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Introduction

This information package contains outlines of the research interests of some of the high
profile researchers from the various Schools across the Faculty of Science at the University of
New South Wales along with directing you as to where you might find even more information.
We also have contributions from members of staff in the School of Optometry and Vision
Science and the School of Biomedical Sciences in the Faculty of Medicine and Health.

You are strongly encouraged to read through the descriptions of research areas contained here
and to browse the research pages of the Schools listed (most academics in the schools are
interested in hosting you). Along with giving you an indication of the breadth of interests of
academics at the University of New South Wales, it will allow you to consider what research
groups you might want to consider being involved with through the mentoring portion of the
Talented Students Programme (TSP).

Assignment of mentors is carried out at the School level by a TSP coordinator in that School.
This means that initially you will be allocated to a School (after discussion with the Director)
from which point your mentors will be assigned. We hope that this will ensure a high degree
of interaction with the School.

We hope you have a fun and productive year.

Prof. Neeraj Sharma
Director, Talented Students Programme
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Prof. Neeraj Sharma
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Phone: 0419439130
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School websites

Biotechnology and Biomolecular Sciences (BABS):

https://www.babs.unsw.edu.au/research
Biological, Earth and Environmental Sciences (BEES):

https://www.bees.unsw.edu.au/our-research
Chemistry: https://www.chemistry.unsw.edu.au/research/research-themes

Mathematics and Statistics: https://www.maths.unsw.edu.auw/research/research

Materials Science and Engineering: http://www.materials.unsw.edu.au/our-research

Physics: https://www.physics.unsw.edu.au/research/research-areas-physics
Psychology: https://www.psy.unsw.edu.au/research/areas-expertise

Biomedical Science: https://medicalsciences.med.unsw.edu.au/research
Optometry and Vision Science:

https://Www.optometry.unsw.edu.au/research/research-groups
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My experience with the Talented Students Program
By Fahad Khan

| began studying at UNSW in 2017 and was fortunate enough to be invited to be a part of the
Talented Students Program (TSP). My experience with the program in first year, | think, was
slightly unorthodox because of the way | found my first research opportunity. | want to share
with you my experience so that you can realise how unconfined and broad your horizons are as
a member of the TSP.

For the longest time now I've been interested in dementia because of its debilitating effects
which have widespread implications. I'm also extremely passionate about working to help
people who are disadvantaged (particularly those who come from low SES and/or indigenous
backgrounds) achieve the best they can and have the same opportunities as those from more
fortunate backgrounds. Considering this, when given the TSP booklet with all the exciting
research projects, | naturally scanned for a project that had some relation to dementia or
disadvantaged people. | didn’t find something that jumped out at me immediately. | then
reminded myself that | was in UNSW and that our university does more than just the research
projects outlined in the TSP booklet!

Having this in mind, | went online to the UNSW School of Medicine website to search for a
project that aligned more with what | was interested in — a project on studying dementia in
disadvantaged populations. | was not disappointed at all. | found a research team at
Neuroscience Research Australia (NeuRA) that was studying dementia in Aboriginal
Australians. Perfect! | then copied and sent the details from that research team to Neeraj who
then put me in touch with Trevor Lewis in the School of Biomedical Sciences who then put me
in touch with the NeuRA research team. The research team said they’d be more than happy to
have me experience their work with them for some time. | felt very lucky at this moment
because Trevor Lewis and Neeraj both explained to me that choosing and taking part in a
research project that wasn’t included in the TSP booklet was not guaranteed and that me
taking part would be at the complete discretion of the researchers themselves.

| spent 3 months at NeuRA learning the most amazing things I've ever learnt in my life. These
3 months had given me many new insights and ways of thinking about the health of the
population in general. In addition to this, the incidental lessons | learnt by asking questions and
inquiring about the experiences of the researchers (among whom was a neurologist who had
published hundreds of scientific papers and journal articles) were equally as valuable as the
actual experience of the research itself. My approach to volunteering with disadvantaged
people after being at NeuRA has become far more enthusiastic and my basic understanding of
the indigenous population of Australia has been enhanced, given | had a very poor
understanding about our indigenous population to begin with. | believe that working at NeuRA
has definitely been one of the best experiences I've ever had.

In the beginning, | thought that it would be far too much to ask to have a project that would
fit my interests since it seemed so very niche — | was so terribly wrong. | hope that after
reading this you realise the breadth of opportunity available to you. | encourage all TSP
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students to take the opportunities available to them with both hands and to realise the perks
that come with studying at a university that takes so much pride in its research. If there’s one
thing that you take away from reading this, | hope that it’s the fact that you aren’t limited to
the awesome research projects in the TSP booklet. | wish you the best of luck and | anticipate
that you will all have a wonderful time being part of the TSP.



School of Biotechnology and Biomolecular Sciences

www.babs.unsw.edu.au

School Contact:
Dr. Michael Janitz
E-mail: m.janitz@unsw.edu.au

Prof. Marcel Dinger: Investigating the biological relevance of DNA/RNA structures
Professor Dinger’s research laboratory seeks to establish new links between phenotype and
genotype, particularly between rare and complex disease and underexplored regions of the
genome, such as pseudogenes, repetitive elements, and those folding into non-canonical DNA
structures or are transcribed into noncoding RNAs. Harnessing the potential of population
scale genomic datasets, and sophisticated data science methods, the laboratory aims to bring
an objective perspective to better understand how the genome stores information and how it
is transacted in biology.

Prof. Andrew Brown: Balancing cholesterol/Cholesterol and cancer

An imbalance of cholesterol in certain cell types plays a role in several diseases. Therefore,
knowing precisely how cells regulate their cholesterol levels is central to understanding the
development of these diseases, and to identify new possible treatments. The statin class of
drugs, worth >$40 billion a year, have been effective in treating heart disease but are not
without their side effects. Statins inhibit a very early step in cholesterol synthesis. This
research investigates the regulation of newly identified control points later in cholesterol
synthesis, which have been largely overlooked.

Cells need cholesterol to grow and proliferate, while cancer is a consequence of unrestrained
cell growth and proliferation. We have shown that there are fundamental links between
cholesterol and cancer. In this work, we use molecular cell biological techniques to further
explore this link in the setting of prostate cancer.

Dr Michael Janitz: Exploration of transcriptome in health and complex diseases

Our research focuses on studying transcriptome in the human brain and peripheral tissues
using short- and long-read RNA sequencing. We are particularly interested in the role of
circular RNAs (circRNAs), linear RNA splicing patterns and RNA modifications in regulation of
molecular physiology of human tissues. Moreover, we aim at identifying RNA transcripts which
can serve as biomarkers of early onset of human complex diseases including neurological
disorders and cancer.

A/Prof. Vladimir Sytnyk: Synaptic mechanisms of memory formation

In the brain, information is transmitted, processed and memorised by neurons. To perform
these functions, neurons must grow and form networks, in which individual neurons are
connected to other neurons by specialised contacts called synapses. Neurons use synapses to
communicate with other neurons and to process and store information. Formation of the
networks and synapses is regulated by neural cell adhesion molecules. Our laboratory uses
cutting-edge techniques of modern biochemistry, molecular biology, microscopy, biophysics
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and bioinformatics to understand the molecular and cellular mechanisms of neuronal network
formation and regulation in health and disease. We also develop new technologies aimed at
improving brain performance, enhancing learning and maintaining memory by analysing
properties, functions and regulation of the neural cell adhesion molecules.

A/Prof. Kyle Hoehn: Obesity: The other pandemic

Obesity is associated with shortened lifespan and is a major risk factor for metabolic diseases
including cardiovascular diseases, fatty liver disease, and many types of cancer. Identification
of drugs that safely reverse obesity could increase healthspan, decrease disease burden, and
improve quality of life on a global scale.

My lab is focused on developing new drugs that reverse obesity. Our molecules are
mitochondrial uncouplers that lower metabolic efficiency so that more fat is burned to produce
a given amount of ATP energy. We are seeking students to join projects that will test new
mitochondrial uncouplers for bioactivity in vitro and for safety and efficacy to reverse obesity,
reverse fatty liver disease, and slow ageing in mice.

A/Prof. Irina Voineagu: Understanding the molecular genetics of the human brain

My lab investigates the molecular genetic mechanisms underlying normal brain function and
their perturbation in neurodevelopment disorders, e.g. Autism Spectrum Disorders and
Fragile-X Syndrome. We aim to increase our understanding by comprehensively analysing the
coding and noncoding genome in human brain tissue and neuronal cell culture systems with
the help of advancing genomic sequencing technologies. We have several lines of research on
topics such as non-coding RNA and trinucleotide repeats. For more details on our current
research, visit_http://www.voineagulab.unsw.edu.au/

Dr Dominic Glover: Synthetic biology

The folding and assembly of proteins into intricate supramolecular architectures is critical to
many biological functions, ranging from cellular scaffolding provided by cytoskeletal proteins
to the encapsulation of nucleic acids in viral capsids. Improvements in our understanding of
protein assembly is enabling the creation of biomaterials that mimic and complement
biological systems. The research projects in my laboratory use synthetic biology to build
functional materials and devices from self-assembling proteins.

Dr Brendan Burns: Environmental microbiology and astrobiology

Our research is focused on unravelling the evolutionary and ecological significance of early
Earth microbial ecosystems.

Stromatolites and microbial mats are model systems for studying the origins and evolution of
life on our planet. They are geobiological structures composed of complex and diverse
microbial communities. In particular, the impact of extreme stressors on microbial
communities and critical pathways in threatened mat systems are being assessed and critical
to ascertain before any irreversible ecosystem tipping points are reached. In particular
we are pursuing the role of ‘microbial dark matter’ in these systems including the enigmatic
group of Asgard archaea. We aim to break down the traditional distinctions between
prokaryotic and eukaryotic life using the Asgardians as a ‘missing link’.

Dr Matthew Baker: Evolutionary biophysics
My research group currently focuses on two streams of research:
1. The directed, molecular evolution of the bacterial flagellar motor to ascertain how the
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motor arose and to learn what constrains the evolutionary pathways that govern the
emergence of such complexity.

2. Bottom-up synthetic biology using DNA nanotechnology to control lipid interactions to
investigate mechanosensing and build systems for intracellular communication.

Dr Jai Tree: Gene regulation in bacterial pathogens

The lab is interested in how bacteria regulate gene expression with a focus on understanding
the contribution of non-coding RNAs. It is now apparent that the genomes of all organisms
are transcribed into an array of regulatory non-coding RNAs (ncRNAs) and bacterial pathogens
have not escaped the ncRNA revolution. Our major challenge now is to understand the
functions of these RNA species and high throughput sequencing technologies and
bioinformatics are providing the tools that will allow us to address these questions.

Prof. Marc Wilkins: Discovery and functional characterisation of intracellular protein
networks

Almost all proteins interact with other proteins to deliver their function. These form intricate
networks, including protein-protein interaction networks and signalling systems, which are
critical for the regulation of the cell. Currently, we are focused on two particular projects. The
first project aims to discover the regulatory network of histones. This has a strong biological
focus and is seeking to address a remarkable gap in our understanding of histone-mediated
effects on gene expression. This project is a wet lab project. The second project aims to
address a ‘grand challenge’ — to measure all interactions between proteins in a cell, in a single
experiment. This has a more technical focus and we have wet lab and dry lab (bioinformatics)
researchers working on this project. We welcome all enthusiastic students to join the team!

10



School of Biological, Earth and Environmental Sciences

www.bees.unsw.edu.au
School Contact
Prof. Russell Bonduriansky

E-mail: r.bonduriansky@unsw.edu.au

The academic staff members below are just a subset of the academic staff in the School of
BEES. For more information, see the BEES website.

Prof. Gab Abramowitz: Climate, ecological and hydrological model evaluation - what
defines a good natural system model?

For details of the research area see
http://web.science.unsw.edu.au/~gabrielabramowitz/UNSW_homepage/Gab Abramowitz ho

me page.html

Prof. Lisa Alexander: Climate Change

Professor Alexander’s research has concentrated on understanding the variability and driving
mechanisms of climate extremes. Her primary work aims to improve our understanding of
observed changes in these events using multiple research tools ranging from station
observations to climate model output. Much of her work has been focused on the creation of
high quality global datasets and their comparison with state of the art climate models. Of
particular significance is Professor Alexander’s work on the production and assessment of
global datasets of temperature and rainfall extremes under the auspices of the World
Meteorological Organization’s (WMO) Expert Team on Climate Change Detection and Indices
(ETCCDI) and more recently the Expert Team on Climate Information for Decisionmaking
(ET-CID).

Prof. Michael Archer: Paleontology

His research focuses on the deep past such as the World Heritage fossil deposits at Riversleigh,
the fragile present such as conservation through sustainable use of native resources including
having native animals as pets, securing the future based on the wisdom of the fossil record,
and trying to bring extinct species (e.g., the Gastric-brooding Frog and the Thylacine) back
into the world of the living. He has supervised/co-supervised more than 80 research student
degrees, produced over 350 scientific publications including 15 books and received a range of
awards including Fellowships in the Australian Academy of Science, Royal Society of NSW,
Royal Zoological Society of New South Wales, Australian College of Educators, Eureka Prize
for Promotion of Science and Member of the Order of Australia.

Prof. Andy Baker: Groundwater, cave science, paleoclimate

My group has diverse research interests which focus on using cave stalagmites to reconstruct
past climate and environmental change; the question “groundwater organic carbon: source or
sink?” and computation modelling of cave and karst processes. For further details, see:
https://research.unsw.edu.au/people/professor-andy-baker
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Prof. Russell Bonduriansky: Evolutionary Ecology

Evolutionary biology seeks to answer the "why" questions in biology: Why are organisms
(including ourselves) the way they are? Why do they change over generations? How do they
respond to environmental changes? My group uses both empirical and theoretical approaches
to investigate the evolution of genetic systems, the ecology and evolution of senescence, the
role of sexual selection and conflict in evolution, and the implications of environmental effects
on trait expression within and across generations. We work mainly with insects, but are open
to other systems.

For further details, see http://www.bonduriansky.net/index.htm.

Prof. Stephen Bonser: Evolutionary Ecology of Plants

My research focuses on what makes plants good at surviving and flourishing in their
environments, and how they adapt to environmental change. In particular, | explore and
identify ecological strategies across variable and complex environments. Ecological strategies
allow us to interpret and predict variability in fitness with species and patterns of species
diversity, coexistence and diversity both within and between habitats.

Prof. Gerry Cassis: Entomology

My research work is eclectic and | have published works in systematics, phylogeny,
biogeography, evolutionary biology and ecology. In the main, my focus has been unravelling
the phylogenetic history, biology and coevolution of true bugs — the suborder Heteroptera.

Assoc. Prof. Will Cornwell: Plant Ecology and Evolution
My group predominantly studies the ecology of plants across the world and how they affect
the carbon cycle. For more information see http://www.willcorwell.org

Prof. Suhelen Egan: Marine Microbial Ecology and Symbioses

Our research focuses on understanding host-microbe interactions in the marine environment.
Projects include a) Deciphering the mechanism of microbial disease progression in marine
macroalgae. b) Discovery of novel bioactive compounds from marine host-associated
bacteria. C) Investigating the ecological roles of antibiotic producing bacteria. For more

information see: https://research.unsw.edu.au/people/dr-suhelen-egan

Prof. Jason Evans: Regional climate change, climate processes and modelling

How does the climate of a region, including its water cycle, work? How will a regions climate
change due to global warming? or land-use changes? and what impact will these changes have
on other natural and man-made systems? How can we best model these systems? What are
the regional climate change implications for bushfires? or the Snowy Mountains? or urban air
quality? For more information see http://web.science.unsw.edu.au/~jasone/research.html
Assoc. Prof. Dan Falster: Evolutionary biologist and ecologist

How do competitive interactions shape the ecology, population dynamics, and traits of species
and communities? See http://danielfalster.com/

Prof. Donna Green: Climate Change
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Associate Professor Donna Green was a founding member of the Climate Change Research
Centre, UNSW. She is an Associate Investigator of the ARC Centre of Excellence for Climate
Extremes; and the NHMRC Centre for energy, air pollution and health Research, UNSW. As
part of the UNSW Strategy 2025, she was a member of the VC’s Grand Challenge of Climate
Change steering committee. She leads a national researcher network, the Climate Health
Partnership http:/climatehealth.info

Prof. Paul Gribben: Ecology of Coastal Marine Ecosystems

My students and | focus on the ecology of coastal marine ecosystems. | am interested using
fundamental ecology to improve our understanding of the response of marine communities to
global change and to develop more robust conservation and restoration efforts for critical
marine foundation species such as oysters and seagrasses. | work in temperate systems around
the world and members of my lab conduct research at local and international scales. As | am
interested in instilling students with the skills to address any ecological question that piques
their interest, my research has a strong experimental focus.

Assoc. Prof. Michael Kasumovic

We research the evolution of mating systems and how individuals maximize fitness in a
variable environment. One aspect of our research focuses how changes in the intensity of male
competition and female choice affect the traits that maximize fitness. You can find more
information at www.michaelkasumovic.com

Prof. Richard Kingsford: Ecosystems and Conservation

Professor Richard Kingsford is a river ecologist and conservation biologist who has worked
extensively across the wetlands and rivers of the Murray-Darling Basin and Lake Eyre Basin.
He worked for the NSW Government Environment agency from 1986-2004. He also worked
with many different communities and governments across this region. His research has
influenced the policy and management of rivers in Australia, including through involvement on
state and federal advisory committees. He also leads a reintroduction or rewilding project,
Wild Deserts, in Sturt National Park (NSW), collaborating on the Platypus Conservation
Initiative and Red-Listing of Ecosystems. He is also researches effective ways of implementing
effective conservation actions through developing adaptive management approaches and
engagement with communities.

For more detailed information on current projects and postgraduate students (see link to
Centre for Ecosystem Science) http://www.ecosystem.unsw.edu.au/

Prof. Shawn Laffan: Spatial Data and GIS

My broad research area is in spatial data analysis using GIS and geocomputational tools to
understand and address geographic problems and issues. My current research focus is on
biodiversity and terrain analysis. Spatial data analysis can be applied across the
biophysical-social spectrum, and recent applications include investigating the spatio-temporal
spread of disease in animal populations, the spatial variation in genetic and taxonomic diversity
at continental scales, identifying potential language groupings from historical word lists,
environmental correlation analysis and predictions, the effect of error on spatial analyses, the
spatial variation of weed infestations, and non-geometric models of spatial sampling for use in
geostatistical modelling.

Prof. Mike Letnic: Terrestrial ecology, ecosystem restoration, invasive species
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My research is focused on the conservation and management of ecosystems. | am particularly
interested in improving understanding of landscape and continental-scale processes that
influence the structure of terrestrial and aquatic ecosystems and threaten biodiversity. | am
currently investigating the role that top predators play in sustaining biodiversity, the ecology
and biology of crocodiles and landscape scale approaches to control the impacts of invasive
species, particularly, cane toads and foxes.

Assoc. Prof. Laurie Menviel: Climate-Carbon cycle interactions

| combine numerical experiments and paleoproxy records to study climate-carbon cycle
interactions on millennial to glacial timescales. | am particularly interested in the impact of
oceanic circulation changes on the climate and the marine carbon cycle.

For details of the research area, see: http://myweb.science.unsw.edu.au/~lauriemenviel/

Prof. Angela Moles: Ecology

My students and | use a combination of field work and synthesis of data from the literature to
quantify large scale patterns in ecology. We use controlled glasshouse conditions to study rapid
evolution in introduced species, and we use herbarium, seed bank and museum specimens to
study plants and animals from the past. We collaborate with ecologists from all around the
world, and with researchers from a range of other disciplines including geography, climate
science, and statistics.

Prof. Scott Mooney: Using the past (climate, people, fire) for contemporary

environmental management

I am an environmental biologist with research primarily focused on reconstructing aspects of
past environments and environmental change with a particular focus on human impacts. This
includes investigating the fire (pre-)history of the humid environments of eastern Australia,
primarily via the use of high resolution (macro-) charcoal analyses. In any explanation of how
fire has varied through time both humans and climate must be considered (and potentially any
complex inter-relationships between these factors). This means the research has obvious links
with the palaeoclimate community, and with archaeology to examine changes in human
systems in the prehistoric period.

For details of the research area see http://www.bees.unsw.edu.au/staff/scott-mooney

Assoc. Prof. Mark Ooi: Fire and Plant Ecology

Mark Ooi is a Senior Research Fellow based at the Centre for Ecosystem Science, part of the
School of Biological, Earth & Environmental Sciences at UNSW. His research interests include
fire and plant (particularly seed) ecology. A lot of his work is focused on understanding the
mechanistic responses of plant populations to the fire regime, threatened species conservation
and the effects of climate change. Mark has developed strong collaborative links with
government and conservation agencies and aims to communicate his research findings to
on-ground managers and the community. He is a member of the NSW Bushfire Risk
Management Research Hub and Threatened Species Recovery Hub and is involved in
collaborative projects in Europe, China and Brazil, as well as with researchers from across
Australia. His group lead multiple projects on subjects including the ecological impacts of fire
seasonality and intensity shift, dormancy and germination of native species, threatened plant
species conservation, translocation and science communication. Mark is an Associate Editor of
the journals American Journal of Botany, Seed Science Research and the Australian Journal of
Botany.
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Assoc. Prof. Terry Ord: Evolutionary Ecology

I am an evolutionary ecologist interested in how phylogeny, natural selection and sexual
selection contribute to the evolution of behavioural diversity. | combine large-scale
phylogenetic comparative analysis across species and targeted experimental study within
species to investigate macro- and microevolutionary processes shaping behaviour and other
sexually-selected traits. From more details, see www.eerc.unsw.edu.au/ord

Assoc. Prof. Mariana Mayer Pinto: Marine Biology

My research focuses on understanding the mechanisms underpinning biodiversity and the
functioning of marine ecosystems. In particular, | am interested in how anthropogenic
stressors, such as contamination and urbanisation, affect the marine environment with the
ultimate goal of developing evidence-based solutions for not only mitigating their impacts, but
also restoring and rehabilitating marine ecosystems. | am one of the founders and co-leads of
the Living Seawalls, a project that is bringing marine life to concrete coastlines around the
world. The project is one of the inaugural finalists of the Earthshot prize, and has received
several awards. By taking a multidisciplinary, field-based approach and developing novel
methodologies, my research has shifted paradigms regarding the true effects of contaminants
on marine systems and has provided innovative solutions to the issue of rapid urbanisation and
coastal development, significantly advancing knowledge and providing critical information for
policy and management.

Prof. Alistair Poore: Marine ecology and evolution

My research is focussed on the ecology and evolution of marine organisms with a focus on the
impacts of herbivores on plant communities, the effects of disturbance on coastal ecosystems,
and adaptation to environmental stresses. For more information, see:

http://www.eerc.com.au/alistair_poore/home.html

Assoc. Prof. Lee Ann Rollins: Genomics, Conservation, Invasive Species

My research uses genetic and epigenetic data to examine population and evolutionary
processes. Specifically, my research group investigates the molecular mechanisms underlying
rapid evolution often seen in invasive populations and provides information used to improve
the management of invasive and conserved species. Our invasive species research is focused on
cane toads and starlings but we also have projects on a variety of species in the context of
conservation. | am a member of the starling genome consortium and the cane toad genome
consortium. | am Director of the Evolution & Ecology Research Centre at UNSW and the
President of the Genetics Society of Australasia.

Assoc. Prof. Lisa Schwanz: Understanding how animals deal with environmental
variation

My group focuses on the impact of the environment on animal behaviour, reproduction,
physiology and offspring traits to understand the evolutionary explanations behind plastic
traits and the ecological consequences in a changing world. For more details, see
lisaschwanz.weebly.com

Assoc. Prof. Alex Sen Gupta: Climate Change

I am a research scientist and lecturer at the Climate Change Research Centre (CCRC) and the
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Centre For Marine Science and Innovation (CMSI) at the University of New South Wales
(UNSW). Im also a Chief Investigator/program leader for the ARC Australian Centre of
Excellence for Antarctic Science (ACEAS) and an Associate Investigator for the ARC Centre
of Excellence for Climate Extremes (CLEX). My work revolves around the role of the ocean in
the climate system, how the ocean influences regional climate and what global climate models
tell us about the future of the ocean. Recently | been focussing on Marine Heatwaves: what
causes them, how they are changing over time, and how they impact marine organisms. | have
also been using climate models to understand changes to ocean circulation in a warming world.

| have a wide range of interests including: Marine Heatwaves, Factors affecting high latitude
Southern Hemisphere atmospheric circulation, The impacts of climate variability on regional
rainfall, Modelling the movement of tropical tuna, Climate model biases, How temperature
variability affect marine species. | also developed Carbonator a simple climate model for
schools, the general public and researchers. You can use Carbonator to understand how our
actions affect global warming, sea level rise and ocean acidification

Prof. Steve Sherwood: Applying physics of the atmosphere to clouds and climate.
Research areas see http://www.ccrc.unsw.edu.au/staff/profiles/sherwood/research.html

Prof. lain Suthers: Marine ecosystems and oceanography

We examine marine ecosystems — from phytoplankton to fisheries — in estuaries and in the
East Australian Current (www.FAMER.unsw.edu.au ). Particular opportunities include the
Sydney Institute of Marine Science (www.sims.org.au ), the Integrated Marine Observing
System (www.imos.org.au ), and especially our recent and future voyages on Australia’s brand
new, 94 m long, Research Vessel Investigator. Many recent deployments of designed,
offshore artificial reefs are in fact experiments relating biological oceanography with
recreational fisheries, on an increasingly urbanised coast.

Prof. Torsten Thomas: Marine Holobionts

It is now increasingly recognised that eukaryotes ranging from humans to plants to
invertebrates are not individual organisms, but are in fact complex communities comprised of
the eukaryotic host and their associated microbial communities — that is, they are holobionts.
We combine ecological and molecular approaches to gain insight into both positive (e.g.
healthy development of the host) and negative aspects (e.g. disease) of holobionts in a range
of marine systems. For further information see: http://www.cmb.unsw.edu.au/

Prof. Adriana Vergés: Marine ecology in tropical-temperate transition zones

My research focuses on marine ecology and conservation. I'm particularly interested in the
ecological impacts of climate change and the conservation of the world’s algal forests and
seagrass meadows, which are increasingly under threat. | have worked in tropical coral reefs
and temperate ecosystems from around the world (Mediterranean Sea, Atlantic, Indian and
Pacific oceans) with much of my research being experimental and taking place underwater.

For details of the research area see http://www.bees.unsw.edu.au/staff/adriana-verges
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Assoc. Prof. Jon Beves: Supramolecular chemistry and molecular devices

Our research is focused on using weak, intermolecular interactions to direct the controlled
assembly of group of molecules - just as Nature uses to control all the chemistry of life. By
careful design transition metal ions are combined with organic ligands to synthesize large (=
nanometre!) ordered structures via spontaneous self-assembly. These novel structures are
capable of functions ranging from molecular sensing and catalysis, to performing molecular
level work and acting as molecular machines.

Assoc. Prof. Alex Donald: Novel methodologies in mass spectrometry

In our lab, we are working to discover bioactive molecules, biomarkers for diseases, understand
the function of key proteins, and to improve methods for the analysis of breath and sebum for
disease diagnosis, using advanced ionization and tandem mass spectrometry methods. As
undergraduate students, we invite you to explore the exciting world of chemical analysis and
its potential to advance healthcare through improved disease diagnosis.

Dr Albert Fahrenbach: Origin of Life Chemistry

The origin of life on Earth is an open challenge involving collaborations among many scientific
disciplines wherein chemistry plays a central role. Our group is interested in understanding
how the ancient chemistry taking place on early Earth eventually gave rise to biology. To do
this, our group focuses on generating complex reaction networks that can generate important
biomolecules like peptides and nucleotides. We are also interested in understanding how these
types of molecules could have replicated themselves in the absence of advanced enzyme
catalysts. For more details about our research, see fahrenbachresearch.com

Prof. Justin Gooding: Nanomedicine

Our research falls under the category of nanotechnology and specifically nanomedicine.
Nanomedicine is believed to be the next frontier in medicine where nanoparticles are used as
either diagnostic devices or vehicles for delivering drugs directly where need. We work on
both these aspects of nanomedicine. As members of the Australian Centre for NanoMedicine,
which is based at UNSW, we collaborate with researchers in both medicine and engineering as
well as science. In particular we focus on how to give the nanoparticles the functionality that is
required via using very well defined surface chemistry and we study the fates of these particles
in biological fluids and in cells. In essence we are seeking to answer the big question, how do
we design nanoparticles that go where we want in a biological system, when we want and give
us the information we want?

For details of the research area see http://www.chem.unsw.edu.au/staffprofiles/gooding.html
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Assoc. Prof. Jason Harper: Mechanistic and Physical Organic Chemistry

Our research falls broadly into the category of physical organic chemistry. However, the areas
covered also include biological, bioorganic, synthetic, analytical and environmental chemistry
and this demonstrates the range of areas that physical organic chemistry is applicable to. The
breadth of topics also illustrates the interdisciplinary nature of the research and the significant
scope for collaboration with groups in the more traditional areas of organic chemistry and
biochemistry.  We particularly focus on understanding organic processes in ionic liquids,
determining reaction mechanisms and developing novel ways to follow reaction progress.

For more details see area see http://www.jasonbharper.com/

Assoc. Prof. Luke Hunter: Fluorine in Organic Chemistry

Fluorine is a small element that packs a big punch. When fluorine atoms are incorporated into
organic molecules, they can have a dramatic impact on the substances' physical and chemical
properties. In the Hunter group, we are particularly interested in using fluorine atoms to
control molecular conformation (a kind of "molecular origami"). We produce novel bioactive
molecules that are constrained into optimal 3D shapes, controlled by the precise positioning of
fluorine atoms. These shape-controlled molecules are designed to have applications in the
treatment of cancer, malaria, and disorders of the central nervous system.

Prof Scott Kable: Laser Chemistry and Spectroscopy

In my group we use lasers to initiate chemical reactions and laser-based spectroscopic methods
to probe what happens. In broad terms, we discover new molecules this way, and undercover
new pathways that molecules use to evolve from reactant to product. Topics that we are
currently investigating include: i) identifying new pathways that lead to acid formation in the
atmosphere; ii) discovering new radicals that play a role in combustion of fuels; iii) discovering
new chemical mechanisms that violate existing theories of the chemical transition state. New
projects are starting all the time. See my web page for a description of projects and some
recent publications.

Dr Dong Jun (D)) Kim: Advanced Energy Storage

Climate changes, depletion of fossil fuels, and global warming have encouraged scientific
society to consider utilising energy from sustainable resources, including wind power and solar
energy. Despite the fact that sustainable energy sources are highly abundant, the supply of
sustainable resources fluctuates all the time. Recent advances in lithium-ion battery
technology have enabled a power source ranging from portable electronic devices to electric
vehicles. In the future, developing energy storage applications for renewable resources will
become increasingly important.

Our research approach combines synthetic chemistry, electrochemistry, and materials science
principles to develop advanced energy storage devices, in particular, rechargeable batteries.
During the Talented Student Program (TSP), the student will participate in designing novel
redox-active molecules and learn characterising electrochemical performance for the battery
application. For more information—kimdongjun.net

Prof. Naresh Kumar: Design and synthesis of Novel Antimicrobial Agents

Bacterial infections are a growing problem in today’s society. With the emergence of
multi-drug resistance in common human pathogens, there is clearly an urgent need to develop
novel classes of antimicrobials for the prevention and treatment of bacterial infection. It is now
well established that bacteria communicate with each other via small diffusible signalling
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molecules and coordinate their activities such as biofilm formation, swarming and expression
of virulence factors in a coordinated manner. Our research focuses on designing and
synthesising novel antimicrobial agents that target the bacterial communication system. As
well as developing strategies to deliver or generate coatings based on these novel molecules.

Dr. Martina Lessio: Computational Investigation of Interfaces and Molecules for
Sustainability Applications

Our group uses computational chemistry tools to investigate a variety of phenomena,
molecules, and interfaces that are relevant to sustainability applications. In particular, we are
interested in catalysis, water remediation, and material conservation. Example of active
projects in the group are: 1) Developing new ligands for toxic contaminants removal from
water for solid substrates such as metal-organic frameworks; 2) Studying existing and new
transition metal catalysts for converting CO, into useful products; 4) Developing new catalysts
for plastic conversion to useful products; 3) Study of relevant material/solution interfaces for
artwork and heritage conservation. Check out our group website for more information!
https://sites.google.com/view/martina-lessio/home

Prof. Jonathan Morris: Organic and Medicinal Chemistry

Prof.Morris's research interests are focused on the development of efficient synthetic
strategies to access biological active molecules for potential use as chemical probes and
therapeutic agents. Using these synthetic strategies, his group generate novel molecules
that have improved potency and selectivity.

Dr Nicole J Rijs: Molecular Structure and Function

In the Rijs Research Group, we envisage a world where building a brand new catalyst or an
artificial enzyme is as simple as following an architectural plan for a house. At the moment this
is difficult because we don't even fully understand the construction materials! Our research
investigates the intrinsic properties of molecular building-blocks and their "constructed"
aggregates, moving us towards the ability to draw up these molecular blueprints from scratch.
We utilize a range of cutting edge technologies in our chemical analyses, including high
resolution ion-mobility, advanced mass spectrometry, computational chemistry, combinatorial
robotics and synthetic methods. We are interested in structure-function relationships,
mechanism, theory underpinning chemical reactions and catalysis, chemical data crunching,
and methodological development (for mass spectrometry and ion-mobility).
https://www.chemistry.unsw.edu.au/staff/nicole-rijs

Assoc. Prof. Neeraj Sharma: Solid State Chemistry and Energy Materials

Our research looks at how we can make better devices for the energy sector by understanding
and manipulating the atomic-scale arrangements (crystal structure) of the materials within
these devices. For example, lithium-ion batteries are found in high-power portable electronic
devices, but they struggle to provide more than a few hours of stored power for applications
such as laptops and mobile phones. Furthermore, these batteries do not provide economically
viable energy storage for emerging applications such as electric vehicles. Our research
investigates materials that can overcome the storage limitations in these batteries, and
develops new battery chemistries that can outclass lithium-ion technology.
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Prof. Martina Stenzel: Polymer chemistry and nanomedicine

The delivery of drugs can be improved by packaging the drug into nanoparticles. Nanoparticles
for drug delivery have typically sizes below 100 nm and can be prepared using various
materials including polymers. In our group, we synthesize various polymers to create core-shell
nanoparticles — the core holds the drug, mainly anti-cancer drugs, while the shell makes the
particles soluble and determines the interaction with cells. We use a range of materials starting
from synthetic polymers, which we combine with nature’s building block such as
polysaccharides, sugars, peptides and proteins to create hydrid particles. These particles are
then loaded with various anti-cancer drugs. Our projects range from the delivery of
metal-based drugs such as cisplatin to peptide drugs or DNA.

Prof. Pall Thordarson: Functional molecular machines and smart gels

Our work is concerned with using the latest advances in chemistry to create smart materials
and devices for tomorrow’s challenges. This includes creating novel light-driven molecular
machines and materials for clean energy production and the use of self-assembly to create
smart gels for applications in medicine including drug delivery and tissue engineering. Both
topics are underpinned by our desire to understand how molecules interact with each other in
complex  chemical  systems.  For details of the research area  see
http://www.chem.unsw.edu.au/research/groups/thordarson/ .

Dr Scott A. Sulway: Synthetic Inorganic Chemistry - Lanthanide Coordination
Complexes

Lanthanides are a commonly overlooked area of coordination chemistry — people often say
“But we know everything there is to know and how they react’... This isn’t so, lanthanide
complexes are incredibly interesting and have a range of potential applications. Lanthanides
have uses in catalytic cycles, luminescent devices & interesting magnetic properties that could
be utilised in data storage devices or qubits in quantum computing. This is where the research
in the Sulway group comes in, we are exploring the synthesis and characterisation of new
lanthanide containing coordination compounds that could be used in the technology of the
future.

Prof. Chuan Zhao: Clean Energy and Bionics

Clean, renewable energy has enormous implications for the future prosperity of humankind.
As creatures, living better and longer has been our instinctive pursuit, and advanced biomedical
technology is therefore always highly demanded. Electron transfer is one of the most
fundamental processes in the energy and life systems. Research in our lab addresses problems
in clean energy and the life sciences by using electrochemical technology, nanotechnology and
biotechnology. Our research areas include solar water splitting, batteries, bionics, biosensors

and drug delivery. For more details see http://www.chem.unsw.edu.au/research/groups/zhao/ .

Dr Laura McKemmish: Theoretical and Computational Modelling of Molecules

I am in the Chemistry department but do not perform research in a lab. Instead, my work is all
done on a computer or in my head!

| consider myself to be a quantum chemist and molecular physicist. My expertise is in
theoretical and computational modelling of molecules, particularly their spectroscopy. | love
interdisciplinary work and combining interesting methods with interesting applications. My
research groups focusing on performing new and innovative method development linked with
interesting applications in a variety of different fields, with fundamental chemistry and physics
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a particular interest. One characteristic of my scientific research is to look at new ways of
investigating and solving particular problems that are inspired by a unusual perspective, such as
from the lens of a different field.

| use a wide variety of computational and data science tools and methodologies from
chemistry, physics and beyond to learn about molecules, for example, their high temperature
rovibronic spectroscopy and sensitivity to changes in the proton mass.

The systems | study have relevance in astrophysics, experimental ultracold molecular physics
and in finding new theories of ultracold and study molecules found in hot Jupiters, cool stars,
ultracold physics experiments and in discovering the fundamental laws of the universe.

For details of a range of projects see https://sites.google.com/view/laurakmckemmish/home

Dr Junming Ho: Computational Chemistry and Biomolecular Simulations

We develop and apply methods of computational chemistry to elucidate the mechanisms
underlying many catalytic processes in synthesis and in biochemical systems. This enables us to
design more effective catalysts or reactions that our experimental colleagues can test or
implement in practical applications. Topics of particular interest include, but are not limited to
homogeneous and heterogeneous catalysis, medicinal applications of supramolecular
chemistry, and fundamental physical organic chemistry. We work closely with experimental
groups, so there would also be opportunities for students to gain experience in both
computational and experimental research. For details of research topics, see
http://www.chemistry.unsw.edu.au/ho-group

Dr Anna Wang: Soft matter and biophysics

How did life start on Earth? We work at the intersection of physics, chemistry, materials
science, to answer questions on how molecules self-assemble into more complex structures
like cells. This research falls under the bigger umbrella of studying soft matter — as opposed to
hard materials such as metal or ceramics. We use techniques such as microscopy and
holography to watch things as they happen.

For more details, see our website_http://www.annawanglab.com/

Dr Sara Kyne: Chemistry education research and green chemical synthesis

Our group’s research interests are in two main areas. As part of UNSW chemistry
education research, our research encompasses promoting inclusive learning environments
through designing flexible teaching approaches and learning resources. We are using big
data and the emerging field of learning analytics to improve our education design. We
are also aiming to future-focus the chemistry curriculum to prepare students to tackle
global “wicked problems” through sustainability and green chemistry activities. Our
discipline-based research centres on green chemistry and catalysis. We are designing new
reactions using iron metal-based catalysts and investigating the ways the reactions
happen. We are also developing new catalytic reactions that are promoted by visible
light. The aims of these projects are to develop more sustainable and green synthetic
processes for future applications.

Dr Lauren Macreadie: Metal Organic Framework Chemistry — from crystal structure to
function

Our research encompasses an exciting combination of organic and inorganic chemistry to
form porous coordination compounds known as Metal-Organic Frameworks (MOFs).
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These MOFs have enormous surface area and large pores which can be used to store
gases, separate hydrocarbons or as delivery agents for drugs and pesticides. Our group is
interested in increasing the host-guest interaction of the MOF (host) with the guest
molecules (gas, hydrocarbon, small molecules) which can fit inside the porous
framework. We use crystallography and synchrotron studies to analyse these materials,
studies which often lead to more exciting discoveries of the structural behaviour of the
material itself under different pressure and temperature environments. The diverse
interests in our group has led to exciting collaborations with Northwestern University
(USW) and the University of Otago (New Zealand).

Dr. Felix Rizzuto: DNA nanotechnology

We remove DNA from its biological context and use it as a building block for
nanotechnology. We twist and turn DNA around itself to generate little robots that move
in response to chemicals and light. These nanoscale structures can sense their
environment and carry cargo, offering applications in delivery and soft robotics.
Ultimately, we want to make artificial tissues (built exclusively from DNA) that can
replace diseased or damaged organs. Achieving this goal requires a chemical
understanding of how our DNA structures assemble, how they interact with one another,
and how we can get them to cooperate — that’s where you come in! We’ve got lots more
going on too - check out our website (https://rizzutogroup.org/) for more info!

Dr. Wesley Dose: Materials for Energy Storage

Our research group focuses on the most pressing scientific challenges facing current and
future rechargeable batteries, encompassing lithium-ion and beyond lithium-ion
chemistries. Why do batteries “die”? How can we increase their storage capacity? Can
we charge in under 10 min? How do we make batteries more sustainable? Can batteries
be recycled? What will the materials of the future be? These are the questions we seek
answers for using cutting-edge techniques including electrochemistry, diffraction,
spectroscopy, and wmicroscopy. For more details on our research activities see
https://www.unsw.edu.au/staff/wesley-dose
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Prof. Veena Sahajwalla: Innovative Recycling of Waste Materials as Resources

The Sahajwalla group is interested in new methods and procedures that will result in cleaner
processes used in the resource and mineral industry. As the director of the SMART centre
(www.smart.unsw.edu.au) Prof. Sahajwalla leads a dedicated team of scientists and students
committed towards a greener and cleaner future. Particular emphasis is placed on industry
partnerships. Achieving sustainability targets set by industry has created a need for
commercially relevant and globally significant R&D. The SMaRT Centre works with industry
partners to develop the fundamental and applied science underlying sustainable materials and
technologies.

Assoc. Prof. Nagarajan Valanoor: Physics of nanostructured functional oxides

In my group we investigate the relationship between nanoscale form and function of oxide
materials with very small dimensions. Effects ranging from piezoelectricity to photochemical
effects to quantum confinement are of interest. We make these materials using a host of
ultra-high and high-vacuum epitaxy techniques and study them using advanced probes such as
Scanning Probe Microscopy, Transmission Electron Microscopy and in-situ phase mapping.
Students are trained on platforms similar to those used in industries engaged in functional
materials and electronics. Our work is published in a number of high-level journals such as
Nature Materials, ACS Nano, Nano Letters etc.

Dr. Rakesh Joshi: Applications of Graphene

My group is involved in a variety of industry funded research projects on the applications of
graphene; including Graphene oxide membranes, graphene based ionic /molecular sponges,
hydrogen generation, water purification, gas separation, graphene supercapacitors and
chemical vapor deposition (CVD) growth of graphene and 2D materials.

Dr. Kevin J Laws: Advanced Alloys & Metal Physics

My research team is involved in a vast range of industry and government funded research
projects in the fields of advanced alloys, including but not limited to high-entropy and
compositionally complex alloys, bulk metallic glasses and amorphous alloys. In the physical
metallurgy laboratory at UNSW, we develop and manufacture our own research samples
in-house. Along with the fundamental science behind designing, new alloys, you will receive
hands-on experience in alloy charge preparation, melting and casting using our suite of electric
arc & induction melting facilities, making and processing your own samples. You will be
trained to use advanced characterisation and processing techniques such as superplastic
forming (SPF), thermomechanical processing (TMP), differential scanning calorimetry (DSC),
x-ray diffraction (XRD), scanning electron microscopy (SEM), tensile, compression and
hardness testing.
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Prof. Tom Wu: Hybrid Organic-Inorganic Materials

Our group focuses on exploring the synthesis and properties of novel materials, particularly
hybrid halide perovskites, in the form of thin films, single crystals, nanomaterials and
mixed-dimensional nanocomposites. We target at diverse electronic and energy applications
including field effect transistors, non-volatile memories, solar cells and photodetectors.

Prof. Dewei Chu: Nanoionic Materials and Devices.

Our research interest is develop novel nanoionic materials for energy storage and conversion,
as well as information storage and processing applications. For example, by engineering cation
defects in nanoionic materials, artificial synapses which mimics short term and long term
memories of human brains can be realized. We are also developing innovative printing
technologies, such as ink-jet printing, slot-die printing of nanoionic thin film devices.

A/Prof. Jiangiang Zhang: High Temperature Materials

My group is working on high temperature materials performance in corrosive atmospheres for
high temperature applications, e.g. power generation and chemical and petrochemical
industries. The research is focused on reaction product characterisation based on microscopic
analyses, e.g. x-ray diffraction, scanning electron microscopy, focused ion beam and
transmission electron microscopy. The understanding of corrosion mechanism will lead to the
development of new high temperature alloys.

Prof. Jan Seidel: Advanced Scanning Probe Microscopy of Functional Materials

We develop new concepts for investigating material properties at the nanoscale using scanning
probe microscopy, these include piezoresponse force microscopy, conducting-AFM, scanning
tunnelling microscopy and spectroscopy, Kelvin probe force microscopy, magnetic force
microscopy and many more in various environments from UHV to ambient conditions, at low
and high temperatures, under magnetic and electric fields, light illumination and controllable
gas and humidity environments. We are interested in magnetic, multiferroic and ferroelectric
materials, solar energy conversion using halide perovskites, non-volatile information storage,
ferroelectric memories, resistance-switching memories and oxide semiconductors.

A/Prof. John Daniels: Electro-mechanical materials

In my group we investigate electro-mechanical materials. These are materials that directly
transform mechanical and electrical energies. They are used widely in acoustic imaging
systems such as ultrasound and sonar, as well as precision positioning applications utilised in a
range of different industries. Our goal is to constantly improve the response and stability of
these systems. We use novel synchrotron x-ray and neutron characterisation methods at both
national and international facilities to provide the critical atomic structural details that reveal
the functionality.
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SBMS projects for the Talented Students Program

Research is at the heart of the mission of the School of Biomedical Sciences and we are proud
of our long history of excellence across a broad range of biomedical research disciplines. As a
central element of the biomedical research precinct at UNSW, our School features a diverse
array of research teams who utilise cutting edge experimental approaches to study human
health and disease. These studies incorporate research into the underlying causes, physiological
functions, pharmacological interventions and the development of innovative treatments and
novel methods for the early detection of particular disease states. The research teams within
the school also have a strong commitment to assisting the next generation of biomedical
researchers to gain expertise through higher degree studies and are supported in their work by
an integrated team of research support staff. Many of our researchers are recognised
internationally as leaders in their field of research, and we have strong links with colleagues
within UNSW, as well as leading research groups both nationally and internationally.

Learn more at: http://medicalsciences.med.unsw.edu.au

Dr Felix Aplin and A/Prof Gila Maolem-Taylor

Neuromodulation for chronic pain treatment

The implantable neuromodulation subgroup is focused on developing new ways to treat
chronic pain using electrical stimulation. Our methods involve electrophysiology (nerve
recordings), histology (microscope imaging of nerve tissue), behavioural experiments, and
implantable device manufacture and design. Our ultimate goal is to find new ways to control
and communicate with the nervous system using neural implants

Prof Jake Baum

The Baum lab is focused on development of next generation malaria vaccines. We cover a
range of technologies that are required to develop vaccines, from basic cell biology and
immunology through to applied vaccinology (e.g. designing and trialling mRNA vaccines). Our
core technologies are molecular biology, cell biology and models of infection. In 2024 we
established an active mosquito insectary, which allows us to complete the malaria lifecycle
from mammalian host to mosquito and back again. Projects in the lab are currently centred on
finding novel B- and T-cell targets, vaccine delivery vectors and exploring different routes of
vaccination, all with the aim of moving our vaccine discovery pipeline from the lab eventually
to the field.

Dr Scott Berry
Every cell type in the human body expresses a different set of genes. And every individual cell
expresses those genes to different levels — depending on its size, shape and

microenvironment. We are interested in the mechanisms used by cells to regulate
gene-specific and global RNA abundance — ranging from epigenetic memory and cellular
decision-making to global RNA metabolism in the context of cellular physiology. We use
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approaches from high-throughput microscopy to mathematical modelling and data science to
generate a quantitative understanding of gene regulation in human cells.

A/Prof Ingvars Birznieks

Sensory neuroscience

Our senses define our existence and determine how we perceive the world in which we live. |
have always been fascinated by the function of sensory organs and astonished by the versatility
of clever solutions we see in nature around us. There are many things to discover — not just to
increase our understanding of how the brain works, but to help people who have lost part of
their sensory function due to illness or trauma. We can also borrow ideas from nature and use
them to develop future technologies like robotic hands and hand prostheses which can feel.
Related links:

https://medicalsciences.med.unsw.edu.au/people/dr-ingvars-birznieks
https://www.youtube.com/watch?v=eZCldbo67-s
https://www.neura.edu.au/staff/dr-ingvars-birznieks/

Dr Omid Faridani

Single-cell technology lab

In “Single-cell technology and precision medicine” lab, we have two major lines of research:
Single-cell technology: Is it more informative to look at gene expression in a "whole tissue" or
every "single cell" of a tissue? We are interested in single-cell gene expression analysis to
explore the diversity of human cell types. The human body has more than 200 cell types that
reside in complex tissue structures. Studying the gene expression of a tissue, as a whole, will
give averaged information derived from various cells residing in that tissue (It is more like a
smoothy). However, studying the same tissue in a single-cell resolution (cell by cell) will give
more precise information on the tissue's behaviour and function (it is more like a fruit salad).
We are developing several technologies to study individual cells' gene expression.

Precision oncology: Every patient's tumour is different! Not the same drug works for all
patients. Can we find the right drug for the right patient? Cancer is a complex disease with
diverse genetic properties. The same cancer type (pancreatic cancer, for example) in two
patients can have different features and respond differently to a drug. Therefore, it is
necessary to know each patient's tumour and prescribe a drug that works on their specific
tumour. To this end, we are developing an entirely new drug testing system to investigate the
drug sensitivity of each tumour.

For further info please visit Faridanilab.com

Dr Krystyna Gieniec & Dr Valentina Rodriguez Paris (Davis Lab)

Our lab is interested in how cells receive and decode information from their environment and
communicate with each other to fulfil their biological functions. The mammary gland is of
particular interest because it dramatically changes during development, pregnancy,
post-lactational regression and cancer, enabling us to study various processes including cell
death, tissue remodelling and regeneration. While this is our primary organ of interest, we also
have a project exploring the testes and sperm development. The central theme of our work is
calcium, and we use genetically modified mouse models and complex live cell/tissue imaging
to explore calcium signals inside cells. Being able to image these signalling events across
multiple scales lets us observe the behaviour of individual cells, and how this behaviour is
coordinated with neighbouring cells to ultimately control the function of the organ.
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Dr David Jacques & Prof Till Boecking

Structural Virology & Molecular Machines

Viruses are exquisite invaders of cells. By subverting or hijacking cellular processes, they can
be considered nanocontainers capable of a level of molecular control over cells far more
sophisticated than any human-made technology. The study of viruses not only informs disease
treatment but also helps understand the cells they infect. In our labs, we are interested in the
molecular interactions between viruses and cells. Using HIV as our model virus, we have
projects focused on (i) how the virus uses molecular motors to move through the cell; (ii) how
the virus engages host proteins to shield itself from recognition by the host; and (iii) how the
virus can penetrate the nuclear pore complex to gain access to the nucleus and the host’s
DNA. We use cutting-edge fluorescence microscopy to monitor these processes in real-time,
and combine these dynamic measurements with the molecular structures we can obtain from
X-ray crystallography and cryo-electron microscopy.

Dr Zaklina Kovacevic

My team is interested in understanding the complex interactions between cancer cells and the
surrounding tumour microenvironment. We aim to elucidate how cross-talk between cancer
cells and surrounding fibroblasts and immune cells can influence cancer progression and drive
resistance to current chemo and immuno-therapies. This knowledge is then applied to develop
new therapeutic approaches to disrupt this oncogenic cross-talk and expose new vulnerabilities
in cancer cells, making them more responsive to current treatments.

Prof Fabio Luciani

Immunogenomics and Single Cell Technologies for Human Diseases

Our group investigate immune responses against pathogens infection and also how modern
immunotherapies harness the basic mechanisms of our immune system to develop new
therapies for the treatment of cancer. Our group focuses on immune-genomics and single-cell
technologies. We have developed a “Systems biology” approach where we perform
experimental and computational research utilising cutting edge methods such as single-cell
transcriptomics and machine learning. In our lab, we have Honours, PhD and Postdocs, and our
philosophy is to learn together in an interdisciplinary and happy environment.

A/Prof Emma Sierecki and A/Prof Yann Gambin

Single-molecule diagnostic of cardiac amyloidosis

Cardiac amyloidosis, or “stiff heart syndrome”, is caused by the unfolding and aggregation of a
protein, either transthyretin (TTR, causing ATTR) or immunoglobulin light chain amyloid
(causing AL). TTR is a small protein found in plasma and unfolding of the protein induces
aggregation/amyloid formation, with the resulting aggregates depositing on the cardiac muscle
leading to heart failure. To date, there is no simple test for cardiac amyloidosis, and the disease
remains underdiagnosed causing delays in treatment.

The goal of this project is to create a blood test that can rapidly detect amyloidosis and
differentiate between ATTR and AL.

The detection of amyloids in patients’ samples is possible as amyloids have the ability to
multiply in specific assay conditions. The very recent development of such in vitro seeding
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amplification assays has provided a long-awaited breakthrough in our ability to detect other
amyloid-linked diseases, such as Alzheimer’s or Parkinson’s disease, at the molecular level and
at an early stage.

Our laboratory recently established a single-molecule assay for the diagnostic of Parkinson’s
disease. We showed that single-molecule counting, using our custom-developed 3D-printed
microscope, can detect aggregates in cerebrospinal fluid of patients with Parkinson’s disease,
with exceptional sensitivity and ease of use.

The current project will build on the tools and experience acquired in the Parkinson’s disease
field, and introduce students to protein science, microscopy, assay development and data
analysis.

A/Prof Shane Thomas and Prof Kerry Anne Rye

The Cardiometabolic Disease Research Group is co-led by Prof. Kerry-Anne Rye and A/Prof.
Shane Thomas and based in the School of Biomedical Sciences on the 4™ floor of the Wallace
Wurth Building. The research group currently consists of 5 post-doctoral scientists, 3 PhD
students and 1 honours student. The group has two main research themes:

Heart disease:

We are developing new anti-inflammatory therapies that prevent the development of
atherosclerotic lesions, which can rupture and stop blood from getting to the heart, causing a
heart attack. We are also asking whether these anti-inflammatory therapies can heal the tissue
damage that is caused by a heart attack.

In particular, we are complexing a new class of nanoparticles with clinically viable peptides and
small molecule drugs to suppress inflammation in the heart and blood vessels. We envisage
that these new nanotherapeutics will reduce the risk of having a heart attack and improve
recovery after a heart attack. The research involves biochemistry, molecular biology,
pharmacology, vascular biology, and pre-clinical models of cardiovascular disease.

Type 1 diabetes:

Type 1 diabetes is an autoimmune disease in which insulin-producing cells in the pancreas are
destroyed by activated T-cells and glucose can no longer be removed from blood. There is no
cure for this disease, with the only treatment being regulation of blood glucose levels by
multiple insulin injections every day. However, these injections can reduce blood glucose levels
to an extent that is potentially lethal.

We have identified a peptide with the capacity to generate new insulin-producing cells in the
pancreas and stop T-cell activation and expansion, thus decreasing, and possibly removing, the
dependence of patients with type 1 diabetes on insulin injections. Further development of this
project towards clinical translation will involve multiple skill sets including molecular biology,
pharmacology, development of oral delivery peptides, and the use of pre-clinical models of
type 1 diabetes.

A/Prof Richard Vickery

Our experience of the world around us depends on our sensory receptors that translate signals
from our environment into the language of the brain. My group is focused on decoding this
language, called the neural code. We do this using human behavioural experiments and
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real-time electrophysiological recording combined with carefully controlled stimulation. Most
of our work is in the sense of touch which has the benefit that most of the receptors are
reasonably easily accessible. We use this knowledge to inform the design of prosthetic hands
that can convey feeling to their users, as well as to look for early diagnostic tests for conditions
such as peripheral neuropathy that can arise from diabetes.

Dr Shafagh Waters

Innovative CF Treatment: Personalized Medicine and Regenerative Therapy for a Life-Limiting
Condition

Join our team working on treating Cystic Fibrosis (CF), a genetic condition affecting 1 in 25
Australians due to 2000+ mutations in the CFTR gene. We have developed the "miCF Avatar"
platform that utilizes mini-organs or organoids grown from patient stem cells to predict
individual responses to medication, allowing for personalized treatment plans.

In addition to this, we are exploring the potential of using autologous stem-cells as a
regenerative replacement therapy for CF. Our team is working on correcting CFTR mutations
and evaluating the safety and long-term potential of these corrected stem-cells. We are also
optimizing biomaterials for delivery to the sinus of animal models to develop the most
efficient stem-cell transplant and engraftment strategy for the upper and lower airways of
people with CF. Learn more at https:/research.unsw.edu.au/people/dr-shafagh-waters.

Dr Blake Cochran and Nasir Shah: PRINTcision Medicine: Developing Patient-Specific,
3D-Printed Models of Human Disease

Over the last 10 years 3D printers have become a mainstream technology. They are now
revolutionizing healthcare and medical research. By merging 3D printing with established
biological science techniques, we are looking to see how endothelial cells, the cells that line
blood vessels, react to changes in flow in 3D models based off true patient blood vessels.
Endothelial cells were once thought to be nothing more than a physical barrier. We now know
their role is more complex, with their dysfunction seen in almost all medical conditions. Using
a modified ultrasound machine, we scan blood vessels in real people to create a digital
geometry. We then print these geometries using 3D printers and grow endothelial cells on
them in different flow conditions. The idea is to see how blood vessels react to changes in
flow, and the introduction of toxins, and drugs.

Working at the intersection of vascular biology, nephrology, and engineering this project
fosters cross-disciplinary relationships between researchers and clinicians to promote
translational, collaborative work. With mentorship from experts in engineering at UNSW lower
campus, molecular scientists at UNSW upper campus, and doctors and nurses at Prince of
Wales Hospital, you'll be sure to get a feel for all that research has to offer and the many
career paths that it can take you!

Dr Daniel Fernandez Ruiz: Cellular Immunology and Vaccinology

The Cellular Immunology and Vaccinology lab delves into the intricate world of T cells; a type
of immune cell that can provide highly efficient protection against a broad range of infections.
A remarkable feature of T cells is their ability to form immunological memory; that is, they can
“remember” a previously encountered pathogen and provide more efficient protection against
subsequent infections with the same pathogen. These memory T cells are the key to our quest
for next-generation vaccines. By unravelling the mechanisms responsible for the generation of
T cell memory, we aim to engineer novel vaccines that produce large numbers of memory T
cells and offer unparalleled protection against infectious diseases beyond the capabilities of

29


https://research.unsw.edu.au/people/dr-shafagh-waters

current vaccines. Our primary focus is malaria, a devastating disease that claims the lives of
nearly half a million children under the age of 5 every year in the most disadvantaged regions
of the world. Through our research, we aspire to contribute to a future where malaria is
eradicated.

A/Prof John Power: Neuroplasticity

Our group examines how changes in neurons and their connections mediate learning,
particularly reward learming processes associated with obesity and addiction. This preclinical
work is performed in rodents, who have similar circuits to humans and also tend to
overindulge. Our research uses a combination of advanced neurophysiological techniques
including brain slice electrophysiology, optogenetics, and fluorescent imaging to determine
how key brain regions are connected on a cellular level and how learning changes these
connections. Our goal is to identify and validate therapeutic targets for the treatment of the
aberrant learning processes that underlie conditions. Ultimately, we hope to use our
knowledge of the underlying connections to support beneficial circuits, such as those critical to
abstinence, and attenuate circuits that drive detrimental behaviours such as those associated
with relapse.

Dr Felix Aplin and Dr Natasha Kumar

This project examines impaired central respiratory chemosensitivity as a key contributor to the
pathophysiological mechanisms causing respiratory disorders. To achieve this, we will use a
mouse model of hypercapnia (high carbon dioxide), implanted with a biosensor that records
breathing and heart rate signals over long periods of time. We will determine the impact of
intermittent stimulation with carbon dioxide on central chemoreceptor plasticity and
respiratory responses, and examine the role of caffeine in treating these responses. Our
outcomes will establish a groundwork understanding for how caffeine modulates central
respiratory chemoreflex function in apnea of prematurity (AOP), which is a serious respiratory
condition in preterm infants.

30



School of Physics

www.physics.unsw.edu.au

School Contact
Assoc. Prof. Sarah Martell
E-mail: s.martell@unsw.edu.au

Prof Michael Ashley

I'm an astronomer working with instrumentation and computing in fields such as astronomy
from Antarctica and wide-field infrared surveys of the sky. My recent work has involved
understanding some newly discovered issues with Hawaii 2RG infrared detectors, similar to
the ones used in the James Webb Space Telescope. My group is currently designing the
support electronics for a new infrared camera for a telescope to be situated in Antarctica in
collaboration with China. | am also working on a project to design a wind turbine for the
unusual conditions on the Antarctic plateau, to provide power for future astronomical
telescopes.

A/Prof. Julian Berengut

The study of the superheavy elements (nuclear charge Z > 100) is an important
multidisciplinary area of research involving nuclear physics, atomic physics, and chemistry.
Calculations of the atomic spectra are needed for planning and interpreting measurements;
these involve understanding the role of quantum electrodynamic and many-body effects. Our
group has developed high precision computer codes for atomic calculations. A student should
use these codes to perform calculations of atomic properties to help guide experimental
efforts.

A strong interest in theoretical physics and numerical calculations is essential for this project.

Prof Sarah Brough

My research finds the faint signature of merging galaxies in the most sensitive images of our
Universe using machine learning. Galaxies grow over time through mergers so studying these
faint signatures tell us a lot about how galaxies have changed over time. My team uses
cosmological simulations and sensitive images from the 8m Subaru Telescope to prepare for
new observations shortly to start arriving from the ground-breaking Rubin Observatory’s
Legacy Survey of Space and Time. This survey will image the entire Southern hemisphere sky
to unprecedented sensitivity over the next ten years, finding billions of galaxies. It will allow us
to answer questions of how galaxy evolution depends on the mass of the galaxies themselves
and the density of the environment they are found in.

Dr Maja Cassidy

We investigate new materials and quantum devices, with a focus on systems that may have
applications in a future quantum computer made from spins, superconductors or topological
systems. Experimental projects may involve activities ranging from device design and
fabrication in a clean room environment, electromagnetic simulation, cryogenic measurement
in dilution refrigerators, as well as developing control software for qubit measurement.
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Prof Susan Coppersmith

My research group studies problems in theoretical condensed matter physics, with a major
focus on understanding the physics to enable the construction and effective use of quantum
computers.

Prof Victor Flambaum

We are looking for methods to detect Dark matter and Dark energy in the laboratory and for
manifestations of them in astrophysical phenomena such as Big Bang nucleosynthesis and
neutron stars (pulsars). Another direction of our research is testing the Grand Unification
Theories by searching for effects of violation of the fundamental symmetries in atomic
phenomena which are predicted by these theories. We also develop methods and computer
codes for high precision atomic calculations.

Dr Caroline Foster

My team studies the transformation of galaxies across cosmic time. The appearance and
internal motions of stars in galaxies have undergone substantial changes in the past ~9 billion
years. Using 3D spectroscopy data from the MAGPI survey and simulations data, we research
and aim to identify the main physical drivers of this transformation by targeting the Universe’s
Middle-Ages (i.e. the cosmic epoch ~4 billion years ago).

Dr Sam Gorman

I am the quantum systems engineering lead for Silicon Quantum Computing (SQC) and
researcher at the Centre for Quantum Computation and Communication Technology (CQC2T)
lead by Prof. Michelle Simmons. My research focuses on the design and operation of quantum
systems to perform computations. These quantum systems are broadly separated into
analogue (continuous variables) and digital (binary variables: qubits) systems fabricated with
atomic-precision manufacturing using a scanning tunneling microscope. The phosphorus-doped
silicon quantum devices are all measured at cryogenic-temperatures using room-temperature
electronics. There are several theoretical and experimental projects related to both analogue
and digital quantum systems available.

Dr Jan Hamann

My group’s research focuses on cosmology, covering the entire history of the Universe from a
fraction of a second after the Big Bang until today. We investigate theoretical aspects of
cosmology as well as making the connection with observations and analysing data from a
variety of experiments.

Prof Alex Hamilton

My group works in experimental condensed matter physics. We have two main activities: (i)
advanced semiconductor nanostructure devices that use holes instead of electrons for quantum
electronics and quantum computing (ii) new materials that are only 1 atom thick for ultra-low
power electronics (made using sticky tape!).

A/Prof. Charles Hill
My research interests lie in the theory of quantum computing, specifically looking at quantum
error correction, characterisation, quantum algorithms and their implementation on near term
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devices. | am part of Professor Michelle Simmons’s group at SQC, looking to develop a large
scale, fault tolerant, quantum computer based on silicon. Choosing a research project in
quantum computing means advancing the field of quantum computing by developing and
implementing cutting-edge techniques that can help realize the full potential of quantum
systems.

A/Prof Sarah Martell

My research group studies the structure and history of the Milky Way using data from large
survey projects that observe hundreds of thousands of stars. We use data science techniques to
find the oldest and most unusual stars, then study their chemical compositions and orbits to
understand what role they play in the Galaxy. Recent student projects have included searching
for stars that are escaping the Galaxy and calculating their orbits, and measuring how quickly
red giant stars are destroying their carbon.

Prof Dane McCamey

We measure the influence of spin on the optoelectronic property of molecules, materials and
devices. Our experimental capabilities range from fabrication of organic electronic devices
through to electrical and optical characterisation via electron spin resonance. We also spend
time developing new spin resonance techniques. Our research has applications ranging from
enhancing the efficiency of solar energy generation through to quantum sensing and
information storage.

Dr Ben Montet

My research group studies the formation and evolution of nearby planetary systems. Using
both ground- and space-based telescopes, we aim to understand how different stellar
environments shape the formation and evolution of planetary systems. To accomplish this, our
team leads the development of new data-driven methods to better find and characterise the
small planetary signals in transit and radial velocity planet search data.

Online resources: My website, My student's website, A lecture on how we find planets and

what we will learn from future surveys (2017 Sagan Summer Workshop)
Prof. Richard Morris

The human body contains circa. 40 trillion cells, all working concert to sustain the miracle that
is life. But can the behaviour of living systems--- such as cells, tissues & organs--- be
understood with the same mathematical precision as, say, a fluid? | work alongside
experimental biologists with precisely this question in mind. In particular, my work focuses on
understanding living systems at a variety of spatio-temporal scales, from molecular-scale
signaling, to cellular-scale force generation and locomotion, to shape and form in developing
embryos and beyond.

Dr Casey Myers

We are currently in a very exciting age of quantum computing, on the very precipice of
observing a so-called quantum advantage, where a quantum device could solve a practical
problem faster, more efficiently, or with greater accuracy than that possible with the most
powerful classical supercomputers. In the Quantum Algorithms and Applications team we are
developing quantum algorithms for the silicon based architecture to solve real world problems
that have the potential to provide a near term quantum advantage.
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A/Prof Rajib Rahman

| am a computational physicist who develops advanced simulation techniques to understand
quantum materials and devices. My objective is to develop future electronics and computing
technologies utilizing novel quantum phenomena in condensed matter. Design and
optimization of silicon quantum computer hardware is one of my active areas of research.

Webpages: https://research.unsw.edu.au/people/associate-professor-rajib-rahman

https:/sites.google.com/view/rajib-rahman/home

Dr Peter Reece

My research group is focused on the development of new concepts in optics and photonics,
particularly in emerging areas of nano-scale photonics and novel hybrid optical materials, and
their application to the disciplines of medicine and engineering. | offer a range of experimental
projects including laser trapping of single nanoscale objects, photonic crystal biosensors, and
ultrafast spectroscopy of semiconductor materials.

Prof Sven Rogge

In my group we carry out experimental research to understand the physics of how a qubit
interacts with its environment to understand coupling mechanisms, decoherence pathways,
and control with the aim to implement universal quantum computation and quantum
simulation in silicon.

Dr Oleg Tretiakov

| am a theoretical condensed-matter physicist working in the areas of nanomagnetism and
spintronics. In particular, | focus on topics such as dynamics of skyrmions and other topological
spin textures in ferro/antiferromagnets, spintronics with topological insulators, quantum
phenomena in low-dimensional spin-orbit systems. The majority of my work either builds on
observations made in recent experiments or predicts new phenomena that should be
observable in the near future.

Webpage: https://sites.google.com/site/tretiakov/

A/Prof. Clemens Ulrich

The main interest of my research group is the investigation of novel quantum magnetism such
as spiral spin structures or skyrmions. They offer a tremendous potential for future applications
in IT technology and for testing fundamental theories. The philosophy of my research is to
combine different complementary techniques in solid state spectroscopy such as optical
(Laser) spectroscopy, neutron scattering, and SQUID magnetization measurements, in order to
obtain a comprehensive understanding of the fundamental processes behind these effects.

Dr. Jesse van de Sande

My team aims to better understand our own Milky Way Galaxy’s unique evolutionary history
by comparing it to its extragalactic cousins. | am leading the GECKOS survey which uses the
Very Large Telescope with MUSE - a Hyper Spectral Imaging or 3D spectroscopy instrument -
that will provide a detailed cross-section of 35 galaxies with similar properties to our own
Galaxy. With these 3D data cubes, we can determine the chemical composition of its stars and
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gas, with the side-on viewpoint giving us a chance to detect faint signatures that were left
behind by small galaxy mergers a long time ago.

A/Prof Yvonne Wong

I am a theoretical physicist working at the interface of particle physics and cosmology. My
research centres around investigating the cosmological consequences of fundamental physics
theories beyond the standard model of particle physics.
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Dr Lenny Vartanian: Body dissatisfaction, weight stigma and eating behavior

My work generally focuses on the psychology of eating and weight, and particular areas of
interest include body dissatisfaction, dieting and eating behaviours, and obesity stigma.

Body image concerns are increasingly prevalent among women and men. One of the key
predictors of body dissatisfaction is the extent to which individuals internalise societal
standards of attractiveness (thinness for women, and muscularity for men). | am interested in
identifying factors that predict who is likely to internalise the societal standards of
attractiveness, as well as determining whether those factors can be modified as a means of
reducing or preventing body dissatisfaction.

Negative attitudes towards obese people are widespread, and obese people experience
discrimination in virtually every aspect of their lives. Weight-based discrimination is associated
with a range of negative consequences for the stigmatised individuals. Research in this
domain will focus both on developing a better understanding of what underlies people's
negative attitudes towards obese individuals, and on examining the impact that weight-based
discrimination has on obese individuals.

Unhealthy eating is a key public health issue, particularly because it can contribute to poor
nutrition and weight gain. Although people’s food intake is in part driven by how hungry they
are and by how much they like the food they are eating, there are other powerful influences
on the amount of food that people eat. These include social factors (e.g., what other people
are eating) and environmental factors (e.g., how much food is available), which might
influence people’s food intake without their awareness. Research in this area will examine to
what extent people are aware of the social and environmental influences on their food intake,
and whether they can be made aware of these influences as a means of helping them improve
their eating habits.

Prof Colin Clifford: Vision

The primary research focus of my laboratory is vision, how context affects our perception, and
how our visual awareness might be related to the underlying neural processing. Potential
projects include:

1) Gaze Perception: To an observer, the direction of your gaze reveals where you are looking
and hence what you are looking at. This might be an object of shared attention or it might be
the observer him or herself. The direction of your gaze is thus a strong social signal to your
intentions and future actions. This project aims to understand the processes in our brains that
enable us to know where someone else is looking. Suggested reading: Mareschal, ., Calder,
A)J. & Clifford, C.W.G. (2013). Humans have an expectation that gaze is directed towards
them. Current Biology 23, 717-721.

2) Visual Feature Binding: The seeing part of the brain, visual cortex, can be subdivided into
many regions. Breaking down vision like this leads to a problem. If different attributes of the
visual scene are dealt with in different parts of visual cortex, how is it that we experience the
world as coherently as we do? The question of how distributed neural processing gives rise to a
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unified perceptual representation of the world is often termed The Binding Problem. This
project will explore the limits of perceptual binding in human vision. Suggested reading:
Clifford, C.W.G. (2010). Dynamics of visual feature binding. In Space & Time in Perception &
Action, R. Nijhawan & B. Khurana (eds.), Cambridge University Press, pp.199-215.

3) The Role of Spatial and Temporal Context in Perception: Vision is a dynamic process with
adaptation as a fundamental property. Our visual systems are continually recalibrating
themselves to the prevailing visual environment. Considering visual processing as an adaptive
system in this way emphasizes that coding depends on context, and thus an understanding of
contextual modulation is central to an understanding of visual coding. How any given region of
an image is perceived depends strongly on the spatial and temporal context in which that
region is presented. Spatial context is the structure of the surrounding image, while temporal
context is represented implicitly in the adapted state of the observer’s visual system. This
project aims to use contextual manipulations to understand the coding of information in the
human visual system.Suggested reading: Clifford, C.W.G. & Rhodes, G. (eds.) (2005). Fitting
the Mind to the World: Adaptation and Aftereffects in High-Level Vision. Oxford: Oxford
University Press.

A/Prof Tom Denson: social-personality

1) Why do men and boys LOVE violent video games so much? We have proposed the
‘dominance-practice hypothesis’ which is that males are attracted to violent video games
because they allow players to practice displays of dominance and aggression. We are interested
in examining preferences for violent video game play in response to two classic primate
competitive situations: mating competition and physical strength competitions between males.
2) Angry rumination in groups as a determinant of intergroup aggression.

3) Reducing aggression by practicing self-control and cognitive training.

A list of all of my papers can be found at: http://www.psychexperiment.net/denson/pubs.
Many were co-authored by former students.

Dr. Erin Goddard

Our lab investigates the neural mechanisms underlying human visual perception, with a
particular focus on colour constancy, ageing, and the functional role of colour in cognition. We
explore how the brain maintains stable colour perception despite variations in lighting, how
ageing alters the processing of motion and fine detail, and whether colour contributes
differently to perception under unnatural conditions.

To address these questions, we employ a combination of psychophysics and advanced
neuroimaging techniques (fMRI, MEG, and EEG), allowing us to precisely measure perceptual
responses and map brain activity. Our research integrates machine learning-based analysis to
decode neural representations of visual stimuli, providing deeper insight into the
computational principles of vision. Through this interdisciplinary approach, we aim to advance
our understanding of how the brain extracts and utilises visual information across the lifespan.

Prof Brett Hayes: “high level” cognitive processes

1) How many types of reasoning are there? Psychological theories of human reasoning
generally distinguish between deductive and inductive reasoning. Roughly speaking, deduction
involves determining whether an inference necessarily follows from a given set of information
(e.g., if we know that “All university students have high 1Qs” then it necessarily follows that
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“Psychology students have high 1Qs”). Induction on the other hand, involves assessing the
plausibility of an inference (e.g., if we know that “Psychology students have high IQs” then it
might seem plausible but by no means certain that other university students have this
property).  Recently, some researchers have challenged the “dual-process” account of
reasoning, suggesting that both induction and deduction can be explained by a common set of
psychological processes. This project examines single-process and dual-process models of
reasoning using innovative techniques for comparing induction and deduction. There is also
scope for projects examining the development of each form of reasoning. Suggested Reading:
Heit, E., & Rotello, C. (2010). Relations between inductive reasoning and deductive
reasoning, Journal of Experimental Psychology: Learning, Memory, and Cognition, 36,
805-812.

2) The role of causal knowledge in intuitive probability judgments: People are often faced with
situations that require intuitive judgments of probability (e.g., how far can | trust this person?
how likely is it that my headaches are a sign of a serious illness?). This project examines how
we can improve the accuracy of people’s intuitive probability judgments by providing them
with information about the causal mechanisms that that give rise to observed probabilities
(e.g., different causal mechanisms that could lead to headaches). Suggested Reading: Krynski,
T., & Tenenbaum, J. (2007). The role of causality in judgment under uncertainty. Journal of
Experimental Psychology: General, 136, 430-450.

3) “As if thinking” in reasoning and judgment This project examines how people reason and
make decisions about situations involving category uncertainty. For example, a doctor may see
a patient with symptoms that are consistent with more than one diagnosis. In such situations
optimal reasoning and decision-making involves taking into account all of the uncertain
alternatives (other possible but less likely diagnoses). A wealth of evidence however, shows
that when people make predictions about an uncertain situation they usually focus on just one
likely alternative (e.g., the most likely diagnosis) and ignore other alternatives that are relevant
to their prediction. This is a phenomenon we have termed “as if thinking”. This project will
involve designing experiments that specify the conditions under which people engage in as-if
thinking and how this reasoning bias might be overcome. Suggested reading: Hayes, B. K. &
Newell, B. R. (2009). Induction with uncertain categories: When do people consider the
category alternatives? Memory and Cognition, 37, 730-743.

Prof Simon Killcross

1) Mechanisms of habit learning: Previous research indicates that, with continued training,
lever pressing in rats makes a transition from being goal-directed (that is, influenced by the
contingency between the instrumental response and reward, and the value of that outcome) to
being habitual (whereby the response appears to be independent of current contingency and
reward value). Disruptions of this transition process are thought to be, in part, contributors to
drug addiction, and disorders of cognitive control such obsessive compulsive disorder and
Tourette’s syndrome. The proposed project will examine the psychological and neurochemical
processes that dictate this transition. Nelson A & Killcross AS (2006) Amphetamine exposure
enhances habit formation. Journal of Neuroscience, 26, 3805-3812.

2) Control of behavioural flexibility by the prefrontal cortex: A number of lines of evidence
suggest that different subregions of the medial prefrontal cortex (mPFC) in the rat subserve
distinct but complementary cognitive functions that attempt to achieve a trade-off between
the control of behaviour by prior experience and the need to adapt to novel situations in a
changing world. More formally, we have suggested that the prelimbic region of the mPFC acts
to bring both simple cue-outcome associations and more complex behavioural patterns under
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the modulatory influence of contextual or other task relevant information; by contrast, the
infralimbic mPFC exerts an inhibitory influence over the prelimbic region, biasing animals
towards simple, prepotent or innate behavioural patterns. This project will examine tests of
this hypothesis using a variety of behavioural procedures designed to assess the role of
modulatory information in governing task performance. Rhodes SEV and Killcross AS (2007)
Lesions of rat infralimbic cortex enhance renewal of extinguished appetitive Pavlovian
responding. European Journal of Neuroscience, 25(8), 2498-2503.

3) The role of behavioural chains in goal-directed action: When animals produce an
instrumental response for food, they do not produce a discrete action that leads to the
immediate ingestion of food, but rather initiate a sequence of closely linked behaviours that
ultimately result in the delivery of food. At a minimum, this chain might be leverpress ->
magazine entry -> consumption. A variety of theorists have suggested that the nature of
behavioural control that is present at different points in this chain varies as a function of, for
example, proximity to final reward. This project will examine the development of such chains
over the course of training and will attempt to establish the role of behavioural chains in
performance and sensitivity to outcome value. Balleine, Bernard W.; Garner, Claire; Gonzalez,
Felisa; Dickinson, Anthony (1995) Motivational control of heterogeneous instrumental chains.
Journal of Experimental Psychology: Animal Behavior Processes, 21(3), 203-217.

Prof Gavan McNally: Behavioural and brain mechanisms for learning and motivation

1) Defining and manipulating the brain circuits for relapse and extinction of drug seeking
Relapse to drug-taking is the fundamental problem facing any treatment of drug addiction.
70-80% of drug-users seeking treatment will relapse to drug taking within 12 months of
treatment. This project studies the neural and behavioural mechanisms for relapse to drug
taking using animal models of cocaine addiction, methamphetamine addiction, and alcoholism.
It also studies the brain mechanisms for extinction of drug seeking and attempts to use this
knowledge to identify new ways of treating human drug users. Suggested reading: Millan,
E.Z., Marchant, NJ., & McNally G.P. (2011). .Extinction of drug seeking. Behavioural Brain
Research, 217, 454-462. Conklin, C.A., & Tiffany, S.T. (2002). Applying extinction research
and theory to cue-exposure addiction treatments. Addiction, 97, 155-67.

2) Defining and manipulating the brain circuits for prediction error in Pavlovian conditioning:
Pavlovian fear conditioning has served as a useful model for studying the brain mechanisms of
learning. Contemporary neural models characterise Pavlovian conditioning as detecting CS-US
contiguity. By contrast, contemporary psychological models characterise Pavlovian
conditioning, at least in part, as the learning of predictive relations. In other words,
neuroscientists have largely failed to incorporate a role for the learning of predictive relations
in their analyses of the brain mechanisms for fear conditioning. This project studies the brain
mechanisms for predictive learning in Pavlovian fear conditioning, using optogenetic and
pharmcogenomic control over defined cell populations in specific neural circuits. Suggested
reading: McNally, G.P., Johansen, J., & Blair, H.T. (2011). Placing prediction into the fear
circuit. Trends in Neurosciences, 34, 283 - 292.

3) Erasing drug memories: One of the more startling claims from contemporary research into
the brain mechanisms for memory is that individual specific memories can be targeted and
erased via simple behavioural manipulations. This project studies this process in an animal
model of drug addiction. Drug associated cures exert a powerful control over craving and
relapse to drug seeking. The project studies whether the memories of these cues can be erased
and hence no longer drive drug seeking. Suggested reading: Xue, Y.X. et al. (2011). A memory
retrieval-extinction procedure to prevent drug craving and relapse. Science, 336, 241-245.
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A/Prof Dr Joel Pearson: New methods to map the human brain

1) The neural dynamics and treatment of visual hallucinations: Using novel techniques to figure
out what causes visual hallucinations and how to control them eg. Developing new treatments.
Utilising controllable visual hallucinations to study consciousness in the normal population.

2) Fighting mental disorders with Mental Imagery: Many mental disorders are associated with
uncontrollable mental imagery. We are working with new cutting-edge methods to measure
the sensory strength of mental imagery and developing new methods to control its strength
and vividness. We aim to reduce the strength of mental images as a symptom, but when
imagery is used in treatments such as in cognitive behavioural therapy it is advantageous to
have stronger and more vivid mental imagery.

3) Mapping the Human brain: Work on exciting cross-disciplinary projects focusing on
innovative new ways to map the human brain using combinations of different neural imaging
and modeling approaches. These cross-disciplinary projects will be loosely between the fields
of neuroscience and mathematics/engineering/computer science or physics. Ranging from
fundamental mechanistic work to applied clinical applications. For these projects students need
to have a basis in Engineering, Physics, Maths, and Computer Science or a related field, and
fluency in at least one computer programming language.

4) Decision-making: The study of decision-making spans such varied fields as neuroscience,
psychology, economics, statistics, political science, and computer science. Despite this diversity
of applications, most decisions share common elements including deliberation and
commitment to an outcome. The lab is currently investigating how information outside of
conscious awareness can change the decisions you make.

5) Does Intuition actually exist? (The scientific study of intuition): To answer this question, we
utilise conservative, objective and reliable neuroscience techniques (i.e. noisy visual decisions)
to study and even ask the question does intuition actually exist. We have ongoing projects
using novel empirical paradigms, physiological measures and computational decision models to
show that unconscious emotional information can boost accuracy in concurrent emotion-free
decision tasks. Emotional signals, that subjects are never aware of, can be utilized to boost
performance in simultaneous, non-emotional decisions. These data and techniques show for
the first time that ‘intuition’ does indeed exist, different unconscious emotions can boost
concurrent non-emotional behaviour — a process of intuition.

Dr Jenny Richmond: Developmental Psychology

1) | like that one better: Advertisers use evaluative conditioning to shift our preferences for
products. For example, Nespresso manufacturers know that by pairing their product with
George Clooney, some of the positive feelings toward the actor will rub off on the product and
we will like the product better than if they paired it with an unattractive/unliked actor. Recent
work in our lab has shown that much like adults, infants’ preferences for initially neutral
objects can also be shifted by pairing them with either positively-valenced or
negatively-valenced stimuli. In this study we used an evaluative conditioning paradigm, pairing
one object with happy facial expressions and another object with angry facial expressions and
recording where babies were looking during conditioning using an eye tracker. When infants
were given the choice between the two objects, most chose the object that had been paired
with the happy face. This behavioural preference depended on the pattern of looking
behaviour exhibited during conditioning. Infants who did not show a “face preference” during
learning did not pick the positively-valenced stimulus at test. We are currently following up on
this study to see whether this evaluative conditioning effect generalises to other affective
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stimuli (i.e. mums face vs. stranger face) and testing whether the face preference is a causal
mechanism in this kind of learning.

2) Back to the future: Episodic memory allows us recollect past events, however, we can also
draw on experience to imagine how future events might play out (Schacter & Addis, 2007).
Recent work in our lab has focussed on exploring how the ability to imagine future events
develops during childhood. We have recently shown that the ability to talk about future events
is related to relational memory abilities (Richmond & Pan, 2013) and that the ability to make
behavioural choices for the future is related to executive function. But do narrative and
behavioural tasks tap the same kind of future thinking abilities? Is the ability to talk about
future events related to the ability to make choices for the future? Our current work is testing
this question in 3- to 5-year olds.

3) | know how you feel: Young infants very quickly become experts in processing faces; with
relatively little experience they learn to discriminate between faces of different people and
different emotional states. With experience, children learn to read how other people are
feeling and understand others emotional states. These processes are impaired in autism
spectrum disorders (ASD) and cause major issues in social functioning. Work in our lab uses
EMG technology to measure the tiny changes in facial muscles that are produced when we see
others express emotion. Current projects are looking at how these low-level affective reactions
are related to empathy development and the kinds of social responsiveness abilities that are
impaired in ASD during the preschool period.

Prof Eva Kimonis: Child Clinical & Developmental Psychopathology

I am available to supervise TSP students interested in child clinical and developmental
psychopathology research. Research projects in my lab typically focus on multilevel factors
involved in the development of psychopathic traits, antisocial behaviour, and aggression in
childhood, including salivary bioscience and emotional processing indices; measurement of
psychopathic traits and related constructs (e.g., empathy, parental warmth) in childhood; and
parenting interventions for improving and preventing disruptive behaviour problems in young
children. Much of this research is conducted with families receiving treatment at the UNSW
Parent-Child Research Clinic (https://www.conductproblems.com/) that | founded and direct.
TSP students can expect to be involved in a variety of research and clinical experiences,
including but not limited to conducting literature reviews, writing to synthesise literature,
engaging in active data collection with children and/or families, observing clinical assessment
and treatment activities, and learning how to code parent and/or child behaviours from
observations. More information about my program of research is available here:
https://www.unsw.edu.au/staff/eva-kimonis and http://www.conductproblems.com/research/.
For more details about the research areas of other staff in the School of Psychology please see
the descriptions of the School's research expertise at

http://www.psy.unsw.edu.au/research
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