
 

 

2020 Science Extension Project: 

The following projects are typically built of work already undertaken by the Barker College Science 
Extension Research Group. Students who are interested in enrolling in Science Extension should try 
and find a project, or project area, that interests them and speak to a member of the staff team 
about how that project could be adapted to their passions. In brackets are the best staff member to 
talk to, however you are welcome to approach any Science Extension teacher about any project. 
Students may also choose to come up with a unique project that is not related to any on this list.  

 

 

Variation in capillary action due to solute concentration, size, or intermolecular properties (Dr Katie 
Terrett, Dr Alison Gates)  

Capillary action, as described by the Lucas-Washburn Equation), involves solutions being drawn up 
narrow tubes which is the mechanism that many plants use to draw water (and with it nutrients) 
form the soil. Understanding variations in capillary action is essential for agriculture not only 
because of the update co nutrients but also potential toxins harmful to humans an animals. A 2019 
study investigate the effect of solute concentration but there is considerably more work to be done 
in this area of research. 

 

Investigating the antibacterial properties of Propyl Isothiocyanate (Dr Katie Terrett) 

A common and well investigated antibacterial compound is known as Allyl isothiocyanate (Olaimat, 
A & Holley, R 2013, p. 415). However, due to its hazardous nature an alternative, Propyl 
isothiocyanate, has been proposed as its chemical structure is similar to Allyl isothiocyanate’s. This 
research builds on a 2019 project which tested Propyl isothiocyanate concentration and its effect on 
a solution’s antibacterial properties given by the zone of inhibition. 

 

Synthesis and development of 4-idopyrimethanime as an anti-malaria drug (Dr Katie Terrett) 

Each year, about 200 million people get sick with malaria, and about 600,000 people die from the 
infection. The quest for new malaria therapeutics is a pressing ongoing public health issue. It’s 
particularly challenging, as the aggressive malaria parasite becomes drug resistant extremely quickly. 
One particular drug of interest in pyrimethamine; a once potent anti-malarial agent which has lost 
its effectiveness over time due to emerging drug resistance. Structural analogues of this compound 
have shown promise as new anti-malarial agents. This project will continue a 2019 study on the 
synthesis of 4-iodopyrimethanime as a potential new drug candidate.   

 



Representational Fluency in Year 11 Sciences (Dr Matthew Hill) 

Scientists communicate using representations of information. These include modes such as graphs, 
diagrams, words, and equations. Since the 1970’s multiple representations have been embedded in 
research on problem solving, however in recent years qualitative and quantitative studies have 
investigated student engagement with different representations and their ability to translate 
between them. Representational fluency in physics has been established as an essential pre-
condition required for successful learning and understanding, particularly focussing on university 
students. This project aims to investigate the level of representational fluency of Year 11 physics 
students and how that impacts their understanding in the subject. The project can alternatively be 
run in other scientific disciplines to see whether the results in physics translate. 

 

Improving laboratory outcomes in Year 11 Sciences through colour (Dr Matthew Hill) 

One area of current research at The University of Sydney’s Physics Education Research Group has 
been into student experience of laboratory activities. Recent results have shown that simple changes 
in student practical books such as adding colour, along with changing the colour schemes of the 
laboratory space, has resulted in a variety of positive outcomes. In this project, the researcher will 
work with teachers are Barker and researchers at The University of Sydney to implement research-
based changes to the Year 11 practical instructions in one of the sciences and measure the impact on 
student experience. 

  

The impact of teacher displayed enthusiasm on science learning (Dr Matthew Hill) 

Teacher enthusiasm correlates with student engagement and student learning outcomes. Most of 
the research in the field is into a teacher’s internal (or experiential) enthusiasm – how enthusiastic 
they are about teaching that subject, but another aspect of enthusiasm, displayed enthusiasm is 
under-researched. Through 2019 Year 10 students at Barker participated in a study where half 
learned about a year 11 chemistry topic from a teacher who did not show displayed enthusiasm, and 
the other half learned from a teacher who did show displayed enthusiasm. Results showed that the 
second group of students learned significantly better than the first. This project will seek to further 
validate these findings by making methodological changes and probing deeper into the cause of 
increased learning. 

 

Exploring the efficiency of propeller design using computational and 3D printing technology (Dr 
Matthew Hill) 

Propeller design considers many different aspects of fluid mechanics. Researchers investigate how 
the number, angle, curvature, width and shape of the blades effect efficiency along with whether 
the propeller is ducted and the role and shape of the ducting. The researcher will choose a particular 
variable in propeller design. Create the propellers using CAD before importing the designs into 
Computational Fluid Dynamics software to computationally compare the efficiency. 3D printed 
versions of the propellers will be produced to allow for the results to be verified with a practical 
experiment. 

 



Motivational styles and successful learning in Science (Dr Matthew Hill) 

Student motivation can be characterised in a variety of ways including intrinsic vs extrinsic, or 
curiosity, achievement, conscientious, and social. Do particularly motivated students choose certain 
sciences? Can we determine what the motivation profile looks like for someone likely to succeed in 
difficult science courses? What implications does this have for students choosing the subject, and 
more importantly what implications does this have for the teachers supporting every student.  

 

Epidemiological data analysis: Meningococcal in Australian remote populations (Dr Matthew Hill) 

Neisseria meningitidis, the bacterium for that causes Meningococcal Disease, is an invasive 
bacterium that can potentially cause severe brain damage if untreated. A large data set on the 
notifications of Meningococcal (along with many other diseases) is available through the use of 
public Australian Disease Surveillance System data. Research will involve manipulating the data set 
to investigate trends, particularly comparing groups in urban and remote areas, along with state-by-
state analysis. 

 

The probability of success – which card shuffle is most random (Dr Alison Gates, Dr Matthew Hill) 

Do you always complain when the Uno cards have not properly been shuffled before the next game? 
This research builds on a 2019 project that compared the efficacy of three common card shuffles. 
The 2020 project will involve adapting the research protocol for determining randomness and 
expand the study to demonstrate how your family should be shuffling on board game night. 

 

Can providing thought-intentions make a difference in plant growth (Dr Matthew Hill, Dr Alison 
Gates) 

‘Mind over matter’ has been a debated topic for years. Some believe that thoughts are as powerful 
as actions in causing something to happen, while others believe that thoughts are only something 
that occur in the brain. This investigation will look into the power of the same intention given by 
multiple people for a phenomenon to occur. Specifically, can people providing intention for plants to 
grow in a certain manner effect the growth of the plant. Here we a apply science to understand a 
belief that is usually talked about outside the realm of the scientific method. 

 

Do the physics principles of light reflection apply on the sporting field? (Dr Matthew Hill) 

The principle of reflection is that the angle of incidence is equal to the angle of reflection. This is 
most evident in the field of optics. Some research has identified which sporting activities also follow 
this principle, most notably an interesting 2019 study that determined some correlation between 
angle of incidence and reflection for Frisbees being thrown into the ground and bouncing off. 2020 
research will apply this methodology to another unique sporting collision of choice. 

 

The impact of crossed eye-hand dominance impact basketball free-throw shooting ability? (Dr 
Matthew Hill, Dr Alison Gates) 



When performing simultaneous goal-directed eye and hand movements, both the time and location 
at which eye and hand land on the object need to be harmonized. Lateral dominance has had many 
investigations throughout history to determine whether it has any impact on many aspects of life 
involving co-ordination. A 2019 study compared students’ ability to shoot free-throws based on 
whether they were crossed eye-hand dominant. This research has proposed a variety of further 
areas of investigation for 2020. 

 

Filtration of water using plant xylem (Dr Katie Terrett, Dr Alison Gates) 

The lack of access to water that is not contaminated by pathogens is a significant issue faced by a 35 
percent of the world’s population. There are currently many methods to filter out these biological 
contaminants, however, many of these are ineffective. The xylem of gymnosperm wood has been 
proven to be an effective filter in removing biological contaminants. This experiment will build on 
2019 research which investigated whether the use of xylem in angiosperm plants is as effective as 
the xylem in gymnosperm plants. 

 

Varying viscosities of cross-linked polymers (Dr Katie Terrett) 

The cross linked polymer, sodium tetraborate (commonly known as borax) and polyvinyl acetate 
(PVA), acts as a viscoelastic gel at room temperature. In theory through the manipulation, in this 
case decreasing, of the temperature the viscosity of the polymer will proportionately change. Cross-
linked polymers have very little real-world application partly due to the lack of understanding of 
their properties, this experiment intends to shed some light on how they can be used in varying 
temperatures, building on a 2019 research project. 

 

Leaf me alone! How plants respond to external stimuli (Dr Alison Gates) 

This investigation looks at how various physical contacts with plants effect their growth. Plants 
experience physical touch through various means including those that are naturally occurring such 
as wind and rain. Various experimental groups will be set up varying the conditions of the physical 
touch to investigate how the growth of the plants is affected. A particular challenge of this project is 
ensuring that all unrelated variables are controlled across each group. 

 

Student perceptions of environmental efficacy (Dr Alison Gates) 

In a world where students are continually given cause to consider environmental issues, the 
problems can become overwhelming. Research suggests that individual actions can make significant 
differences to large problems but attitudes and perceptions can lead to inaction. Research about 
lived behaviours such as recycling, compositing, shopping habits, food preparation and so on are key 
to unlocking strategies for community education. 

 

 

 



Backyard Science: the role of garden and community surveys (Dr Alison Gates) 

Observations about population distributions of common backyard species including birds, bugs, 
reptiles feature heavily in so called “backyard science” programs. This research has been shown to 
be important to establish and classify population growth and decline in local gardens or community 
public lands such as parks. There are many projects that are up and running that have existing data 
already available or scope to begin new projects that investigate local populations. 

 

Student confidence in difficult science subjects and effect on performance (Dr Matthew Hill) 

When a student starts to doubt their ability and perceives that others in the class have understood 
the topic better than them it can quickly affect their progress. It is hypothesised that students tend 
to doubt their ability and therefore through the lack of confidence may occasionally stop trying to 
understand a difficult concept rather than insisting on achieving success. This research will compare 
student perception of understanding with their actual level of understanding in relation to the rest 
of the class with interesting implications for teaching and learning Science at Barker and beyond. 

 

Breaking Good – Various projects to improve human health (Dr Katie Terrett) 

The ‘Breaking Good’ project is a citizen science project that aims to empower high school students to 
be active researchers in projects that will improve human health.  This educational project promotes 
STEM to young people through involvement in a real research project that is part of a public domain, 
open science consortium. Students conduct literature and database research followed by chemical 
synthesis to generate important medicines or discover new ones. By making “molecules that matter” 
students develop essential research skills, make new discoveries and contribute research data 
towards the solution of important public health needs. Visit breakinggoodproject.com for more 
details. 

 


