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According to the National Science Foundation, 
“Interdisciplinary research is a mode of research by teams or 
individuals that integrates information, data, techniques, tools, 
perspectives, concepts, and/or theories from two or more 
disciplines or bodies of specialised knowledge.”

Okay. But why should you or your students care about 
this? How does this translate in the classroom? One way 
to view interdisciplinary research is to view it in the context 
of cross-curricular learning. We all know that, in the real 
world, modern foreign languages are very much linked to 
geography, geography can link to science, science can link to 
maths, maths can link to personal, social, health and economic 
(PSHE) education, PSHE can link to computer science, and 
so on. 

Even though school curriculums tend to require teachers 
to teach their subjects in silos, there are lots of benefits to 
cross-curricular learning: one being that students learn how 

to see the world holistically. And once students start to see 
the world holistically, they’ll realise that succeeding (or failing) 
in a particular subject isn’t necessarily important. Because 
the subjects they enjoy and are good at can also take them 
to a destination they might not know existed or have thought 
possible to reach.

We hope that the research projects in this issue – research 
projects that aim to advance fundamental understanding or to 
solve problems that are beyond the scope of a single discipline 
or area of research practice – will provide your students 
with enough inspiration to view the world holistically; to see 
that some problems need a team of engineers, chemists and 
psychologists to solve them.

As economist Prof Sayantan Ghosal says in his article (p12), 
“Try not to get too bogged down in maths – the primary 
concern behind economics is attempting to understand the 
world around you.”
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Although most of us would admit that we often 
find life complicated, the laws that govern the 
observable universe appear to be reassuringly 
simple. There is an apparent linearity to our 
everyday experience – when we are hungry, we 
fill our bellies and we no longer feel hungry; if we 
touch something that is very hot, we will burn 
ourselves and it will hurt; and if we throw a stone 
into a lake, it will travel in a predictable manner 
before hitting the surface and sinking.

The notion that there is a linear order to things 
that we do, see and experience is something 
firmly rooted in our understanding of the world. 
We take it for granted that there is an inherent 
causality to everything – that what happens 
in the past influences what happens in the 
present, and that what happens in the present 
will have some bearing on the future – even if 
we cannot exactly predict how that influence 
will materialise.

However, when quantum physicists look at 
nature on the smallest scales, including atomic 

and subatomic scales, they often find that the 
things we take for granted are not necessarily 
the case. With that in mind, Dr Fabio Costa from 
the University of Queensland in Australia has 
been looking at the concept of causal relations 
in quantum physics, and combining elements 
of physics, quantum information and computer 
science in his investigations.

WHO CAME UP WITH THE CONCEPT 
OF QUANTUM PHYSICS POTENTIALLY 
CHANGING OUR NOTIONS OF CAUSE 
AND EFFECT?
The idea originates from a combination of 
studies of quantum physics and the other pillar 
of modern physics – that of general relativity. 
Albert Einstein’s theory of gravity – general 
relativity – predicts that all objects with mass 
bend space and time, possibly changing the order 
in which things happen. 

“Several physicists have pointed out that a 
combination of the two theories might result 
in some new type of cause-effect relationship, 

although there have been many diverging 
opinions as to what this might mean,” explains 
Fabio. “It is only recently that researchers have 
started to explore the practical consequences of 
this idea.”

WHY IS FABIO AND HIS TEAM HOPING 
TO PROVE THAT THIS NEW TYPE OF 
CAUSE-EFFECT RELATIONSHIP IS TRUE?
Fabio and his colleagues have discovered that 
new causal relations could help computers solve 
difficult problems. Producing these relations 
using gravity would be extremely hard, if not 
impossible. (Read more about this in Cosmos: 
https://tinyurl.com/y57a4vft). However, 
researchers from the University of Pavia and 
Fabio’s PhD thesis findings at the University 
of Vienna, Austria, discovered that new 
cause-effect relations can arise in laboratory 
experiments in ways that are unrelated to gravity. 
The scientists hope that these experiments will 
answer fundamental questions about causality, 
while at the same time providing a route towards 
more efficient computers.

TOSSING A QUANTUM COIN
“Imagine tossing a coin and keeping it covered,” explains Fabio. “Until 
you look at it, you cannot say whether it has landed on heads or tails. 
However, you can say that one of the two is true. If you toss the coin 
lots of times, roughly half of those tosses will land on heads and half on 
tails – there is an equal probability that the coin will fall on either side. 

“With a quantum coin we can do a similar experiment, where we 
measure either heads or tails with equal probability (in reality, the 

coin would be a particle going left or right, or in two possible energy 
states, or through other quantum properties). However, if, instead of 
measuring the quantum coin, we “toss” it again, we find that it always 
lands on heads. This would not happen with an ordinary coin. 

“It is as if, after the first toss, the quantum coin is aware of both 
possibilities. This phenomenon is called interference and can be used to 
demonstrate quantum superposition: the quantum coin is neither heads 
nor tails; it is in a new state that is a combination of both.”

UNDERSTANDING QUANTUM SUPERPOSITION: 
HOW A SINGLE EVENT CAN BE BOTH A CAUSE AND AN EFFECT

FORGET EVERYTHING YOU 

THOUGHT YOU KNEW

DR FABIO COSTA, BASED AT THE UNIVERSITY OF QUEENSLAND IN 

AUSTRALIA, IS INVESTIGATING CAUSAL RELATIONS IN QUANTUM 

PHYSICS. THE ULTIMATE AIM IS TO DETERMINE HOW QUANTUM PHYSICS 

MIGHT CHANGE OUR NOTION OF CAUSE AND EFFECT, AND THE 

FINDINGS COULD LEAD TO IMPROVEMENTS IN QUANTUM COMPUTING
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experiments (see this article in Science 
Direct: https://tinyurl.com/yd3zfp3u), where 
they send a photon – a particle of light – in 
a superposition of two paths. Along each 
path, the photon meets two sets of lenses 
that transform it in some known way – for 
example, the lenses can turn the shape of the 
photon beam from a ball to a doughnut, or 
in some other way. Depending on the path 
the photon takes, it goes through the two 
sets in opposite orders. “A final interference 
measurement demonstrates that the photon 
went through both sets of lenses, but not 
in a given order: it was in a superposition of 
meeting one first, then the other, or the other 
way around,” says Fabio. “Although this is 
not the most general situation predicted by 
the theory, and there are many details in the 
experiment to improve, it is an important 
proof of principle and a first step towards 
possible applications.”

The team hope that their findings will feed 
into quantum computing, where the use of 

DR FABIO COSTA

School of Mathematics and Physics
University of Queensland

Australia

Quantum Physics

FIELD OF RESEARCH

Fabio’s work is concerned with exploring 
causal relations in quantum physics and 

how our notions of cause and effect might 
be changed. The findings could one day 

be harnessed to develop new technologies 
capable of performing incredible feats.

Australian Research Council, John 
Templeton Foundation

RESEARCH PROJECT

FUNDERS

HOW HAS FABIO AND HIS TEAM 
SHOWN THAT A SINGLE EVENT CAN BE 
BOTH A CAUSE AND AN EFFECT?
The laws of classical physics demand that the 
order of events is fixed. For example, only one 
person can be the first to enter a room, even 
if two people walk in together side by side. 
However, quantum physics disregards the laws 
of classical physics – it is known that a particle 
can be in two different locations at any one time. 
Therefore, the person who is the first to enter a 
room can also be said to be outside that room – 
if we take that idea to its conclusion, it is possible 
for two people to be the first to enter a room. 
This is known as a superposition of two situations 
– objects can be in two different situations at 
the same time. If quantum physics can be said to 
govern all phenomena, then perhaps the things 
we consider “fixed” are in fact indefinite.

WHAT EXPERIMENTS HAVE BEEN DONE 
TO DEMONSTRATE A SUPERPOSITION 
OF CAUSAL RELATIONS?
Fabio and his team have performed 

superpositions of order could explore different 
sequences of operations while still performing 
each operation once.

CATCHING A BUS 
“A new idea is that causal relations can be in a superposition, too,” says 
Fabio. “Think of a road with two bus stops on either side. According 
to the timetable, every day, two buses arrive at noon at both bus 
stops. However, because of traffic and other delays, one of the buses 
will arrive before the other. When the first bus arrives, its passengers 
can get on the second bus. Therefore, we can say that the first event 
(the bus arriving) is a cause of the second (passengers getting on the 
second bus). 

“However, it is not certain which bus will arrive first; on each day it 
will be one or the other. This means that the two events have some 

probability of being either the cause or the effect. In quantum theory, 
we can have a superposition of the two situations. 

“Crucially, if we were to measure a superposition, it would be destroyed. 
Upon measuring, we would find one event as the cause and the other 
as the effect, i.e. either one or the other bus arrives first. However, by 
making an appropriate interference experiment, we can conclude that 
neither of the two cases is true: we have a genuine superposition of 
cause and effect.”
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Quantum physics was developed around 
the turn of the 20th century and has since 
provided the basis for our most fundamental 
understanding of nature. When Einstein 
first encountered quantum physics, he 
believed it was flawed, because it seemed to 
imply that distant particles could interact 
instantaneously, which he deemed “spooky”. 
While physicists haven since proven that 
quantum effects cannot be used to send 
instantaneous messages, they still debate on 
how to best interpret the theory.

Nevertheless, quantum physics has been 
essential in explaining chemistry, properties 
of materials, and high-energy physics (such 
as particle accelerators). One of the main 
stumbling blocks to our understanding of 
quantum physics is that it is counterintuitive.

HOW HAS QUANTUM PHYSICS 
EVOLVED OVER THE YEARS?
Beginning in the last two decades of the 20th 
century, researchers have come to realise 
that the strange aspects of quantum physics 
can be harnessed as resources for novel 

technologies. One of the main advantages 
of new quantum technologies comes from 
the capability of quantum systems to process 
information more efficiently, which could one 
day lead to faster computers and a means to 
communicate more efficiently. The interest 
in the field of quantum computing is on 
the rise and industry has started to become 
increasingly involved, where foundational 
studies are turning to how theories could lead 
to applied science.

SHOULD YOU CONSIDER A FIELD IN 
QUANTUM PHYSICS?
If you like combining deep conceptual 
questions about nature with applications at 
the forefront of technology, then quantum 
physics is an excellent career path. It is a 
particularly exciting time at present, because 
abstract ideas are taking shape in the form of 
more advanced technologies.

ARE THERE MANY CAREER 
OPPORTUNITIES IN THIS FIELD?
The demand for quantum physicists is 
currently on a steep upward curve. Both the 

US and Europe have recently announced 
a billion-dollar investment in quantum 
science. Large investments are also coming 
from China, Australia, the UK and Canada. 
Alongside this, companies such as Google, 
IBM and Rigetti are competing to develop 
the first applied quantum technologies. For 
quantum physicists, the world really is their 
oyster and it is something that looks certain to 
continue in the future.

DO YOU HAVE TO HAVE A DEGREE 
TO FIND EMPLOYMENT IN THIS 
AREA?
A PhD is typically necessary to achieve 
a specialisation in quantum science 
(ranging from foundations, to theoretical 
quantum information and applied quantum 
technologies). Universities across the world 
are opening specialised master’s programmes 
in quantum science, which means it will 
become easier to find employment without 
going through a PhD. However, it is likely 
that a degree will remain necessary to find 
employment in the area of quantum physics.

OPPORTUNITIES IN QUANTUM PHYSICS

• The average salary for a quantum physicist is thought to be around AUD162,800

•  The Australian Institute of Physics is dedicated to promoting the role of physics in research, 
education, industry and the community. Opportunities can be found across its website.

•  Allaboutcareers.com has several write-ups of different jobs, including a particle physicist, 
which makes for interesting reading if you think this might be the career for you.

ABOUT QUANTUM 

PHYSICS
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FABIO’S TOP TIPS

1

2

3

Studying physics requires a lot of hard work and commitment, but if 
you are prepared to put the work in, it can be very rewarding – always 
keep that in mind.

Seize opportunities when they come – this could be a short research 
project, an internship, a summer programme at an institute abroad, 
anything – just ensure you seize the opportunity when it comes along.

Make sure you enjoy what you are doing at any given moment and 
be prepared to change fields if you realise quantum physics is not 
your thing!

WHAT IS IT ABOUT QUANTUM 
PHYSICS THAT FASCINATES YOU?
Quantum physics provides tools that we 
can use to understand deeper aspects of 
reality and escape the intuition we have 
built into our everyday lives. At the same 
time, it provides an avenue for linking its 
most puzzling aspects to concrete situations, 
which make for better understanding.

ARE YOU MORE INTERESTED IN 
COMING UP WITH THEORIES OR 
TESTING AND PROVING THEM?
As a theoretician, my focus is on developing 
new ideas and theories, with the goal to 
better understand the foundations of 
physics. However, it’s very important that 
the abstract ideas can be tested – at least in 
principle. This is a way to be sure our theories 
are in some way connected to reality and not 
just abstract fantasies.

DOES YOUR HEAD HURT WHEN 
YOU THINK OF CONCEPTS THAT 
ARE BEYOND OUR NORMAL 
HUMAN UNDERSTANDING?
Anything that goes through my head is 
definitely within human understanding! 
Concepts within quantum physics can 
appear to be exceptionally difficult from 

the outside, but anybody with enough 
motivation and time can grasp even the 
most advanced concepts. My head rarely 
hurts while thinking but using the brain can 
consume tremendous amounts of energy, 
which is perhaps why I often need extra 
snacks during the day!

HAVE YOU ALWAYS BEEN 
INTERESTED IN MATHS AND 
PHYSICS?
I have always been interested in science, 
but not particularly in maths or physics. In 
fact, I remember that the maths and physics 
subjects I studied at school were not the 
most exciting. However, towards the end of 
high school, I started to hear about relativity 
and quantum theory, which seemed like a 
whole new world to explore. So, I started 
to explore the concepts in more detail at 
university and continue to explore them 
every day.

HOW DO YOU LIKE TO APPROACH 
SCIENTIFIC PROBLEMS, AND DO 
YOU USE THE SAME APPROACH 
TO SOLVE OTHER EVERYDAY 
PROBLEMS?
Usually, I start with general themes, 
sometimes even vague ideas, and try to 

relate them to more precise questions. Given 
the question, I search the scientific literature 
to see what is known about it, study the 
relevant sources in more detail, and then 
find a particular problem to address. At this 
point, I try to break down the problem in 
parts, which typically leads to me having to 
prove theorems or solving some calculations!

I rarely end up making complicated 
calculations for everyday problems (although 
it does happen occasionally), but the general 
approach is similar: I look for reliable sources 
of information and then try to make the 
problem more precise, possibly by breaking 
it down into sub-problems.

ASK DR 

FABIO COSTA

F.C. acknowledges support through an Australian Research Council Discovery Early Career Researcher Award (DE170100712). This publication was made possible through the 
support of a grant from the John Templeton Foundation. The opinions expressed in this publication are those of the authors and do not necessarily reflect the views of the John 
Templeton Foundation. 

06 Find this article and accompanying activity sheet at www.futurumcareers.com 07



Science, technology, engineering and maths 
– the so-called STEM fields – are vital to 
the future economic prosperity of countries 
around the world. With that in mind, it 
follows that STEM workers are held in high 
regard, and have long been thought to play a 
key role in the sustained growth and stability 
of a country’s economy.

STEM education creates critical thinkers, 
improves levels of science literacy, and helps 
to create the next generation of innovators. 
Industries and occupations with a particularly 
strong focus in STEM areas have been 
shown to generate many of the innovations 
that lead to increased productivity in 
the workforce.

For these reasons, having a healthy 
amount of scientific and technical services 
professionals as part of a workforce is highly 
desirable. However, mounting evidence 
shows that an increasing number of these 
professionals are switching to non-STEM 
industries. Researchers around the world are 
investigating why this might be so, their aim 
being to reverse the situation.

Dr Kohyar Kiazad, who is based at Monash 
University, is one such researcher with 
a particular focus on Australia’s STEM 
workforce. He is currently working on 

a three-year, multi-university project 
investigating how to strengthen Australia’s 
STEM workforce and retain key staff. 
Interestingly, Kohyar’s research looks at what 
makes professionals stay in their jobs, rather 
than what makes them leave.

WHAT IS JOB EMBEDDEDNESS?
Job embeddedness is a term that refers to 
the totality of forces that keep people in 
their employing organisation. The theory of 
job embeddedness says that the forces that 
embed people can exist in an individual’s 
organisation or the community where 
they live. “Community influences matter 
if changing jobs means having to relocate. 
More specifically, people stay because of 
their valued connections to other people 
or groups at work or in their community,” 
explains Kohyar. “They stay because of 
their comfort and compatibility with their 
workplace or living environment, and they 
stay to avoid losing material or psychological 
benefits linked to their employment or place 
or residence.”

Almost two decades of empirical research 
(research based on evidence that has 
been acquired from direct and indirect 
observation or experience) confirms the 
validity of job embeddedness as a theory 
over and above more “traditional” reasons, 

such as job satisfaction and commitment to 
an organisation.

WHY FOCUS ON THE REASONS 
PEOPLE STAY IN THEIR JOBS 
AS OPPOSED TO WHAT MAKES 
THEM LEAVE?
The psychology of staying in a job recognises 
that the reasons why employees stay are not 
necessarily mirror opposites of the reasons 
for leaving. There are different underlying 
motives behind a decision to stay or leave – 
an individual might stay because they have 
strong ties to colleagues, but may leave 
because of pay dissatisfaction.

Kohyar’s research programme therefore 
focuses on uncovering the variety of 
reasons why STEM professionals stay, as an 
important first step towards the development 
of interventions focused on retaining high-
performing STEM professionals.

WHAT ARE THE WORK AND NON-
WORK FACTORS THAT KEEP PEOPLE 
IN THEIR STEM JOBS?
The factors that keep people in their jobs 
can exist on or off the job. For example, 
Terry Mitchell – one of the co-founders of 
job embeddedness theory – once noted that 
he stayed at the Foster School of Business, 
University of Washington, because it was 

DR KOHYAR KIAZAD AND HIS COLLEAGUES ARE LOOKING INTO 

REASONS WHY PEOPLE WORKING IN STEM STAY IN – NOT LEAVE 

– THEIR JOBS. WITH THE AUSTRALIAN GOVERNMENT INVESTING 

HEAVILY IN THIS SECTOR, THE RESEARCHERS’ UNIQUE APPROACH 

COULD HELP POLICYMAKERS AND ORGANISATIONS UNDERSTAND 

HOW TO STRENGTHEN THE STEM WORKFORCE AND RETAIN KEY STAFF

WHY DO PEOPLE 

WORKING IN STEM STAY 

IN THEIR JOBS – AND 

WHY SHOULD WE CARE?
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DR KOHYAR KIAZAD

Associate Professor
Centre for Global Business

Monash Business School
Monash University, Australia

Organisational Behaviour
FIELD OF RESEARCH

Kohyar and his colleagues are currently 
working on a three-year multi-university 

project that investigates how to 
strengthen Australia’s STEM workforce 

and retain key staff.

Australian Research Council, Discovery 
Scheme, 2017

RESEARCH PROJECT

FUNDER

Dr Kohyar Kiazad’s programme of research is the first to comprehensively apply job embeddedness to understand why professionals are leaving 
the STEM workforce. While many of his team’s discoveries could apply to any job, whether in STEM or not, some of their initial interviews have 
uncovered findings that are unique to STEM. For example:

•  Intrinsic motivation and passion appear to be the fundamental drivers of staying and succeeding in STEM fields

•  Money is NOT a strong motivator for entering STEM fields or staying in those fields

•  Lack of employment opportunities, job security, and passion to pursue scientific work are strong drivers of leaving, or not entering STEM 
employment upon graduation

•  Some consider the STEM career pathway to be too uncertain, unpredictable and with strong opportunity costs. Opportunity costs are the benefits 
an individual might miss out on when choosing one alternative over another.

•  Family influence (i.e. parents, siblings) does not seem to be important to peoples’ decisions to enter STEM education

comfortable to be near the city of Seattle, 
as well as the fact that he was a Seattle 
Seahawk season ticket holder!

It is also possible that organisational 
and community factors offer benefits 
to employees’ families, which embeds 
employees indirectly by embedding their 
families; employees might stay in an 
organisation because their families want to 
maintain access to corporate benefits or 
social ties to friends in the community.

Ultimately, job embeddedness theory 
encapsulates an array of work and non-work 
factors that promote workplace retention, 
and Kohyar and his team are investigating 
these influences in the STEM context. This is 
important, because their findings could help 
governments and organisations worldwide 
launch new initiatives that encourage a 
flourishing STEM workforce.
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OPPORTUNITIES IN 
ORGANISATIONAL BEHAVIOUR
•  A degree in organisational behaviour can lead to many different careers, 

including human resources specialists, training managers, organisational 
development specialists and, of course, researchers.

• Human resources specialists earned a median salary of US$60,880 in 2018, 
while human resources managers earned a median salary of US$113,300.

• Studying and understanding organisational behaviour provides a unique 
approach that is useful for succeeding as a leader of a large business. As 

long as there are organisations, experts in organisational behaviour will be in 
high demand.

1  Be true to yourself and do what you love 
but, above all, work hard!

2  It is important for students to begin 
developing their professional network 

(your “social capital”) as early as possible 
and work hard to maintain those 

relationships. You will reap the rewards of 
doing so in the future.

3  Never be afraid to reach out to more 
“senior”and experienced people in your 
field. The old adage is often true – who 

you know really does matter.

KOHYAR’S TOP TIPS

Organisational behaviour is the academic 
study of the ways people act within 
organisational groups, the interface between 
human behaviour and the organisation, and 
the organisation itself. It is a multidisciplinary 
subject that is influenced by developments 
in a range of fields, including sociology, 
psychology, economics and engineering.

WHY DO PEOPLE STUDY 
ORGANISATIONAL BEHAVIOUR?
There are many reasons why researchers are 
interested in organisational behaviour, but 
some of the main areas of focus are centred 
on improving job performance, increasing 
job satisfaction, promoting innovation and 
encouraging leadership. Each of these factors 
generate their own recommended actions, 
such as reorganising departments, modifying 
pay structures, or changing the methods that 
evaluate workers’ performance.

HOW DID THE STUDY OF 
ORGANISATIONAL BEHAVIOUR 
COME ABOUT?
In the late 1920s, the Western Electric 
Company launched a series of studies that 
looked at the behaviour of its workers at its 
Hawthorne Works factory in Illinois, USA. 
The Hawthorne Studies – which have since 
become famous – were conducted by Elton 
Mayo and Fritz Roethlisberger and were part 
of a refocus on managerial strategy, which 
incorporated the socio-psychological aspects 
of human behaviour in organisations.

The studies originally looked into whether 
certain environmental conditions – such as 
improved lighting – had an impact on worker 
performance. The results were surprising: 
Mayo and Roethlisberger found that workers 
were more responsive to social factors, such 
as who they worked with and whether their 
manager was interested in their work. As a 
result, motivation became a focal point in 
organisational behaviour research.

This video (see link below) from the AT&T 
archives contains interviews with individuals 
who participated in the Hawthorne Studies 
and gives additional insight into how the 
studies were conducted and how they shaped 
employers’ views on worker motivation: 
https://tinyurl.com/n446ld8.

WHAT ARE HIGH PERFORMANCE 
WORK PRACTICES?
High performance work practices (HPWPs) 
refer to human resource management 
activities that organisations use to achieve 
their goals. Such practices can improve an 
organisation’s performance by enhancing 
employees’ knowledge, skills and abilities, 
their motivation to perform, and their 
opportunities to contribute and participate in 
decision making.

Kohyar and his team believe that three types 
of HPWPs can embed STEM professionals in 
their job, organisation and occupation: skill-
enhancing HPWPs, opportunity-enhancing 

HPWPs, and motivation-enhancing HPWPs.
Skill-enhancing HPWPs, such as training and 
tuition reimbursement, focus on increasing 
employees’ transferable knowledge, skills 
and abilities. Such practices can help retain 
employees in STEM occupations by building 
their professional networks, augmenting their 
specialised skills, and producing human capital 
investments that would be forfeited by leaving 
STEM fields. Human capital can be defined as 
the skills, knowledge and experience a person 
or group of people has.

Opportunity-enhancing HPWPs focus 
on empowering STEM professionals with 
expanded decision-making authority, 
autonomy, and greater involvement in 
organisational/research centre matters. 
Such practices should bolster their retention 
by encouraging extra-unit collaborations, 
satisfying scientists’ competence and 
autonomy needs, and providing decision-
making involvement and organisation-specific 
know-how.

Motivation-enhancing HPWPs direct 
STEM workers’ efforts toward superior 
work performance. Practices such as 
regular performance feedback and 
targeted performance incentives should 
strengthen STEM workers’ links with job-
specific advice networks, job demands and 
competitive compensation.

ABOUT ORGANISATIONAL 

BEHAVIOUR
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YOU HAVE A PHD IN 
ORGANISATIONAL BEHAVIOUR. 
COULD YOU GIVE US A POTTED 
HISTORY OF YOUR EDUCATIONAL 
EXPERIENCE, STARTING WITH 
HIGH SCHOOL?
I graduated from high school in 1997 (while 
living in Brisbane). At the time I thought I 
wanted to become a lawyer, but unfortunately 
(or maybe fortunately), I didn’t meet the 
university entry score to pursue law. So, I 
enrolled in an arts degree, double majoring 
in psychology (thinking I would upgrade to 
law after one year). But I found psychology 
super interesting and engaging. Before long, 
I was graduating with an Honours degree in 
psychology (University of Queensland). The 
Honours degree gave me my first exposure 
to the research process and I loved it. My 
supervisor at the time (Simon Restubog, who 
is a collaborator in this research project!) 
encouraged me to pursue a PhD, so I moved 
to Melbourne (mostly because I thought living 
in Melbourne would be cool) and I obtained 
my PhD in organisational behaviour from the 
University of Melbourne in 2010. 

HOW WOULD YOU DESCRIBE 
YOURSELF AND ARE THESE TRAITS 
USEFUL FOR A RESEARCHER IN 
ORGANISATIONAL BEHAVIOUR?
I would consider myself highly introverted 
– I love my work but not more than I love 
spending time with my son. I only work on 
projects I genuinely like and with people I like, 
and I’m unwilling to let my co-authors down. 
I care more about the quality of my research 
as opposed to the quantity of my outputs and 
always try to produce my best possible work. 
However, I’m not very efficient because I will 
spend as long as it takes to ensure that what I 
write is exactly how I want it to be.

I’m not sure if these traits are useful for 
organisational behaviour researchers in 
general, but this is how I am and I’m happy 
with it.

ONE OF YOUR FOCUSES IS ON 
EMBEDDEDNESS. WHAT HAS KEPT 
YOU IN YOUR JOB?
For one thing, this job allows me to 
continuously learn, and I love learning. I get 

to learn as much as I want about whatever I 
want. I also really enjoy the research process 
– even with all the challenges it brings. I 
especially appreciate having the freedom to 
work on ideas that genuinely interest me. 
I love the freedom and autonomy that an 
academic career provides (I would really 
struggle in a job that didn’t provide this level 
of autonomy and freedom).

HOW PASSIONATE ARE YOU ABOUT 
JOB EMBEDDEDNESS IN STEM?
I only pursue research on topics I care 
about or find intellectually stimulating. 
Applying job embeddedness theory to 
tackle an important real-world issue, such as 
significant attrition in STEM, is something I 
genuinely care about. It’s very fulfilling to see 
the practical value of theoretical concepts!

FINALLY, CAN YOU TELL US ONE 
FUN FACT ABOUT YOURSELF?
When I’m not spending time with my son, 
I’m mostly training in Brazilian jiu-jitsu.

ASK DR KOHYAR KIAZAD

THOMAS LEE
Role: Partner Investigator
Title: Hughes M. Blake Professor of Management in the Department of Management & Organization in the Foster School 
of Business, University of Washington, USA.
Fun fact: Tom played “scrum half” on the junior varsity rugby team during his sophomore year (1972-73) at the University 
of California, Berkeley. Sadly, he never made the varsity.

SIMON LLOYD D. RESTUBOG
Role: Chief Investigator 
Title: Professor of Labor and Employment Relations in the School of Employment and Labor Relations, University of Illinois 
Urbana-Champaign, USA.
Fun fact: Before joining academia, Simon spent time in a Christian monastery.

BROOKS HOLTOM
Role: Partner Investigator
Title: Professor of Management in the McDonough School of Business, Georgetown University, USA.
Fun fact: Brooks has climbed the highest active volcanoes in the US and in South America.

PETER HOM
Role: Partner Investigator
Title: Professor of Management in the Department of Management, Arizona State University, USA.
Fun fact: Peter used to work in a college radio station, where he hosted a folk music show and later interviewed various 
political activists at the time.

ALESSANDRA CAPEZIO
Role: Chief Investigator
Title: Associate Professor of Management and Organizational Behavior in the Research School of Management, Australian 
National University, Australia.
Fun fact: Alessandra used to be in a rock band, and is a self-identified “mod” or mod-century modern enthusiast.

MEET KOHYAR’S TEAM
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WHAT ELSE INSPIRED SAYANTAN’S 
POVERTY AND ASPIRATIONS 
FAILURE STUDY?
Sayantan and his team looked at an 
intervention called Dream Building, which 
was pioneered by an engineer working with 
sex workers in Calcutta in India. The idea was 
to use innovative interventions to prevent the 
spread of HIV. One of the things the Dream 
Building team discovered was a simple and yet 
highly successful intervention: encouraging the 
most prominent personalities in the group of 
sex workers to spread the message about HIV 
and prevention.

The Dream Building study also found that 
when the sex workers were presented with a 
sense that there was a positive future for them, 
they acted more responsibly – they behaved 
in a way that showed they believed they could 
influence their future by doing things now; for 
example, saving in high interest fixed deposit 
accounts and looking after their health. This 
led to Sayantan developing a theoretical 
framework for his Poverty and Aspirations 
Failure study.

WHAT IS A THEORETICAL 
FRAMEWORK?
To answer this question, it is a good idea to 
imagine a scenario. Suppose you take two 
people with the same aspirations i.e. “I want to 
be an economist”. One is rich and the other is 
poor. The poorer person must work harder to 
achieve the same goal as the richer person. But 
neither can know how the efforts they put in 
today will influence their future.

According to the most recent estimates (which 
were calculated in 2015), 10 percent of the 
global population live on less than $1.90 a 
day – the World Bank’s international poverty 
line. While living on such a meagre amount 
is unimaginable to the majority of us, $1.90 
(about £1.45) is seen as the minimum average 
amount an individual needs. A person living on 
anything below that is considered to be living in 
poverty. Of course, it is important to recognise 
that this is only an average global figure. 
What constitutes poverty will vary wildly from 
country to country.

There are lots of reasons behind why people 
continue to live in poverty, but in recent times, 
research shows that the capacity to aspire to 
something better can reduce poverty. The 
capacity to aspire means two things:

1.  The ability to set realistic goals (for example, 
I want to become an economist like 
Sayantan)

2.  The ability to see a pathway to achieving 
these goals (for example, I know I can go to 
my local college to study economics)

It is this idea that inspired Professor Sayantan 
Ghosal to conduct his Poverty and Aspirations 
Failure study. Sayantan is an economist, based 
at the University of Glasgow in Scotland. “I was 
very interested in building an economic theory 
on how economics might affect the capacity to 
aspire,” he says. “Was there something about 
poverty that made this behavioural bias more 
negative than for those who are more well off? 
My theory focused on this aspect.”

In addition to his Poverty and Aspirations 
Failure study, Sayantan is involved in a wide 
range of research projects. These projects 
examine the effectiveness of interventions 
aimed at alleviating poverty, deprivation and 
marginalisation. 

Much of Sayantan’s work has been cited 
(referenced) by other researchers and 
international publications. The research 
Sayantan conducted in Kolkata, India (also 
known as Calcutta) is cited and discussed in 
Chapters 1 and 2 of the World Development 
Report 2015.

Sayantan gave a TEDx talk in Glasgow based on 
some of the work he has done.

He has also written a Chatham House policy 
briefing, ‘The Design of Pro-Poor Policies’.

KEY WORDS:
An intervention is an action intended to 
improve or prevent a difficult situation from 
getting worse. 

Marginalisation is the act of treating someone 
or something as if they are not important.

A stigma is a strong feeling of disapproval; 
to stigmatise is to treat someone unfairly by 
disapproving of them.

Empirical evidence or data is evidence that is 
based on experience rather than on theory. 

These definitions can be found in the 
Cambridge Dictionary.

PROFESSOR SAYANTAN GHOSAL IS AN ACADEMIC AMBASSADOR FOR ‘ADDRESSING 

INEQUALITIES’ AT THE UNIVERSITY OF GLASGOW IN SCOTLAND. HIS POVERTY 

AND ASPIRATIONS FAILURE STUDY HIGHLIGHTS HOW ECONOMICS CAN PROVIDE 

DIFFERENT APPROACHES TO ADDRESSING POVERTY AROUND THE WORLD 

AN ECONOMIST’S GUIDE TO 

UNDERSTANDING POVERTY
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PROF SAYANTAN 
GHOSAL

Dean of Interdisciplinary and Impact, 
Social Sciences; Professor in Economics

University of Glasgow
Scotland

Social Sciences and Economics
FIELD OF RESEARCH

Sayantan has developed a theoretical 
framework to study the psychology of 

poverty and “aspirations failure”. Rich and 
poor people share the same preferences 
and aspirations, but over time, poverty 

leads to an inability to aspire to 
something better.

ESRC, DfID, UKRI

RESEARCH PROJECT

FUNDERS

If the poorer person has to work harder, that 
person will ultimately put less effort in. This 
translates into lower aspirations over time. The 
problem is compounded if the poorer person 
is considered a victim of society. That person 
becomes less motivated to change society and 
ends up reinforcing the very thing that keeps 
them in poverty.

WHY IS IT IMPORTANT TO STUDY 
POVERTY IN THIS WAY?
When researchers such as Sayantan interact 
with people who are marginalised, they place 
their circumstances in the context of the 
wider society. This brings about a better 
understanding of these circumstances, not 
only among those who are not marginalised, 
but also among those who are. There is 
evidence to suggest that people who are 
stigmatised try to rationalise their situation by 
finding characteristics that appear to justify 
their stigmatised status – irrespective of 

whether they actually exist (for example, only 
lazy people claim benefits, therefore I must be 
lazy). It is a way for a marginalised individual to 
make sense of what is happening to them.

It would be easy to think that the best way to 
solve poverty is to provide additional resources 
and interventions, but it is not as simple as 
that. For instance, think about the UK – there 
is often a stigma attached to those who claim 
benefits, even when (as in most cases) the 
claim is legitimate. This can have the effect 
of putting people off from claiming benefits, 
meaning individuals do not always take the 
“help” on offer. To address this aspect of the 
problem, we need a greater understanding of 
the circumstances. Sayantan’s research helps 
provide a different perspective, which could – 
and should – improve the situation for those 
living in poverty. It also helps those of us who 
do not truly understand why poverty persists 
to understand why it does.
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OPPORTUNITIES 
IN ECONOMICS
• Prospects has a comprehensive list 

of some of the job options available to 
those who study an economics degree: 
Forensic accountant, diplomatic service 
officer, stockbroker and data science are 

just a few listed.

• Economics graduates are the 
highest paid in the UK according to 
a 2017 report from the Department 

of Education.

• Career advice from Top Universities 
shows the extraordinary breadth of 
opportunities for those who have 

an economics degree: https://www.
topuniversities.com/student-info/
careers-advice/what-can-you-do-

economics-degree

The dictionary would have you believe that 
economics is the branch of knowledge 
concerned with the production, consumption 
and transfer of wealth. However, while this is 
essentially correct, there is so much more to 
the subject – even if we go by the dictionary 
definition. For example, any attempt to 
understand the production, consumption and 
transfer of wealth must be concerned with 
understanding and analysing the social and 
political factors that are involved.

While the breadth of the subject might 
appear daunting at first, it does help open the 
subject out to those who are not necessarily 
interested in wealth and economies, but 
instead want to learn more about how the 
world operates and why.

WHY DO WE NEED ECONOMISTS?
Think about the world from the perspective 
of an unborn child. No child on Earth chooses 
where they are born, but we automatically 
understand that where you are born and who 
gives birth to you are the most important 
determinants of what you will become. Why 
is this the case? Why should it matter where 
you come from and who gave birth to you? 
Yet it clearly does. Individual trajectories differ 
so significantly for reasons that exist outside 
of any individual’s control.

To understand the reasons why this is so 
and the mechanisms behind it, we need to 
understand how resources are generated and 
shared, and how markets and institutions are 
configured – not just from the point of view 
of individuals, but from societies, too. This is 
what economists do – they employ methods 
and techniques that help uncover facts that 
provide a wider understanding of the world 
around us.

DO YOU HAVE TO BE GOOD AT 
MATHS TO STUDY ECONOMICS?
You do not necessarily have to be good 
at maths, but you do need to have an 
understanding of it. While economists do use 
maths, there is a common misconception 
surrounding maths taught in school. Sayantan 
believes that maths should be thought of as 
a language that can be used to express ideas 
about the world. Anyone who has read George 
Orwell’s 1984 will remember that one way of 
showing the grip that the “government” has 
on “society” is their insistence that 2+2=5. 
That insistence should help demonstrate how 
the facts of maths are indisputable and are 
therefore implicit to our understanding of the 
world around us.

The language of maths is completely 
transparent, which means it is verifiable by 

other people than the individual making 
the claim. Just because you are good at 
maths does not mean you will be a good 
economist and vice versa – all the maths 
you need for economics can be taught in a 
straightforward way relatively early on in your 
degree. The important thing to bear in mind is 
refining your ability to use mathematics in a 
convincing way.

WHAT CAREERS ARE OPEN TO 
YOUNG PEOPLE WITH A DEGREE IN 
ECONOMICS?
There are a wide variety of jobs! Many people 
are employed by banks, governments and 
organisations in some of the biggest cities in 
the world. You could be an analyst with a think 
tank looking at various aspects of an economy. 
There is the option to study for a master’s 
degree in economics or move into behavioural 
economics, finance or even sociology – the 
world really is your oyster.

Ultimately, the skills you learn during an 
economics degree will help you conduct 
independent research using empirical data, 
and reasoning logic into conclusions – valuable 
skills in any area of work.

ABOUT ECONOMICS

Sayantan is a professor in economics at the University of Glasgow. Imagine 
studying or working here!
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WHAT DID YOU WANT TO BE 
WHEN YOU WERE GROWING UP?
A novelist. I had aspirations to write plays 
and movies in India, but then enrolled for 
a degree in English literature at Bombay 
University. My father was an economist, 
so I decided to select economics as an 
optional module for my course. I came 
across an inspirational lecturer who saw 
me reading D.H. Lawrence and said I 
could not understand his writing unless 
I understood the English class system 
– and that I could not understand that 
unless I read Marx. That was when I 
started studying economics seriously – 
the subject got me hooked and I soon 
switched to studying economics instead of 
English literature.

IN STUDYING ECONOMICS AT 
UNIVERSITY, WAS IT ALWAYS YOUR 
AIM TO FIND SOLUTIONS TO 
SOCIAL INEQUALITY?
Not really, no. Of course, it was always at 
the back of my mind – I grew up in India 
where inequality stares you in the face 
every day, but it wasn’t at the forefront 
of my mind during my studies. And then I 
met the PhD student who compelled me 
to look inwards to find the things I needed 
to address the issues of poverty and 
inequality from a novel perspective.

YOUR WORK ON POVERTY AND 
ASPIRATIONS FAILURE IS JUST ONE 
SMALL PART OF A WHOLE GAMUT 
OF RESEARCH CONDUCTED BY 
YOU. CAN YOU BRIEFLY DESCRIBE 
THE OVERRIDING THEME OF YOUR 
WORK?
It is mainly game theory [the study of how 
and why people make certain decisions] – I 
am an economic theorist in the main. I 
believe that economic theory has a lot to say 
that is interesting and not obvious about the 
world around us. I find the subject endlessly 
fascinating. Game theory and general 
equilibrium [a theory that tries to explain 
how the behaviour of supply, demand and 
prices in one market can affect, and in turn, 
be affected by supply, demand and prices in 
other markets] help me look at poverty from 
a different angle.

I am also inspired by the history of economic 
thought. I believe there are many ideas 
that have been neglected, and it is often 
worth reading the original texts to see what 
the authors thought. You get a different 
perspective doing that as opposed to reading 
textbooks that claim to have digested the 
original texts.

YOU ARE AN ACADEMIC 
AMBASSADOR FOR ADDRESSING 

INEQUALITIES AT THE UNIVERSITY 
OF GLASGOW. CAN YOU EXPLAIN 
WHAT THIS ENTAILS?
The University of Glasgow has identified six 
beacons and addressing inequality is one of 
them. One of my theory papers concerning 
addressing inequality is highly cited [the 
research has been quoted or referred to 
many times], which I suppose raised my 
profile in that particular area. So, I was 
selected by the University to be a beacon. 
The role of Academic Ambassador involves 
giving talks to students and wider audiences, 
and I get invited to speak on radio stations. 
BBC Scotland and a radio station in South 
Korea are just two examples. I write articles 
in newspapers and for websites, including The 
Guardian, The Times of India, The Conversation 
and have spoken with MPs about inequality.

FINALLY, WHAT MOTIVATES YOU TO 
GET UP IN THE MORNING?
You mean apart from my family?! The fact I 
might learn something new! I try to keep to 
a strict routine of learning something new 
every day – whether that be an idea, a piece 
of research, or even about an individual. Life 
is a process of learning and committing to 
learning something new every day is certainly 
a motivation to get out of bed!

ASK PROF 
SAYANTAN GHOSAL

1  The most important thing is to be interested in the world around you. Read the Financial Times or The Guardian 
as often as possible to learn about the world. Keep an open mind and try to engage with issues.

2  Ask questions. If you see two similar things priced differently on separate market stalls, ask why this might be 
so. If you are bold enough, ask the people working there to get a rudimentary (but fundamental) understanding 
of how economics work. Take these answers and ask what they might mean from a wider point of view.

3  Always keep this in mind: what is it I am assuming when I provide an answer? Analyse the assumptions that led 
to your answer to a question. Is the reasoning sound? Be curious! And self-aware. Try not to get too bogged 
down in maths – the primary concern behind economics is attempting to understand the world around you.

SAYANTAN’S TOP TIPS
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BUILDING THE NEXT 
GENERATION OF LEADERS

“4-H CANADA’S VISION IS TO BUILD AND SUPPORT THRIVING COMMUNITIES 
IN PARTNERSHIP WITH YOUTH LEADERS,” SAYS CEO SHANNON BENNER. 
SHE EXPLAINS WHY THE ORGANISATION’S STEM PROGRAMMES ARE AN 
IMPORTANT PART OF THIS VISION THAT AIMS TO EMPOWER A GENERATION 
TO AFFECT POSITIVE CHANGE

SHANNON BENNER
CEO of 4-H Canada

“4-H Canada is one of the most well-
respected youth-serving organisations in 
Canada, delivering world-class, positive 
youth development programming in the 
areas relevant to today’s youth. Through 
the delivery of national programmes and 
initiatives, and in close collaboration with 
our 12 provincial 4-H associations, we 

work to fulfill our mission to empower youth to be responsible, 
caring and contributing leaders that affect positive change in the 
world around them.”

The four Hs represent core values:
HEAD: managing, thinking
HEART: relating, caring
HANDS: giving, working
HEALTH: being, living

https://4-h-canada.ca/ 

THE OVERARCHING GOAL OF 4-H CANADA IS TO 
HELP YOUNG CANADIANS TO “LEARN TO DO BY 
DOING”. CAN YOU EXPLAIN ITS COMMITMENT TO 
STEM EDUCATION?
4-H Canada is committed to building capacity around science, 
technology, engineering and mathematics (STEM) for 4-H youth and 
leaders across Canada.

Eighty-three percent of 4-H members live on a farm or in a rural 
community, where STEM plays a critical role in developing innovations 
and efficiencies in agricultural production and enhancements to 
the delivery of infrastructure, while advancing environmental 
sustainability practices. 

As a trusted leader in positive youth development in rural communities 
for more than 100 years, 4-H Canada understands the challenges of 
young people in rural Canada and is uniquely positioned to address their 
needs. We support youth in building their confidence to explore future 
career opportunities, and to offer solutions to global challenges in various 
sectors by providing non-school-based STEM programming.

Through the programmes in the Science & Technology Leadership 
Development Pillar, youth can dive into hands-on, inquiry-based projects 
and activities that engage them in science and spark their curiosity. In 
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collaboration with local 4-H clubs, provincial organisations, partners 
and the national office, 4-H Canada ensures all youth have access to 
resources and opportunities in science.

4-H CANADA’S PROGRAMMES ARE DIVIDED INTO 
FOUR LEADERSHIP DEVELOPMENT PILLARS. WHAT 
IS A LEADERSHIP DEVELOPMENT PILLAR, EXACTLY?
Providing strong and relevant national, provincial and local programmes 
through four Leadership Development Pillars and experiential learning 
opportunities is 4-H Canada’s formula in developing responsible, caring 
and contributing youth leaders. The four Pillars are:

Community Engagement & Communications
Through programmes such as Citizenship Congress, Club to Club 
Exchanges or Hands to Larger Service, 4-H youth develop concrete 
skills to become capable, confident and contributing citizens. Youth 
members engage in community action, leadership, personal development, 
communication and expressive arts.

Science & Technology
Engaging young people in hands-on science and technology-based 
projects and activities is the focus of this Pillar, which encourages 4-H’ers 
to work together as catalysts for change and drivers of innovation in 
science and technology. Young 4-H scientists are not only vital in 
solving sustainable growing and environmental challenges, they are also 

critical in addressing the agricultural employment gap, as they help drive 
advancements in technology and automation. (See ‘Two examples of 4-H 
Canada’s STEM activities that help youth to learn by doing’.)

Environment & Healthy Living
Programmes such as Members Forum, Careers on the Grow or Find Your 
4-H Wings provide hands-on opportunities for youth to become stewards 
of the environment and develop sustainable solutions. Youth find strategies 
to strengthen their own health and wellbeing, take care of others and 
appreciate their surroundings. 

Find Your 4-H Wings
Find Your 4-H Wings is a campaign that encourages 4-H members across 
Canada to discover the fascinating world of birds, bats and their habitats.

Sustainable Agriculture & Food Security
This Pillar is essential to the sustainable growth of our planet, and to the 
food we eat and produce. Programmes such as Going Global Exchanges, 
Proud to Bee a 4-H’er and Steeped in Soil allow youth to respond to our 
global challenges, unleash their passion for knowledge, and make the world 
a better place.

Steeped in Soil 
Through fun, hands-on activities, 4-H’ers discover the importance of 
healthy soils and learn about the Canadian agriculture sector. Collected 
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4-H’ers who compete in the 4-H Canada Science Fair develop, complete and 
present a science project. 4-H’ers are engaging in STEM through hands-on learning

data from their experiment will be shared as part of a global citizen 
science database that will help build a better picture of soil health 
around the world.

Proud to Bee a 4-H’er
This popular initiative provides 4-H’ers with the opportunity to 
plant, grow and tend a pollinator-friendly garden, while learning 
about the vital role that pollinators play in creating a healthy 
ecosystem and a sustainable food supply.

THE EDUCATIONAL KITS SUCH AS STEEPED IN 
SOIL, PROUD TO BEE A 4-H’ER AND FIND YOU 
4-H WINGS ALL RELATE TO STEM IN ONE WAY 
OR ANOTHER. WHY ARE THEY SEPARATE FROM 
THE SCIENCE & TECHNOLOGY PILLAR?
Although it can be argued that Steeped in Soil and Proud to Bee 
a 4-H’er relate to science, these initiatives mainly aim to build 
4-H’ers’ awareness of best practices in agriculture, though learning 
about soil health and the importance of pollinators. 

Again, although Find Your 4-H Wings touches on science, 
this initiative aims to encourage youth to be good stewards of 
their environment.

TO WHAT EXTENT DOES 4-H CANADA WORK 
WITH THE GLOBAL 4-H NETWORK?  
Established in 2014, the Global 4-H Network believes the power to 
build a more sustainable future lies with today’s youth. Every three 
years, the Global 4-H Network Summit brings members, leaders 
and professionals together to network and share best practices to 
strengthen the 4-H movement, which in turn, strengthens our 
communities, helps feed our growing world and nourish our growing 
minds. The resources, projects, activities and best practices are 
shared via the 4-H LEARNS (Learn. Educate. Access. Resources. 
Network. Support) website.

FINALLY, WE SEEMINGLY LIVE IN UNCERTAIN 
TIMES. WHAT IS 4-H CANADA’S HOPE FOR 
YOUTH IN THE FUTURE?
4-H Canada’s vision is to build and support thriving communities in 
partnership with youth leaders. By empowering our youth to practise 
their leadership skills within their clubs and communities through 
hands-on activities, we are helping to build the next generation of 
leaders who will affect positive change in the world around them. 
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4-H CANADA SCIENCE FAIR

Offered in partnership with our founding Science & Technology 
Leadership Development Pillar partner Bayer, along with Agriculture 
and Agri-Food Canada (AAFC), this programme offers 4-H members 
in grades 7-12, or in CEGEP, across Canada the opportunity to 
develop, complete and present a science project. 

As part of the in-person round of the Science Fair in 2019, 16 
talented 4-H members showcased their projects, ranging from UV 
light affecting plant growth, bovine pneumonia, flax waste as an 
energy supply, and seaweed as an antifungal application. 

The five 4-H Canada Science Fair winners went on to represent 
the 4-H community at the Canada-Wide Science Fair (CWSF) in 
Fredericton, New Brunswick, where they competed with 500 other 
bright young minds from across Canada for top prizes and nearly 
$1,000,000 in scholarships.

The 2020 4-H Canada Science Fair will take place at the University 
of Saskatchewan College of Agriculture and Bioresources in 
Saskatoon, Saskatchewan from March 4-8, and registration is 
currently open. The 2020 Canada-Wide Science Fair is happening 
in Edmonton, Alberta from May 9-15, 2020. For more information, 
visit: 4-h-canada.ca/sciencefair. 

Benefits for Grade 7-12 students 
4-H members living in rural communities in Canada do not always 
have access to opportunities in STEM. The 4-H Canada Science Fair 
is a unique way for them to showcase their talent within 4-H and to 
potentially advance to the Canada-Wide Science Fair.

DISCOVER SCIENCE

4-H Canada launched the Discover Science club outreach initiative in 
2019, supported by Bayer and the Natural Sciences and Engineering 
Research Council of Canada (NSERC), inviting 4-H members to 
take part in a science experiment “in a box”.

With the support of the National 4-H Council in the US, and building 
on their 4-H National Youth Science Day efforts, 4-H Canada was 
able to offer Discover Science as an exciting and engaging STEM-
focused initiative available to clubs and members across the country 
– sparking science and cultivating curiosity. 

For the first year of this initiative, club members learned how to 
design and build their own wearable health monitor. Following the 
step-by-step engineering and design process, they engaged in 
hands-on learning about human health, and how it can be tracked and 
improved using technology. 

In 2020, Discover Science is focusing on computer science to show 
youth how they can use code, both as a form of personal expression 
and as a lens to understand the world around them. The 2020 
Discover Science kits contain the Code Your World STEM challenge 
materials from the National 4-H Council in the US: For more 
information, visit: 4-h-canada.ca/discoverscience. 

Who can access the 4-H Canada Discover Science kits?
The kits are available to 4-H members in Canada.

TWO EXAMPLES OF 4-H CANADA’S STEM ACTIVITIES 
THAT HELP YOUTH TO LEARN BY DOING
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When you want to go somewhere and do 
not know the way, you can ask your phone 
for directions. But you might need to know 
the exact name of the place, or find it on 
a map, before Siri or Google Assistant can 
help. Dr Stephan Winter and his team at the 
University of Melbourne are trying to give 
computers the ability to understand us when 
we describe places. This work is important 
because the outcomes of this research could 
help improve many different aspects of our 
lives, from refining the way we buy tickets for 
the underground (metro) to reducing the time 
it takes the emergency services to reach the 
scene of a crime or accident.

WHY CAN’T COMPUTERS 
UNDERSTAND THE WAY WE 
DESCRIBE PLACES?
We find our way around by storing information 
about places in our brains. Scientists have 
found that particular cells in the brain 
represent particular places. Other cells 
represent directions and distances. The 
combination of these things – identifying 

where you are, where other places are, and how 
to get from one place to another – is crucial 
for our survival. The cells form a kind of map 
in our brain that represents the relationship 
between one place and another. Your bedroom, 
for example, is a place. You might describe it 
as the second room on the right upstairs in 
another place: your house. Computers, on the 
other hand, currently do not understand places 
like this. Instead, they are programmed with 
coordinates – a set of numbers that pinpoint 
exactly where a place is on a map.

HOW IS STEPHAN’S RESEARCH 
BRIDGING THE DIVIDE?
Stephan and his colleagues are working on ways 
to help computers understand your spoken 
descriptions of places. To do this, they are 
developing so-called “knowledge bases” that 
store not only coordinates but descriptions of 
a place and other information that we might 
use to get there, such as the names of these 
places and the relationships between these 
places. For example, you might describe a cafe 
as being “opposite a bakery” or “two streets 

IMAGINE THESE TWO 
SCENARIOS:

1)  You witness a road accident and call 
the emergency services to request an 
ambulance. You describe your location to 
the operator as best you can, hoping that 
the ambulance crew can get there in time, 
but you are feeling distressed and finding 
it difficult to explain where you are and 
how the accident happened.

2)  You are meeting a friend at their favourite 
cafe and ask your phone for directions. 
But your friend’s directions – “It’s next to 
the bakery and across the road from the 
old cinema” – make it easier to find.

Now imagine if computers could understand 
vague reference points like “the old cinema”. 
What impact would that have on you and 
society, in general?

THE WAY OUR BRAINS THINK ABOUT PLACES IS VERY DIFFERENT TO THE WAY COMPUTERS 

STORE MAP LOCATIONS. AT THE UNIVERSITY OF MELBOURNE, DR STEPHAN WINTER AND HIS 

COLLEAGUES ARE INVESTIGATING WAYS TO MAKE COMPUTERS BETTER AT INTERPRETING 

OUR SPOKEN DIRECTIONS. IT COULD MAKE VOICE ASSISTANTS MORE USEFUL AND REDUCE 

THE TIME IT TAKES EMERGENCY SERVICES TO REACH THE SCENE OF AN ACCIDENT

TALKING 
MAPS

© Carl Jackson
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away from the park” or “just behind a school”. 
The scientists are working out how all this 
information, stored in a knowledge base, can be 
used by a computer to give you clear, spoken 
directions such as “You’ll find the cafe next to 
the large glass library building”.

WHAT MAKES THIS DIFFICULT?
Let’s say you buy a phone from a high street 
shop called “Smart Phones”. Do you always call 
it “Smart Phones” or simply “the phone shop”? 
If you use a different name to the one stored 
in a computer’s memory, how will it know 
which phone shop you are referring to? There 
may also be a second Smart Phones branch 
in another town, so the computer must apply 
reasoning to work out that you are likely to 
want the one nearest your home. Computers 
will also need to understand the relationship 
between places, just like we do. A box office, 
for example, is inside a cinema. But a cinema 
may also be inside a shopping centre. 

A computer needs to understand all of this so 
that it can send you to the right place: first to 

the shopping centre and then to the cinema. 
Plus, we are often quite vague when we 
describe where places are. We might say that 
Watford is “near London”, but that is rather 
different from saying the supermarket is “near 
the bank”.

HOW COULD THIS RESEARCH 
BE USEFUL?
It could save lives by helping the emergency 
services locate the scenes of accidents more 
quickly. Location information (GPS) from 
smartphones is not always available, and so 
an operator in a call centre must get as much 
detail as they can from someone on the scene. 
The caller may also be in distress. A computer 
listening to the call could help the operator by 
interpreting the place information provided 
by the caller. The operator could then pass 
more precise navigation instructions to an 
ambulance, saving vital seconds.

The other practical use will be in improving the 
voice assistants in phones, smart speakers, cars 
and other devices. Such voice assistants will 

use artificial intelligence, including knowledge 
bases. A driverless car will know that when you 
say, “Take me to my music lesson”, it needs 
to navigate to your music teacher’s home and 
check your calendar to work out what time 
to arrive.

Voice assistants will also provide more user-
friendly directions. Imagine, for example, your 
phone being able to tell you that the T-shirt 
store is “on the left-hand side of the shopping 
centre as you go in”. Or a ticket machine 
in an underground/metro station being able 
to make sense of your vague description: 
“I want to go to the museum by the river.” 
Once computers are able to interpret the 
way we describe places, the door is open to 
endless opportunities!
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Geomatics involves the collection, analysis 
and use of geographic information and is 
known by various names around the world. 
In years gone by, we would have shared 
geographic information, such as the layout 
of city streets, using printed maps. Today, we 
commonly use digital maps like Google Maps 
and Bing Maps. 

This digital aspect of geomatics is known 
as spatial information and it is one of the 
fastest-growing areas of computer science 
and IT. Computer science is needed for 
managing and analysing the data that 
is required to create digital maps. But 
geomatics involves several other science 
subjects, as well. For example, mathematics 
and physics are used to describe the shape of 
the Earth, the melting of polar caps and rising 
sea levels. And psychology and cognitive 
science are required for studying the 
communication of computer systems with 
people. If you study for a geomatics degree at 
university, you are likely to learn about all of 
these fields.

HOW HAVE GEOMATICS AND 
SPATIAL INFORMATION SCIENCE 
EVOLVED OVER THE YEARS?
People have shared maps from the very 
beginning of recorded history. The tools 

they developed evolved from cave paintings 
in the Stone Age to navigational charts in 
medieval times and photographs in the late 
19th century.

Cartographers (map-makers) and land 
surveyors were the forerunners of today’s 
geomatics scientists. But the field of 
geomatics goes far beyond maps. Today, 
experts are involved in the Internet of Things, 
which connects sensors in buildings, roads and 
factories to the internet. Their work spans 
many different fields of science and involves 
technologies like robotics, laser scanning, 
remote sensing and machine learning.

WHY WOULD GEOMATICS BE A 
GOOD CAREER TO GO INTO?
The industry is in desperate need of 
graduates with qualifications in geomatics and 
computing, and that is not likely to change 
any time soon. Spatial information is essential 
for many areas of technology and business, 
from artificial intelligence and software 
development to engineering, aerospace, 
property and construction. Geomatics is also 
essential for research into climate change and 
for helping to track sustainable development. 
So, you can see that geomatics gives you 
a wide range of options when it comes to 
career choices.

ARE THERE MANY CAREER 
OPPORTUNITIES?
Yes, but they are spread across a wide range 
of industries in countries all around the world. 
There are so many applications of mapping 
that job opportunities may not, at first glance, 
appear to have anything to do with geomatics. 
But they are definitely there!

DO YOU NEED A DEGREE IN 
GEOMATICS TO GET A JOB IN 
THIS AREA?
Not necessarily. For people who spend their 
time developing geomatics solutions or 
applying specialist knowledge, a geomatics 
degree is a must. But you might still be 
working in geomatics even if you do not have 
a specialist degree. That is because software 
engineers, surveyors and even graphic 
designers are needed to apply geomatics 
in the real world. And then there are other 
professions that use geomatics: farming, 
insurance, estate agents, transport, planning, 
health and many more. You may end up using 
spatial information even if your job seemingly 
has nothing to do with geomatics.

ABOUT GEOMATICS AND 
SPATIAL INFORMATION

OPPORTUNITIES IN GEOMATICS
•  “Are you good with IT? Do you have an interest in geography, science or design 

– or maybe all three? If you’re answering yes, geospatial science could be the 
ideal career path for you,” says geospatialscience.com. Check out the website 
for resources to help you decide whether a career in this field is for you.

•  Internships and work experience are another great way to find out whether 
a career in geomatics, mapping and geographic information systems (GIS), 
and spatial information is for you. Your college or school should have details 
of local internship opportunities, or check out studentinternships.com for 
opportunities in Australia. 

•  The ESRI Academy has free GIS courses and teaching resources. For example, 
this free course: “Learn how smart maps are shaping the future” is aimed at 
secondary school students: https://tinyurl.com/y3fqzujm

•  According to Salary Expert, geomatics engineers in Australia earn on average 
$129,424 a year.
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
I was inspired by exciting stories of 
navigators and explorers, so I wanted to 
be a cartographer (a person who draws or 
produces maps). I thought it would help me 
never to get lost! But I had a competing 
desire to become an architect because I 
loved building with LEGO.

WAS THERE ANYONE IN PARTICULAR 
WHO INSPIRED YOU?
James Cook. Who could not be inspired 
by his feat of circumnavigating the world? 
He crossed vast oceans by observing 
stars and measuring time. Perhaps even 
more impressive is the story of Martin 
Waldseemüller. He dared to put a new 
continent, America, on his world map 
without ever having travelled. How could he 
be sure it was not the 15th century equivalent 
of fake news? His professional reputation was 
at stake.

There were also the Cassinis – four 
generations of astronomers and surveyors. 
Between them, they produced the first 
topographic map coverage of France and 
determined the size of Earth by measuring 
a meridian arc. And, finally, there’s Carl 
Friedrich Gauss (1777-1855), whom 
Wikipedia calls “the greatest mathematician 

since antiquity”. His work is still the 
foundation of the discipline, but it was only 
when I was older that I fully appreciated 
his achievements.

HOW DID YOU END UP WORKING 
IN GEOMATICS AND SPATIAL 
INFORMATION SCIENCE?
It happened by coincidence. The university 
in my home town offered no architecture 
degree, so I chose the geomatics 
degree instead.

HOW DO YOU THINK ADVANCES IN 
SPATIAL TECHNOLOGIES WILL SHAPE 
THE FUTURE?
The next big transformation will be 
automation of transport and infrastructure. 
Spatial information will play a major role in 
this. Self-driving vehicles and “digital twins” 
are just two examples.

Self-driving vehicles rely on highly accurate 
map data containing unprecedented levels of 
detail, right down to lamp posts and planned 
lane closures, that automatically updates in 
real time. The vehicles also need sensors so 
that they can position themselves accurately 
on the map at all times. The sensors must 
be able to capture every other vehicle, bike, 
pedestrian and dog around the vehicle. 
At the same time, these vehicles need to 

communicate with people – with passengers 
so that the vehicles know where to go, and 
with pedestrians to determine who has right 
of way.

Spatial technologies will also be needed for 
“digital twins”. These are accurate digital 
replicas of buildings or infrastructure that are 
connected to their real-world counterparts 
with sensors. These connections check the 
“pulse” of the environment and the people in 
it. By doing so, they can manage resources, 
maintenance and safety more efficiently.

SOME PEOPLE FEAR ARTIFICIAL 
INTELLIGENCE AND IMAGINE THAT 
THE FUTURE MIGHT BE SIMILAR TO 
HOW IT IS SOMETIMES PORTRAYED 
IN SCIENCE FICTION FILMS. WHAT 
WOULD YOU SAY TO THOSE PEOPLE?
Fear is an emotional response to perceived 
threats. It’s important for human survival 
when it comes to your immediate response 
to something. You can say “no” to something 
as long as you do not understand the 
consequences. But I think it is important 
to get beyond that stage and learn about 
artificial intelligence because it might 
challenge your initial responses. Artificial 
intelligence holds as much promise as it does 
risk. And, as with any new area of scientific 
research, it calls for ethical use.

ASK DR STEPHAN WINTER

STEPHAN’S TOP TIP
There are many different aspects to the research in this field that require many talents, from communicating 
with data to measuring, mapping and software development. If any of those interest you, check out geomatics 
degrees at universities – and keep in mind that it can be called by different names at different universities.
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We are now entering a new age where it is 
not only people that talk to each other over 
wireless networks: the devices we use do, too. 
This “Internet of Things” has vast potential, 
linking up everything from healthcare 
systems to traffic control. The amount of 
data and the number of communication 
links travelling wirelessly through the air are 
increasing dramatically, but we cannot keep 
churning out data; we need clever ways to 
transport them from one device to another 
so that the different data streams do not 
interfere with each other.

This is the issue that a team of scientists at 
the University of Surrey’s 5G Innovation 
Centre is set on solving, led by Professor 
Pei Xiao, the principal investigator of the 
research project. 

Transmitting data wirelessly involves 
converting it into radio waves that can 
travel through the air – this stage is called 
the air interface. However, the air interface 
processes wireless signals over very crowded 
and expensive radio frequencies (called 
“spectrum bands”), and sending too much 
data at once over these limited spectrum 
bands can lead to interference. “It is like 
sending lots of cars into a narrow street,” 
says Dr Zilong Liu, a senior research fellow 
working on the 5G Innovation Centre’s 
air interface project. “There could be 
very severe traffic jams if old-fashioned 
approaches are applied.”

HOW DOES OUR CURRENT 
WIRELESS SYSTEM WORK?
As with anything electronic, wireless 
communications are based on circuits. A 
change in one device (e.g. the transmission 
of data) causes a change in another device 
(e.g. the reception of data). But electrical 
currents do not travel well through the 
air; so, to reach devices, the data has to be 
transformed into something else, namely 
radio waves.

Up until now, our wireless system has 
largely avoided interference between 
different signals by using the orthogonal 
multiple access (OMA) principle. 
“Orthogonal” means “at right angles”, 
and is used to describe data streams that 
are separated by allocating different 
radio resources to them – for instance, 
putting them on different frequencies 
– so that they cannot be confused with 
one another. This has worked so far, but 
as we enter the age of the Internet of 
Things, the sheer number of device-
to-device communications – known as 
massive machine-type communications 
(mMTC) – will grow explosively. For 
example, according to Cisco (a worldwide 
leader in IT, networking, and cybersecurity 
solutions), there will be 14.6 billion device-
to-device connections by 2022, which is 
twice the size of the global population. This 
means that the frequencies used are in 
danger of becoming clogged up.

IMAGINE THIS
A man has a heart attack at home. A sensor 
on his wrist picks up the abnormalities 
in his pulse and immediately alerts the 
closest hospital. A self-driving ambulance 
is dispatched from the nearest hospital, 
with two paramedics in the back preparing 
the defibrillator. All the other autonomous 
vehicles on the road are notified of the 
ambulance’s intended route and pull into 
other lanes accordingly, so its journey is swift 
and unimpeded. As the ambulance pulls into 
the driveway, the sensor tells the paramedics 
that the man’s heart has just stopped. As 
soon as they enter the house, they know 
to begin defibrillation. The man’s heart 
is restarted in seconds. His life has been 
saved, and all due to the rapid response time 
granted by streamlined machine-to-machine 
communications.

DATA PACKETS
The emails you read, the photos you share 
online and the films and music you stream 
are all, in fact, collections of electronic 
data. To be able to transmit these data over 
a digital network, they are broken down 
into tiny pieces and placed in digital or 
data packages. And, once they reach their 
destination, the information contained in 
the packets are reassembled. This is why 
you might see various parts of a photo 
coming together as it loads if the internet 
connection is slow.

BUILDING THE INTERNET 
OF THINGS FOR AN 
INTERCONNECTED WORLD
AS THE WORLD BECOMES EVER MORE DIGITALLY CONNECTED, OUR SYSTEMS 

MUST BE UPDATED TO COPE WITH THESE INCREASING FLOWS OF VIRTUAL 

INFORMATION. DR ZILONG LIU IS PART OF A UNIVERSITY OF SURREY TEAM THAT IS 

DEVELOPING NEW 5G AIR INTERFACE TECHNIQUES TO ADDRESS THIS CHALLENGE
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SO, HOW CAN THE ISSUE OF 
OVERCROWDED FREQUENCIES 
BE SOLVED?
Zilong has a solution. “My research at this 
stage is focused on the design of multiple 
access schemes in mMTC networks,” he 
says. “A key technique in this area is called 
non-orthogonal multiple access (NOMA).” 
NOMA can support three to five times 
more communication links than OMA, 
by varying either the transmit power (the 
movement of energy from its place of 
generation to a location where it is applied) 
or coding signatures, in addition to the 
already varied radio resources. This means 
several data streams can be transmitted on 
the same frequency band at the same time, 
because they can be distinguished by these 
different values (i.e. transmit power, coding 
signatures). To continue the car analogy, it is 
like adding an extra dimension – say vertical 
space, utilising flying cars – that can travel 

down the same narrow road but at a different 
“value” (i.e. height) than other cars.

This still does not allow for unlimited 
simultaneous data streams, but thankfully 
mMTC does not need them. “Not all 
communication devices in an mMTC network 
will be in active transmission mode at all 
times,” explains Zilong. “Most of them will 
be in sleep mode except when they “wake 
up” to exchange data for a small period of 
time. Moreover, most data transmissions 
will be done in short packets (e.g., less 
than 200 bits). These features can be 
smartly leveraged for a more efficient air 
interface design.” 

DO WE REALLY NEED A MORE 
EFFICIENT AIR INTERFACE?
“At the University of Surrey, our work is 
unique from other groups because we very 
much care about the practicality of our 

proposed solutions,” says Zilong. Indeed, the 
scientists are not only offering a solution 
to overcrowded frequencies, they are 
facilitating technological advances that are 
applicable in the real world. Understanding 
where these advances might go, and working 
out how they can be applied to improve 
people’s lives, has great potential to make 
the world a better and more sophisticated 
place – and the industry is only growing, so 
the next few years are the perfect time to 
get involved.

DR ZILONG LIU

Senior Research Fellow 
5G Innovation Centre 

University of Surrey, UK

Electrical and Electronic Engineering
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are developing new air interface 

techniques for future massive machine 
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Internet of Things become a reality.
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THE FIFTH GENERATION
Each generation of wireless technology is 
defined by breakthroughs in air interfaces: 
by increasingly sophisticated encoding 
methods that mean data can be transmitted 
at ever greater speeds and volumes through 
the air. We are now on the cusp of the fifth 
generation, known as 5G.

Our familiarity with 5G is largely via our 
mobile phones. Similar to the progression 
from 3G to 4G, moving from 4G to 5G will 
vastly increase the amount of data we can 
transmit or receive, be this face-to-face 
video calls, streaming films or music videos, 
or downloading powerful apps. But behind the 
scenes is another major use for 5G, which is 
perhaps more likely to revolutionise the way 
we live. This use is known as massive machine-
type communications (mMTC), and is where 
the Internet of Things enters the picture.

THE INTERNET OF THINGS
The term “Internet of Things” refers to 
devices (“things”) communicating without 
the need for human participation. “Machines 
already talk to each other without us doing 
anything – think about the apps on your 
mobile, or the satnav in a car. The Internet 

of Things is already a reality in our everyday 
lives,” says Zilong. “For example, traditional 
wireless sensor networks (which have been 
used for forest fire detection and battlefield 
surveillance) may be regarded as an example 
of Internet of Things. But the size of 
the future Internet of Things may be far 
more massive.”

MASSIVE MACHINE-TYPE 
COMMUNICATIONS
mMTC will involve many thousands of 
devices communicating wirelessly with 
each other, without ever needing to involve 
a human. Such a vast network could 
streamline huge portions of our lives: our 
entire systems for transport, healthcare, 
security and many other sectors could all 
be interlinked to make collective automated 
decisions within milliseconds. Zilong gives 
some examples. “For instance, smart 
meters for utilities at home can upload 
meter readings to the cloud automatically 
without any human intervention; smart 
sensors in future factories could be capable 
of monitoring the entire environment 
of a factory (e.g., pressure, humidity, 
temperature, or sound) to enable highly 
productive manufacturing.”

SO, IS THIS A GOOD TIME TO 
GET INTO ELECTRICAL AND 
ELECTRONIC ENGINEERING?
Modern life is hugely reliant on electricity 
and, as we enter the age of smart 
technologies, this reliance is set to increase. 
Electrical and electronic engineers are, and 
will continue to be, in high demand. Working 
at the forefront of practical technology, 
experts in this field are responsible for 
improving the devices and systems we 
use every day – from mobile phones to 
renewable energy.

WHAT IS THE DIFFERENCE 
BETWEEN ELECTRICAL AND 
ELECTRONIC ENGINEERING?
To put it simply, electrical engineers deal 
with the supply and demand of power; 
whereas electronic engineers create, design 
and test electronic devices. Many university 
courses bundle the electrical and electronic 
engineering together. If you love technology 
and are excited about future technological 
advances – and their potential benefits to 
society – then following Li in his footsteps 
could be the path for you!

ABOUT mMTCs AND THE 
INTERNET OF THINGS

OPPORTUNITIES IN ELECTRICAL 
AND ELECTRONICS ENGINEERING
•  Electrical and electronics engineers have skills that are useful across 

a wide range of industries, including research and development, 
telecommunications, engineering services, manufacturing 
and government.

•  According to Glassdoor, the average UK salary for an electronics engineer 
is £35.5k a year.

•  Generally, employers in the field look for a bachelor’s degree at a 
minimum. According to The Guardian’s league table, the current top five 
UK universities for electrical and electronics engineering are Nottingham, 
Southampton, Surrey, Imperial College London, Bath.

•  There are many internship schemes taking place across the UK, requiring 
varying levels of qualifications to secure. Well-known companies offering 
internship positions include Arm, General Motors, BAE Systems and 
many more.
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
When I was young, we didn’t have the 
internet and the world was not as connected 
as it is today. To be frank, I cannot recall 
what I wanted to be. I was very innocent 
but also curious about the entire world. 
As I came from a humble background, I 
studied very hard in order to get into a 
top university. 

WHAT INSPIRED YOU TO PURSUE 
ELECTRICAL AND ELECTRONIC 
ENGINEERING?
A degree in electrical/electronic engineering 
can lead you to an engineering job 
with decent pay. Perhaps this is what 
motivated me to enter this field. After my 
undergraduate study, I was very fortunate to 
receive an MSc scholarship from Tsinghua 
University (one of China’s top universities), 
where I trained to become a digital 
integrated circuit (IC) design engineer. But I 
wasn’t very good at working in the IC design 

industry, which is fast-paced. In July 2008, 
I was offered an associate research position 
with Prof Guan Yong Liang at Nanyang 
Technological University in Singapore. It 
was through this position that I completed a 
part-time PhD with distinction. For me, my 
time spent in Singapore was very happy. 

HOW WOULD YOU DESCRIBE 
YOURSELF?
I regard myself as somebody with enormous 
amounts of curiosity and passion, which are 
key personality traits for scientific discovery. 
Also, my team spirit and willingness to 
contribute brings me into contact with 
a lot of collaborators from Asia-Pacific 
and Europe.

WHAT EXCITES YOU MOST ABOUT 
THE FUTURE OF mMTC?
mMTC will pave the way for an increasingly 
intelligent future. I become very excited 
when, for instance, I imagine myself 
travelling to London from Guildford in an 

autonomous car operated with the aid of an 
mMTC network. 

WHAT WOULD YOUR IDEAL “SMART 
HOME” LOOK LIKE? 
I would like to have a smart home that 
could fulfil most of my everyday needs but 
with minimum human intervention. The 
smart home knows when I will arrive home, 
when to get my dinner ready, and when to 
wash all the dishes. It pays all the monthly 
bills and can even negotiate lower prices 
and better services from various service 
providers; for example, energy companies. 
The smart home automatically adjusts indoor 
temperatures and can open and close the 
windows, based on the season and daily 
weather reports.

ASK DR ZILONG LIU

ZILONG’S TOP TIPS
•  Get a good foundation in mathematics if you want to get into 

electrical and/or electronic engineering

• Proficiency in computer programming is also a must

• And, finally, a curious mind and a desire to learn new things is vital
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A HISTORY OF 
COMMUNICATION NETWORKS 
AND BROADCASTING

202 BC – In ancient China, more than 2,200 
years ago, the Chinese military used smoke 
and fire signals to transmit messages over long 
distances. To do this, beacon towers were placed in 
strategic positions, such as along the Great Wall, 
and fires were built in these towers.

1830s –  The first telegraph system sent 
pulses of electric current along wires to an 
electromagnet on the receiving end. This system 
was soon improved and developed into Morse 
Code.

1890s – Telephone lines were used to broadcast 
news, music and theatre into people’s homes, but 
this service was limited to the very wealthy.

1905 – Radio waves were experimentally used 
to broadcast music and news before becoming 
commercially available in the 1920s.

1936 – The BBC becomes the first broadcaster 
in the world to provide a television service.

1960s – Satellites are used to broadcast 
television and radio.

1990s – Digital signals start to replace analogue 
signals, paving the way for digital broadcasting.

2004 –  The Third Generation Partnership 
Project (3GPP) brings Multicast Broadcast 
Multicast Services (MBMS) to 2G and 3G.

2009 –  Evolved MBMS (eMBMS) becomes 
standard in 4G Long Term Evolution (LTE) 
to meet an increasing interest in mobile TV 
broadcasting and live streaming services.

It is generally recognised that electrical 
engineers Nikola Tesla and Guglielmo 
Marconi were the first to enable the wireless 
transmission of radio waves. In 1893 – the 
year that saw the world’s first film production 
studio – Nikola declared it possible to 
communicate wirelessly. He had already 
pursued ideas for wireless lighting and wireless 
electric power but ran out of funds before he 
could demonstrate wireless communication. 
It was Guglielmo who managed to build 
on the work of previous inventors like 
Tesla and develop the first long-distance 
wireless telegraph in 1895. By 1901, he had 
successfully broadcast the first transatlantic 
radio wave. Despite their genius, neither 
Nikola nor Guglielmo could have envisaged 
how far communications technology would 
develop over the next 130 years or so.

The first digital cellular radio signals were used 
commercially on 2G networks in 1991 and 
progressed to 4G in 2009. Now, scientists, 
researchers and companies around the world 
are working together to usher in the next 
generation of telecommunications – known 
as 5G, the fifth generation of cellular network 
technology. Dr De Mi is one such researcher. 
Based at the University of Surrey, he is part 
of a team led by Professor Pei Xiao that is 
designing a dynamically adaptable 5G network 
architecture, which will meet the needs of 
advancing vertical industries.

Media and entertainment, the transport 
industry, the Internet of Things and public 
warning systems are all examples of vertical 
industries – industries delivering a specific 

product or service to a specific consumer. 
Vertical industries are evolving at a fast pace 
and need sophisticated communication 
technologies to support their development. 
One of the projects the University of Surrey 
team is working on is 5G-Xcast, which 
aims to develop broadcast and multicast 
communication enablers for 5G. The project’s 
outcomes will have a dramatic effect on 
society, transforming the way individuals 
interact with media content and each other.

WHAT IS THE DIFFERENCE BETWEEN 
BROADCAST, MULTICAST AND 
UNICAST DELIVERY MODES?
Unicast is a means of communication from 
one point of a telecommunication network to 
another. This is generally from a sender to a 
receiver. In contrast, broadcast and multicast 
are both modes of point-to-multipoint (PTM), 
which means that one sender can transmit 
information to multiple receivers.

Take live TV shows, for example. If you want 
to watch a live event such as the World 
Cup, Olympic Games or other momentous 
occasion, the chances are that thousands, if 
not millions, of other people will want to watch 
it at the same time. (According to the Radio 
Times, 13.1 million tuned into BBC One to 
watch Meghan Markle and Prince Harry leave 
St George’s Chapel on their wedding day.)

With a unicast approach, the information is 
transmitted once for each individual home. 
However, with a multicast approach, the 
information is transmitted once and then 
duplicated within the network until all of 

WHY A NEW ERA OF 
BROADCASTING WILL 
CHANGE THE WORLD 
AS WE KNOW IT
DR DE MI IS A RESEARCH FELLOW AT THE 5G INNOVATION CENTRE AT THE 

UNIVERSITY OF SURREY. HE IS INVOLVED IN 5G-XCAST – A HIGHLY COLLABORATIVE 

PROJECT THAT AIMS TO HELP USHER IN THE NEXT GENERATION OF POINT-TO-

MULTIPOINT (PTM) TECHNOLOGY: BROADCAST AND MULTICAST IN 5G. ONCE IN 

PLACE, 5G PTM HAS THE POTENTIAL TO CHANGE BROADCASTING AS WE KNOW IT
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De leads the 5G-Xcast work package 
on the radio access network (RAN). 

Leveraging on state-of-the-art PTM RAN 
technologies and ongoing related work in 
different standardisation groups including 

3GPP RAN, this work package aims to 
provide a comprehensive and holistic 5G 
PTM RAN solution, which includes the 
radio interface, RAN architecture, radio 

access technology protocols and radio 
resource management.

Horizon 2020
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the individual users who are interested in 
the content receive it (think of subscription 
TV services).

Broadcast is similar to multicast except that 
all households receive the information, not 
just the users who expressed an interest in 
receiving it. Multicast and broadcast make the 
entire process of sharing the same information 
to multiple users more efficient and scalable.

WHAT IS THE 5G-XCAST PROJECT AND 
WHY HAS IT BEEN ESTABLISHED?
5G-Xcast is a 5G Infrastructure Public Private 
Partnership (5G-PPP) project involving 18 
academic and industrial partners from nine 
countries across Europe. One of the project’s 
main ambitions is to meet the future demands 
of immersive media such as ultra-high 
definition television, virtual and augmented 
reality and 360° visual media. 5G audio-visual 
media services such as these will generate 
extraordinarily huge volumes of data traffic on 
networks that are unevenly distributed over 
time and geographical areas. 

The quality of the media user experience 
depends on sustained minimum data rates 
and low latencies (i.e. the amount of delay 
– or time – it takes to send information 
from one point to the next), no matter how 
many individuals are accessing the content. 
Consider, for example, live sporting events 
or unpredictable events such as breaking 
news. These events can cause large spikes 
in traffic, challenging the ability of today’s 
telecommunication networks to provide a 
good quality media user experience. 

The 5G-Xcast team seeks to solve this 
challenge by changing the way broadcasting 
delivers unconventionally large amounts 
of data to an infinite number of users; by 
designing a more efficient PTM system that 
uses fixed broadband, mobile broadband AND 
terrestrial broadcast networks. This means that 
users will be able to access content seamlessly 
and without interruption, even when they are 
on the move.

WHAT EXPERTISE DOES THE 
UNIVERSITY OF SURREY BRING TO 
5G-XCAST?
The 5G Innovation Centre (5GIC) is located 
in the University of Surrey and is the largest 
UK academic research centre dedicated to 
the development of the next generation of 
mobile and wireless communications. 5GIC 
comprises scientists and industry partners who 
are working together to define and develop 
the 5G infrastructure that will underpin the 
way we communicate, work and live our lives in 
the  future. 

“The 5GIC has been set up to drive the 
delivery of a mobile communications and 
wireless connectivity capable of meeting the 
needs of tomorrow’s connected society and 
digital economy,” explains De. “Leveraging on 
our experience in 5G radio access networks 
and new radio prototypes, 5GIC is leading on 
5G-Xcast’s development of the radio access 
network for the next generation of point-to-
multipoint technology.”

This work, combined with the innovations of 
all of the 5G-Xcast partners, will help usher in 

broadcast and multicast PTM transmissions 
in 5G, transforming the way we interact 
with the digital world. The societal impact 
will likely be as significant as that of radio 
broadcasting in the 1920s.
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OPPORTUNITIES IN 
INFORMATION ENGINEERING / 
WIRELESS COMMUNICATIONS
•  With a degree in electronic and communications engineering, 

you can work in a broad range of industries, including IT, 
telecommunications, aerospace, energy and automotive.

•  Starting salaries for communications engineers at a graduate 
or trainee level range from £22,000 to £28,000, but with 
experience, can rise to £35,000 to £55,000.

•  The introduction of 5G will increase demand for specialists 
in the area of electronic and information engineering. 
One option after graduating is to work towards gaining 
incorporated (IEng) or chartered (CEng) engineer status, 
which is awarded by the Engineering Council. This could 
boost earning potential and career potential.

The 5G-Xcast team demonstrates the integration of object-based broadcasting 
into a 5G network.

5G came into general use in late 2018. Countries around 

the world, from the UK to the US, China, Japan and Qatar 

are starting to roll it out and it is expected to have an even 

greater impact on global society than today’s internet and 

mobile networks.

5G improves digital technologies and will boost economic 

and social processes. As such, new business models will be 

created – not just in the mobile industry, but across multiple 

industrial sectors. Therefore, the career opportunities within 

5G extend beyond telecommunications into 5G-enabled 

industries and any area where 5G technology is applied. It 

is almost impossible to predict where career opportunities 

will be located in the future, but because the reach of the 

technology is broad, it follows that the opportunities within 

the technology will also be broad. It is reasonable to expect 

there will be new jobs in new areas that have not been created 

yet. It is a dynamic and exciting field to become involved in.

WHAT TYPES OF 
CAREERS ARE OPEN 
TO YOUNG PEOPLE 
INTERESTED IN 5G?

The way we consume media content is 
drastically changing. Whether users are 
watching their ultra HD TVs at home or 
looking at their smartphones on the train, 
consuming content on varying devices in 
different environments poses a significant 
challenge for content providers. For 
example, watching a live tennis match on a 
smartphone at a bus stop may not offer the 
same, optimal viewing experience as a large 
screen at home.

The BBC has been working on object-based 
media (OBM), which offers a possible 
solution to this challenge. OBM enables the 
content of programmes to change according 

to the requirements of each individual user. 
The “objects” refer to the various assets that 
are used to make a piece of content. For 
example; there are large objects such as the 
audio and video used for a scene in a drama 
series, and small objects, like an individual 
frame from a video, a caption or an icon 
of one of your friends. By breaking down a 
piece of media content into separate objects, 
attaching meaning to them, and describing 
how they can be rearranged, a programme 
can be changed according to an individual 
viewer’s needs.

For example, imagine being able to replace 
a speaking presenter with a sign language 

one, having a personalised radio channel that 
only plays the music you love, or being able 
to explore the backstory of your favourite 
characters on TV.

There is still much work to be done to make 
OBM a reality, but BBC R&D and 5GIC 
have demonstrated OBM’s possibilities on 
a 5G testbed at the University of Surrey. 
They have shown that by combining PTM 
(to deliver popular and/or bandwidth-heavy 
objects such as video content) and unicast 
(to deliver personalised assets such as 
icons of users’ friends) it is possible to have 
a seamless user experience at a reduced 
network load.

OBJECT-BASED MEDIA

30 Find this article and accompanying activity sheet at www.futurumcareers.com



DE’S TOP TIPS

01  –  Choose a subject that piques your interest. You might be 
studying and working in that subject for a long time, so it is 
important you select one that is important to you so you can 
keep your interest alive.

02  –  There are many opportunities in 5G-related industries that 
do not require high-level qualifications, but I do encourage 
young people to pursue a degree before moving into 
this field. 

03  –  During the course of your studies, think about the bigger 
picture in terms of industries and related areas – this can 
help shape your innovation ideas and show you a path 
towards new sustainable business models of cutting-edge 
research topics.

04  –  To get an idea of the possibilities in telecommunications and 
5G, check out the 5G Innovation Centre’ website: 
https://www.surrey.ac.uk/5gic

WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
When I was little, my dream was to become 
a swordsman – similar to knights who 
feature in Chinese novels. When I realised 
that I might not be that good at kung fu 
or swordsmanship, but wanted to make a 
contribution to society, my dream changed 
to wanting to be an automotive design 
engineer. I wanted to invent a car that could 
be personalised and restructured to meet 
different scenarios.

WHO OR WHAT INSPIRED YOU TO 
STUDY FOR A B.ENG. DEGREE IN 
INFORMATION ENGINEERING? 
There are two main reasons that drove me 
to study information engineering at the 
Beijing Institute of Technology (BIT). One 
is that it was around the time that digital 
transformation and digitalisation was taking 
off in China and I still remember how thrilled 
I was to have my very first phone when I was 
in high school. It was a Symbian smartphone, 
but I wondered if it could be smarter and 
this question led me to think about studying 
information engineering.

The second reason is that majoring in 
information engineering is challenging and it 
is one of the leading courses at BIT. I learned 

this soon after graduating from high school 
and I was very excited to begin my journey 
in this field. The subject still holds a strong, 
long-term interest for me, from my MSc at 
Imperial College London through to my PhD 
at the University of Surrey.

YOU QUALIFIED FROM BIT IN 2011. 
DID YOU EVER IMAGINE, AT THAT 
TIME, A WORLD OF IMMERSIVE 
MEDIA AND VERTICAL INDUSTRIES? 
During my time at BIT (2007-2011) 
and Imperial (2011-2012), I had no idea 
about the concept of immersive media 
and vertical industries, but began to 
notice a transformation that was driven 
by information and communication 
technologies in media and entertainment. 

I started to learn more about these 
technologies and ideas after becoming 
involved in 5G-related projects during my 
PhD at the University of Surrey. I suppose 
my previous focus was on technological 
innovations, while my current focus has 
moved on to the technological impact.

WHAT EXCITES YOU MOST ABOUT 
THE FUTURE OF 5G?
A software-based, logical network, which 
has programmable functionalities that can 

be used through common infrastructure, 
fulfils the changing requirements of vertical 
industries and enables the deployment of 
new services.

Then there are the new vertical industries 
and service types that we could not 
anticipate with the previous Gs, such as 
live streaming and online gaming that uses 
augmented reality, autonomous vehicles, 
remote surgery using robotics, and so on…

WHAT DO YOU WANT IMMERSIVE 
MEDIA TO BE ABLE TO DO?
I want it to be personalised, in that it knows 
and understands the requirements of 
individuals and changes the media experience 
accordingly. I want it to be adaptive, by 
recognising the device being used and 
adapting to it to give the best experience in 
real-time, regardless of the manufacturer. 
I want it to be dynamic and responsive by 
responding to the needs of the audience in 
terms of length, depth of interest, location, 
preferences, lifestyle and age. And finally, I 
want it to be interactive, where the audience 
can select specific areas of content to focus 
on and in some instances create and upload 
their own associated content.

The 5G-Xcast team works in the University of Surrey’s 5G 
Innovation Centre. Career opportunities within 5G can extend 

beyond telecommunications into 5G-enabled industries and 
any area where 5G technology is applied. Photo courtesy of the 

University of Surrey

ASK DR DE MI
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According to a report by Statista, Facebook 
had 2.45 billion monthly active users as of the 
third quarter of 2019. That is a tremendous 
amount of information being shared on a 
regular basis, and many of us share posts 
without giving much thought to the risks 
attached to doing so. The risk of identity 
fraud is ever-increasing, because the more 
people publicly post online (on social media 
channels or forums, etc.), the more they open 
themselves to risks.

Sharing too much information online can 
enable cybercriminals to collect personal 
information and impersonate you across 
other websites or services. This is known as 
identity fraud. In this way, the offenders use 
information to hack into your online accounts, 
or even sign up for credit cards in your name. 
It is therefore essential that we all take steps to 
protect our personal information online.

The University of Kent is home to the Kent 
Interdisciplinary Research Centre in Cyber 
Security (KirCCS), which aims to harness 

“expertise across the University of Kent to 
address current and future cyber security 
challenges”. Cyber security researchers 
Professor Shujun Li and Dr Jason Nurse are 
part of the team at KirCCS and are passionate 
about improving cyber security awareness 
and education.

WHAT ARE SOME OF THE CURRENT 
CHALLENGES KIRCCS IS TRYING TO 
ADDRESS?
KirCCS deals with a whole range of research 
topics. Some are highly technical (for example, 
security testing and verification), others can be 
described as socio-technical, i.e., studying user 
behaviour, trust in online social networks or 
privacy management.

Shujun is the Socio-technical Theme Lead 
at KirCCS. One challenge, he says, is 
understanding how to engage everyone – end 
users like you, system designers, developers 
and managers, among other people – in the 
whole cyber ecosystem so that we all play 
our part. And measuring the effectiveness 

of cyber security awareness and educational 
activities is a key part of this challenge. “There 
is a general lack of reliable metrics to evaluate 
the performance of cyber security awareness 
campaigns,” says Shujun, “More research in 
this space is therefore needed.”

Another challenge is how to incentivise people 
and organisations to care about cyber security 
and take necessary actions. These actions do 
not only require technical solutions but also 
new policies and regulations, such as enforcing 
high security standards and rewarding vendors 
who provide secure products and services.

WHICH RISKS POSE THE 
GREATEST THREAT?
Online sexual abuse of children, including 
child pornography, has been one of the most 
highlighted crimes in recent years. Cyber 
harassment (or cyber bullying) is another one. 
While such crimes are undertaken over the 
internet, the harm they cause to victims is very 
real, and in many cases lead to lifelong mental 
health problems or even suicide. Clearly, safety 

HOW TO BEAT THE 
CYBERCRIMINALS AND 
STAY SAFE ONLINE

AS WE BECOME INCREASINGLY RELIANT ON OUR ELECTRONIC DEVICES, 

IT IS BECOMING MORE IMPORTANT THAN EVER TO BE CYBER SECURITY 

AWARE. PROFESSOR SHUJUN LI AND DR JASON NURSE OF THE KENT 

INTERDISCIPLINARY RESEARCH CENTRE IN CYBER SECURITY (KIRCCS), 

UNIVERSITY OF KENT, TALK ABOUT SOME OF THE CHALLENGES IN 

CYBER SECURITY AND WHAT WE CAN ALL DO TO OVERCOME THEM

32 Find this article and accompanying activity sheet at www.futurumcareers.com



PROF SHUJUN LI

DR JASON NURSE

Director of Kent Interdisciplinary 
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(KirCCS) and Professor of Cyber Security 
at the School of Computing, University of 
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Director of Public Engagement at KirCCS 
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FIELD OF RESEARCH

The strategic objective of KirCCS is to 
promote wide-ranging multidisciplinary 
research, and to teach and develop skills 

in cyber security to its students and 
the wider community, through degree 

programmes, workshops, visits, outreach 
days, lectures and training.

This resource is created under the Creative 
Commons license: Attribution-NonCommercial 

4.0 International (CC BY-NC 4.0): https://
creativecommons.org/licenses/by-nc/4.0/. This means 
that you are free to share (copy and redistribute the 
material in any medium or format) and adapt (remix, 

transform and build upon the material).

RESEARCH PROJECT
measures need to evolve constantly to protect 
people at risk of online sexual abuse and 
cyber harassment.

WHY DO YOUNG PEOPLE NEED 
TO BE AWARE OF THESE RISKS? 
DON’T UK ORGANISATIONS AND 
THE GOVERNMENT HAVE YOUNG 
PEOPLE’S SAFETY AT HEART?
For online sexual abuse of children, children 
and young people are targeted by criminals 
who know how to exploit those who are 
vulnerable. For cyberbullying, anyone can be 
a victim, but children and young people are 
particularly at risk. As the children’s charity 
NSPCC says, “Any child can be bullied for any 
reason. If a child is seen as different in some 

way or seen as an easy target, they can be 
more at risk.”

This means that everyone needs to play 
their part in keeping the society secure. The 
government and organisations have systems, 
platforms and services in place to protect 
young people, but they also need everyone’s 
help to make things work more effectively – 
this means you, your parents, carers, school 
staff and anyone else who works with young 
people. We are all part of the solution. And if 
you’re really serious about helping people keep 
safe online, you could become a cyber security 
expert like Shujun and Jason!

THERE ARE A RANGE OF THINGS YOUNG PEOPLE CAN – 
AND SHOULD – DO TO KEEP THEMSELVES SAFE ONLINE:

•  Set up strong passwords on all devices and services you use. These include smartphones, 
laptops, desktop computers, as well as online social media accounts such as those on TikTok, 
Snapchat and Instagram.

•  Ensure you have good privacy settings. Think carefully about who can see your posts on social 
media or online forums.

•  Remember to install the latest updates on your systems and devices – updates help keep 
your devices (and therefore you) secure from cyber threats. One useful method of ensuring 
your devices are always up to date is to turn on automating updating options.

•  Be constantly vigilant about the threat of online sexual abuse or cyber harassment. If you are 
ever suspicious about someone you are talking to, raise the alarm and seek advice from adults 
you trust.
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OPPORTUNITIES IN CYBER SECURITY
•  Although studying a cyber security-related degree at university will enhance your skills and knowledge, you do not need to have a degree 

to work in cyber security. It really depends on which role you are interested in performing within the field of cyber security. The Learn 
How To Become website has loads of information about careers in cyber security.

•  KirCCS holds public engagement events throughout the year, including workshops and summer schools: https://cyber.kent.ac.uk/events.
html. It is worth checking whether the university or college near you holds similar events.

•  The demand for skilled cyber security professionals combined with a scarcity in talent supply has resulted in high wages and excellent 
benefits for qualified applicants. Depending on the role, employees can expect anywhere between £60,000 (IT security consultant) and 
£100,000 (chief information security officer).

Cyber security is hard to define because 
there are so many variables. Just think of 
all the technologies, devices, systems, data, 
programs and processes that are involved in 
cyber security. Now think about the human 
input and the involvement of cyber bullies, 
terrorists and paedophiles mentioned in 
the article. And what about individuals such 
as you? According to Techradar, 90% of 
security incidents involved “human errors”. 
If you imagine all of these variables together, 
how would you define cyber security? You 
might have a good idea of what cyber security 
is but others may define it differently to you.

HOW AWARE IS THE UK PUBLIC OF 
CYBER SECURITY?
“Overall, cyber security awareness in the UK 
is good, but it can always be improved,” says 
Jason. “The challenge is that cybercriminals 
are constantly creating new scams, tricks 
and cyber-attacks.” So, what does this 
mean? It means that everyone has to be on 
their guard, regularly update their devices, 
products and software, and keep an eye 
out for new guidelines on how to keep 
safe online.

There have been many campaigns in the 
UK designed to improve awareness, which 
have had a positive impact on UK society 
as a whole. However, as Shujun mentioned, 
it is difficult to know how effective these 
awareness campaigns are; for example, are 
young people more or less cyber security 
aware than adults? We cannot know for 
certain, but institutions like KirCCS are 
helping to spread the message of the 
importance of cyber security to young 
people. Young people, in general, are more 
knowledgeable about computers and pay 
more attention to new technologies than 
their parents.

WHAT ARE SOME OF THE MAIN 
CYBER SECURITY RISKS TO YOUNG 
PEOPLE IN THE UK?
“One significant risk is that of the oversharing 
of personal information online; the fact is 
that cybercriminals often monitor what 
people are saying on social media to gather 
information for their attacks,” says Jason. 
These attacks may come in the form of 
targeted scams, phishing emails, identity fraud 
or cyber harassment.

Shujun adds that another significant risk is 
young people’s exposure to criminals who are 
experienced in targeting children and young 
people. “These criminals might be paedophiles 
trying to exploit children or terrorists trying 
to recruit young people to their radical ways 
of thinking.”

WHY SHOULD YOU CONSIDER A 
CAREER IN CYBER SECURITY?
It is an area that is exciting and there is a 
constant need for more people with a variety 
of skills. Every day at work is different and 
there are new challenges all the time. Perhaps 
most importantly, anybody who works in 
cyber security has the opportunity to protect 
people and invent new technologies. You are 
not just addressing computing concerns – you 
are potentially saving lives! Cyber security 
challenges come in many forms, as Shujun and 
Jason explain:

Artificial Intelligence (AI) and Cyber Security: 
The recent rise of deep learning and other AI 
technologies has led to new challenges around 
how to secure AI algorithms and protect 
users’ privacy against unethical, irresponsible, 
insecure and privacy-intrusive AI algorithms.

Human Factors of Cyber Security: Humans 
are a core part of modern systems and it is 

increasingly important that we understand 
how to engage users with security. This means 
that we need to better understand how 
humans perceive cyber security in systems, 
the challenges they face in making “good” 
security decisions, and the various ways that 
cyber criminals may attempt to compromise 
how individuals think about security for their 
own benefit. This domain requires focus on 
psychology, human computer interaction, and 
sociology amongst other topics.

Cyber Security Governance: At an 
international level, there are huge governance 
gaps and inconsistencies caused by missing and 
conflicting laws and regulations covering cyber 
security, data protection, privacy, cybercrime 
and digital forensics. The potential of cyber 
conflict and cyber war between some states, 
the sharp rise of nationalism and right-wing 
movements in several key states, and cyber 
activities of terrorist groups have been making 
the cyber security governance landscape even 
more complicated.

Blockchains and Cryptocurrencies: As one 
of the most disrupting and controversial 
areas in cyber security, blockchains and 
cryptocurrencies have a unique characteristic 
of being intrinsically interdisciplinary, involving 
sciences, engineering, social sciences and 
humanities. The use of virtual cryptocurrencies 
as a way of incentivising human participation 
and the built-in anonymity has been making 
a huge (positive and negative) impact in 
many areas.

Quantum Cyber Security: Quantum 
computers are closer to becoming a reality 
and in 20 years’ time we will need completely 
different cyber security theories and tools to 
keep us secure.

ABOUT CYBER SECURITY
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WHAT DID YOU IMAGINE YOURSELF 
DOING WHEN YOU WERE 
YOUNGER?

JN: I always imagined I would work with 
technology in some way, but I never really 
considered the thought of working in cyber 
security (or computer security, as it was 
called back then!).

SL: I enjoyed reading scientific magazines 
that were aimed at young people when I 
was a kid, although I liked reading about 
history, too. I have always had an interest in 
science fiction and, while I was interested in 
science and technology from an early age, I 
had never given much thought to anything 
related to cyber security. My real interest in 
the field started when I was around 24.

HAVE YOU ALWAYS BEEN 
INTERESTED IN COMPUTERS?

JN: Yes – I have always been fascinated by 
how computers and technology work. I think 

the desire to understand more – particularly 
to the point where I could start creating 
things such as applications, is what inspired 
me to get into computing.

SL: Not really. My early exposure to science 
and engineering was more in physics, 
chemistry, mathematics, biology and 
geography (in China this subject included 
geology and cosmology as well). I never 
really encountered computer science or 
electronic engineering before I started my 
undergraduate study in 1993, since when I 
began working with computers and it quickly 
grabbed my attention and fascination.

WHICH SUBJECTS DID YOU TAKE AT 
SCHOOL/COLLEGE?

JN: The subjects I studied included 
mathematics, IT, business, accounting, 
chemistry, biology and history.

SL: In middle school in China, my main 
subjects included mathematics, physics, 

chemistry, biology, geography, Chinese, 
English, history, politics, PE, music and arts.

DO YOU PLAY COMPUTER GAMES AT 
HOME? WHAT ELSE DO YOU DO TO 
RELAX?

JN: Yes, I tend to play the occasional 
computer and video games. I especially like 
car racing games! I also like to do puzzles and 
play chess.

SL: Yes, of course. Playing games is part of 
modern life. I used to be a big fan of Chinese 
role-playing games when I was studying 
at university.

Researchers often do talks to help the public understand their research. In this 
photo, Shujun speaks about his research on cognitive modelling for studying 

human behaviours in cyber security.

Jason discusses cyber security with local businesses.

ASK PROF SHUJUN LI AND 
DR JASON NURSE

SHUJUN AND 
JASON’S TOP TIPS
1 –  Take every opportunity you get to learn about 

technology – the way it works and how it is used.

2 –  There are many ways to get into computing and 
cyber security. There is no pre-defined path 
that you absolutely have to take. These topics 
have traditionally been very technical but there 
is an increasingly important social side (e.g., 
psychology and sociology), which focuses on the 
interactions between humans and computers. 
Ultimately, this should open the subject to people 
with broader interests than simply computing.

3 –  In the field of cyber security, you can choose to 
be an “eagle” (who is good at looking at things 
from a broad perspective) or a “frog” (who is good 
at looking at things at a deeper level). Which one 
is most suitable for you depends on many factors, 
but you should be able to pick up some clues as 
you study at school. In general, it is important to 
try to be an “eagle” when you are younger and 
eventually switching to becoming a “frog” as your 
interests become more specific. However, keep in 
mind that it is also possible to be a mix of both!
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LIVING LIBRARIES AND OUTDOOR 
LABORATORIES: 1,200 WAYS TO TEACH 
YOUR STUDENTS OUTSIDE THE CLASSROOM

ABOUT BIOLOGICAL FIELD STATIONS

WITH 1,200 BIOLOGICAL FIELD STATIONS AVAILABLE IN 120 COUNTRIES 
WORLDWIDE, MANY TEACHERS WILL HAVE ACCESS TO OUTDOOR CLASSROOMS 
THAT CAN OFFER THEIR STUDENTS EXPERIENCES IN A WHOLE RANGE OF SUBJECTS, 
FROM BIRD BANDING TO SALT MARSH ECOSYSTEMS. STACY MCNULTY, PRESIDENT 
OF THE ORGANIZATION OF BIOLOGICAL FIELD STATIONS, TELLS US MORE 

Field stations facilitate observation and tracking of environmental 
change. They also create a collaborative, hands-on, inquiry-based 
learning community and spark new technological breakthroughs. 
For example, research on bat echolocation at a field station led to 
development of sonar and radar technology in World War II.

WHEN AND WHY WAS THE ORGANIZATION OF 
BIOLOGICAL FIELD STATIONS CREATED? 

Just over fifty years ago, a group of scientists and managers of field 
stations and marine labs started Organization of Biological Field 
Stations (OBFS) to create a network focused on outdoor laboratories 
(McNulty et al. 2017*). Today, OBFS supports facilities focused on 
place-based, long-term observational and experimental research, 
training and engagement. OBFS helps member stations increase 
their effectiveness in supporting critical research, education and 
outreach programmes.  

The mission of the OBFS is to facilitate the highest quality 
environment for scientists, students, teachers and the public 
in pursuing research and education, and in enhancing biological 
and environmental understanding. OBFS pursues its mission in 
a manner that maximises diversity, inclusiveness, sustainability 
and  transparency.  

BIOLOGICAL FIELD STATIONS ARE ESSENTIALLY 
LIVING LIBRARIES AND OUTDOOR 
LABORATORIES FOR STUDENTS, RESEARCHERS, 

AND THE GENERAL PUBLIC INTERESTED IN THE 
ENVIRONMENT. WHAT CAN FIELD STATIONS 
OFFER HIGH SCHOOL/COLLEGE STUDENTS AND 
TEACHERS, EXACTLY?

•  Field stations sometimes offer on-site internships for high 
school students.

•  Many field stations host high school classes and weeklong or longer 
intensive “outward bound” type residential experiences that combine 
being outside in nature with learning.

•  Most field stations allow children of all ages, including high school 
students, to visit with a trained biologist or naturalist on site for 
nature walks and guided science-based, hands-on activities. Students 
and teachers can learn about bird banding, salt marsh ecosystems, 
geology, rainforests, water quality, soil science, climate science, 
forestry and ecology. The types of classes and field trips are 
virtually  unlimited!

• Many field stations offer a summer science field camp.

•  For college students and others, OBFS shares information on field-
based college courses via the website, a listserv and social media. 

FIELD STATIONS ALSO OFFER INTERNSHIPS 
AND RESEARCH EXPERIENCES FOR 
UNDERGRADUATES (REU), MANY OF WHICH ARE 

Cedar Point biological Field Station
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PAID. DO STUDENTS HAVE TO FIT A CERTAIN 
PROFILE? AND HOW COMPETITIVE ARE THESE 
INTERNSHIPS AND REUS?

There is no single profile to meet when beginning to volunteer at 
a field station. Students just need the willingness to learn and the 
ability to commit time to a project. 

Field stations encourage a wide variety of students to apply. Those 
with experience and knowledge will have a greater chance of being 
accepted on a particular internship or REU. The best way to build 
your résumé is through learned experiences and growing your 
network of colleagues. Every person you meet may lead you to a 
new opportunity or life-path. Most internships are very competitive 
and typically one position can have 20 applicants or more. REUs are 
also very competitive.  

This slide show does an excellent job of explaining how to prepare for 
an REU: https://archive.education.mrsec.wisc.edu/research/slides/
greenberg_REU_slides.pdf 

This article explains some issues revolving around REUs: https://
smallpondscience.com/2018/03/27/competition-for-the-best-reu-
applicants-is-outrageous/

Here is a webinar explaining how to apply for REUs: https://
geosciencewomen.org/wp-content/uploads/Applying-for-REUs.mp4

HOW DO STUDENTS, TEACHERS AND 
SCHOOLS CONTACT OR GET INVOLVED WITH A 
FIELD STATION? 

Each field station typically has contact information on their 
webpage, which is available to both teachers and students. For 
fastest results email the director or the person in charge of 
education for the site. 

THE OBFS HAS A DIRECTORY OF BIOLOGICAL 
FIELD STATIONS AND A MAP, ENABLING THE 
PUBLIC TO FIND A FIELD STATION NEAR THEM. 
THERE ARE LOTS OF FIELD STATIONS IN THE US 
BUT NOT SO MANY ELSEWHERE IN THE WORLD. 
DOES THE OBFS HAVE RESOURCES FOR YOUNG 
PEOPLE WHO DON’T HAVE ACCESS TO A FIELD 
STATION NEARBY?

A recent publication by Tydecks et al. (2016) identified over 1,200 
field stations worldwide in 120 countries. Also, public parks and nature 
preserves, nature centres and other facilities may have opportunity for 
research and field experiences. If people do not have access to a field 
station or marine lab, they can start by visiting/emailing professors 
from local colleges and universities. Students may find a professor or 
graduate student to volunteer with based on their own interests by 
contacting the continuing education or outreach office. 

WHAT DO STUDENTS, WHO AREN’T NECESSARILY 
SCIENTIFICALLY MINDED, GET OUT OF A VISIT TO 
A FIELD STATION?

Field stations are living classrooms across multiple disciplinary areas and 
can provide experiences and learning for all ages. Fields include but are 
not limited to ecology, geology, marine biology, history and the arts. 

Students typically receive mentored, independent research experience 
in a collaborative, supportive environment. They also learn skills such as 
orienteering (map and compass), use of equipment such as GPS units 
and sensors, species identification, operation of boats and equipment, 
teambuilding and many other skills.  

*  McNulty, S. A., D. White, M. Hufty, and P. Foster. 2017. The 
Organization of Biological Field Stations at Fifty. The Bulletin of the 
Ecological Society of America 98:359–373. 
https://doi.org/10.1002/bes2.1349
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To learn more about the Organization of Biological Field Stations (OBFS), visit the website: https://www.obfs.org/

To find a biological field station near you, check out the OBFS map: https://obfst.memberclicks.net/station-map

There is also a directory of field stations: https://obfst.memberclicks.net/directories#/

GET INVOLVED! 

Katherine Arquez, an intern at Archbold Biological Field Station, USA © Dustin Angell

Cristian camped at the Archbold Biological Station in the USA. © Dustin Angell Eve also camped at the Archbold Biological Field Station. © Dustin Angell
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YOU ARE AN ECOLOGIST BY 
TRAINING. WHAT SORTS OF THINGS 
DO YOU DO? 
 I look for patterns and relationships between 
species and between animals and their habitats. 
I also document trends over time and seasonal 
changes (the study of phenology includes 
animal migration, flowering, autumn leaf colour 

in deciduous trees and more). Field stations are often places where we 
document these long-term fluctuations.  

For example, at the SUNY ESF Adirondack Ecological Center in 
the mountains of New York (http://www.esf.edu/newcomb), we have 
documented a loss of three weeks of lake ice cover in the past forty 
years. The data show winter is now shorter than the eighty-year average 
due to changes in the regional climate. Shorter winters can affect water 
temperature and oxygen needed by trout and cold-water fish, a lack of 
snow exposes plant roots to freezing, and warmer temperatures mean 
ticks and pathogens may be active for longer periods of the year, causing 
problems for humans, lengthening the growing season for plants, and 
affecting ecosystem functions such as nutrient cycling and storage 
of carbon.  

WHAT DO YOU LOVE ABOUT YOUR JOB AS AN ECOLOGIST?
I love that there are always questions to ask about how the Earth’s 
systems work. I also enjoy documenting seasonal changes, such as 
birds singing in the summer or tracking mammals in winter. From a 
tiny moss community to a bull moose calling to a mate, there is always 
something to see or hear – and it’s great fun to share those discoveries 
with students!

WHY ARE YOU PASSIONATE ABOUT SCIENCE AND 
ENVIRONMENTAL EDUCATION?
As a child, I was always climbing trees, building rock dams in streams, 
using my father’s microscope from his high school biology classroom 
to look at pond water, and asking “why?” I had access to open spaces 
and the ability to explore my neighbourhood, but many children 
today may not have that access (see Richard Louv’s book Last Child 
in the Woods). Interacting with the complex physical world helps us 
learn problem solving, engages our brain and all of our senses, and can 
result in new ways of thinking. 

Now, each spring on a rainy evening, families walk with me to see 
the salamanders moving into their breeding wetlands. The children’s 
expression of joy when they spot these secretive creatures matches 
my own, because we are discovering the world together!

WHAT ARE YOUR TOP TIPS FOR STUDENTS WHO 
ARE INTERESTED IN THE ENVIRONMENTAL/
BIOLOGICAL SCIENCES?
Find a mentor working in the field of your interest. Introduce yourself 
and start volunteering/learning. These experiences can provide a 
pipeline of opportunities in other labs and fields, as well as technician 
positions and graduate programmes.

Explore the world! Read about the topic you’re interested in. Take a 
summer course at a local college. Do a project that enables you to 
learn more about the natural resource field. Your teachers, counsellors 
and others may have suggestions.

ABOUT STACY MCNULTY
CURRENT PRESIDENT OF THE ORGANIZATION OF BIOLOGICAL FIELD STATIONS
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We live in an increasingly energy-hungry society. 
From hand-held devices, such as cell phones and 
tablets, to the vehicles we use to get around, at 
the heart of our modern society is the need to 
produce energy and store it for later use. 

In recent decades, however, it has become 
increasingly obvious that we need to move away 
from traditional methods of producing energy 
towards renewable sources such as solar or wind 
power. Burning fossil fuels like oil, coal and 
gas to power our world contributes to climate 
change through the release of carbon dioxide, 

FOR NEARLY THREE DECADES, LITHIUM-ION BATTERIES HAVE BEEN THE DOMINANT FORM 

OF RECHARGEABLE ENERGY STORAGE. BUT IS THAT ABOUT TO CHANGE? PROF JENNY 

PRINGLE AT DEAKIN UNIVERSITY, AUSTRALIA, AND HER COLLABORATORS AT STORENERGY 

ARE DEVELOPING THE NEXT GENERATION OF CLEANER AND SAFER BATTERIES

ENERGY STORAGE IN 
THE 21ST CENTURY

the primary greenhouse gas emitted through 
human activities. 

In the transport sector, for example, there is a 
push towards vehicles powered by electric motors, 
rather than traditional combustion engines that 
burn petrol or diesel (both of which are derived 
from oil). But this and renewable energy sources 
bring challenges – most notably, the need to store 
large amounts of energy in batteries.

It is challenges such as these that Jenny Pringle, 
a professor based at Deakin University’s Institute 
for Frontier Materials, and her colleagues are 
hoping to address. She is working on developing 
new organic ionic electrolytes – both liquid and 
solid – for electrochemical devices. And she’s 
collaborating with research teams at storEnergy 
to find out how to successfully implement 
these electrolytes.

WHAT ARE ELECTROCHEMICAL 
DEVICES AND ELECTROLYTES?
Electrochemical devices are devices that 
either use electrical energy to cause chemical 
reactions that would otherwise not occur (for 
example, decomposition of a stable chemical) 
or generate electricity from a chemical reaction 
(like batteries). 

Invented by Italian physicist Alessandro Volta 
in 1800, the basic workings of the battery have 
remained the same for centuries, even though 
the technology has changed enormously: Two 
electrodes made of different types of metal are 

separated by a conductive electrolyte, a solution 
that conducts – i.e. allows the movement of – 
electrically-charged particles known as ions.

Since the invention of Volta’s battery, materials 
scientists and chemists like Jenny and others 
working at storEnergy have experimented with 
different electrodes, changed the chemistry of the 
electrolyte solutions and developed new ways of 
constructing the batteries. These days, the most 
commonly used rechargeable batteries are based 
on lithium-ion technology, and power everything 
from the batteries in cell phones to the battery 
packs in electric vehicles. 

WHY ARE BATTERIES BECOMING 
MORE IMPORTANT?
In addition to powering devices, batteries are 
increasingly used to help cope with differences 
in electrical demand and electrical production. 
For example, solar panels only produce electricity 
when the sun is shining, but not necessarily 
when it is most wanted. By contrast, a fossil-fuel 
powered power station can produce electricity 
whenever it is needed and can increase or 
decrease electricity production at times of high 
or low demand. Matching electricity production 
to demand is one of the major obstacles facing 
renewable energy.

By connecting a rechargeable battery to a solar 
panel, however, the electricity produced when 
the sun is shining can be stored and used when it 
is needed, making alternative energy sources to 
fossil fuels more practical. A solar-powered garden 

Energy storage is critical to 
our very existence and not just 
for turning on the lights. The 
cars we drive, the planes we 
fly in, our electronic devices: 
these all need to be powered 
by something. It is highly 
probable that many diverse 
energy storage technologies 
will play a role in each of the 
different applications.

PROF MARIA FORSYTH, 
DIRECTOR OF STORENERGY
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PROF JENNY PRINGLE

Institute for Frontier Materials 
Deakin University, Australia

Materials Science and Chemistry

FIELD OF RESEARCH

Jenny and her team are researching and 
developing new liquid and solid organic 
ionic electrolytes for use in batteries. 

Their hope is to find a way of replacing the 
traditional lithium-ion technology used 
in rechargeable batteries with safer and 

better alternatives.

Australian Research Council

RESEARCH PROJECT
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light is a common example of this, but greater 
numbers of households and businesses are using 
high-capacity batteries to store the electricity 
generated from solar panels during the day. In 
the future, it is hoped that entire communities 
or even countries might use batteries to help 
them move towards more sustainable ways of 
generating electricity.

HOW WILL BATTERIES NEED TO 
IMPROVE TO HELP ACHIEVE 
THIS GOAL?
Despite the huge advances in battery technology 
in recent decades, much more needs to be done. 
Challenges to overcome include:

Extending a battery’s life
A battery’s life can be described as a measure 
of its performance or longevity, i.e. how long a 
battery lasts after charging before it needs to 
be recharged again. From short battery lives in 
mobile phones and laptops to “range anxiety” in 
electric cars (this is when drivers worry about how 
long they have until their car runs out of power, 
and whether they can make it to a charging point), 
extending battery life is a challenge.

Simply using a larger battery is not always 
practical or affordable, so another way to solve 
this problem is to increase the energy density of 
the battery – that is the amount of electricity that 
can be stored per kilogram of battery.

Impact on the environment
Although batteries can help reduce our reliance 

on polluting fossil fuels, the materials used to 
produce them, and the methods needed to make 
them, can have an impact on the environment. 
One issue, for example, is the leakage of toxic 
chemicals. Jenny has been looking into solid 
rather than liquid electrolytes, which would help 
reduce leaking from batteries.

Safety
“There have been many news stories recently 
about lithium-ion batteries catching fire, 
especially when they are being charged,” says 
Jenny. “The electrolytes currently being used 
in these devices are flammable and volatile, and 
give off toxic fumes when they burn.” With this 
in mind, Jenny and her colleagues are looking 
for unique alternatives that are safer and more 
reliable. 

Cost
Batteries can be expensive. Certainly, the 
batteries needed for electric or hybrid electric 
vehicles cost significantly more than those used in 
traditional petrol or diesel-powered cars. 

WHAT IS THE GOAL OF 
JENNY’S RESEARCH?
Working at the fundamental chemistry end 
of battery production, Jenny’s interest lies 
in developing liquid and solid electrolytes. 
“Ultimately, we would like to be able to develop 
batteries that get away from lithium by using 
sodium, for example, which can be much cheaper 
and more abundant,” she explains. “Or we would 
like to use lithium as lithium metal instead of 

lithium ion so that we get much more energy from 
the batteries.” 

Excitingly, this research is being tested at a 
battery prototyping facility called BatTRI-Hub, 
although much work still needs to be done.  
Making solid electrolytes that allow the charged 
particles (ions) to move quickly enough through 
the material is difficult, but very much needed if 
they are to be used in high-powered batteries. 

“Energy storage is such an important area of 
research – from developing safer and more 
sustainable batteries for personal use, to making 
massive scale, stationary batteries to support 
renewable energy from solar and wind farms,” 
says Jenny. Indeed, it is becoming increasingly 
vital that we move to more sustainable and 
environmentally-friendly methods of producing 
the energy. And battery storage is certainly a 
viable option. As such, materials science is a 
growth industry and likely to continue to be so in 
the future. If you want a challenging career that 
will impact the lives of everyone, as well as help 
fight one of the biggest technological challenges 
facing the human race today, then this is the field 
for you.
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Based in Australia, and partly funded by the 
Australian Research Council, storEnergy 
(also known as the ARC Training Centre 
for Future Energy Storage Technologies) 
is a partnership between five universities, 
government and industry. Led by Prof Maria 
Forsyth, storEnergy’s ultimate goal is to 
train and skill the next generation of workers 
within the energy sector. Jenny and her team 
at Deakin University are just one of several 
groups working on projects associated with 
storEnergy.

The training centre is involved in a number of 
exciting research projects. These include: 

•  Battery recycling, battery re-use and 
finding new uses for existing batteries.

•  Ensuring batteries are safe, particularly 
in demanding environments (underwater, 
desert conditions, arctic conditions).

•  Developing specialised batteries for electric 
vehicles, the defence industry, electricity 
grids and mining equipment.

•  Developing smart battery management 
systems to monitor batteries whilst they are 
being used, to improve reliability and safety.

“Our aim is to collaborate on many different 
aspects of energy storage – everything 
from the quite fundamental chemistry 
and materials research required for new 
electrolytes and electrodes (that’s where 
I come in), through the development 
of different kinds of batteries and 
supercapacitors, right up to working with 
companies on how to use these devices 
in their applications,” says Jenny. “These 
applications include unmanned aerial vehicles 
(i.e. drones), sensors, and the technologies 
required for the transmission of electricity.” 

ABOUT storEnergy

Maria is Director of storEnergy, Associate Director of the 
Institute for Frontier Materials, Deakin University and 
Co-Director of BatTRI-Hub

“I believe that our world needs to urgently shift from fossil 
fuel-based energy to cleaner, more sustainable sources. While 
wind and solar technologies are well established and highly 
affordable, we need to have mechanisms in place to store the 
energy produced. We also need to consider technologies’ life 
cycles so that today’s solutions for issues like climate change 
don’t become tomorrow’s environmental disasters. 

“A career in energy storage can be anything from materials 
design and synthesis for new, improved technologies to 
prototyping these materials into batteries and integrating 
them into real-world applications. It is an exciting field to 
contribute to!”

MEET PROF MARIA FORSYTH

OPPORTUNITIES AT storEnergy
•  storEnergy provides training in research, technical skills, communication, graphics and scientific writing to PhD students. Another key 

component of the training is a one-year industry placement.

•  PhD students from a range of academic backgrounds are welcome, including chemistry, materials or electrical engineering, physics, etc.

•  Even though its training facilities are aimed at PhD students, storEnergy offers short-term placements to Master’s students, including from 
overseas; opportunities for Honours degree projects, and summer placements for undergraduates in their third year.

•  Jenny recommends writing to storEnergy, explaining your background and interests, to find out if the training centre can offer any 
opportunities for you.

https://www.storenergy.com.au

MARIA’S TOP TIPS

01  Take a look at the Master’s 
courses on offer around the 
world to give you a flavour 
of this field. 

02  If you want to study for a 
PhD, pick something that 
allows you to broaden your 
experiences in the lab AND 
with respect to policy and 
industry. Your studies may 
lead to a role in academia, 
industry or government. 
The possibilities are vast 
and will depend on your 
interests and passions.
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
Honestly, I never really had an aim to “be” 
anything in particular. Which is OK, I think, 
as probably half the jobs that exist now 
hadn’t been invented when I was young. I 
just did what I enjoyed and was OK at during 
school, which was chemistry, but I also 
enjoyed writing and had a good imagination. 
Now I get to use all those attributes, so I’m 
really lucky. 

HOW DID YOU GET INVOLVED IN 
BATTERY TECHNOLOGIES?
That’s a relatively recent move for me. I have 
been interested in ionic liquids for nearly 
20 years, and these can be used as solvents 
for many different things. They can be used 
in synthesis, for separation, for biological 
applications, for dissolving biomass (waste 

plant material) or to make renewable fuels. 
I find all of these applications interesting. 
So, I started my research career in Australia 
working at the Centre for Green Chemistry 
(at Monash University) with Prof Doug 
MacFarlane, who is Deputy Director at 
storEnergy. It was through working with Prof 
Maria Forsyth and Prof Patrick Howlett, who 
is also at storEnergy and BatTRI-Hub, that 
I got more involved in batteries. They have 
teams that can take the solid or liquid ionic 
materials that I make and really understand 
how good they are for different batteries 
and why. 

IN YOUR EXPERIENCE, IS 
MATERIALS SCIENCE A MALE-
DOMINATED FIELD?
Well, my supervisor (Maria) is female, 
and she has always been an inspiration. 

Certainly, by the time you get to the senior 
level there are more men than women – at 
the PhD level the numbers are more even. 
But things are changing, with a lot more 
support available to help with things like 
parental leave, part-time positions and career 
development opportunities specifically 
for women, etc. So, I’d urge anyone who 
is interested in doing materials science 
not to be put off by this as there are many 
people working towards making it a lot more 
equitable. And the more women there are 
who work in the field, hopefully the better 
the situation will get. At the end of the day, 
I think that it is about finding the right team 
(male and female) to work with. Surround 
yourself with people who inspire you and 
science that excites you – that’s what 
is important. 

ASK PROF JENNY PRINGLE

JENNY’S TOP TIPS
01  Find areas that interest and motivate you – and just as 

importantly, identify those that don’t.

02  Energy will always be hugely important all over the world. Being 
well-trained in the underlying science will make you a strong 
candidate for whatever direction you decide to take later.

03  Get experience as early as possible. For example, look for 
summer jobs in universities or industry.

MEET ANNA WARRINGTON
Anna is a PhD student from the UK who is working with Jenny at Deakin University. We ask her what 
she enjoys most about her studies in chemistry.

“Chemistry is a very creative and unpredictable field. From synthesising a starting material for a new 
anti-cancer drug to recycling lanthanide metals in your phone, chemistry applies to just about anything. 
I enjoy working on a project that will improve the world around me and test my own ideas. By studying 
chemistry, not only am I learning a lot of skills such as analytical, problem-solving and communication 
skills, but also how to link ideas together from completely different areas of chemistry to understand 
new concepts.”

QUALIFICATIONS: A Level maths, biology and chemistry; BSc in chemistry; MSc in chemistry

PhD PROJECT: Anna is using techniques developed for the pharmaceutical industry to produce the 
electrolytes in batteries more cheaply and in a more environmentally sustainable way.
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Upland farming has historically been overlooked 
by agricultural science compared to higher-
output, more profitable lowland farming. This 
has meant that technological innovations and 
other precision measures have, until recently, 
been underused in such areas. However, as we 
move into an age focused on sustainability and 
efficiency, it is probable that upland farms will 
come to represent a much greater proportion 
of animal agriculture. It is therefore very 
important that they are managed as effectively 
as possible.

Professor Davy McCracken, Head of 
Integrated Land Management and Head of the 
Hill & Mountain Research Centre at Scotland’s 
Rural College (SRUC), has spent several 
decades working on this issue. Scotland is one 
of the world’s leading areas for sheep farming; 
in fact, the UK is the sixth largest producer of 
sheep meat (lamb and mutton) in the world. 
Now, integrated management techniques are 
helping to ensure that these areas are managed 
as productively and sustainably as possible.

WHY THE FOCUS ON THESE 
UPLAND SYSTEMS?
Around 70% of Scotland’s land is mountainous 
or has mountainous characteristics (i.e. a similar 
climate or soil type), and there are limited 
agricultural uses to which this land can be put. 
“Poor soil condition combined with high rainfall 
means that Scotland’s mountainous areas are 
unsuitable for ploughing or growing crops,” 

IMAGINE THIS
A shepherd strides over a hill in Scotland, 
accompanied by three sheepdogs and a 
drone. An electronic tag in one of his sheep’s 
ear has alerted him that a sheep has become 
separated from the flock, that it hasn’t 
moved for several hours, and that the rest of 
the flock are now a kilometre away. By using 
the location coordinates in tandem with the 
drone’s infrared camera, he spots it stuck in a 
gully, and manages to haul it out and reunite 
it with the flock. 

The next day, the shepherd and his dogs 
herd the flock to the farmhouse to measure 
their weight and assess other health factors. 
The database informs him that the sheep 
that had been stuck is losing weight, and on 
closer inspection he sees it is suffering from 
a disease. He closely monitors it for the next 
few weeks, feeding it a special diet as well as 
a course of tailored antibiotics. When it has 
fully recovered, it returns to the flock.

Imagine innovating and developing more 
technologies like these to help farmers 
manage their land sustainably and profitably.

QUICK FACTS
UPLAND FARMING – Also known as hill 
farming. Upland farms generally produce 
livestock such as sheep, cattle and goats, 
which graze on vegetation that cannot 
otherwise be used by humans.

PRECISION FARMING – Also known 
as precision agriculture. Precision farming 
uses specialised equipment, software and IT 
to ensure that crops and livestock receive 
everything they need for optimum health 
and productivity.

INTEGRATED LAND MANAGEMENT 
– A system that enables farmers to manage 
all aspects of their land sustainably and 
profitably, especially by producing more than 
one type of product for the market.

AS WE BECOME INCREASINGLY CONCERNED ABOUT USING THE WORLD’S 

RESOURCES MORE EFFICIENTLY, THE AGRICULTURE INDUSTRY’S 

ATTENTION IS TURNING TO THE UPLANDS. PROFESSOR DAVY MCCRACKEN 

OF SCOTLAND’S RURAL COLLEGE IS FOCUSING ON INTEGRATED LAND 

MANAGEMENT, TO ENSURE THAT THE HILLS AND MOUNTAINS OF 

SCOTLAND ARE MANAGED IN AS SUSTAINABLE A WAY AS POSSIBLE

THE ONLY WAY IS UP: 
WHY HILL FARMING IS 
EMBRACING TECHNOLOGY
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The SRUC’s Hill & Mountain Research 
Centre focuses on driving innovation to 
increase the economic, environmental 
and social viability of hill farming and 

crofting in Scotland and beyond.
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ESRC, NERC and the Scottish 

Government; Innovate UK
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says Davy. “Farming in these areas therefore 
focuses on livestock – in particular sheep and 
cattle in Scotland, and goats elsewhere in the 
world – that can convert the vegetation that 
grows there into protein sources suitable for 
humans, such as meat or milk.” This is not a 
solely Scottish situation: many other areas 
around the world, from the Italian Alps to the 
Tibetan Plateau, have similar characteristics. 
Davy’s research has the potential to be used to 
improve management in any of these areas.

WHAT ARE THE CHALLENGES THAT 
UPLAND SYSTEMS FACE?
These areas do not lend themselves to 
productivity. “When compared to livestock 
systems in lowland areas, upland systems 
are unable to produce the same number of 
young animals or rear them as quickly,” says 
Davy. There are several reasons for this: the 
plants that grow there are of low nutritional 
value, and the animals are also exposed to 
high levels of rainfall and very cold winters. 
Add into this the risk of attack from predators 
and the amount of energy the animals use to 
navigate the uneven terrain, productivity can be 
significantly affected.

This limited productivity has meant that 
technological advances in agriculture have 
often passed upland systems by. “When 
technological innovation was first introduced 
in the UK, it was primarily aimed at the more 
productive farming systems in the lowlands, 

where farmers were more able to afford to 
invest in the technology,” explains Davy. 
“This rapidly became a vicious circle.” Upland 
systems were left behind as innovation made 
lowland systems increasingly productive, 
and therefore more tempting for investors 
– but this is now changing. Davy believes 
that the value of upland systems from an 
environmental as much as an agricultural 
perspective, and the importance of managing 
them as effectively and sustainably as possible, 
is now being recognised.

HOW IS SCOTLAND’S RURAL 
COLLEGE IMPROVING MATTERS?
SRUC rents two neighbouring upland farms, 
Kirkton and Auchtertyre, from the Scottish 
Government to use as a research base. 
Experimenting with different management 
techniques is not a risk that most upland farms 
can take, since the farmers’ livelihoods depend 
on being reliably profitable every year. This is 
where funded scientific research can step in. 
Despite misconceptions of scientific study 
being consigned to the laboratory, it is on 
these hillsides where Davy’s work is focused. 
“We are aiming to gain a better understanding 
of how best to manage the sheep flock and 
the land they graze upon,” he says. It takes 
practical experimentation, as well as learning 
first-hand from the farmers who know the 
areas intimately, to yield meaningful results.
The management techniques the team is 
developing and testing are varied, but one 

innovation stands out to Davy. “We have 
established a weighing crate on our farms 
that can identify individual sheep from their 
ear tags, and measure and store their weight 
automatically in a database.” Along with an 
array of other measurements, such as age, 
sex or breed, this means the animals can be 
sorted according to their characteristics. 
For instance, these measurements can help 
identify underweight animals, which can 
then be separated from the flock and fed a 
special diet. By tailoring techniques down to 
the individual animal, farming becomes a lot 
more precise – earning such efforts the title of 
precision livestock farming.
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OPPORTUNITIES IN LAND MANAGEMENT
•  Several UK universities and colleges run courses in rural land management or related areas. 

Examples include the Royal Agricultural University, Scotland’s Rural College (SRUC) and 
Newcastle University.

•  A number of other courses can open up a career in land management. Davy recommends 
animal biology courses if livestock genetics interests you, ecology for understanding soil 
and vegetation, or engineering to get involved in technical innovations such as drones.

•  SRUC hosts a wide variety of courses at college and university level, with subjects ranging 
from countryside management to sustainability. In many instances they offer funding to 
assist with student loans and other forms of hardship.

•  SRUC also offers Skills Development Scotland Modern Apprenticeship programmes, 
which allow apprentices to gain hands-on industry experience through work-based learning.

Integrated land management is about 
combining conventional farming techniques 
with countryside management and the latest 
innovations in science and technology, as well 
as considering factors such as biodiversity 
and sustainability. This knowledge, together 
with the capacity to collect and interpret 
increasing quantities of data, gives a much 
broader understanding of what can be 
done to make farms more profitable, more 
sustainable and more efficient. 

By understanding the factors that affect 
upland systems, it is easier to modify these 
factors in a meaningful way. The right 
data can help decipher the best diet for 
a flock, the optimum number of animals 
an area can support, or how to ensure 
positive interactions between farming and 
conservation measures.

WHAT ARE SOME EXAMPLES OF THE 
RESEARCH TAKING PLACE?
Since integrated upland management is 
concerned with accounting for all the players 
in the system, it is natural that SRUC’s Hill 
& Mountain Research Centre has a very 
broad array of projects, drawing on several 
scientific disciplines. As well as developing 
precision livestock techniques, they also 
research bio-economic modelling (using 
biology and economics to model optimal 
land management practices), how to 

integrate trees and woodlands into upland 
farming, and how best to mitigate upland 
farming’s contributions to climate change – 
and these are just the tip of the iceberg! This 
dispels the myth of scientific research being 
narrow-focused; the SRUC’s goal is to see 
the big picture.

WHAT IS THE ROLE OF THE 
ENVIRONMENT IN INTEGRATED 
LAND MANAGEMENT?
“In upland areas, it is impossible to separate 
agricultural issues from environmental 
issues,” says Davy. Uplands contain diverse 
ecosystems, from peatlands to native 
woodlands, which are home to many 
species of high conservation value. In 
the past, environmentalists have largely 
condemned animal agriculture for degrading 
and destroying natural habitat, and while 
that remains the case in many areas, Davy 
believes there is clear evidence that grazing 
livestock in the uplands can have strong 
environmental benefits. “Appropriate active 
management can have a positive impact on 
many environmental issues, such as stopping 
or reversing declines in biodiversity, or 
reducing the risk of flooding in the lowlands,” 
he says. “Nowadays, upland livestock 
systems are seen as having an important role 
to play in addressing the ongoing climate and 
biodiversity emergencies.”

WHAT SORT OF PERSON WOULD 
SUIT A CAREER IN THE AREA?
Many people carry a preconception of 
agriculture as an industry dominated by 
practically minded, non-academic people, 
but Davy thinks that this idea is out of 
date. “The technological solutions being 
put in place mean that there are more and 
more opportunities for people interested in 
understanding a wide range of agricultural, 
biological and ecological processes through 
the collection and interpretation of data.”

The environmental aspect of land 
management is also increasingly recognised. 
Scientists and land managers are needed to 
help restore peatlands, establish woodland 
cover and make land management overall 
more conservation minded. “In uplands 
areas at least, the focus will shift from 
opportunities solely in either agriculture 
or countryside management, towards a 
situation where integrated land management 
is the norm,” says Davy.

Check out this video of Davy highlighting 
the range of career opportunities to 
secondary school pupils and their 
teachers: https://www.youtube.com/
watch?v=lp8WhJbQi7c

ABOUT INTEGRATED 
LAND MANAGEMENT

46  Find this article, and others like it, online at www.futurumcareers.com

https://www.youtube.com/watch?v=lp8WhJbQi7c
https://www.youtube.com/watch?v=lp8WhJbQi7c


DAV Y’S TOP TIPS

01

02

03

Don’t rely solely on the advice of your parents and 
teachers – there is a widespread lack of awareness of 
the opportunities that agriculture and countryside 
management can offer.

Build an understanding of the importance of collecting, 
analysing and interpreting data.

Do your research. Seek out colleges and universities 
offering courses in areas such as agricultural biology, 
ecology or other topics that interest you, and ask what 
career paths these courses might open up for you.

WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
My dad was a shepherd on an upland farm 
in southern Scotland. We didn’t own it, so I 
knew I was not going to get into farming by 
inheriting the farm - but I did know I wanted 
to do something with a farming focus. If 
I’m honest, however, it wasn’t until after 
I had completed my PhD that my focus 
became clear.

YOU HAVE A BSC HONS IN 
AGRICULTURAL ZOOLOGY AND A 
PHD IN AGRICULTURAL ECOLOGY. 
WHAT DREW YOU TO THESE 
SUBJECTS? 
I didn’t study biology at secondary school 
until my final year, when I chose a crash 
course in higher biology. I loved it! And it was 
the combination of biology and farming that 
drew me to agricultural zoology, which largely 
focused on pests and parasites in crops and 
livestock. My PhD sought to understand 
which insects were important in the diet of 
a rare farmland bird (the red-billed chough), 
and how farm management ensured those 

insects were available for the bird throughout 
the year. Again, it was the merging of farming 
and wildlife, coupled with a practical, applied 
outcome, that drew me in.

WHAT DO YOU ENJOY MOST ABOUT 
THE WORK YOU DO?
This has changed throughout my career. 
Initially, it was all about gaining a better 
understanding of the interactions between 
farming and the wildlife on farms. I still enjoy 
this aspect, but over the last 20 years I have 
been more involved in helping to translate the 
findings of research into actions that farmers 
and land managers can undertake in the real 
world. Seeing these results is very fulfilling.

HOW OPTIMISTIC ARE YOU ABOUT 
THE ABILITY OF UPLAND LIVESTOCK 
SYSTEMS TO OVERCOME THE 
CHALLENGES THEY FACE?
I am confident that there is a future for 
upland livestock systems, but I believe 
that only those that practise a range of 
land management techniques and consider 
environmental benefits on par with 

agricultural products will thrive. This is why 
I created a Department of Integrated Land 
Management at the start of 2019.

FINALLY, WHY DO FARMING 
COMMUNITIES NEED PEOPLE LIKE 
YOU TO WORK WITH THEM?
I come from a farming background but have 
also worked for nature conservation agencies 
and on agricultural and environmental policy. 
My background not only allows me to see the 
wider opportunities for farmers to increase 
the resilience of their farming systems, 
but also helps me speak to them on their 
own terms.

ASK PROFESSOR 
DAV Y MCCRACKEN
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IMAGINE THIS

The first land plants appeared 
approximately 470 million years ago. This 
was during what is known as the Ordovician 
period, when life was diversifying rapidly. 
While these plants were non-vascular (they 
didn’t have water transport structures), 
they are thought to have eventually led to 
an ice age and a mass extinction, according 
to the New Scientist.

Plants absorb carbon dioxide and release 
oxygen through their leaves. Without 
photosynthesis we would suffocate from 
lack of oxygen and we would have very 
little – if anything – to eat. Plants also help 
clean water. This short video from the BBC 
explains just how important plants are: 

https://tinyurl.com/y289wl5o

QUICK FACTS

ORGANELLES are tiny structures 
inside cells that work together to perform 
specific tasks.

CHLOROPLASTS (shown right in green) 
are organelles found in green algae and 
plant cells. Their job is to help turn sunlight 
into food that can be used by the cell, 
through a process called photosynthesis.

MITOCHONDRIA (shown right in 
red) are organelles that exist in the cells 
of plants and animals. Often called the 
“powerhouses of the cell”, their function is 
to break down sugars and create energy-
carrier molecules for the cell.

VACUOLES are also organelles found 
in animal and plant cells. Filled with fluid, 
vacuoles are the space in the middle of the 
cell and have many important functions, 
including storing nutrients and waste 
products to help cells survive. There is 
usually one large vacuole in each plant cell.

3D IMAGES OF LEAVES: A PHOTO 
SHOOT WE SHOULD ALL BE LOOKING AT
IN OUR MODERN AGE OF “PLANT BLINDNESS” – WHERE PEOPLE UNDERAPPRECIATE 

THE PLANTS AROUND US – PROFESSOR MARGARET BARBOUR AND HER PHD STUDENT, 

RICHARD HARWOOD, ARE IMAGING LEAVES IN THREE DIMENSIONS. NOT ONLY WILL 

THEIR FINDINGS FURTHER OUR UNDERSTANDING OF HOW LEAVES FUNCTION, THESE 

IMAGES COULD HELP US TO RECOGNISE JUST HOW VITAL PLANTS ARE TO LIFE ON EARTH

Plants could arguably be said to be the unsung 
champions of life as we know it. Rare is the day 
that we do not encounter a plant in some form 
or another, from walking by hedgerows on our 
way to school to sitting at the dinner table 
with the family to eat. Indeed, plants underpin 
all life on Earth, including humans. The air we 
breathe and the food we eat comes from plant 
life, and yet scientists still have a lot to learn 
about plants.

Based at the School of Life and Environmental 
Sciences, University of Sydney, Professor 
Margaret Barbour and her PhD student, 
Richard Harwood, are imaging leaves in three 
dimensions. By imaging leaves in this way, 
Margaret and Richard are hoping to develop 
our understanding of leaf function and answer 
questions that have eluded scientists so far.

HOW DOES THE 3D IMAGING OF 
LEAVES WORK?
Most of our knowledge of leaf anatomy and 

how this links to leaf function comes from 
2D cross-sections of leaves. However, the 
leaf interior is a complex 3D arrangement of 
cells and tissues that allow light capture and 
gas (oxygen and carbon dioxide) diffusion 
for photosynthesis, as well as regulation of 
water transport. Margaret and Richard have 
developed a microscopic technique that, for 
the first time, enables 3D imaging of leaf cells 
and their organelles, including chloroplasts 
and mitochondria.

WHAT TECHNOLOGY IS INVOLVED IN 
CREATING THE 3D IMAGES?
Margaret and Richard take a very small sample 
of a leaf, replacing all of the water in the 
leaf sample with a chemical solution called 
glutaraldehyde under a gentle vacuum to 
fix all the structures in place. They then use 
heavy metal staining to enhance the contrast 
between different structures, such as cell walls 
and chloroplast membranes, and to compare 
these with the large vacuole in the middle of 
the cells. The sample is then embedded in resin 
and trimmed to make sure they are imaging 
the correct part of the leaf. 

“Imaging is carried out using a field emission 
scanning electron microscope that has an 
automatic microtome [a tool for cutting 
extremely thin slices],” explains Margaret. 
“An image of the surface of the sample is 
taken, then the microtome cuts a very thin 
slice off the top and another image is taken. 
This is repeated 800 times to build up a stack 
of images that can be analysed using 3D 
reconstruction software.”

DID THE 3D IMAGING TECHNOLOGY 
ALREADY EXIST?
The field emission scanning electron 
microscope has been widely used for animal 
samples like liver and kidney tissues. Plant 
tissue is harder to image because plant cell 

A 3D image of a chickpea mesophyll cell
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walls require special sample preparation. In 
the first instances, the team spent a long time 
optimising the fixing, staining and embedding 
steps before they managed to get good 
images. They still need to optimise the sample 
preparation for every new species they image 
in 3D because plant cell walls and the density 
of cells in leaves vary a lot between species.

WHAT DOES 3D IMAGING 
TECHNOLOGY ENABLE US TO LEARN?
One of the first things Margaret and Richard 
learned is that mitochondria are shaped like 
worms, not round or kidney bean-shaped like 
the drawings in textbooks. In plant cells, the 
mitochondria are pressed right up against 
chloroplasts, and a single mitochondrion 
can be both adjacent to the cell wall and on 
the interior side of a chloroplast at different 
positions along its length. All current models 
of photosynthesis and respiration assume that 
mitochondria are in one position or the other 
– not both.

Estimating the surface area to volume ratio 
is important because it enables us to better 
understand how it relates to photosynthesis; 
plants need to balance their need for more 
surface area to collect sunlight, with the 
fragility of their leaves and the rate of water 
loss. Thanks to 3D imaging technology, 
scientists now know that simple 2D geometric 
shapes, like spheres and capsules, do not 
accurately estimate the surface area and 
volume of leaf cells and chloroplasts.

WHAT ARE THE BENEFITS OF 
BEING ABLE TO LOOK AT LEAVES IN 
THIS WAY?
With authentic 3D anatomical models of 
cells and organelles, the researchers will be 
able to predict important leaf functions like 
photosynthesis, respiration and transpiration 
(when plants absorb water through the roots 
and release water vapour through pores in 
the leaves) more accurately. They will also 

PROF MARGARET BARBOUR
Professor of Plant Physiology

School of Life and Environmental Sciences
University of Sydney, Australia

be able to run experiments on different 
types of leaf anatomies that allow higher 
rates of photosynthesis, which is good news 
for agriculture. Scientists could use the 
information to genetically modify crops to 
grow faster and use water more efficiently. 
“We have genetic tools to alter leaf anatomy, 
but transforming crop plants is time consuming 
and expensive,” says Margaret. “So, if we can 
predict the effects before genetic modification, 
we can save time and money.”

Incredibly, people tend to ignore or 
underappreciate plants despite their 
importance to humans and all life on Earth; 
this is called “plant blindness”. Margaret and 
Richard hope that by creating a virtual reality 
experience of the inside of leaves, people will 
be able to step out of their human-centric view 
of life and into the plant world.

WHAT QUESTIONS WILL THESE NEW 
IMAGING TECHNIQUES ENABLE US 
TO ANSWER? 
There are currently major gaps in our 
understanding of how leaves work. For 
example, it is still not known where water 
changes phase from liquid to gas. This is 
important because leaves are a major part of 
the global water cycle – between 50% and 
70% of rainfall returns to the atmosphere 
via leaves. It is known that there is a large 
resistance to the diffusion of CO2 within 
leaves – and that it limits photosynthesis – but 
nobody knows exactly where it is yet. If this 
resistance could be reduced, we could increase 
photosynthesis and therefore crop yield.

Of course, developing a fuller understanding 
of plant mechanisms is important in its own 
right, but with a burgeoning global population 
and climate change, the need to find ways 
to improve crop productivity and identify 
how plants respond to future climates is 
ever increasing.
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Plant science goes by many different names 
– botany, plant biology or phytology – but 
they all essentially mean the same thing, 
which is the science of plant life. It should be 
understood as a branch (no pun intended) 
of biology, which has evolved over time to 
become a broad, multidisciplinary subject 
involving a range of other areas of science 
and technology.

HOW HAS PLANT SCIENCE 
EVOLVED OVER THE YEARS?
When people first began studying plants, 
their main concerns were describing what 
they looked like, where they grew, what 
they could be used for and how related 
they were to one another. Sometime 
during the 17th century, however, scientists 
started to turn their investigations towards 
understanding how plants function – how 
they grow, how they sense and respond 
to their environment, their biochemical 
pathways and, more recently, the molecular 
genetics of plants. Today, all of these topics 
of interest fit within the broad area of 
plant physiology.

WHERE DID THE IDEA TO IMAGE 
LEAVES IN 3D STEM FROM?
When scientists first saw the structure of a 
leaf through microscopes, they recognised 
that there was a complicated 3D structure 
and organisation within leaves. They built 
beautiful wax models of the inside of leaves 
to represent what they saw and teach botany 
students about plants. You can still see some 
very early wax models of leaves at the Orta 
Botanico di Pisa botanical garden.

“Our team has wanted to image the inside 
of leaves in 3D ever since we saw 3D X-ray 
computed tomography images of soil and 
roots in the mid-2000’s,” explains Margaret. 
“We recognised just how powerful 3D images 
would be to advance our understanding of 
leaf function.”

THE ROYAL SOCIETY OF BIOLOGY 
SAYS THERE IS A SHORTAGE OF 
PLANT SCIENTISTS IN THE UK. CAN 
THE SAME BE SAID FOR AUSTRALIA?
Yes. There is a shortage of plant scientists 
in the agriculture industry, in biosecurity 

and in biodiversity conservation in Australia. 
Problems associated with global warming and 
climate change will only increase the need for 
plant scientists in Australia and around the 
world, so the field is ripe for students who are 
interested in developing a career in the field.

THE SOCIETY ALSO CLAIMS THAT 
PLANT SCIENTISTS ARE RESPONDING 
TO SOME OF THE MOST CRITICAL 
CHALLENGES OF THE 21ST CENTURY. 
WHAT ARE THESE CHALLENGES?
Some the most pressing issues facing 
humanity require an understanding of how 
plants function, including understanding and 
responding to climate change, biodiversity 
conservation, addressing food and nutrition 
security, and planning our cities for the future.  
In fact, of the 17 UN sustainable development 
goals (SDGs), plant science contributes to 
seven of them. The contribution that plant 
scientists can make to an ever-changing world 
can hardly be overstated.

 

ABOUT PLANT 
SCIENCE

OPPORTUNITIES IN 
PLANT SCIENCE

•  There are almost unlimited career 
opportunities in the field of plant 

science. Options include agronomist, 
biochemist, entomologist, 

horticulturist, soil scientist and 
toxicologist, forestry researcher, 

gardening show TV host – and options 
will only increase in the future! Just 

take a look at CropLife International.

• According to PayScale, the average 
salary for a botanist in Australia is 

AU$68,837

• The Chartered Institute of 
Horticulture has loads of information 
about how you can make a difference 
by studying the field of plant science 

and technology

3D reconstruction of a chickpea stoma (tiny 
pores in the epidermis of the leaf or stem of 

a plant, shown in pale green), epidermal cells 
(white) and mesophyll cells (dark green) 
 © Richard Harwood and Quinn Musulin

A Wollemi Pine Leaf. This tree species is one of 
the oldest and rarest on earth! 

© William Salter
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MARGARET’S TOP TIPS
01 – Study as many maths, physics and chemistry-related subjects as you 
can at school. Even if these subjects don’t seem very relevant to biology 

when you are in school, they will be really helpful later on.

02 – Grow some plants at home! It’s amazing how much you can learn just 
by looking closely at a living houseplant.

03 – Visit your local botanic gardens – most have great displays on plant 
evolution. Ask the people in charge of looking after them plenty of questions 

– their insight will prove invaluable.

RICHARD’S TOP TIP
01 – My number one tip is to keep in mind how diverse plant science is. Plant 
scientists can be found in labs and on computers, but they can also be found 

30 metres up in the air in the jungle or shaking snow off leaves in tundra!

WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
MB: I wanted to be a scientist from when I 
was around 8 years old.

RH: It changed from day to day when I 
was a child, but I have always been pretty 
optimistic! Becoming a pro surfer was one 
of my more ambitious plans, especially 
considering I lived 200km from the coast.

WHO OR WHAT INSPIRED YOU TO 
GET INTO PLANT SCIENCE?
MB: My parents gave me a little microscope 
for my eighth birthday and showed me how 
to take an epidermal peal from a Daphne 
plant growing outside our home. I saw 
stomata for the first time and realised that 
plants were so much more active than I had 
imagined – they were sensing and responding 
to the world in really cool ways. I was hooked 
on plants from then on.

RH: I decided to study environmental 
science at university because I always 
enjoyed being out in nature. The course I 
studied offered field trips to amazing places 

around Australia and that sealed the deal! 
Being blown away by how much carbon and 
water is constantly moving around plants 
is what inspired me to embark on a plant 
science research degree.

WHAT DO YOU LOVE MOST ABOUT 
YOUR WORK?
MB: I love stretching my mind to think about 
plants and the environment in new ways. 
It is very satisfying to come up with novel 
measurement techniques and theoretical 
models to test an aspect of plant function, 
and then be able to make those ideas happen.

RH: I love merging research and technology. 
A highlight of my PhD has been learning 
about virtual reality and 3D printing.

DOES WORKING WITH 
TECHNOLOGY SUCH AS 3D 
IMAGING STOP YOU FROM 
WORKING IN NATURAL 
ENVIRONMENTS?
MB: If I’m honest it does keep me indoors 
more than I’d like. I need to make more time 
for walking in forests and touching leaves!

RH: It does – our 3D imaging work has 
me glued to the computer screen most 
days. Fortunately, my desk overlooks some 
beautiful trees for when I need a quick 
nature fix.

FROM A PLANT SCIENCE 
PERSPECTIVE, WHAT WOULD YOU 
SAY ARE THE MOST PRESSING 
CHALLENGES OF THE 21ST CENTURY?
MB: I think the big challenges in plant 
science are: a) predicting how future climates 
will impact natural ecosystems; b) adapting 
our crops to secure our food and nutrition; c) 
improving crop productivity and water-use 
efficiency; and d) changing the way humans 
value plants.

RH: I think plant science will play a pivotal 
role in dealing with climate change and 
sustainably feeding a growing population. 
A particular challenge is developing better 
communication between scientists and 
policymakers to address these issues in an 
effective way.

ASK PROF MARGARET BARBOUR 
AND RICHARD HARWOOD

3D reconstructions of leaf tissue from four Eucalyptus species.  
From left to right: Eucalyptus parramattensis, Eucalyptus 

occidentalis, Eucalyptus camaldulensis, Eucalyptus grandis.  
Mesophyll cells (white) are fully reconstructed, while epidermal 
cells (green) and the vascular tissue (blue) are not completely 

reconstructed. © Richard Harwood

A close up picture of a bean leaf showing its complex vein structure. © William Salter
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DR CHARLOTTE KIRCHHELLE, BASED AT THE UNIVERSITY OF OXFORD, IS 

INVESTIGATING THE ROLE OF CELL GEOMETRY IN SHAPING PLANTS’ ORGANS - 

NAMELY, THE ROOTS, LEAVES, STEM AND REPRODUCTIVE ORGANS. UNDERSTANDING 

THE FUNDAMENTAL CELLULAR MECHANISMS DRIVING ORGAN SHAPE COULD LEAD 

TO NEW WAYS OF MANIPULATING AND IMPROVING CROPS AROUND THE WORLD

TALK LIKE A MOLECULAR PLANT 
BIOLOGIST

Molecular biology – a field of biology that 
studies the composition, structure and 
interactions of cellular molecules

Computational modelling – the use of 
computers to simulate and study the behaviour 
of complex systems using mathematics, physics 
and computer science

Plant morphogenesis – the study of the origin 
and development of the physical form and 
external structure of plants

RAB-A5c – a protein that controls the 
directional growth of plants

SHORT AND BUSHY, LONG 
AND SPINDLY: HOW PLANTS 
MAKE THEIR SHAPES

According to a recent report from the Royal 
Botanic Gardens, Kew in the UK, of the 
estimated 8.7 million species on Earth, more 
than 391,000 are plants. The breadth of 
diversity in these plants is extraordinary – 
from the smells they produce, through to the 
amazing array of colours on display – they 
remind us of how beautiful Earth can be. There 
are also huge differences in the shape of plants 
organs – leaves, flowers and roots – and the 
process by which these organs are made is 
called plant morphogenesis.

Dr Charlotte Kirchhelle, who is based in the 
Department of Plant Sciences at Oxford 
University, UK, has dedicated her life to 
studying plant morphogenesis. “While animals 

Fluorescent 
microscopy image 
of cells in a plant’s 
root showing the 
cell surface (red) 

and cell edges 
(green)

generally form their organs early in their life, 
plants continuously make organs throughout 
their life,” explains Charlotte. “Plants face a 
special challenge when making new organs: all 
cells, which are the individual units that make 
up an organ, are connected to each other 
through the cell wall, which surrounds each cell 
and is shared by adjacent cells. Adjacent cells 
therefore need to coordinate precisely how 
fast and in which direction they grow.”

WHAT ARE CELL GEOMETRIC EDGES?
The role of cell geometric edges was only 
recently discovered, and Charlotte’s current 
research is focused on discovering more 
about them. Put simply, cell geometric edges 
are the regions of a cell where two faces 
meet (see the image below called: What is a 
cell edge?). They must constantly adapt to 
whatever the adjacent cell walls are doing to 
ensure they retain their structure and stability. 
“When plant cells were identified originally, 
their striking shapes inspired mathematical 

descriptions of cells as ‘polyhedra’ with edges 
and faces,” says Charlotte. “Later, molecular 
plant biologists found that these different 
geometric domains can also have biochemically 
different identities, for example through 
specific proteins that only occur at some 
cell faces.”

However, over the past decade, researchers 
have found that different proteins can also 
accumulate at cell edges. Charlotte’s team 
recently identified one of these edge-localised 
proteins called RAB-A5c (this protein is 
shown in green in the image below: What is a 
cell edge?). They found that it is required to 
ensure that cells grow in the right direction. 
(To see what happens when this protein is 
disrupted, see the image called: What happens 
when edge-localised proteins stop working 
properly?). 

The next stage is to discover exactly how 
this mechanism works, why plants use other 

WHAT IS A CELL EDGE?
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In the top image of a section of a plant root (known as 
lateral root), the edge-localised proteins are working. 
In the bottom image they are not working. Note that 
when the edge-localsied protein RAB-A5c fail, cells 
lose their characteristic shape and the lateral root 

swells up dramatically.

mechanisms to control growth directions, 
and how these different mechanisms relate to 
each other.

WHAT TECHNIQUES IS CHARLOTTE 
USING IN HER RESEARCH?
The processes involved in plant morphogenesis 
are extremely complex. This means that 
adopting traditional experimental approaches 
is insufficient. With that in mind, Charlotte 
has taken an interdisciplinary approach, 
which combines classic molecular biology 
with quantitative imaging and computational 
modelling. These techniques enable the team 
to study the individual molecules involved 
in morphogenesis and see how they affect 
cellular growth.

“Our studies use specialised microscopy 
techniques, which allows us to image cells 
and their contents with very high resolution,” 
explains Charlotte. “To visualise different 
parts of the cell, we use fluorescent proteins 
(see image on page 1: What is a cell edge?)  
and, based on our experiments, we develop 
hypotheses for the functions of our proteins, 

which we can test in computational models. 
Depending on the outcome of the model, we 
can then come up with new experiments.”

WHY IS THIS RESEARCH IMPORTANT?
Understanding how plants make their organs 
is a fundamental question in biology. Of 
course, enhancing our understanding of how 
living organisms function is important full 
stop, but there is an implication that could 
become increasingly important in the future. 
“Answering these questions is important in an 
agricultural context, because we all depend on 
plants for our food and fuel,” says Charlotte. 
“Understanding how organs are shaped will 
help us manipulate and improve them in 
crop species.”

WHAT HAVE THE TEAM DISCOVERED 
UP TO THIS POINT?
They have identified a protein called RAB-A5c 
that localises cell edges in young roots. This 
protein is required for controlling directional 
growth in plants and acts independently 
of other known mechanisms involved in 
controlling plant directional growth.

WHAT HAPPENS WHEN EDGE-LOCALISED 
PROTEINS STOP WORKING PROPERLY?
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Molecular plant biology is the study of 
the molecular basis of plant life. It is about 
understanding the processes by which 
information within the organism translates 
into structures, processes and behaviours. 
Interestingly, there are some similarities 
in the mechanisms that exist in plants, 
animals and fungi. For example, the cells of 
all multicellular organisms contain different 
compartments surrounded by membranes with 
different functions. These include a nucleus 
(which contains most of the cell’s DNA), the 
endoplasmic reticulum (in which many proteins 
are made), and small vesicles (which transport 
different molecules from one part of the cell 
to another).

But it is perhaps the differences in plant 
mechanisms that are the most exciting aspects 
to study. In contrast to animal cells, plant cells 
are surrounded by a rigid cell wall. To construct 
this wall, they need to produce and transport 
special molecules to the cell surface. These 
molecules do not exist in animal cells. It also 
means plant cells cannot simply divide by 
constriction (narrowing and closing) like animal 
cells do. Instead, they divide by constructing 

a cell plate between two daughter cells (cells 
that result from the division of a single parent 
cell). The molecular machinery behind these 
mechanisms is unique to plants.

ARE THERE MANY CAREER 
OPPORTUNITIES IN MOLECULAR 
PLANT BIOLOGY?
Molecular plant biology is a field that can take 
you into industry as much as it can academia. 
Opportunities typically include those in the 
farming industry, laboratories or medical 
facilities. Charlotte says that the need to breed 
and improve crops in the future ensures there 
will be always be a demand for molecular plant 
biologists. “Many big agricultural companies like 
Syngenta have large research and development 
departments,” explains Charlotte. “Many 
of the basic techniques applied in molecular 
plant biology are similar to those used in other 
biotechnology sectors, and I know many 
plant scientists who have switched into the 
pharmaceutical industry.”

SHOULD YOU PURSUE A CAREER IN 
THE FIELD?
If you crave variety and an element of freedom, 

then studying molecular plant biology in 
laboratories might be the best course of 
action for you. “I do primary research like lab 
experiments, but also travel to conferences 
in different countries to present my research, 
write research papers and proposals for new 
research projects, and teach undergraduate and 
graduate students,” says Charlotte.

There is also a wide range of opportunities in 
industry, which may not see you travelling 
around the world, but will see you performing 
important work that could have positive impacts 
around the world.

WHAT DOES CHARLOTTE LOVE MOST 
ABOUT HER RESEARCH?
“There is a famous poem by the German poet 
Johann Wolfgang von Goethe from 1790 called 
The Metamorphosis of Plants, in which he 
ponders on ‘the secret law’ governing how plants 
shape their organs,” says Charlotte. “I find it 
very rewarding to work on a question that has 
enticed people for centuries, and yet we are still 
discovering new things about it!”

ABOUT MOLECULAR PLANT BIOLOGY

THE CELL AS A CITY

IN THE CITYIN THE CELL

CYTOSKELETON

VACUOLE

PLASMA MEMBRANE AND CELL WALL

NUCLEUS

CHLOROPLAST

MITOCHONDRION

ENDOPLASMATIC RETICULUM

GOLGI APPARATUS

POST-GOLGI  COMPARTMENTS AND 
VESICLES

ROADS AND RAILWAY TRACKS

GARBAGE DUMP/STORAGE HOUSE

CITY WALL

TOWN HALL

WIND-AND WATERMILLS

POWER STATION

FACTORIES, MANUFACTURERS

FACTORIES, MANUFACTURERS

WAGGONS, LORRIES, 
FREIGHT TRAINS 

Can you make the 
connection?
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HOW TO BECOME A (MOLECULAR) 
PLANT BIOLOGIST

•  The Royal Horticultural Society has lots of great 
resources to help you make up your mind as to whether 
a career with plants is for you: courses, workshops, 
citizen science projects, competitions and much, 
much more.

•  If you are interested in becoming a plant biologist, 
you should take a look at environmentalscience.org 
– although it is aimed at an American audience, the 
details of what is involved in the role are the same 
around the world. Interestingly, demand for plant 
biologists is expected to grow at a faster rate than the 
average growth for all jobs

•  According to the National Careers Service, the average 
salary for a plant biologist can range from anywhere 
between £22,000 and £55,000, depending on whether 
you’re just starting out or are more experienced.

WHAT DID YOU IMAGINE YOURSELF 
DOING WHEN YOU WERE YOUNGER?
For a long time, I did not have a clear idea of 
what I wanted to do – mainly because I was 
interested in many different things! I always 
liked science, but also languages and art. In 
Germany, the equivalent of A-levels does 
not involve the same level of specialisation as 
the UK, so my major subjects were maths, 
English, biology and politics, alongside many 
minor subjects. I always enjoyed studying at 
school, so I wanted to go to university, but I 
only decided at the last minute what subject 
to do.

YOU HAVE A BSC AND AN MSC 
IN BIOLOGY FROM TECHNICAL 
UNIVERSITY MUNICH IN GERMANY. 
WHO OR WHAT INSPIRED YOU TO 
GET INTO BIOLOGY?
I had a hard time deciding what to study, but 
I always enjoyed what my older sister told 
me about her degree in medicine – although 
my interest was in the parts relating to the 
human body, not the actual diseases! That 
led me to think that biology might be the 

perfect subject for me. My parents have a 
huge garden and, as children, we would spend 
a lot of time outside playing and helping out, 
but I never thought I would become a plant 
scientist. Fortunately, I loved the biology 
degree immediately and never looked back.

IF YOU COULD GO BACK IN 
TIME, WHAT ADVICE WOULD 
YOU GIVE YOURSELF WHEN YOU 
WERE YOUNGER?
To create opportunities for myself and 
explore interesting options. I come from a 
small village and it never occurred to me to 
go abroad until my master’s degree. One 
of my mentors once said to me: “The only 
way to make sure you do not get in is by not 
applying.” I think about that a lot – it is so 
easy to miss exciting opportunities if you 
don’t try to seek them out.

WHAT DO YOU LIKE TO DO IN YOUR 
SPARE TIME?
I have a young daughter, so I spend a lot of 
time with her and my husband. We like to 
travel and go to museums, especially natural 

history ones. I also enjoy cooking, which 
I find incredibly relaxing. In contrast to 
scientific experiments, which can take many 
days, there is an immediate result, which I 
am a big fan of.

FINALLY, WHY ARE YOU PASSIONATE 
ABOUT STEM EDUCATION 
AND OUTREACH?
When I started my degree, I had no idea 
about fundamental research, which is 
essentially driven by curiosity rather than 
a specific application. I think scientists 
sometimes have a tendency to isolate 
themselves and not speak about their work. 

All sorts of different research projects are 
important, but the amazing thing about 
curiosity-driving research is that it is not 
limited by applying what we already know, 
but aims to explore unchartered areas 
and push the limits of our knowledge. The 
technical details of how we achieve this 
can be difficult to understand, but the big 
questions are not – I think they can be 
exciting for everybody.

HOW DID DR CHARLOTTE 
KIRCHHELLE BECOME A 
PLANT BIOLOGIST?

CHARLOTTE’S TOP TIPS

1  Involve yourself in the field of plant biology as soon as 
you can. One of the most wonderful experiences during 
my undergraduate degree was a visit to the plant genetics 
research departments at my university for a tour of 
the department and some research presentations from 
different researchers.

2  There are many different ways to get involved in plant 
biology, but after the visit I mentioned above, I did an 
internship and also worked as a student research assistant. 
This prepared me for something that happens rather a 
lot – failing in the lab! But that’s an essential part of any 
researcher’s life.

3  I encourage budding biologists to get in touch with lecturers 
or other scientists they find inspiring to explore opportunities 
to see their research first-hand. To see active research with its 
challenges and excitements is a wonderful experience.
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The concept of ageing has preoccupied minds 
for centuries. For example, Qin Shi Huang, 
the first emperor of China (221-206 BC), is 
claimed to have consumed cinnabar – a deadly 
mercury sulphide – in his quest for immortality. 
While the cause of his death might be obvious, 
the question as to why we cannot live forever 
remains. And if we cannot live forever, why not 
at least for a couple of hundred years? Why do 
our pet dogs age so much faster than us and 
certain pet tortoises so much slower? Why 
can some people stay healthy well into old age, 
whilst others suffer from dementia or cancer? 

Dr Jennifer Tullet is a senior lecturer in 
biogerontology within the University of Kent’s 
School of Biosciences. Biogerontology is the 
study of the biological process of ageing and 
Jenny hopes that her research will answer some 
key questions about how and why we age.

HOW IS JENNY STUDYING AGEING IF 
IT IS DIFFICULT TO STUDY THE AGEING 
PROCESS IN HUMANS?
Researchers in Jenny’s lab are investigating 
the ageing process using a millimetre-long 
nematode worm called Caenorhabditis elegans, 
or C. elegans for short. “This worm is naturally 
found in compost and garden soils,” says Jenny. 
In the lab, however, it is a ‘model organism’, 
a term given to non-human species that are 
studied by scientists to find answers about 
biological processes. 

The results of these studies can be applied 
to a range of species, including humans, as 
Jenny explains: “We share about 70% of our 
DNA with C. elegans. Many of their genes, 
cell signalling pathways and the biology that 
they control are the same. This means that we 
can use C. elegans to explore topics such as 
neuroscience, behaviour, development and my 
own field, ageing biology.” 

Scientists have developed clever ways of 
altering the worms’ genome, allowing them 
to examine the effects of certain genes on 
particular functions. “You can also measure 
several physiological characteristics of ageing in 
worms that can be applied to humans, such as 
muscle strength, neurodegeneration, changes 
to metabolism and reproduction,” says Jenny.

WHAT EXACTLY IS JENNY’S 
LAB INVESTIGATING?
“We don’t just want to find out what makes 
people live for a long time,” says Jenny. “What 
we are really investigating is what makes people 
stay healthy for longer.” 

Organisms are made up of different types of 
cell, and each cell type has a unique function, 
as Jenny goes on to explain: “To carry out its 
role, a cell needs not only the genetic blueprint 
provided by DNA, but also a whole range of 
tools that tell it which genes to switch on and 
off at any given time”. It is these tools – the 

IMAGINE THIS

According to the World Health 
Organization, the proportion of the 
world’s population over 60 years will 
double from about 11% to 22%. Thanks 
to advances in the treatment of age-
associated illnesses, e.g. cancer and heart 
disease, in recent decades, humans are 
living longer. But not everyone ages well: 
some people remain healthy right up into 
their 90s; others are beset with illness 
from the age of 60. So, why do some 
people age better than others? This is a 
question that puzzles scientists, and is 
difficult to answer because it is not easy 
to study the ageing process in humans. 
This is partly because we live so long, and 
our lifestyles and genetic make-up are so 
varied, making it tricky to assign cause 
and effect. 

Imagine if a worm – a nematode worm – 
could give us the answers scientists need.

WHAT CAN WORMS TELL US 
ABOUT AGEING IN HUMANS?
A NEMATODE WORM CALLED C. ELEGANS HAS A LIFESPAN OF ABOUT 

THREE WEEKS, SO WHAT CAN IT TELL US ABOUT HOW AND WHY WE 

AGE? BIOGERONTOLOGIST DR JENNIFER TULLET, BASED AT THE 

UNIVERSITY OF KENT, IS INVESTIGATING LIFESPAN AND THE AGEING 

PROCESS USING THESE WORMS. THEIR SIMILARITY TO MAMMALS 

MEANS THAT THESE STUDIES CAN ALSO BE APPLIED TO HUMANS

“The image shows C. elegans growing on an agar plate. The biggest worm in the 
picture is an adult and is about 1mm long. We have to use microscopes to look at 
them because xthey are so small. The worms are also transparent, so if you look 
carefully you can see their eggs inside and the different cells joining together.” 
Dr Jennifer Tullet
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molecular mechanisms – that Jenny and her 
team are researching.

HOW DO THE RESEARCHERS USE 
WORMS AS A RESEARCH TOOL?
“Because C. elegans only live for about three 
weeks in the lab, we can easily follow and measure 
their entire lifespan,” says Jenny. “For lifespan 
experiments, we take ~100 worms at the start of 
their adult lives, place them on agar plates with 
plenty of food and monitor them over the course 
of their lives.”

Using C. elegans, scientists in Jenny’s lab can 
perform a wide range of specific experiments. 
For instance, they can measure how a worm’s 
movement changes as it ages, or track its fat 
content or the number of offspring it produces 
– the same characteristics that change as 
humans age. “We have also been doing some 
very interesting behaviour experiments,” says 
Jenny. “We are testing the roles of certain genes 
in sensing food, eating and determining a worm’s 
hunger and satiety (feeling full).”

To pinpoint which genes lead to changes in 
movement, fat content or behaviour, for example, 
the researchers remove or alter the function of 
certain genes from the worm’s genome to find 
out what they do. “We can also  insert the gene 
for fluorescent proteins into a worm’s DNA next 
to any existing genes that we are interested in,” 
says Jenny. “If the gene of interest is expressed, 
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the fluorescent protein is too. The cell where 
this takes place will literally ‘light up’ under the 
microscope.” The scientists use these visual clues 
to identify where in the worm’s body the gene is 
expressed, and at what stage it is in its lifetime.

WHAT HAS JENNY’S TEAM DISCOVERED 
SO FAR?
“Science is hardly ever about eureka moments. 
It is normally small discoveries that build upon 
how we view biology as a whole,” says Jenny. 
“My team and I have made plenty of these little 
discoveries, but perhaps the most significant in 
recent years is the identification of a new protein 
involved in controlling lifespan called RNA 
polymerase III.” Jenny’s team collaborated with 
labs in London and the Netherlands to study 
this protein in worms, yeast and flies. The next 
stage is to see whether these results from model 
organisms apply to humans. 

Jenny is also investigating another protein called 
SKN-1, which has led to some surprising results. 
“Earlier in my career I studied the role of SKN-1 
as an important longevity gene, but our current 
research suggests it also has an exciting role in 
food-related behaviour. There is never a dull 
moment!” she says.

WHAT DO THESE WORMS REALLY HAVE 
TO DO WITH US, THOUGH?
Even though worms are completely different 
to humans, there are still a great number of 

similarities in how humans and worms function. 
By uncovering the processes that control 
ageing and age-related disease in these worms, 
biogerontologists like Jenny can increase our 
understanding of ageing and age-related disease 
in people.

And if you are interested in helping people 
live healthier lives in their old age, then 
biogerontology could be the career path for you. 
As Jenny says, “Understanding more about how 
the ageing process happens means that we might 
be able to alleviate some of the discomfort and 
illness associated with it.”

Fluorescent labelling of cells in the worm. 
Proteins are expressed that are joined to a GFP 
tag so that when they are switched on the GFP 

lights up and you can see where they are. 
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Biogerontology is the study of the biology 
behind the ageing processes. It is distinct 
from gerontology (which studies the impacts 
of ageing on individuals and society, rather 
than the root biological causes of ageing), and 
from geriatrics, which specialises in healthcare 
measures for the elderly. Naturally, there 
is overlap between the three specialisms. 
For instance, understanding the biological 
processes behind ageing can help inform the 
treatment of age-associated diseases.

WHAT SKILLS ARE NEEDED FOR A 
CAREER IN BIOGERONTOLOGY?
 According to senescence.info, a website 
about ageing research, biology and genetics 

are a good step into biogerontology, but 
notes that biologists and geneticists are not 
the only ones studying ageing: physicists, 
physicians, engineers, computer scientists, 
mathematicians are also known to be working 
in this area. Ultimately, as Jenny says, “Any 
career in scientific research requires the 
ability to always be learning and developing 
transferable skills. I am learning new things 
all the time. Like any field of science, it is 
impossible to know everything, and new 
developments can happen very fast!”  

IS A CAREER IN BIOGERONTOLOGY 
RECOMMENDED?
“I would recommend any career in scientific 

research,” says Jenny. “It offers great 
opportunities for lifelong learning, alongside 
a good amount of flexibility and travel. My 
favourite aspect of the job is all the great 
people I have met along the way. The people 
are the reason I keep at this career, even in 
tough times.”

ABOUT 
BIOGERONTOLOGY

OPPORTUNITIES IN 
BIOGERONTOLOGY

• Several UK university courses offer optional modules 
related to ageing. Jenny co-ordinates a module on the 
biology of ageing at the University of Kent. Elsewhere, 

University College London offers a module on the biology 
of ageing, and the Universities of Warwick and Liverpool 

offer modules on the psychology of ageing.

• Undergraduate degrees in biology, biochemistry, 
biomedicine or genetics are generally best suited to a later 
specialisation in biogerontology. Other possibilities include 

degrees in chemistry or medicine.

• A background in biogerontology can lead to several 
possible career paths. This includes research-based, 

such as Jenny’s lab, but there are also opportunities with 
pharmaceutical companies and even independent 

start-ups.

“Here is the biosciences building at the University of Kent. My lab is in the two 
windows on the far left.” Dr Jennifer Tullet

“My son gave me a mini-LEGO microscope for Mother’s day last year – we set it 
up so we could use it to look at the worms.” Dr Jennifer Tullet
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DID YOU ALWAYS KNOW A 
SCIENTIFIC CAREER WAS FOR YOU?
No, absolutely not! When I was younger, 
a whole range of careers appealed to me. I 
considered training as a vet, optometrist, 
teacher or occupational therapist. Otherwise, 
I remember receiving a chemistry set for 
Christmas one year and my dad helping 
me to do the experiments and write up 
the results in a little notebook. This might 
have marked the beginning of my interest 
in science. 

It was when I was about 17 that my thoughts 
started to come together, and I picked 
A-levels that would lead to some sort of 
scientific career. I also decided I wanted to 
be a mum, and my husband and I now have 
two children. The flexibility of the science job 
helps with juggling family and work.

WHAT DID YOU STUDY AT SCHOOL?
My GCSEs included the three sciences, 
maths, English, computing and home 
economics. I really enjoyed biology so 
decided to take it at A-level, alongside 

chemistry and physics (although I was never 
very good at physics). I had a fantastic 
biology teacher who encouraged me to take it 
further. I don’t think I knew any biologists at 
the time, so my decisions were based on what 
I enjoyed and what I was best at.

I also considered taking home economics at 
A-level, since I loved cooking and baking (and 
still do). Even though I didn’t take it, I have 
managed to keep that interest alive through 
various other means. Sometimes you just 
have to make the right decision for the time.

WHY DID YOU SWITCH FROM 
BIOCHEMISTRY TO GENETICS AT 
UNIVERSITY?
This decision was simply based on what 
interested me. I took a biochemistry degree 
at the University of Kent, which included 
a solid grounding in genetics and cellular 
biology. This meant I could apply my 
knowledge to a whole range of postgraduate 
opportunities. I took a PhD in genetics at 
Imperial College London and remain ever 
grateful for that opportunity. 

After that, I was drawn to study in the USA, 
having heard great things about the science 
there. I was offered a position at Harvard, 
which is where my interest in ageing biology 
began. After three years I returned to the 
UK, where I worked at University College 
London before setting up my own lab back at 
the University of Kent.

DO YOU THINK PEOPLE WILL LIVE 
LONGER AND LONGER IN THE 
FUTURE?
Probably not. I think it would be better 
to keep our current lifespan and work on 
staying healthier for more of it.

WHAT DREW YOU TO STUDY THE 
AGEING PROCESS?
Biogerontology incorporates many different 
aspects of biology, which leads to the wide 
variety of research projects that my lab 
undertakes. This appeals to my general 
curiosity about biology as a whole.

ASK 
DR JENNIFER TULLET

JENNY’S TOP TIPS
• There are plenty of topical stories and reports 
in the news these days about recent findings. 

Keeping up with these will help build your interest 
and knowledge in the subject and help inform any 

career decisions.

• You can research scientists online and contact 
them to see if they have summer placements in 

their labs or are able to give a talk at your school.

• If you think that biogerontology or any other 
scientific field is something you want to pursue, 
find out as much as you can about it and keep 

going until you get to be where you want to be.

“These undergraduate students are using worms in the lab. I love running practical sessions and 
supervising project students. They view the worms down the microscope and use pieces of wire 

to move them around. It’s tricky at first but everyone gets the hang of it in the end.” 
Dr Jennifer Tullet
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There is something paradoxical about our immune 
system – we only properly grasp that we have 
one when something goes wrong with it. A 
healthy immune system is vital to protect us from 
infectious diseases, but it also plays a role in many 
other processes within the body. For example, 
imbalances in the immune system have been 
associated with a range of noncommunicable (i.e. 
not infectious) diseases such as heart disease, 
cancer and Alzheimer’s disease.

It is therefore important to understand more 
about the key processes involved in immunity 
so that we can discover more about diseases 
such as these. However, this is easier said than 
done – the immune system is an extraordinarily 
complex network of special cells, proteins, 
tissues and organs, which all work together to 
protect us against infectious organisms and 
other substances.

Deborah Dunn-Walters is a professor of 
immunology at the University of Surrey, who 
leads a team focused on learning more about the 
immune system, particularly antibodies. One of 
the key questions her work seeks to answer is how 
the immune system changes in ageing.

HOW DID DEBORAH COME TO BE 
INTERESTED IN THE BIOLOGICAL 
BASIS OF AGEING?
The biggest single risk factor for disease is age, 
which often means that the diseases and frailties 
associated with old age are something most 
people take for granted. Deborah’s interest in 
ageing began early in life as, being close to her 
grandparents, it seemed unfair that they should 
have so much zest for life and yet be prevented 
from doing what they wanted because of ill 
health. “During my PhD, I read papers that made 
me realise we don’t have to accept that old age 
is always accompanied by disability,” explains 
Deborah. “There may be biological mechanisms 
of ageing that can be treated in order to 
prevent disease.”

Since then, Deborah’s interest in the biological 
basis of ageing has grown. Understanding how 
to attain lifelong health has always been at the 
heart of what she does.

HOW HAS DEBORAH’S RESEARCH 
EVOLVED?
Early in her career, Deborah spent time 
performing cancer research. Cancers form 
when changes, called mutations, take place 
within the genes of a cell or a group of cells. 
Genes contain long strings of DNA, which 
act as coded messages telling the cell what to 
do. Therefore, in cancer, a gene mutation (a 
permanent alteration in our DNA) is generally 
considered a “bad thing”. 

After moving to a lab that studied a cancer 
of B cells, however, Deborah discovered that 
the genes for antibodies undergo a deliberate 
process of mutation. “I found this absolutely 
amazing,” says Deborah. “DNA damage can 
be such a destructive process that kills cells 
or causes cancer, but our immune system has 
evolved a highly complex and regulated way of 
changing our DNA for the good.”

Deborah has been hooked ever since, and when 
it became possible to investigate an enormous 
number of antibody genes at a time, through 
a scientific process known as high throughput 
sequencing, she jumped at the chance to 
discover more. Since then, Deborah and her 
team have developed tools and understanding 
that have enabled many more scientists to look 
at the antibody repertoire in a wide variety 
of situations.

WHY ARE OLDER PEOPLE MORE 
SUSCEPTIBLE TO DISEASES SUCH AS 
RHEUMATOID ARTHRITIS?
Autoreactive antibodies are antibodies that bind 
to themselves instead of binding to invaders. 
There may be millions of different invaders we 
want our antibodies to bind to, and our bodies 

OUR IMMUNE SYSTEM

Our immune system defends our body 
against invaders known as pathogens, 
such as viruses and bacteria. When an 
immune response is triggered, antibodies 
are produced, which bind to the pathogens 
and neutralise toxins. Other cells destroy 
the pathogens that have been tagged by 
antibodies.

Of course, this simple summary does not 
describe the full workings of our complex 
immune system; many other mechanisms 
are involved. For a more detailed description 
of how the immune system works, check out 
Kids Health: 
https://kidshealth.org/en/parents/immune.html

THE MEMORY OF 
THE IMMUNE SYSTEM

Once produced, antibodies stay in our 
bodies, allowing us to “remember” pathogens 
we have encountered before. Think about 
chicken pox; if you have had this disease 
then it is highly unlikely you will get it again. 
This is incredibly important because there 
have been instances throughout history, 
where no previous exposure to certain 
pathogens have led to widespread death 
and disease. In 1519, there were 22 million 
people in Mexico, none of whom had been 
exposed to European diseases. In March 
1520, the Spanish fleet arrived and there 
was a smallpox epidemic soon after. Over 9 
months, 8 million people died.

MAKING ILL HEALTH IN OLD AGE 
A THING OF THE PAST
DEBORAH DUNN-WALTERS IS PROFESSOR OF IMMUNOLOGY AT THE UNIVERSITY 

OF SURREY. HER RESEARCH IS FOCUSED ON B CELLS AND THE ROLE THEY PLAY IN 

THE IMMUNE SYSTEM, PARTICULARLY AS WE AGE. THE FINDINGS COULD LEAD TO 

IMPROVED TREATMENTS THAT ENABLE US TO LEAD HEALTHIER LIVES FOR LONGER
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have a largely random method of making 
antibodies in order to achieve this. The flip side 
of this is that some of the antibodies we make 
might bind to our own molecules and cells.

Complex mechanisms are involved in killing 
cells that produce autoreactive antibodies, 
and there is a fine balance between having 
enough of a variety of antibodies to protect 
us, but not so many that they could be 
dangerous to us. When the balance between 
the two is disturbed, we can get autoimmune 
diseases such as lupus or rheumatoid arthritis. 
Autoreactive antibodies are more prevalent in 
older people because of age-related changes 
in B cells.

WHAT ARE B CELLS?
B cells are a type of white blood cell that 
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produce antibodies to fight infection and help 
other cells by presenting foreign antigens to 
them. Foreign antigens originate from outside 
our bodies and are parts of, or substances 
produced by, viruses or bacteria; other 
examples of foreign antigens include bee 
venom or certain proteins in food.

Deborah and her team have shown that levels 
of a particular type of B cell are reduced in 
older people. They believe that this type of cell 
is very important in making antibodies that 
bind to the types of antigens that you find 
on the surface of bacteria, such as those that 
cause urinary tract infections and pneumonia. 
However, it is worth noting that there are many 
other different types of cells in the immune 
system that are also important for the body’s 
defence, so there is still a lot to discover.

UNDERSTANDING IMMUNOLOGY AT A HIGHER LEVEL

SPECIFICITY – a set of characteristics or behaviours that are specific to a living organism or 
part of the living organism 
MODEL – a physical, conceptual or mathematical representation of a real phenomenon that 
is difficult to observe or experiment on.
ANTIBODY REPERTOIRE – an inventory of all the different kinds of antibody in the 
immune system.

Deborah’s team has reached the conclusion that the mechanisms that produce a diversity 
of antibodies do not change much with age, but the mechanisms in the immune system 
that select which antibodies survive and which are amplified do differ with age. “We have 
highlighted the importance of a certain part of the antibody for the specificity of target 
binding [e.g. binding to invaders],” says Deborah. “We also have models showing that one 
antibody may bind to a number of different targets, and the ratio of self to non-self binding in 
the repertoire can affect how well the system can react to protect us against infection.”

In addition, the team has shown that antibodies with different functional regions may be 
more important than we think. An antibody can have the same specificity for a target but 
can change what it does when it binds by switching the functional half of itself to a different 
class of antibody. So, one class of antibody may just bind and block a target, but another 
might bind the target and signal to another cell to come and destroy it. This is known as 
class switching.

Class switching from Immunoglobulin M (the largest 
antibody known as IgM) to Immunoglobulin G1 

(IgG1), a subtype of Immunoglobulin G, which is the 
most abundant antibody in the human blood. This 
class switching enables binding on a phagocyte. A 

receptor is a protein that binds to a specific molecule. 
Phagocytic cells are cells that can engulf and destroy 

foreign substances.

CLASS 
SWITCHING

IgM IgG1
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Deborah explains immunology and ageing to the public at a Pint of Science event in 
Guildford, UK

Immunology is the study of the immune 
system. Given the importance of the immune 
system, it is hardly surprising that it is an 
extremely important branch of the medical 
and biological sciences. If the immune 
system is not functioning as it should, there 
can be a range of problems, such as disease, 
autoimmunity and allergies.

The more scientists study immunology, the 
more they learn about the complexities 
and intricacies of immune responses. In 
recent times, it has become clear that 
responses of the immune system can 
contribute to the development of a wide 
range of common disorders that were 
previously thought to have no relation to 
immunology, such as cardiovascular and 
neurodegenerative conditions.

WHAT ABOUT VACCINES?
Perhaps the clearest, most obvious example of 
immunology at work is found in vaccinations. 
In 1796, Edward Jenner carried out an 
experiment on an 8-year-old called James 
Phipps. Jenner put pus taken from a cowpox 
pustule into an incision on James’ arm. He 
did this to test his theory that milkmaids who 
suffered the relatively mild cowpox disease 
never contracted smallpox.

James was unscathed, became immune 
to smallpox, and Jenner had proved it 
was possible to inoculate people from the 
smallpox virus by exposing them to cowpox. 
The vaccine was born and so too was the 
field of immunology. It is impossible to know 
how many lives Jenner has saved with his 
experiment, but, according to Our World in 

Data, reasonable estimates put the figure at 
between 150 and 200 million lives between 
1980 and 2018, alone.

WHAT IS AN IMMUNOLOGIST?
An immunologist, like Professor Deborah 
Dunn-Walters, is a scientist or clinician 
who specialises in immunology. Many 
immunologists work in laboratories around 
the world to improve our understanding of 
the immune system. And some work on 
immunotherapy to combat diseases such as 
cancer, or decide to focus on the diagnosis 
and management of diseases of the immune 
system, such as autoimmune diseases 
and allergies.

ABOUT 
IMMUNOLOGY

OPPORTUNITIES IN 
IMMUNOLOGY

• The British Society for Immunology has dedicated an area 
of its website to careers, where you can find a variety of 

options concerning the study of immunology at different 
degree levels.

• There are so many different branches in the field of 
immunology that determining an average salary is difficult. 

However, prospects.ac.uk says it is typical for clinical 
scientists working in the UK National Health Service 

(NHS) and training in immunology to earn around 
£28,000, rising to over £100,000 for those working at 

the very highest level.

• Immunologists work in a broad range of roles, such as 
biochemists, microbiologists, toxicologists and medicinal 
chemists. It really depends on whether you want to be 

part of the research, discovery or phased trials aspect of 
the sector.
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?

At school I cycled through lots of different 
options. I wasn’t big enough to be a 
firefighter! I thought about pharmacy for 
quite a long time, then marine biology 
because the underwater world fascinates 
me. I ended up enrolling for a chemistry 
degree because I thought the post-study 
employment options would be good. 
Fortunately, in the first year we did as much 
biology as chemistry, so I could switch to 
biology when I realised that: a) I enjoyed 
biology much more, and b) I didn’t have a 
very good memory; and if I couldn’t even 
memorise the periodic table then chemistry 
was going to make me miserable!

WHAT FASCINATES YOU MOST 
ABOUT IMMUNOLOGY AND THE 
AGEING PROCESS?
The most fascinating aspect for me is 
how the complexity of different cells, the 

chemical signals between cells, and the 
environments that support the cells hang 
together to give us a near perfect protection 
against attack from the microbial world 
or dangers from within. Much of the time 
our immune system is acting to protect 
us, and we don’t even notice. We have 
only scratched the surface in terms of 
understanding – I am not at all surprised it 
starts failing in old age – I am more surprised 
it works as well as it does for as long as it 
does. We just need to figure out what fails to 
know how to help it.

WE ARE LIVING LONGER, BUT FROM 
AGE 60 ONWARDS, WE EXPERIENCE 
AN AVERAGE OF 19 YEARS IN POOR 
HEALTH. DO YOU THINK SCIENCE 
WILL EVENTUALLY FIND AN ANSWER 
TO LIVING LONGER IN GOOD 
HEALTH?
Science has already discovered some ways 
to reduce the amount of time we live in 
poor health. Unfortunately, we don’t yet 

have tablets you can take once you are old 
– you need to live your life up to that age 
taking adequate exercise, eating healthy 
foods, not drinking too much alcohol and 
not smoking. Keeping healthy is a lifelong 
thing and until science comes up with magic 
pills, we need to try a little bit harder to live 
our lives better. Think of it like saving up for 
a pension: the more good health you bank 
now, the more you will have later.

HAS YOUR RESEARCH INFLUENCED 
THE WAY YOU LEAD YOUR LIFE?
I do try to live a healthy life, but I don’t go to 
extremes. You won’t find me doing triathlons 
or practising extreme calorie restriction, 
but I do enjoy hiking, gardening, DIY and 
swimming, and I steer towards fresh fruit and 
veg in the supermarket.

ASK PROF 
DEBORAH DUNN-WALTERS

DEBORAH’S TOP TIPS
01 – If you are interested in a career in immunology, you 
should certainly study biology before you go to university 

– although chemistry is useful, too.

02 – You will need a degree to become an immunologist, 
so take degree courses in biosciences that include 

immunology modules at university. Some people go further 
and take an MSc in immunology to supplement their 

degree knowledge.

03 – Don’t be afraid to take other subjects along the way 
if they grab your interest. It is always possible you might 
change your mind, so take subjects you are passionate 

about. We all have long working lives and it is very 
important that we enjoy our jobs!

Scientific research is carried out by teams. Here is Deborah (pictured 
in the middle) at a conference with some of the researchers from her 

lab, some of whom have now moved on into jobs in industry.
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“GEOSCIENTISTS ARE ESSENTIAL TO 
FINDING SOLUTIONS TO CLIMATE 
CHANGE, POLLUTION, WASTE DISPOSAL 
AND PROVIDING THE RAW MATERIALS 
WE ALL NEED, WHILST KEEPING US SAFE.”
AFTER EXTERNAL RESEARCH FOUND THE HEALTH OF GEOSCIENCE 
EDUCATION ACROSS EUROPE “WORRYING”, THE EUROPEAN 
GEOSCIENCES UNION (EGU) EMBARKED ON A STRATEGY TO 
PROVIDE WORLD-CLASS EDUCATION AND TRAINING. THE CHAIR OF 
THE EGU COMMITTEE ON EDUCATION, CHRIS KING, TELLS US MORE

YOU ARE A GEOSCIENTIST AND GEOSCIENCE 
EDUCATOR. WHAT DO YOU LOVE ABOUT 
THE GEOSCIENCES?
Geoscience is a real motivator. So many students who study 
geoscience in the UK – often as an “afterthought”, initially – go 
on to become enthusiasts themselves, with more than 40% of 
them signing up for undergraduate geoscience degrees.

As for me, I was fired up by a geography teacher. I took an 
undergraduate degree at Bristol University before working for five 
years as a diamond prospector for De Beers in southern Africa 
and Australia – and I found (or rather, my team found) a diamond 
mine in Swaziland, which operated for 15 years. After that, I took 
an MSc and a teaching qualification, before teaching in a high 
school for 19 years. I then became an education lecturer, training 
geology and science teachers, for a further 19 years. During that 
time, we presented workshops to 40,000 teachers across the 
UK on how best to teach geoscience in their curriculum. We 
have research evidence showing that these workshops change the 
teaching in schools. 

WHY ARE YOU PASSIONATE ABOUT 
GEOSCIENCE EDUCATION?
The wonderful thing about geoscience is that many of the 

scientific questions can be discussed by anybody, without a 
great deal of background knowledge. For example, a simple rock 
exposure can provoke a whole series of discussions: How was it 
first formed? What evidence does it contain for these formation 
processes? How was it changed into a rock? How was it deformed 
by mountain-building episodes into its present state? What role 
did global plate tectonics play in this? How was it exposed? What 
could it be used for? – all these questions can be discussed by most 
people, from highly experienced geoscientists to school pupils, at 
a range of different levels. All these discussions seek evidence and 
ideas, the basis of scientific discussion.

This teaching resource – one of Earth Learning Idea’s 300 
free resources – demonstrates this perfectly: https://www.
earthlearningidea.com/PDF/What_was_it_like_to_be_there_-_rock.
pdf

THE EGU OFFERS GEOSCIENCES 
INFORMATION FOR TEACHERS (GIFT) 
WORKSHOPS. WHAT CAN EDUCATORS EXPECT 
FROM THESE WORKSHOPS AND ARE THEY 
OPEN TO EVERYONE?
The GIFT workshops usually run for two and a half days in 
collaboration with other major geoscientific conferences. This 
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ABOUT 
CHRIS KING

“My role as Chair of the Committee on Education is to help 
the European Geosciences Union (EGU) develop its vision.”

“The EGU is committed to developing the next generation 
of geoscientists through the provision of world-class 

education, training and resources to secondary school 
teachers, university geoscience educators and to early 

career scientists, thus ensuring equitable access to the latest 
scientific knowledge and expertise.”

EGU’S VISION FOR EDUCATION

allows us to invite scientists, who are working at the cutting edge 
of their research and attending the international conferences, to 
offer presentations to teachers. As it says on our website, the idea 
is “to spread first-hand scientific information to science teachers 
of secondary (and primary) schools, significantly shortening the 
time between discovery and textbook, and to provide the teachers 
with material that can be directly transported to the classroom.”

Any practising teacher in Europe and beyond can apply (about 
10% of our participants are from beyond Europe). For teachers 
in Europe, the EGU offers grants to fully support travel and 
accommodation costs. In 2018, we had 78 attendees. 

THE EGU ALSO OFFERS TWO COLLABORATIVE 
WORKSHOPS FOR TEACHERS. HOW DO THESE 
DIFFER FROM THE GIFT WORKSHOPS?
These two workshops are run in active areas of the Earth: one in 
the Gulf of Corinth, one of the most earthquake-prone areas of 
the Earth (fortunately, most earthquakes there are small); and on 
Etna in Sicily, one of the most volcanically-active areas on Earth. 
University graduate researchers are invited to these workshops 
alongside teachers, making them a collaboration between teachers 
and researchers on the ground – indeed “on the moving ground” 
of Corinth and Etna!

In 2018, the European Geosciences Union (EGU) Council 
commissioned a strategy report after research by the 
International Geoscience Education Organisation and 
UNESCO found that:

•  The “health” of school-level geoscience education across 
Europe and beyond is worrying;

•  The most effective way to target geoscience education is to 
focus on teachers rather than pupils;

•  Providing good teaching materials is not enough – 
educators need to be shown how to use the materials 
most effectively.

In 2019, the EGU’s Committee on Education updated its 
strategy report with the following in mind:

“Strategies to support geoscience teaching are most effective 
when, at school level, there is effective geoscience content in 
the national curriculum and, at Higher Education (HE) level, 
the most effective curriculum development and teaching 
strategies have been found and disseminated. This requires 
a broad overview of educational development in Europe 
and beyond.”
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EXCITINGLY, THE EGU HAS RECENTLY 
LAUNCHED ITS GEOSCIENCE EDUCATION FIELD 
OFFICERS PROGRAMME. CAN YOU BRIEFLY 
EXPLAIN ITS AIM AND THE BENEFITS FOR 
SCHOOLS AND TEACHERS?
The workshops given to more than 40,000 teachers across the 
UK are now available in mainland Europe. EGU funding has allowed 
us to advertise for and appoint four Field Officers, representing 
France, Italy, Portugal and Spain. They were trained in running 
workshops in Vienna last year (in association with the GIFT workshop 
there). On returning to their own countries, they translated the 
most appropriate parts of each workshop into their own languages, 
assembled the kit of materials needed to present the workshops, and 
began presenting the workshops in their own countries – mostly as 
part of geography or science teacher conferences. 

To date, 90 teachers have been trained through this work, and have 
given highly enthusiastic feedback. More workshops are planned 
for the coming months. Next year, we will appoint another Field 
Officer for Germany and an additional three Field Officers for other 
European countries. 

HOW DO TEACHERS OR SCHOOLS ACCESS 
THESE FIELD OFFICERS? WILL BRITISH 

TEACHERS BE ABLE TO ACCESS THIS INITIATIVE 
AFTER BREXIT?
The Field Officers’ backgrounds and contact details are available 
on the EGU website at: https://www.egu.eu/education/field-
officers/. They would be delighted to hear from any groups of 
teachers in France, Italy, Portugal or Spain. Meanwhile, through 
our original network, we are also able to offer workshops to groups 
of teachers across the UK, via the ESEU website at: https://www.
earthscienceeducation.com/. We are planning that Brexit will affect all 
these initiative as little as possible!

FINALLY, WHY DO WE NEED TO EDUCATE THE 
NEXT GENERATION OF GEOSCIENTISTS?
It is hard to get away from the fact that the exploitation of natural 
resources, such as power sources and raw materials, have caused 
some of Earth’s problems; however, without these, societies could not 
have reached the state of development that they have today. But the 
key fact is that geoscientists are now part of the solutions. We still 
need raw materials and energy supplies, but we can only find these 
sustainably through the work of geoscientists. 

Geoscientists are also essential to finding solutions to pollution, waste 
disposal and climate change – indeed geoscientists know more about 
climate change than most groups of people, from their geological 
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time perspectives of the planet. Geoscientists can also reduce the 
impacts of natural disasters and aid the construction of more future-
proof buildings. 

So, in summary, geoscientists are essential to ameliorating the issues 
of climate change, pollution and waste disposal, whilst providing the 
materials we all need, and keeping us safe. Geoscientists know that 
the “present is the key to the past” of the Earth, but we now know 
that the “past and present are the key to the future” – and that the 
role of geoscience is critical to that future for everyone.

This colourful mineral is bornite or “peacock ore”, a copper iron sulfide mineral. 
Copper is used in computers and in the wiring of all buildings. It is therefore one 

of the crucial raw materials we all need.

Jean Luc Berenguer lends his expertise to teachers at the 2019 
GIFT Workshop.

Teachers can expect informative and interactive sessions at 
GIFT workshops.

Chris speaks to a group of teachers at the 2019 GIFT Workshop.
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Professor Zheng-Xiang Li, based at Curtin 
University’s School of Earth and Planetary 
Sciences in Australia, has spent his career 
trying to understand the forces that shape 
our planet.

Li is a leader in the field of Earth dynamics (a 
branch of geophysics), and he and his team 
have been working on a project that aims to 
understand how the Earth works. They are 
doing this by studying plate tectonics – a 
scientific theory that describes the surface of 
the Earth as an outer shell divided into plates 
– and investigating how these tectonic plates 
interact with deeper Earth over time.

WHAT EXACTLY ARE LI AND 
HIS COLLEAGUES TRYING TO 
UNDERSTAND?
Our planet formed about 4.5 billion years ago; 
Li’s group is focusing on the past 2 billion years. 
Because we cannot see directly into the deeper 
Earth and study how things work down there, 
it has been difficult for scientists to figure out 
how tectonic plates work.

Li’s group aims to understand how the Earth 
has evolved over the past 2 billion years 
through palaeomagnetism, a branch of 
geophysics that studies magnetism in rocks. 

As magma or lava cool (or when fine sediments 
settle at the bottom of seas and lakes), tiny 
iron-bearing minerals in the rocks or sediments 
align with the Earth’s magnetic field. Once 

the rocks are solidified, these minerals 
become “locked in” and act like tiny magnets 
or compasses. By studying these magnetic 
minerals, or needles, Li and his team are able 
to track how continents have moved over time 
and look for patterns, which they can then 
compare to what they know about Earth’s 
internal geometry today. 

The researchers are also modelling the forces 
that drive the formation and breakup of 
supercontinents. Every 500-700 million 
years, 75% or more of the Earth’s landmasses 
join together to form a single mass known as 
a supercontinent. One of the key questions 
that Li and his team would like to answer is 
how many supercontinents have formed over 
Earth’s history. 

HOW DO THEY INVESTIGATE HOW 
SUPERCONTINENTS FORMED 
MILLIONS OF YEARS AGO?
“New geophysical imaging techniques allow us 
to gain increasingly clear images of what the 
deep Earth looks like,” says Li, “and powerful 
supercomputers let us simulate how Earth’s 
tectonic plates interact with the deeper Earth 
with increasing resolution, and further back 
in time.” 

Indeed, cutting-edge geophysical techniques, 
which allow the precise dating of geological 
events and the analysis of the physical and 
chemical nature of rock samples, have enabled 
scientists to gather a wealth of data from 

IMAGINE THIS

A continent is one of Earth’s seven main 
divisions of land: Asia, Africa, North 
America, South America, Antarctica, Europe 
and Australia. These continents sit on 
tectonic plates that move around the planet 
at speeds of a few centimetres a year. Over 
millions of years, continents move towards 
each other to form supercontinents, before 
breaking up again and moving away from 
each other – again, over millions of years. 
The last supercontinent, known as Pangea, is 
believed to have formed around 320 million 
years ago.

The continents are surrounded by one 
continuous body of water, which is divided up 
into four oceans: the Pacific, Atlantic, Indian 
and Arctic Oceans. A superocean is defined 
as a continuous body of water surrounding a 
supercontinent. For example, according to 
worldatlas.com, the Panthalassa superocean 
surrounded the supercontinent Pangea.

How long do you think it will be before the 
next supercontinent and superocean form?

PROFESSOR ZHENG-XIANG LI, OF CURTIN UNIVERSITY IN WESTERN AUSTRALIA, 

HAS COMBINED HIS LOVE OF TRAVEL WITH A LIFE-LONG INTEREST IN NATURE 

TO STUDY THE PROCESSES THAT SHAPE THE EARTH. HIS RESEARCH GROUP USE 

SUPERCOMPUTERS TO MODEL THE CHANGES TO OUR PLANET OVER THE PAST 

TWO BILLION YEARS, IN A PROCESS CALLED 4D GEODYNAMIC MODELLING

MOVERS AND SHAKERS: USING 
SUPERCOMPUTERS TO UNDERSTAND 
HOW SUPERCONTINENTS 
FORM AND DRIFT APART
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Li and his team are using cutting-
edge techniques to create computer 

simulations of how plate tectonics have 
reshaped our planet over the past 2 

billion years.
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around the world. Li’s group has been feeding 
this information into supercomputers and 
using tools, including artificial intelligence (AI), 
to mine this data and look for patterns. One 
method of computer simulation is known as 
4D geodynamic modelling, which uses physics, 
chemistry, mathematics and geoscience 
knowledge to model the geographical 
distribution of rocks in three dimensions 
(3D) – length, width and depth –, then work 
out how this distribution changes over time. 
These time changes are known as the fourth 
dimension (4D).

WHAT HAS LI’S GROUP DISCOVERED 
SO FAR?
Working with other research teams from 
different countries, Li’s team has discovered 
a piece of landmass from North America that 
stuck to, and subsequently travelled with, 
Australia about 1.6 billion years ago, when both 
countries were part of the same supercontinent 
known as Nuna.

The researchers have also suggested that 
there might be a “superocean cycle” – which 
describes the formation and dissipation of huge 
oceans. This superocean cycle is believed to 
take place over about 1.2 billion years compared 
to the supercontinent cycle, which takes 
roughly 600 million years to complete. 

WHY IS LI WORKING WITH OTHER 
RESEARCH TEAMS FROM ALL OVER 
THE WORLD?
As Li explains, “The scope of this project is 
so large that it is crucial to work with a wide 
range of specialists with knowledge covering all 
key disciplines and geographic locations.” As 

such, Li is working with key partners, including 
Prof David Evans of Yale University, USA, 
who specialises in palaeomagnetism and world 
geology; Prof Shijie Zhong of the University 
of Colorado, USA, who is an expert in the 
digital simulation of the geodynamic system; 
Prof Bruce Eglington of the University of 
Saskatchewan, Canada, who specialises in the 
establishment of global geological databases 
that allow researchers to apply a big data 
approach to their studies; and Prof Dietmar 
Muller of the University of Sydney, Australia, 
who specialises in marine geophysics and led 
the development of the GPlates software, 
which enables scientists to build 3D models of 
global plate tectonic evolution through time. 

WHAT ARE THE NEXT STEPS FOR LI’S 
RESEARCH PROJECT?
Research can be a slow process. In fact, there 
is even a term for this: “slow science”. This 
is because it can take years to gather the 
evidence needed to prove or disprove theories. 
Indeed, Li reckons it will take at least another 
20 years before he can provide more definitive 
answers to some of the science questions he is 
hoping to answer. 

But slow science does not translate into 
“boring science”! Quite the opposite, as Li 
says: “My team is evolving as the project 
evolves, with some younger members moving 
to other institutions around the world to 
develop their independent careers, and new 
members joining us with support from new 
funding sources. All of us, along with our 
other collaborators, are continuing to pursue 
this exciting research field as an expanding 
international network.”

Li’s research takes him to places all over the world, like Madagascar, pictured here.

WHY IS IT IMPORTANT TO INCREASE 
OUR KNOWLEDGE OF GLOBAL 
TECTONICS?
“Earth’s tectonic evolution has impacted 
the formation of the atmosphere, which 
we breath, and the behaviour of the Earth’s 
geomagnetic field, which protects the 
atmosphere, the hydrosphere and all life 
on Earth – like a giant shield – from the 
bombardment of the Sun’s strongly charged 
particles, known as the solar wind,” explains Li. 

By investigating the evolution of tectonic 
plates, Li and his colleagues are furthering our 
understanding of their effects on landscapes, 
soils, minerals and fossil fuels – all of which 
are vital to society in so many ways, from 
agriculture to energy supply and product 
development. Moreover, knowledge about 
tectonics is essential if we are to fully 
understand and survive geohazards such as 
earthquakes, volcanos and tsunamis. So, while 
curiosity about how planet Earth really works 
might get you started in a career in geology 
or geophysics, your studies in Earth dynamics 
will underpin life as we know it. 
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OPPORTUNITIES IN 
GEOPHYSICS
•  The Geological Society of Australia is 

a great place to find information about 
geology, including courses: 
https://www.gsa.org.au/.

•  The Australia-based Geoscience 
Pathways website has lots of interesting 
resources for students who are still at 
school, including information about 
careers in this area and what to study at 
university: 
http://www.geosciencepathways.org.au.

•  The Australian Geoscience Council 
(https://www.agc.org.au/) has lots 
of information, including the regular 
GeoEdLink newsletter aimed at educators 
and the public. 
https://www.agc.org.au/geoedlink-
newsletter/.

•  Careers in geology can be well paid. 
Entry-level positions generally start at 
about AUD$ 44,000 per year, averaging 
to over $120,000. The most experienced 
workers can make over $200,000.

This image shows a proposed supercontinent–superplume coupling since 900 million years ago (Ma). This 
coupling started at least since 2000 Ma. A superplume is a large body of hot rock within deep Earth, some 

of which is convected to the Earth’s surface. Can you find the supercontinents Rodinia and Pangea? It is 
believed that we are currently halfway through the formation of another supercontinent known as Amasia, but 

scientists have different views on what Amasia will look like and where it will centre. 

This is a geodynamic working 
model of coupled supercontinent 

and superplume events.

Planet Earth is a sphere, composed of several, 
distinct layers. The outermost layer is known 
as the crust and is made of solid rock, between 
8 and 50km thick. This crust, together with 
the topmost layer of mantle under it, forms 
a mosaic of rigid plates that float upon a 
mushy layer of the mantle, known as the 
asthenosphere. Over time, these plates move 
around the globe.

WHAT EFFECT DOES THIS HAVE ON 
OUR PLANET?
Everything that we see on Earth, from the 
landmasses that make up the continents and 
islands, to the oceans and seas, rests upon 
these plates. Over time the position of these 
continents and oceans changes. Although 
these plates move extremely slowly – only 
a few centimetres per year – over tens of 
millions of years this movement adds up, 
meaning continents can shift thousands of 

kilometres, albeit over a long period of time.

Periodically, many of the landmasses join 
together to form a supercontinent, before 
breaking apart again. This supercontinent cycle 
takes place over 500 to 700 million years.

HOW ELSE HAVE THESE MOVING 
PLATES AFFECTED OUR PLANET?
When plates collide, new mountain ranges 
might form between them; when they 
move apart, new oceans may appear. In 
some areas, hot, molten rock from deep 
below bursts through in a volcanic eruption. 
Scientists can map these eruptions and use 
the information to probe deeper into the 
Earth.

CAN WE SEE EVIDENCE OF THESE 
PLATES MOVING TODAY?
Yes. Where the plates rub up against 

each other, a fault line will have formed. 
Sometimes the plates stick and forces build 
up – eventually the force is released in a 
violent jerk, causing an earthquake.

WHY SHOULD STUDENTS STUDY 
EARTH DYNAMICS?
The study of geology or geophysics can lead 
to a wide range of exciting and rewarding 
careers. Plate tectonics have an impact 
on the formation of our atmosphere, the 
Earth’s geomagnetic shield (which protects 
us from the solar wind – dangerous, highly 
charged particles emitted by the Sun) and 
our landscape. The rocks, minerals and fossil 
fuels that we rely on every day were formed 
through the action of plate tectonics. 
Scientists studying this area also aim to help 
us understand and survive hazards such as 
earthquakes, volcanoes and tsunamis. 

ABOUT EARTH 
DYNAMICS
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LI’S TOP TIPS

01

02

03

Have an inquisitive mind and a thirst for knowledge.

Follow your own interests (which can change over time).

Do things with passion!

WHAT DID YOU WANT TO BE WHEN 
YOU WERE GROWING UP?
I grew up in China during the Cultural 
Revolution, when the country was going 
through a period of social upheaval and 
almost all the universities were shut. So, 
during my school years, I wanted to become 
a schoolteacher. The only other option at 
that time for me would have been to work 
in fields. Towards the end of my school 
years, the Cultural Revolution ended, 
and universities reopened. I then started 
dreaming of becoming a physicist!

YOU HAVE A BS DEGREE IN 
SEISMOLOGICAL GEOLOGY FROM 
PEKING UNIVERSITY. WHAT DREW 
YOU TO THIS SUBJECT? 
I was always interested in nature but 

went into this subject almost by accident. 
However, I soon developed a love of it 
because of my love of travel, and the subject 
involves a lot of physics, too.

COULD YOU DESCRIBE A TYPICAL 
DAY FOR YOU AS A MEMBER OF 
THE EARTH DYNAMICS RESEARCH 
GROUP?
When not attending conferences or 
geological field trips, we spend much of 
our day reading scientific papers (finding 
out what’s new), acquiring and interpreting 
both our own and others’ results, discussing 
new results and exciting new ideas with 
colleagues, and writing these up as scientific 
papers, when these results and ideas are 
mature enough to be shared with the global 
science community.

WHAT DO YOU LOVE MOST ABOUT 
YOUR JOB?
The freedom to follow my own interests; the 
excitement of a brand-new discovery or idea 
and being able to share it with likeminded 
people, plus the opportunity to see remote 
corners of the world and experience 
different cultures.

WHAT HAS BEEN YOUR GREATEST 
ACHIEVEMENT TO DATE?
Developing a new understanding about how 
the Earth engine works, i.e. discovering 
the conceptual model that plate tectonics 
interact with mantle dynamics through 
coupled supercontinent-superplume 
cycles, and that superoceans likely outlive 
supercontinent cycles.

The Earth Dynamics Research Group at Curtin University

ASK PROF 
ZHENG-XIANG LI
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We tend to think of the Earth’s surface as 
stationary, but in fact we are floating on a thin 
rigid crust: only a handful of miles beneath our 
feet lies the ductile mantle, which makes up 
84% of the Earth’s total volume. The tectonic 
plates that form the planet’s outer layer 
“float” on the mantle, and their movements 
can have drastic implications for life on the 
Earth’s surface.

WHAT ARE SLOW SLIP EVENTS?
Geologists across the world are constantly 
monitoring the movement of these tectonic 
plates with earthquake-detecting tools such 
as seismometers. The more obvious impacts of 
these plates grinding together or pulling apart 
(large earthquakes and tsunamis) have been 
known for centuries, but it is only in recent 
years that some of the more subtle effects 
have been explored.

“We can’t feel slow slip events, and 
seismometers can’t detect them either,” says 
Dr Rebecca Bell. She is an Earth scientist 
in the Department of Earth Science & 
Engineering at Imperial College London and 
is investigating slow slip events, otherwise 
known as “silent earthquakes”. “We know they 
happen because networks of GPS stations 
(using similar technology to smartphone 
mapping apps) record spatial shifts as large as 
if an earthquake had happened.” 

These shifts do not occur suddenly, as is the 
case with typical earthquakes, but over much 
longer periods – weeks or even months. It 
is only in the last couple of decades that 
GPS stations have become sufficiently 
sophisticated and numerous to notice 
these changes.

SO, ARE THESE SLOW SLIP EVENTS 
HARMLESS?
Even though these events happen slowly, they 
may have the potential to fuel natural disasters 
just like typical earthquakes. Slow slip events 
occur on faults (gaps between tectonic plates) 
and can cause as much plate movement as a 
magnitude 7 earthquake. Becky explains why 
this is cause for concern: “A slow slip event 
might push part of the surrounding fault closer 
to slipping in a large earthquake, which could 
potentially produce a tsunami.” 

There is some evidence that the catastrophic 
tsunami that hit Japan in 2011, resulting in the 
nuclear meltdown of the Fukushima power 
plant, was preceded by slow slip events. The 
question is: Could a slow slip have triggered 
this large earthquake? “Because we have only 
known about slow slip events for a relatively 
short time, we haven’t had enough time to see 
if there is a statistically significant relationship 
between slow slip events and large earthquakes 
occurring soon after,” says Becky. 

IMAGINE THIS
An earthquake happens off the coast of 
an island nation. The sea recedes from the 
shore and comes roaring back in the form 
of a tsunami, tearing through trees, roads 
and buildings. Yet not a single life is lost; 
geoscientists had predicted this would happen 
months ago, and the population has been 
preparing ever since. By combining data 
from drilling, sound waves, lab experiments 
and GPS, scientists discovered that a “silent 
earthquake” was underway in the area, making 
a serious earthquake in the future increasingly 
likely. Their prediction had given the islanders 
plenty of time to reinforce their infrastructure, 
protect their livelihoods and evacuate 
vulnerable communities.

At present, the link between silent earthquakes 
and regular earthquakes has not been 
established so this prediction is currently not 
possible, but by learning more about them, 
scientists like Dr Rebecca Bell are working 
towards this – and so could you. Imagine being 
part of a geology or Earth imaging team that 
saves lives in this way!

THE SLOW AND SILENT 
EARTHQUAKES THAT ARE 
SHAKING UP SEISMOLOGY
THE TECTONIC PLATES THAT MAKE UP THE EARTH’S CRUST ARE CONSTANTLY 

SHIFTING. WHEN THEY COLLIDE, THEY CAN CAUSE CATACLYSMIC 

EARTHQUAKES AND TSUNAMIS; BUT SOMETIMES, THE EFFECTS ARE FAR LESS 

OBVIOUS. DR REBECCA BELL OF IMPERIAL COLLEGE LONDON IS RESEARCHING 

HOW THESE SILENT EARTHQUAKES MIGHT AFFECT THE EARTH – AND US.
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DR REBECCA BELL
Earth Scientist, Faculty of Engineering

Department of Earth 
Science & Engineering

Imperial College London, UK

Geology and Geophysics
FIELD OF RESEARCH

Becky is investigating the conditions 
behind slow slip events, also called “silent 
earthquakes”, and how these might lead 

to major natural disasters.

UK Research and Innovation
The Leverhulme Trust

RESEARCH PROJECT

FUNDERS
WHAT IS  CURRENTLY KNOWN ABOUT 
SLOW SLIP EVENTS?
Slow slip events can broadly be divided into two 
categories: deep and shallow. Deep slow slip 
events are easier to explain, as these happen 
at depths where extreme heat from within the 
Earth means that rock begins to deform in a 
ductile way – “like a chocolate bar that’s been 
left in the sun,” as Becky puts it. 

Shallow slow slip events are less 
straightforward, because they happen at 
a range of depths and temperatures. One 
leading theory is that they are linked to high 
fluid pressure, which occurs when fluids within 
gaps in the rock are put under pressure when 
they are buried. Lab studies have found that 
high fluid pressure between rock samples 
reduces friction and lets them slip slowly past 
each other, rather than building up force and 
slipping all at once, as in a typical earthquake. 

Another idea is that some rock types might 
have certain frictional properties that lend 
themselves to slow slip events. More research 
is needed to fully decipher these theories, 
which is what Becky’s team is working on.

HOW DO BECKY AND HER TEAM 
STUDY SLOW SLIP EVENTS?
“The most direct way to learn about what 

is below the Earth’s surface is to drill into it 
directly,” says Becky. “However, drilling is very 
expensive and technically challenging.” The 
best drills can only penetrate 4km or so into 
the Earth’s crust in areas of deep water and 
very deformed rocks, and even shallow slow slip 
events can occur deeper than this. That said, 
drilling is still highly informative.

In 2017-2018, the International Ocean 
Discovery Program (IODP) led a drilling 
expedition off the coast of northern New 
Zealand. The tectonic plate here is being 
subducted (pushed beneath another plate), but 
is currently relatively near the surface, within 
reach of the IODP’s drills. “Now we have rock 
samples from this expedition, scientists can 
perform laboratory experiments to see how the 
speed of sound passing through them changes 
when they get buried or experience different 
fluid pressures,” explains Becky. 

WHAT HAS SOUND GOT TO DO WITH 
THIS RESEARCH?
If drills can’t go deep enough, how are 
scientists like Becky researching and measuring 
slow slip events? The answer lies in sound 
waves. Becky and her team are using a new 
technique called full-waveform inversion, 
which not only measures the time taken 
for sound waves to travel through the rock, 

but also takes into account the shape of the 
returning sound wave. “In this technique, 
a boat produces a large air bubble which 
produces a pressure (sound) wave in the 
water,” Becky explains. “This pressure wave 
travels through the water and into the rock. By 
comparing the high-resolution speed of sound 
models to the results of the IODP drilling 
expedition, we will be able to diagnose the 
types of rocks and fluid pressure that exist in 
the slow slip zone at depths greater than the 
drills can reach.”

Why is this important? The information 
learned from experiments like this gives Earth 
scientists like Becky a greater understanding of 
slow slip events – i.e. knowing why some faults 
experience slow slip events and others lead 
to large earthquakes. And this understanding 
could help us predict major earthquakes much 
further in advance, saving lives in the process.
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OPPORTUNITIES IN GEOSCIENCE

•  Many universities in the UK run courses in geology and closely related subjects. According to Which? University, typical 
entry requirements include at least two A-levels in biology, chemistry, physics or maths. Geography and geology A-levels can 
also  advantageous.

•  According to What Uni?, Imperial College London, University of Oxford and Durham University offer the most highly regarded 
geology courses in the UK.

•  Geology and geoscience courses often require a significant amount of coursework. There are also lots of opportunities for field 
trips to geologically interesting areas. In the UK, this might be the Scottish island of Arran or the Jurassic Coast in Dorset.

•  Imperial College London is one of only two universities in the world that combine Earth science and engineering. This 
combination allows scientists to conduct research that is directly applicable to the real world, such as carbon capture and storage.

“Geoscience is about the study of the Earth 
and planets,” says Becky. Also known as 
Earth science, it involves the study of the 
Earth’s physical characteristics, which is by 
its nature a very broad field. Geoscientists 
can study the materials that make up the 
Earth’s surface, the forces governing natural 
cycles, or the history of the planet going 
back billions of years. Geoscientists can also 
use their knowledge of the Earth to better 
understand processes at work on other rocky 
planetary bodies like the moon and Mars. 

WHY DO WE NEED GEOSCIENTISTS?
As Becky explains: “A lot of geoscience 
research has a significant societal impact.” 

For instance, natural disasters affect millions 
of people every year, and geoscientists 
are helping to make predictions of their 
occurrence and impact more accurate.

Some areas of geoscience are also leading 
the way in bringing about a sustainable global 
society. “Geologists and geophysicists will be 
critical in the move toward a carbon neutral 
world,” says Becky. Indeed, as we become 
less reliant on oil and gas, new and exciting 
career options are revealing themselves. 
“Geoscientists are required for careers as 
diverse as finding water resources, storing 
radioactive waste from nuclear energy 
production underground, developing wind 

farms, remote mapping of habitats and 
even investigating the possibility of mining 
asteroids and the Moon!”

WHAT IS NEEDED FOR A CAREER 
IN GEOSCIENCES?
To work in Becky’s field, which is Earth 
imaging, she recommends a degree in 
geophysics or Earth science, but there are 
other routes: “Many geoscience jobs will 
require a degree in geoscience, computer 
science or physics. Some people also get into 
Earth imaging by undertaking a degree in 
physics or computer science and moving into 
geophysics later through an MSc or PhD”.

ABOUT GEOSCIENCE

The Earth’s crust is divided into a number of tectonic plates. In some areas, these plates 
collide and one gets thrust beneath another - this is called subduction. The boundary 

between the plates at subduction margins produces the largest fault planes on Earth, which 
are capable of producing the largest earthquakes. In 2017-2018, drilling was conducted in 

New Zealand to learn more about slow slip events at subduction zones. 
Image courtesy of Darren D’Cruz, GNS Science
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TAKE ADVANTAGE OF IMPERIAL 
COLLEGE LONDON’S RESOURCES

Imperial College London has lots of resources 
for students aged 11-18 and their teachers/
career advisers, as Victoria Murphy, Liaison and 
Communications Manager, explains: “In the 
Department of Earth Science and Engineering, 
we have a number of interactive talks or activities 
that can be delivered at your school, on topics 
from Planetary Exploration and the search for 
evidence of life on Mars, to volcanoes and the 
precious resources on Earth. 

“For GCSE students and above, our researchers 
are also happy to present on their specific area 
of research, or discuss how their Earth sciences 
research relates to maths, chemistry, physics 
or geography.”

To find out more, or express interest in an activity 
or talk from a researcher in the Department 
of Earth Science and Engineering at Imperial 
College London, please contact Victoria: 
v.murphy@imperial.ac.uk.

WHAT INSPIRED YOU TO PURSUE A 
CAREER IN GEOSCIENCE?
When I was young, I always loved picking 
up pebbles and fossils at the beach 
and watching TV documentaries about 
volcanoes. At school I enjoyed physics, 
chemistry and maths, but knew I didn’t 
want to take any of those subjects alone 
at university. One day I flicked through a 
university prospectus and came across a 
subject called Earth science. I had never 
heard of it before, but it sounded like it 
covered a lot of my interests. Along with the 
study of science and maths, it also addressed 
questions like: “How did the Earth form?” 
and “How did life on Earth develop”? The 
rest of my career path is history!

WHICH SUBJECTS DID YOU TAKE AT 
COLLEGE AND UNIVERSITY? 
I took A-levels in maths, physics, 
chemistry and AS English. I studied Earth 
science at university, but specialised in 
geophysics modules. 

WHY ARE YOU BASED IN THE UK 
AS OPPOSED TO WELL-KNOWN 
EARTHQUAKE HOTSPOTS?
Earth science is truly international. Even if an 
earthquake occurs on the other side of the 
world, it can still be detected by seismometers 
here. I worked in New Zealand for a while 
after completing my PhD, and found it very 
interesting to live and work in the country I 
was studying. However, there is still a lot of 
geoscience that happens in the UK. Advances 
in satellites and wireless data mean that a lot 
of geoscience can be done remotely. When 
large earthquakes and volcanoes happen, the 
impact on people and the economy is truly 
global, so it is important for all countries to 
study them, not just those who have the 
hazards on their doorstep. 

HAVE YOU EVER EXPERIENCED AN 
EARTHQUAKE OR TSUNAMI?
Thankfully, I have never directly experienced 
a large earthquake or tsunami. One of the 
largest earthquakes I have ever felt was 

actually in the UK! There was an earthquake 
in Dudley and I was in Bristol just after the 
first term of my Earth science degree. It felt 
like a truck had driven into the front of the 
house. I phoned a friend in Birmingham who 
said he felt it too, so I knew then it must have 
been an earthquake!

YOU WERE AN EARTH SCIENCE 
COLUMNIST FOR THE OBSERVER. 
WHY IS SCIENCE COMMUNICATION 
IMPORTANT TO YOU? 
Many interesting things are happening all the 
time in the world of science and technology, 
but the public very rarely get to find out about 
them. News articles are sometimes written by 
people without a science background and can 
often be a bit sensationalist and inaccurate. 
As scientists, I think we have a duty to 
inform everyone about the discoveries we 
make. Communicating complicated subjects 
in an engaging way is a difficult but very 
rewarding challenge!

ASK DR REBECCA BELL

Image courtesy of Imperial College London
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There is much we have yet to discover 
about the events that shape the planet we 
live on. It is only in recent decades that 
researchers have found out about slow slip 
events - ‘slow motion’ earthquakes that 
cannot be detected by seismic equipment. 
Dr Ake Fagereng, of Cardiff University’s 
School of Earth and Ocean Sciences, has 
made a career out of travelling the world to 
uncover how and why these events occur. 
A recent expedition (Expedition 375) 
saw him spending two months on a ship 
called JOIDES Resolution, drilling into the 
seabed off New Zealand and examining the 
sediment cores that the team on board the 
ship had extracted.

WHAT IS THE DIFFERENCE 
BETWEEN SLOW SLIP EVENTS AND 
EARTHQUAKES?
The Earth’s surface is always moving. The 
crust of the Earth is made up of rigid 
tectonic plates that float on solid but 
slow flowing mantle. The area where two 
different plates meet is known as a fault 
plane, and is where tectonic events like 
slow slip events and earthquakes most 
commonly happen. Although slow slip 
events are relatively fast on the geological 
timescale, they are too slow to be detected 
by seismometers, the equipment typically 
used to detect ground movement caused 
by earthquakes. They are instead detected 
by GPS devices, essentially the same 

technology found in Sat Navs and map 
apps. If the distance between two points is 
found to have significantly changed over 
time, chances are that a slow slip event 
has occurred.

Earthquakes happen at a much faster rate. 
“Instead of motion occurring steadily, 
the faults store elastic energy until they 
suddenly release it all at once,” explains 
Ake. “Think of pulling on a stuck door until 
it suddenly opens.” It is this rapid release 
of pent-up energy that can cause such 
catastrophic damage to communities on the 
Earth’s surface.

WHAT IS SO INTERESTING ABOUT 
SLOW SLIP EVENTS?
“My interest is driven by exploration of the 
unknown,” says Ake. First discovered on 
the famous San Andreas fault in California, 
evidence of slow slip events was only found 
in other places across the world in the last 
couple of decades. “Although we are rapidly 
advancing our understanding, there is still 
much to learn,” says Ake.

There is also the possibility of a practical 
application, one that could even save lives. 
“In the short amount of time we have 
known about slow slip events, there are a 
few examples happening immediately before 
earthquakes,” says Ake. “Understanding 
them may help us towards improved 

EXPEDITION 375: KEY FACTS

•  Research Vessel: JOIDES Resolution, 
named after Captain Cook’s 
HMS Resolution

•  Location: Hikurangi Margin, a fault off the 
east coast of New Zealand’s North Island, 
where the Pacific and Australian tectonic 
plates meet

•  Objective: collect core samples by drilling 
into the ocean floor, and study them to 
better understand the geology behind slow 
slip events

•  Vessel Features:

-  Drill can reach a depth of up to six miles 
(although it rarely goes beyond a mile 
below the seafloor) 

-  Capacity of up to 50 scientists and 
technicians, and 65 crew members

-  Began scientific drilling work in 1985, and 
was completely retrofitted in 2006-2008

TAKING TO THE SEAS 
TO DISCOVER HOW THE 
EARTH’S SURFACE MOVES
EARTHQUAKES ARE KNOWN FOR BEING DRAMATIC AND EVEN CATASTROPHIC, BUT 

THEY ARE NOT THE ONLY WAY THAT THE EARTH MOVES. SLOW SLIP EVENTS ARE MUCH 

MORE LOW-PROFILE AND UNDERSTANDING MORE ABOUT THEM COULD IMPROVE 

EARTHQUAKE FORECASTING. DR AKE FAGERENG OF CARDIFF UNIVERSITY WENT ON 

A VOYAGE OF DISCOVERY TO FIND OUT MORE ABOUT THESE ‘SILENT EARTHQUAKES’
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Investigating the conditions and 
processes that cause slow slip events by 

examining the geological structures within 
sediment cores.

European Research Council (ERC), 
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Research Council (NERC).
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forecasting of major earthquakes.” 
As well as potentially predicting when 
earthquakes might happen, knowing about 
these events could also help researchers 
predict where earthquakes might strike. 
“Slow slip events and the accumulation of 
elastic energy that leads to earthquakes 
happen in the same or neighbouring areas,” 
says Ake. It is difficult to detect this energy 
build-up, but GPS can detect slow slip 
events – so outlining where slow slip events 
are occurring could give scientists an idea of 
where earthquakes are likely to strike, and 
even how dramatic any future earthquakes 
are likely to be.

WHAT HAVE BEEN THE FINDINGS 
FROM THE NEW ZEALAND 
EXPEDITION?
Although lots of the results are still pending, 
there have already been some key findings 
from the expedition. “One fault zone we 
sampled contained lots of different rock 
structures,” says Ake. “This might mean that 
a range of slip speeds are possible in the same 
place. This means that slow slip events could 
happen alongside, and even play some part 
in, more major earthquakes.”

The ocean floor at the study site had lots of 
different sediment types, which Ake and his 
colleagues think might lead to a large range 
of slip styles. To see how the faults change 

over time, the team set up observatories 
(sensory equipment measuring parameters 
such as temperature and pressure) in the 
boreholes left over from the drilling, that 
they hope will give them further insights. 

WHAT ROLE DO MICROSCOPES 
HAVE IN THIS RESEARCH?
Scanning electron microscopy (SEM) allows 
researchers to examine tiny details in rock 
samples, even as small as 10 nanometres. 
Researchers can investigate how faults 
developed through samples, for instance 
whether they followed boundaries between 
different materials (such as grains of sand or 
silt) in the rock, or if they fractured through 
these materials. “We can also use SEM to 
find evidence of past earthquakes,” says 
Ake. “We look for structures resulting from 
increased heat, which is produced by the 
friction generated in a fast slip event.”

WHAT HAVE EXPEDITIONS INTO 
OTHER AREAS OF THE WORLD 
TAUGHT RESEARCHERS?
Ake has undertaken research in Japan, 
Namibia, Cyprus and the UK, all places 
thought to have experienced slow slip events 
in the distant past. “We don’t know the 
tell-tale signs of a slow slip event for certain 
yet, but this is one of the things we hope to 
work out,” says Ake. The researchers have 
found a few common features at the study 

sites, which are potentially linked to slow 
slip events. “In all locations we have found 
evidence for the presence of water along 
the faults when they were active, which is 
known to weaken them and make them more 
likely to slip,” says Ake. These weak faults 
don’t necessarily lead to earthquakes, if they 
are surrounded by rocks that stop cracks 
accelerating. Understanding these complex 
relationships and interactions between all 
the different rock types could be key to 
discovering the causes of slow slip events, 
and how they link to large earthquakes.
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OPPORTUNITIES IN GEOLOGY AND SEISMOLOGY
•  According to Which? University, an undergraduate degree in geology usually requires A-levels in at least 

two subjects out of physics, chemistry, biology and maths. Geology or geography A-levels can also be useful.

•  According to The Complete University Guide, the top UK universities for geology in 2020 are Cambridge, 
Imperial College London, Oxford and Durham.

•  The British Geological Survey offers a variety of 1-week work experience opportunities for under-18s at 
three UK sites. Applications are usually managed through schools’ work experience programmes.

In March 2018, the research vessel JOIDES 
Resolution set out for a two-month voyage 
off the coast of New Zealand’s North Island. 
The team aboard was planning to extract drill 
cores from a fault plane not far offshore, 
where the world’s shallowest slow slip events 
are believed to happen. The aim was to use 
a variety of research techniques to discover 
the processes and conditions that lead to 
slow slip events. Ake joined the team as a 
structural geologist.

WHAT SKILLS DID AKE BRING TO THE 
TEAM?
“My main job was describing the structures 
in the sediment cores that the drills 
extracted. This included fractures, faults 
and layers,” says Ake. “I had little previous 
experience of working with sediment cores 
from the seabed but had lots of experience 
describing similar structures on land.” A 
sediment core is extracted using a long drill 
that digs deep into the seabed and looks 
like a long cylindrical structure only a few 
centimetres in diameter. “Having experience 
from on-land studies helped me to quickly 
learn how to deal with this sort of sample,” 
says Ake.

WHAT DID A TYPICAL DAY 
LOOK LIKE?
“The expedition scientists work 12-hour 
shifts, either noon to midnight or midnight 
to noon,” says Ake. “I was on the day shift, 
so usually woke up mid-morning. I shared 
my cabin with a researcher who worked 

the night shift, so we hardly ever saw 
each other.”

“I would get up ahead of my shift, go to 
the gym to make sure I got some exercise, 
and grab some food. The shift always began 
with a quick update from the night shift 
team, and then we take over,” says Ake. 
“What happens during the shift varies a lot. 
When drilling is taking place, it’s a game 
of balancing speed against detail, to work 
through describing the material coming 
in without building up much of a backlog. 
Other teams describe different aspects of 
the sediments, such as density, porosity or 
magnetic properties, so we have to co-
ordinate to make sure we don’t hold each 
other up.”

The ship isn’t collecting samples full-time, 
which means there is a variety of work 
onboard. “There are breaks in coring, when 
we’re installing borehole observatories or 
moving between sites. We use this time to 
catch up on backlogs or write reports. In 
my down time, such as after a shift, I would 
check my emails, then maybe watch a movie, 
play a board game or read a book. Then 
I would catch some sleep and repeat the 
next day.”

WHAT CHALLENGES DID AKE FACE 
DURING THE EXPEDITION?
“Drilling causes deformation in the cores,” 
says Ake. “It can be tricky to tell what 
structures in the samples are caused by 

tectonic deformation, and which are caused 
by sample extraction. From past experience 
we have learned how to separate the two, 
but uncertainty always remains. We make 
sure to remember this when we report on 
our findings.”

Life at sea also inevitably has its drawbacks. 
“Being away from home for two months 
is challenging, and we lived in a very small 
community: about thirty scientists and 
seventy technicians and crew,” says Ake. 
“And all in very limited space!”

WHAT WERE AKE’S PERSONAL 
HIGHLIGHTS FROM THE 
EXPEDITION?
“It’s very rare to have such a varied team 
working on the same problem,” says Ake. 
“It’s a great opportunity to meet other 
scientists and technicians, with different 
perspectives and experiences but interested 
in the same issue. This makes it a really good 
place to learn about other ways of thinking.”

“There is also a sense of discovery,” he 
continues. “Every time new samples come 
onboard, we are seeing something that 
nobody has seen before. The anticipation of 
learning something new is a great feeling.”

ABOUT EXPEDITION 375
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
My aspirations changed many times. 
At various stages I was interested in 
photography, zoology, journalism and 
engineering, but I knew that whatever I 
did I wanted to travel, explore and spend 
time outside.

WHAT INSPIRED YOU TO BECOME 
A GEOLOGIST?
I hadn’t really considered geology until I 
reached university. At high school I liked 
physical sciences and maths, although I 
was also interested in history and faraway 
countries. I began my undergraduate degree 
in Cape Town, South Africa, where I studied 
geology alongside atmospheric and ocean 
science. I enjoyed learning about both 

disciplines, but I preferred geology because it 
was more hands-on and didn’t rely on remote 
sensing equipment so much. My lecturers 
were very good at highlighting possible 
career pathways and the sorts of science 
questions I could tackle, so my path forward 
became clear. Academics and industry 
professionals that visited the university 
during my undergraduate degree provided 
great examples of how geology can allow 
you to explore interesting places around 
the world. That was what led me to settle on 
geology at postgraduate level.

HAVE YOU EVER EXPERIENCED 
AN EARTHQUAKE?
I felt a couple when living in New Zealand, 
although I was very far from the epicentre, so 
they weren’t damaging where I was. I felt one 

in Wales last year, which wasn’t big but was 
noticeable – like a large truck driving past.

WHAT DO YOU LOVE MOST ABOUT 
YOUR WORK?
I love the flexibility and variety in my job. 
Days are never the same and I have the 
privilege of working on interesting questions 
with great students and collaborators.

WHAT ADVICE WOULD YOU GIVE 
YOUR YOUNGER SELF?
Time goes by very fast. If you want to do 
something, make it happen before it’s too 
late. Listen to the experience of others, too 
– if somebody is doing what you want to do, 
find out how they got there and do it.

ASK DR AKE FAGERENG

AKE’S TOP TIPS

01 – Get a good background in the 
basic sciences, especially physics and 
chemistry, as well as maths. These are 
the building blocks of any aspect of 
natural sciences. Taking geology and 
geography at high school can be a good 
introduction, but a general science 
background is more important. 

02 – Spending time with maps 
outdoors is very useful. It helps you get 
a perspective on scale and the three-
dimensional world around us.

03 – Get a well-rounded experience of 
the world. Travel and read, see places 
and people, learn why the world is the 
way it is. That applies to many things, 
but geology especially is about seeing 
patterns in landscapes and building a 
story around how they came to be. Being 
exposed to art and literature might not 
sound very scientific, but it really helps 
with expressing ideas to others.

Shipboard scientists on the deck of the JOIDES Resolution, on a sunny day of Expedition 375

Rocks from the coast of Japan where layers are both folded and fractured
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As the carbon cycle becomes increasingly 
disrupted by human activities, research into 
how the cycle functions is ever more relevant. 
Despite its importance in sustaining life, 
scientists still do not know everything there 
is to know about the carbon cycle. In many 
ways this is unsurprising: the processes that 
make up this cycle happen on a grand scale and 
rely on interactions between many different 
factors. Teasing these apart is no easy task, 
but as science becomes more sophisticated, 
researchers are able to dig further into the inner 
workings of this fundamental global flux.

HOW IS CARBON NORMALLY 
SEQUESTERED?
For carbon to be sequestered (‘locked up’) on 
a geologically relevant timescale, it must be 
kept out of the atmosphere for thousands of 
years, or longer. Much of the carbon stored 
in plants and soils is cycling back and forth 
with the atmosphere every day. As soon as 
organisms decompose, the carbon returns 
to the atmosphere as carbon dioxide. Longer 
sequestration only happens when carbon enters 
sediments (the matter that settles at the bottom 
of oceans, rivers or lakes) or becomes deeply 
buried and compressed under many layers of 
soil. Both are typically gradual processes.

Prof Robert (Bob) Hilton is a geochemist 
working in Durham University’s Department of 
Geography. He is leading the first ever research 
project into the role of large earthquakes in 
carbon storage.

HOW DO EARTHQUAKES PROVIDE A 
SEQUESTRATION “SHORTCUT”?
“Large earthquakes sometimes cause 

landslides, which move carbon contained in soil 
and rivers as part of their sediment load. These 
sediments can be stored for very long periods 
of time,” explains Bob. “Landslides provide a 
‘natural’ CO2 sequestration mechanism and 
are a fascinating link between earthquakes and 
the carbon cycle.” 

Landslides essentially “skip” the gradual build-
up of layers of soil or sediment over thousands 
of years, instead causing a rapid movement of 
carbon which could promote its longer-term 
sequestration. “We are trying to see how 
important these rare events are over thousands 
of years of carbon transfer,” says Bob. “We 
can then begin to pinpoint places where this 
process is especially important, and how it 
might change over time.” 

IS IT DIFFICULT TO STUDY CARBON 
SEQUESTRATION THROUGH 
EARTHQUAKES AND LANDSLIDES?
The short answer is yes! As Bob explains, 
“The role of earthquakes is difficult to assess 
because they don’t occur very often. But when 
they do happen, they move a lot of carbon in 
one go.” To assess the shift in carbon, scientists 
like Bob need to compare sediments before 
and after an earthquake. “We can’t predict 
when and where an earthquake might occur, 
only recognise places where they are more 
likely,” he says.

In 2008, a devastating earthquake hit the 
Chinese province of Wenchuan, causing just 
under 200,000 landslides. Scientists in China 
found archived river sediment samples taken 
in the years immediately before the quake. 
These samples proved to be a valuable find. “By 

THE CARBON CYCLE
Carbon on Earth can be broadly divided 
into two main categories. The first is carbon 
present in the atmosphere, mostly in the 
form of carbon dioxide. The second is carbon 
within substances on the Earth’s surface, 
and within living organisms, soils, sediments 
and rocks. 

In simple terms, the carbon cycle is the 
movement of carbon between these two 
categories. Carbon enters the atmosphere 
through processes like respiration, 
decomposition, combustion and erosion; 
carbon is removed from the atmosphere 
through processes like photosynthesis and 
sedimentation. Balancing these two flows is 
crucial to life on Earth, but human activity 
has disrupted the cycle. Burning fossil fuels, 
for example, means that the level of carbon 
entering the atmosphere exceeds that 
being removed.

THE ROLE OF EARTHQUAKES 
IN BURYING CARBON 
FOR GOOD
CARBON IS THE CORNERSTONE OF LIFE ON EARTH AND IS CONSTANTLY BEING TRANSFERRED 

BETWEEN THE ATMOSPHERE AND THE EARTH’S SURFACE. THIS CARBON CYCLE IS ONE OF 

EARTH’S MOST IMPORTANT NATURAL PROCESSES AND CONTINUES TO SURPRISE US. PROFESSOR 

ROBERT HILTON OF DURHAM UNIVERSITY HAS BEEN INVESTIGATING AN INTRIGUING CARBON 

CYCLE “SHORTCUT”: THE ROLE OF EARTHQUAKES IN SEQUESTERING CARBON
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comparing these to samples collected after 
the earthquake, we were able to show that the 
erosion of soils and vegetation led to carbon 
entering the rivers,” says Bob. “However, we 
could only look back a few years, and only in 
one place.” 

SO, HOW ARE BOB AND HIS 
TEAM RESEARCHING CARBON 
SEQUESTRATION ELSEWHERE?
Bob and his team needed more sophisticated 
methods of “looking back in time” to find out 
whether the discovery made in China also 
happens in other regions of the world, and over 
longer timescales. Excitingly, the scientists 
have recently succeeded in developing 
these methods. “Now we can track carbon 
– where it has come from, and how long the 
process took.” 

The scientists examine the properties of 
lake sediments, which provide a snapshot of 
decades or even centuries past. Rivers feed 
sediments into lakes over time, so the deeper 
the sediment, the older it is. The collection 
method is fairly simple: the researchers push 
a pipe into the bottom of the lake to extract 
what is called a sediment core. They then 
analyse the core using knowledge in chemistry.

WHERE DOES CHEMISTRY COME INTO 
THE RESEARCH?
“Our main tool for sediment analysis involves 
carbon isotopes,” says Bob. Isotopes are atoms 
of an element that have the same number of 
protons and electrons but a different number 
of neutrons (and therefore different masses) to 
one another, which occurs frequently in nature. 
This doesn’t affect their chemical properties 

but does give them a unique “fingerprint”, 
which is very useful for scientists. Carbon-12 
and carbon-13 are the most common carbon 
isotopes and are found in different proportions 
in various sources of organic matter. This 
means that even if a sediment appears to be 
sludge at first glance, by measuring quantities 
in carbon isotopes scientists can work out how 
and when it was formed.

HOW CAN SCIENTISTS TELL WHEN A 
SEDIMENT HAS FORMED?
Analysis of a rarer isotope, carbon-14, can be 
used to assess when a sediment formed. This 
radioactive isotope is found in atmospheric 
carbon dioxide and is taken in by plants 
through photosynthesis. Once the plants die, 
carbon-14 begins to decay. A technique called 
radiocarbon dating measures the amount of 
carbon-14 left in a sediment sample; the lower 
the concentration, the older the sediment. 

“Our colleagues in New Zealand have looked at 
sediment cores in detail and use this technique 
to identify when earthquakes happened,” says 
Bob. “In sediment cores from Lake Paringa 
[on New Zealand’s South Island], for instance, 
we can identify that four earthquakes have 
occurred during the last 1,000 years.”

CAN THIS RESEARCH HELP TACKLE THE 
CLIMATE CRISIS?
Humanity’s disruption of the carbon cycle has 
led to a greater concentration of atmospheric 
CO2 than has been seen for millennia, which is 
leading to climate change. Could earthquakes’ 
immediate carbon sequestration help reverse 
this? “The amount of carbon involved in 
this process is small compared to the CO2 

emissions from burning fossil fuels,” says 
Bob. “The processes we are studying certainly 
won’t save the day. These processes naturally 
regulate the carbon cycle but play out over 
thousands to tens of thousands of years.”

That said, Bob and his team are answering key 
questions about how our planet works. The 
more we understand how the planet works, the 
more that can be done to save it – and it will 
take geoscientists and geochemists like you to 
uncover Earth’s capabilities!
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“Geochemistry is all about understanding 
what makes up rocks, soils, water and the 
atmosphere,” says Bob. “That knowledge 
is then used to understand the global 
processes that matter most.” This 
includes both geological and biological 
factors – from the materials found in 
volcanoes to the processes that create 
soils. “Geochemistry can incorporate broad 
‘discovery science’, through seeking to 
shed light on how the Earth system works, 
as well as more applied functions, such 
as tracking the pathway of pollutants in 
rivers,” Bob adds.

HAVE THERE BEEN ANY 
MAJOR BREAKTHROUGHS IN 
RECENT YEARS?
“Yes, lots,” says Bob. “Geochemistry is 
a very dynamic and broad field, and we 
are still developing new techniques, so 
breakthroughs are frequent. For example, 
there was recently a paper using isotope 

geochemistry to track the history of 
Earth’s atmosphere over billions of years.”

WHAT EMPLOYMENT 
OPPORTUNITIES DOES 
GEOCHEMISTRY OFFER?
Geochemistry is a broad subject, and 
as such can lead to a broad range of 
careers. “There are many environmental 
consultancies who would welcome people 
with this background, especially those who 
have worked on soil or river samples and 
done fieldwork,” says Bob. “If you are more 
technically minded, there are opportunities 
to work in laboratories making 
measurements or designing scientific 
instruments.” There are also opportunities 
involving innovative new technologies such 
as carbon capture and storage.

If you like the idea of working on research 
projects like Bob, academia may be the 
route for you. “Some people go on to PhDs 

and post-doctoral research positions,” 
says Bob. “There are many geochemists 
in geology, Earth sciences and geography 
departments within universities around 
the world.”

WHAT HAS BEEN THE GREATEST 
ACHIEVEMENT OF BOB’S CAREER?
“That is a tricky question, as a lot of 
scientific research is highly collaborative,” 
says Bob. “But we’re very proud of some 
recent new approaches we’ve designed 
at Durham University to measure the 
carbon dioxide released from rocks as 
they are eroded.” These techniques have 
allowed Bob and his fellow researchers to 
investigate how this CO2 release is linked 
to changes in temperature and rainfall.

ABOUT GEOCHEMISTRY

OPPORTUNITIES IN GEOCHEMISTRY

•  A relevant degree is required for most careers in geochemistry. 
There are no UK undergraduate degrees focusing on 
geochemistry itself, but Bob says that degrees in geology, 
chemistry, physics, geography, and environmental science are all 
good starting points.

•  According to Which? University, typical entry requirements for 
these degrees include at least two A levels in biology, chemistry, 
physics, maths or geography. Further maths and geology A 
levels can also be advantageous.

•  Bob studied Natural Sciences at the University of Cambridge, 
which is known for high quality of tuition and flexibility in 
module choices. Entry requirements are typically A*A*A 
or A*A*A* in two to three science/mathematics A-Levels, 
depending on college and intended module choices.

Sampling rivers to understand their carbon transfers. 
© RG Hilton

Muddy rivers during floods of August 2010 in Sichuan, China. These 
flood waters carry sediment from landslides which happened during 

the 2008 Wenchuan earthquake. © RG Hilton 
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WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
As a teenager I was in a band, and we clearly 
all wanted to be in Radiohead. We gave it 
a shot, and it was great fun. Otherwise, I 
had a feeling that I wanted to do something 
that involved new discoveries about how the 
world worked. I’ve always loved the outdoors, 
and my dad was a geographer who got me 
interested in landscapes and why they look 
the way they do. Once I began studying these 
areas in school, I knew it was something I 
wanted to find more about.

WHICH SUBJECTS DID YOU STUDY 
AT SCHOOL?
I took maths, physics, geography and art 
at A-level. Geology wasn’t an option at 
my school; I might have taken it if it had 
been. I really enjoyed all those subjects, 
although I was always keenest on the physical 
side of geography. People are sometimes 
surprised when I say I have an A level in art, 
but I see lots of parallels with the scientific 
process: observation, recording, research 
and interpretative re-telling. In science we 
rely upon visual communication of results 
and I enjoy thinking about how to do 
this effectively. 

HOW WERE YOU INSPIRED 
TO FOLLOW A CAREER IN 
GEOCHEMISTRY?
After school I went on to study natural 
sciences at the University of Cambridge, 
which was perfect for me, as I could take 
modules in physics, geology and materials 
science in my first year. I thought I would 
carry on with physics, but really enjoyed 
the geology course and so selected geology 
modules alongside physics in my second year, 
before focusing solely on geology for my third 
and fourth years.

By the time I was studying for my PhD 
at Cambridge, I had fantastic mentors 
who encouraged me to learn and apply 
geochemical techniques to my research, even 
though I hadn’t done chemistry since school. 
I really enjoyed it, and it ultimately led to the 
research I do now. 

DOES TRAVEL FORM A SUBSTANTIAL 
PART OF YOUR WORK?
It varies quite a lot. Fieldtrips can range in 
duration from a few days to a fortnight, 
depending on what we’re trying to get done. I 
also travel to present our work at conferences 
and workshops and to teach on fieldtrips. 

Recently, I’ve had quite a lot of fieldwork 
travel, which has taken me to some amazing 
places, such as the Peruvian Andes, Amazon 
Rainforest and Canadian Arctic. 

Although often exhausting, fieldwork can 
be great fun and I do enjoy it, but I think 
my favourite part of the job is the reward 
of getting new data or measurements and 
seeing what they tell you. This can happen in 
the field or a year later in the laboratory and 
results always throw up some surprises. I relish 
this journey of uncovering what the data can 
tell us. 

HAVE YOU EXPERIENCED ANY 
EARTHQUAKES YOURSELF? 
Yes, a few. In fact, I slept through the 2003 
Fjordland earthquake in New Zealand. I was in 
the field in the Southern Alps, about 200km 
away from the epicentre, so the shaking was 
not too intense. When people told me about 
it the next morning, I thought they were 
winding me up because I was a geologist! I 
found out later that it was a large earthquake 
and caused many landslides, although 
fortunately Fjordland is quite an empty place. 

ASK PROF ROBERT 
HILTON

Tracking carbon from the Andes 
mountains to large rivers of the 

Amazon, in March 2019. 
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Mining companies are finding it increasingly 
difficult to search for ore deposits. This 
is because most of the easily accessible 
deposits in the Earth’s shallow crust have 
already been discovered. Modern society is 
very much reliant on metals: for example, 
gold, lithium, aluminium, cobalt and copper 
are just some of the metals you’ll find in your 
mobile phone. If ore deposits are becoming 
harder to find, how will manufacturers source 
the metals that are necessary to produce the 
technologies we use and need?

Prof Jamie Wilkinson is a geochemist 
working at the Natural History Museum 
and Imperial College London in the UK. He 
and his colleagues Prof Jon Blundy, Prof 
Matthew Jackson and Dr Dan Smith are 
leading the “From Arc Magmas to Ores” 
(FAMOS) research project, which involves 
probing deep in the Earth’s crust. Their aim is 
to find out how molten rocks (also known as 
magmas) form, evolve and – rarely – end up 
producing ores. 

KEY FACT
Ores – Naturally-occurring chemical 
compounds (or minerals) that are rich in 
metals. Most of the common metal ores 
are sulphides and oxides. For example, 
chalcopyrite is a sulphide of copper and 
iron, and is the principal source of copper 
worldwide. Ores form in “traps” in the 
Earth’s shallow crust.

For a description of how metals are 
extracted, check out GCSE Science’s 
‘Extraction of Metals’: 
http://www.gcsescience.com/ex1.htm

MAGMA DETECTIVES: 
STUDYING VOLCANIC 
ARCS TO FIND VALUABLE 
MINERALS IN EARTH’S CRUST 
MINING COMPANIES ARE HAVING TO LOOK DEEPER IN THE EARTH’S CRUST FOR COPPER 

AND OTHER PRECIOUS METALS, BUT HOW DO THEY KNOW WHERE TO LOOK? SCIENTISTS 

WORKING ON THE FAMOS RESEARCH PROJECT ARE SEARCHING FOR CLUES IN THE 

MINERALS FORMED IN THE MAGMA PLUMBING SYSTEMS OF ANCIENT VOLCANOES

Magmas are responsible for some of the largest 
deposits of metals on Earth. These “porphyry 
deposits” are formed at subduction zones, 
which is where tectonic plates meet and one 
tectonic plate bends and slides under the 
other. It is also where you’ll find volcanoes and 
earthquakes. By investigating the journey of 
metals like copper from magma to the Earth’s 
shallow crust, the FAMOS team are not only 
answering key questions about how our planet 
works; they are paving the way for innovative 
exploration tools to help mining companies find 
and extract new metal deposits.

WHAT IS THE FAMOS TEAM DOING, 
EXACTLY?
“We are studying different aspects of the 
evolution of magmas,” says Jamie, “from where 
they are first generated deep in subduction 
zones to when they finally reach the shallow 
crust and crystallise.” 

The geoscientists are particularly interested 
in volcanic arcs that form above subduction 
zones. Volcanic arcs are curved chains of 
volcanoes that are hundreds to thousands of 
kilometres long; they are also the source of 
much of the world’s copper. As Jamie says, if 
the team can work out how magmas, metals 
and fluids such as water are cycled through 
the subduction zone they will be able to “track 
the whole set of critical processes that may 
ultimately lead to the formation of very rich, 
but also very rare, copper deposits.”

WHY IS THE FOCUS ON COPPER?
The ores that the team is investigating contain 
other metals such as gold, molybdenum (a 
useful metal in alloys) and rhenium (a rare and 
precious element), but copper is particularly 

sought after. This is because it has so many 
uses. Electrical wiring, water pipes, computers, 
and mobile phones are just some examples; and 
as we transition to renewable energies even 
more copper will be needed.

“About eight times as much copper is needed 
per kW-hour of electricity generation via 
renewable sources than is used in conventional 
power generation,” explains Jamie. “This is 
due to the extra wiring and metal components 
required.” 

HOW WILL THE RESEARCH BENEFIT 
THE MINING INDUSTRY?
Since most of the ores exposed at the Earth’s 
surface have already been found, mining 
companies are having to look for hidden 
deposits deeper (up to a kilometre) below 
the surface. This poses many challenges. For 
example, how can they tell if they will find 
enough copper? 

Magmas produce varying amounts of copper 
because the ore-forming process depends on a 
set of favourable conditions that are not always 
met. Some hard minerals like zircon, which can 
be weathered out of rocks and found on the 
Earth’s surface, contain valuable information 
about the magma in which they were formed. 
If the researchers know which conditions 
are best suited to creating copper-rich ore 
deposits and this information is recorded in 
zircon crystals, then these crystals could be 
used as a pointer for mining companies.
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MEET THE 
FAMOS TEAM LEADS

PROF JON BLUNDY
Professor of Petrology, University of Bristol, UK

I am an igneous petrologist with an interest in all things 
magmatic, from how rocks melt to why volcanoes erupt. I 
am interested to see what the similarities and differences are 
between magmatic systems that erupt and magmatic systems 
that form giant copper ore deposits.

My advice to people starting out on their career path is to 
study hard at school, especially the sciences. Take an interest in 
the world around you and be passionate about the things that 
interest you.

PROF MATTHEW JACKSON
Professor in Geological Fluid Mechanics, Imperial College London, UK

My role in this project is to understand and predict the fluid mechanical processes that control the formation 
of copper deposits. Fluid mechanics is the science of how and why fluids like water and liquid molten rock 
(magma) flow. The available evidence suggests that copper is dissolved in magma when it is transported from 
deep in the Earth towards the Earth’s surface. 

At some depth, the host fluid changes from magma to hot water or water vapour known as volatiles. Volatiles 
carry the copper to the surface, or within a few kilometres of the surface, where it crystallises to form the 
solid copper deposits we find today. So, flow of fluids – whether these are “magma” or “volatiles” – is of huge 
importance in creating copper deposits. 

My advice to young people is to be curious! Ask questions. Look around you. Read! If you don’t understand how something works, find out. 
Challenge the status quo but recognise that science needs evidence to prove (or disprove) a theory or model – an opinion, however passionately 
held, is not enough. And don’t feel that your ambition should be limited by the school you attend, your gender or ethnicity, or what your parents 
do. Good science – and good scientists – spring from all walks of life.
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OPPORTUNITIES IN THE GEOSCIENCES, 
INCLUDING GEOCHEMISTRY 

•  The Geological Society of London has a Geology Career Pathway page 
that has lots of information on choosing the right course at university, 
available funding and links to other resources: 
https://www.geolsoc.org.uk/DegreePathways

•  Internationally, the American Chemical Society offers a fantastic 
overview of geochemistry, including researcher profiles, career prospects 
and professional organisations you can join.

•  Prospects claims that the entry-level salary for geochemists ranges from 
£20,000 to £30,000 annually, going up to £50,000 and higher with 
experience. It has a page explaining the skills and qualifications needed, and 
what a job in geochemistry might entail: 
https://www.prospects.ac.uk/job-profiles/geochemist

DR DANIEL SMITH
Associate Professor in Applied and Environmental Geology, University of Leicester, UK

My speciality is in magmatic-hydrothermal systems – or, more simply, volcanic rocks and the hot water and 
gases that flow through them. Sometimes they produce deposits of metals (gold, silver, copper and more), 
but most of the time, nothing. 

In this project, I’m looking for “early warning signs” in the rocks that will tell us that we’ll find something – 
or nothing – before we, or colleagues in the minerals exploration industry, spend time, money and energy 
looking in the wrong places. 

My advice is to do what you enjoy. I took up geology because I liked the little snippets of geoscience I received during GCSE study. I enjoyed 
the A-level and chased it at degree. During my degree I liked the chemistry components of geology, volcanoes and ore deposits. 

I never picked my “next steps” based on what I thought would get me the best job or most money. I simply focused on the parts of my 
education and experience I enjoyed the most, and picked my path forward based on doing more of the things I enjoyed. 

It’s vital to get experience, though. There were some things I thought I might enjoy professionally, but after work experience – not so much! 
Work experience isn’t just about stuffing your CV; it’s about getting a feel for whether you really want to do that job.

Geochemistry is a combination of geology 
and chemistry: it uses chemistry tools and 
principles to study and explain geological 
systems. In the past, geochemistry focused 
mainly on determining the different elements 
in rocks and minerals. In fact, the minerals 
and the small amounts of fluids and gases 
that occur in rock all contain valuable 

information about how it was formed. Today, 
geochemists study rocks to understand this 
information and how it could be used in 
different scientific and industrial applications. 

Within the field, there are many 
subspecialties that explore specific types 
of geochemistry. For example, organic 

geochemistry studies processes and 
materials that came from living organisms, 
and cosmogeochemistry analyses how 
elements are distributed throughout planets, 
stars and other objects in space.

WHAT IS GEOCHEMISTRY?

Staff from the NERC FAMOS and VoiLA projects 
demonstrate the importance of volatiles in subduction 

zones, volcanic eruptions and ore formation to 
schoolchildren attending the Imperial Festival of 

Science, Technology and Medicine in London, UK. See: 
http://www.voila.ac.uk
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JAMIE’S TOP TIPS

01 – Make sure you study what you enjoy. You never know what opportunities will come up, and enjoying your work is important! 

02 – Work hard, be driven, and have confidence in your own abilities. Don’t be afraid to put yourself out there to seek opportunities, and 
always ask questions.

03 – There is more than one route to work in geochemistry: I had more of a chemistry focus early on, whereas some colleagues come 
from a geology background. We all bring different strengths to projects we work on.

WHAT DID YOU WANT TO BE WHEN 
YOU WERE YOUNGER?
I was interested in a lot of things when I 
was young but always had a propensity 
towards science subjects. I always liked 
building models and creating things, but had 
an artistic bent too, especially in graphic 
design. The first careers I considered were 
architecture and engineering, including 
renewable energy well before it became 
commonplace. Ending up in geology and 
geochemistry was a fortunate accident!

HOW DID YOU CHOOSE 
GEOCHEMISTRY AS A CAREER?
I went to university expecting to study 
chemistry or physics, or both. In the end, 
I discovered geology – not completely 
unfamiliar to me because I had been exposed 
to minerals and fossils as a child though my 
father’s interest in the natural sciences, 
but not really a subject I had thought of 
as the basis for my career. So, I ended up 
studying the chemistry of the Earth, a truly 
fascinating field because of its complexity 
and importance for many aspects of human 
existence. I decided to focus on ore deposits 
a bit later in my career because they 
represent the most remarkable geochemical 
anomalies that exist on our planet; and also 
because they provide the raw materials that 
underpin almost every aspect of modern life.

WHAT DID YOU STUDY AT 
UNIVERSITY, AND HOW DID IT 
PREPARE YOU FOR YOUR CAREER?
I always loved chemistry when I was young, 
doing home chemistry experiments, and 

I decided I wanted to study chemistry or 
physics at university after having done them, 
along with mathematics, in my A-levels at 
school. However, I couldn’t choose which 
I preferred so was looking for courses that 
combined both. The Natural Sciences Tripos 
at Cambridge offered one such opportunity 
and I was lucky enough to win a place. 

In my first year I studied chemistry, physics, 
maths – and geology as an additional subject 
that I didn’t expect to be able to take. I 
didn’t enjoy physics or chemistry in my 
first year, but geology opened my eyes to a 
whole new world and I loved the fieldwork 
opportunities. After that I decide to focus on 
geological subjects through the rest of my 
degree (also taking more advanced chemistry 
in my second year) and so ended up with a 
geological science degree. I graduated with a 
BA (Hons) in Geological Sciences from the 
University of Cambridge.

To become a geologist you definitely need 
to study geoscience at university but it 
doesn’t have to be in a single honours type 
of programme. I did not do nearly as much 
geology in my degree as others might have 
done, but my chemistry was strong and this 
stood in me in good stead later on.

WHAT DO YOU LOVE ABOUT THE 
WORK YOU DO?
Geology is like a hobby for me: it’s endlessly 
interesting and it has never felt like a job. It 
is a very sociable subject and tends to draw 
like-minded individuals, so you always meet 
interesting and entertaining people in the 

course of your work. It has allowed me to 
visit many parts of the world, including places 
that it would be very hard to access through 
normal means. I have sampled rocks on high 
ridges in the Andes by helicopter, flown 
above grizzly bears in the remote Brooks 
Range of northern Alaska, seen the sun rise 
over the Atacama Desert and soaked in 
thermal pools on the Chilean-Argentinean 
border, more than 100 km from the nearest 
village. It also allows me to work in amazing 
analytical laboratories with the latest 
high-tech equipment, including lasers and 
scanning electron microscopes.

HAVE YOU EVER BEEN INSIDE 
A VOLCANO?
I’ve never climbed down inside the crater of 
a volcano but have visited many and walked 
(and skied) along their flanks. Sitting in a 
thermal pool surrounded by snow looking 
along a chain of Andean volcanoes was one 
highlight of my career. However, my most 
amazing volcano experience was sitting by 
the crater of Mount Yasur on the island of 
Tanna in Vanuatu as it was erupting, throwing 
incandescent rocks into the air above me, 
with the ground shaking and lightning 
crackling through the static-charged 
ash  clouds.

ASK PROF JAMIE WILKINSON
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HOW TO USE OUR EDUCATION AND CAREER RESOURCES

Find a short 
summary of the 
research project 
in our researcher 
profiles

Got a question for the researcher? 
Write your message in the comments 
box online. (See next page for details)

Imagine how the 
research affects the 
world around you

Go online and you’ll find loads of research articles, and all related to different fields. Whether you download the 
PDF or read the article online, you’ll find that each research article contains all the information you need to 
help you learn more about STEAMM (science, tech, engineering, arts, maths, medicine).

www.futurumcareers.com/articles

Find out how the 
researchers got to 
be where they are 
today

For example, Lori 
worked in fashion 
and marketing 
before getting into 
forestry and insects!

Get top tips from 
scientists

Explore new fields 
of research and 
learn about different 
career options

Discover opportunities that 
are open to you in different 
fields (apprenticeships, 
internships, courses)

Find out which courses to 
take and how much money 
you could earn

ACTIVITY SHEETS

Go online and you’ll find activity sheets for all of our featured articles: www.futurumcareers.com/resources 

See if you can answer questions 
about the research in the article

Try out activities you can do in 
school, college or at home

Get links to even more awesome 
resources

Read about 
fascinating research 
projects that are 
happening right now
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