights how the physical
and biological sciences
work together to resolve
complex questions.”



code breaking. "e details of the connection to di$raction
are outlined in Box 2, but of course these require a level
of knowledge that is well beyond even the most optimistic
expectations of a Year 10 student. "ese students are,
however, familiar with Sudoku puzzles and are usually
able to solve them guided mostly by intuition; the
approach adopted in the GTP project may most simply
be regarded as a formal articulation of that intuitive
solution process. One of us (HMQ) has developed an
iterative scheme that enables all but the most !endish of
Sudokus to be solved via a new form of board game. "is
employs an iterative approach that works by repeatedly
imposing the constraint on a Sudoku – that each row
and column contains all digits from 1 to 9. "us the
GTP program involves ‘playing’ di$raction, explaining
how it relates to biology and drug-design, how CXS is
trying to take the !eld to a new level using the latest sci-
enti!c facilities and then relating it to the familiar. As a
bonus they take home a new board game that’s a lot of
fun for everyone (Fig. 1). "e students understand the
analogy between Sudoku and X-ray imaging and explain
it in their presentations at the conclusion of the program. 

"e Sudoku project is perhaps the most ambitious in
the GTP program, but there are numerous other interesting
and exciting projects in which students work in biology
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Box 3. Re!ections of Student
Participants in the Growing Tall
Poppies Program
“Before the Growing Tall Poppies program, I thought that
Physics, Biology and Chemistry were separate from each
other.” 

“The Growing Tall Poppies program revealed the importance
of science in today’s society and has inspired me to continue
to study science.” 

“My experience helped me see the importance of science and
relevant applications of the things you study at school. You
can also see the links with the di$erent areas of study.”

“Not only do you realise science is awesome but also that the
di$erent branches of science such as biology, physics and
chemistry are all joined together. I really feel I can do this type
of study as a career.”

“Before the program my de!nition of a scientist was a man
in white lab coat and now I see that scientists are all sorts of
people with a wide range of interests and really creative
minds.”

“The program has helped me see science-in-action and what
scientists really do. It has helped me stay interested in the
science we learn at school.”

“The best part was learning how the three sciences (physics,
chemistry and biology) complement each other.”

Fig. 1. The board of the GTP Sudoku game. White tiles are
the "xed clues. The constraint to be applied iteratively is
that each row and each column must contain all digits from
1 to 9. Keeping the movable squares of a particular colour
in the 3#3 regions ensures that the second Sudoku
constraint is obeyed automatically. Fig. 2. GTP conference delegates in 2010 explore the display

put on by the School of Physics at the University of
Melbourne for the event.



labs attempting crystal formation, perform experiments
at the Australian Synchrotron or in femtosecond laser
labs, or perform 3-D X-ray tomography using laboratory
sources [14].

"e reception by the students and by the scientists
they work with has been fantastic and some sample com-
ments are outlined in Box 3. "e community of GTP
alumnae continues to communicate though a website.
In 2010, a student conference was organised at which
Professor Margaret Murnane, a leading laser physicist
from Colorado, agreed to speak on her experiences as a
young female scientist (see Figs 2 and 3). "e next con-
ference in the series will be held in 2012.

Does it work? 
It is universally accepted that outreach activities and the
promotion of science are worthy activities but the success
of such initiatives is o#en merely anecdotal. With GTP
we have adopted the principle that we would apply the
same standards to our outreach as we do to our science.
"is necessitates the formulation of well-articulated goals
and the measurement of outcomes.

"e goal of GTP is quite simply to increase the number
of girls studying physics to year 12 and, in particular, to
ensure that once the student embarks on their !nal year

of physics study, they persevere to the end of their
secondary schooling. Year 12 enrolments in physics at
Santa Maria College are now approximately twice the
highest pre-GTP enrolment over the last decade. A
second feature of GTP is the con!dence that it provides
the students to persist with the study of physics. By this
measure, GTP has been a fantastic success, as shown in
Fig. 4 where we plot the retention rate of students from
Unit 2 physics (second semester in Year 11) to Unit 3
physics (!rst semester in Year 12). "is plot also shows
the state-wide !gures for girls obtained from the Victorian
Curriculum and Assessment Authority website
(www.vcaa.vic.edu.au). It can be seen that the retention
rate at SMC has increased very signi!cantly from a rate
below the state average to one that is well above a#er the
introduction of the GTP program in 2008. "e historical
retention rate of around 40% has increased to over 90%,
indicating both higher participation and higher retention.
"e enrolments, though small, have increased from a
2002–08 average of six students in Unit 3 (year 12)
physics to a 2009–12 average of 9.25 students. "is year
13 students are enrolled, the highest number ever at
SMC.

"e small numbers dictate that we must ensure that
the numbers are statistically signi!cant. Analysis via
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Fig. 3. Professor Margaret Murnane from the University of
Colorado describes the science she pursues to the 2010 GTP
student conference.

Fig. 4. Retention rate from Unit 2 (Year 11) to Unit 3 (Year 12)
physics. The diamonds show overall numbers for girls in
Victoria. The squares show the corresponding rate for Santa
Maria College. The increase in retention rate for SMC after
the commencement of GTP in 2008 is apparent and
statistically signi"cant (p < 0.001).

“The goal of GTP is quite
simply to increase the
number of girls studying
physics to year 12 …”



Fisher’s test for association has shown that the probability
that the impact seen in Fig. 4 is due to chance is negligibly
small (p < 0.001); the impact of GTP is a real e$ect and
the impact does live on with the students. We believe
that our data allow us to conclusively claim that our ap-
proach does change student outcomes.

Conclusions and future
Growing Tall Poppies is an active research project in
outreach that is having positive e$ects in changing per-
ceptions and subject choices of students. "e students
bene!t from the intensive mentorship they receive during
the week of participation in an environment that is new
and exciting. "e hosting research group integrates the
group of students with little disruption and the young

scientists who mentor them develop skills in communi-
cating their research goals in an understandable way.
Several PhD students have expressed an interest in a
teaching career a#er their GTP experience, because they
have enjoyed the process of facilitating students’ learning;
it can be life changing from both sides! 

As many research groups are involved in CXS, it is
possible to deliver this immersion program to a large
number of students. We see no fundamental obstacle to
scaling the program up to a signi!cantly larger scale if
access to more laboratories were possible, for example
via a university- or laboratory-wide program. In our case,
about three hundred students have been involved in the
four years of its operation, helping to encourage and
develop scienti!cally-inclined students to continue with
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Fig. 5. Eroia Barone-Nugent with student Yvonne Liu.



the study of science and especially physics. "ere is no
sign of any diminution of the importance of physics to
scienti!c advancement and through this program we are
contributing to the future generations’ tall poppies. We
are obliged to do all we can to ensure the continued
study of physics.
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