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Time GSB 305 GSB 306 GSB 307 GSB 308 

1:15 – 1:45 Welcome by FMS Dean (GSB 306) – Dr. Peter Berg 

1:55 – 2:10 Dr. Jeffrey Atkinson 

2:15 – 2:35 

Exploring Correlations in 
High Density Packings 

Amna Khairi Nasr- 
Sir Winston Churchill 
Secondary School 

Research conducted under 
the supervision of Dr. Ganesh 
Ramachandran, Department 
of Physics. 

Recreating a tumour 
microenvironment: 
Solving a major 
problem in cancer 
cell culture  

Camela Temacini - 
Governor Simcoe 
Secondary School 

Research conducted 
under the  
supervision of Dr. 
Jeffrey Stuart,  
Department of 
Biological Sciences. 

Eye Gaze Influence 
on Sentence 
Comprehension 

Orlin Chowdhury – 
Laura Secord 
Secondary School 

Research conducted 
under the supervision 
of Dr. Veena Dwivedi, 
Department of 
Psychology. 

High Trait Anxiety is 
Associated with 
Inefficient 
Information 
Processing: An Event 
Potential Study  

Zoe Delrue –  
Holy Cross Catholic 
Secondary School 

Research conducted 
under the supervision 
of Dr. Ayda Tekok-
Kilic, Department of 
Child and Youth 
Studies.

2:40 - 3:00 

Computational Simulation of 
the Effects of COVID-19 
Therapeutics to SARS-CoV-2 
Variants 

Grace Sargeant –  
Thorold Secondary School 

Research conducted under 
the supervision of Dr. Yifeng 
Li, Department of Computer 
Science.

Engineering a light-
gated tool to control 
Notch Signalling 
Activity in Drosophila 

Payton Thomson –  
A.N. Myer Secondary 
School 

Research conducted 
under the  
supervision of Dr. 
Aleksander Necakov, 
Department of 
Biological Sciences.

The Development of 
Social Reward 
Motivation From 
Early Adolescence to 
Adulthood in Female 
and Male Long-Evans 
Rats  

Samantha Wimbush – 
E.L. Crossley
Secondary School

Research conducted 
under the supervision 
of Dr. Cheryl 
McCormick, 
Department of 
Psychology. 

How effective is 
Lalcide Chondro on 
the regrowth of an 
invasive species of 
Buckthorn in the 
Niagara Region of 
Ontario? 

Abby DiMaria –  
Holy Cross Catholic 
Secondary School 

Research conducted 
under the supervision 
of Dr. Katherine Yagi, 
Department of 
Biology. 
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3:05 – 3:25 Refreshment Break 

3:30 – 3:50 

Training an AI agent to play 
Pac-Man 
 
 
Tosha Samokhin –  
Sir Winston Churchill 
Secondary School 
 
Research conducted under 
the supervision of Dr. Yifeng 
Li, Department of Computer 
Science. 

Music and Genre 
Classification Using 
Machine Learning  
 
Sofia Gandola –  
Holy Cross Catholic 
Secondary School 
 
Research conducted 
under the supervision 
of Dr. Renata Queiroz 
Dividino, Department 
of Computer Science. 

Functionalized 
Silatrane Lipid Head 
Groups 
 
Julia Dargacz –  
St. Paul Catholic High 
School 
 
Research conducted 
under the  
supervision of Dr. Paul 
Zelisko, Department 
of Chemistry. 

Remains of 
consumers in varved 
sediments record 
human impact on 
Crawford Lake  
 
Erin Ghosh –  
Eden High School 
 
Research conducted 
under the  
supervision of Dr. 
Francine McCarthy, 
Department of Earth 
Sciences. 

3:55 – 4:15 

Ultrasonic Visual Assistance 
Device  
 
 
Elijah Cosby – 
Thorold Secondary School 
 
 
Research conducted under 
the supervision of Mr. Tom 
MacDonald, Manager - 
Technical Services. 

Comparing Deep 
Generative Models 
for Art Generation  
 
 
Colby Hruska - 
Stamford Collegiate 
 
Research conducted 
under the supervision 
of Dr. Renata Queiroz 
Dividino, Department 
of Computer Science. 

Crosslinking Thymine 
Silicone Polymers 
 
 
Rachel Veldhuizen - 
E.L. Crossley 
Secondary School 
 
Research conducted 
under the supervision 
of Dr. Paul Zelisko, 
Department of 
Chemistry. 

Effect of voluntary 
wheel running on 
bone structure of 
tibias in 
ovariectomized 
C57BL6/J mice 
 
Aaliya Gouthro –  
Holy Cross Catholic 
Secondary School 
 
Research conducted 
under the supervision 
of Dr. Wendy Ward, 
Department of 
Kinesiology. 

4:20 – 4:40 

Analyzing Common 
Misconceptions Regarding 
Hypothetical Time Travel in 
Popular Media  
 
Mark Sun –  
Sir Winston Churchill 
Secondary School 
 
Research conducted under 
the supervision of Dr. Barak 
Shoshany, Department of 
Physics. 
 

Sentiment Analysis 
for Youth Mental 
Health Twitter 
Campaigns  
 
Steffen Zylstra –  
St. Michael Catholic 
Secondary School 
 
Research conducted 
under the supervision 
of Dr. Renata Queiroz 
Dividino, Department 
of Computer Science. 

Utilizing Siloxanes to 
Increase the 
Solubility of 
Biocatalysts in 
Organic Solvents 
 
Zain Ahmed - 
Holy Cross Catholic 
Secondary School 
 
Research conducted 
under the supervision 
of Dr. Paul Zelisko, 
Department of 
Chemistry. 
 

Localization of 
Neuropilin-1 
Receptors in 
Hippocampal CA1 
Pyramidal Neurons  
 
Izma Bokhari –  
St. Francis Secondary 
School 
 
Research conducted 
under the supervision 
of Dr. Stephen 
Glasgow, Department 
of Biological Sciences. 

5:00 Closing Remarks 

 



Exploring Correlations in High Density Packings

Amna Khairi Nasr
Sir Winston Churchill Secondary School

Research conducted under the supervision of Dr. Ganesh Ramachandran, 
Department of Physics

There are many different types of elemental metals, each of these having different 
biases towards certain structures. This project looked into these biases and structures and how 
to best represent them. All the way back in 1611 Kepler’s conjecture stated that cubic and 
hexagonal packings were the densest packings (Weisstein, 2023), although later in 1883 it was 
proposed that there are many more possible combinations (Barlow, 1883). Multiple 
programs were written to simulate the possible combinations of an elemental metal and 
the probabilities attached to each combination. These programs focused on structures where 
triangular layers are stacked, which entailed a two-fold choice. Binary numbers were 
converted to ising variables that were chosen to encode this choice. Using the 
programs, correlations were measured and plotted. A hypothetical, unbiased metal was 
first tested before branching out towards different concepts such as perfect materials, defects 
in materials, and the temperature threshold for a “good” configuration. A set of experiments 
was designed where different layers were modeled using carefully positioned clear spheres. 
They were shaken to produce different configurations. 3D printing was experimented with, as 
this was a precise way to place spheres. The 3D printer allowed the user to easily create bias 
within the layers by strategically placing obstacles throughout the layers. Through the steps 
taken in this experiment, a formula was derived for both biased and unbiased elemental 
metals, which calculates the probability that the metal has the same first and last layer. This 
project allows people to better understand the defects in elemental metals, and represent them 
in different ways. Furthermore, It is useful for processes such as pulsed laser deposition as 
it gives information about how layers would prefer to be placed.
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Recreating a tumour microenvironment: 
Solving a major problem in cancer cell culture

Camela Temacini 
Governor Simcoe Secondary School

Research conducted under the supervision of Dr. Jeffrey Stuart, 
Department of Biological Sciences

In tumours, rapid proliferation of cancer cells leads to the depletion of oxygen and nutrients 
from the local environment. Despite the fact that this is well understood, the vast majority of research 
on cancer cells is done in conditions where nutrients and oxygen are in excess. Recently, this 
discrepancy has received attention and criticism, and studies have shown that maintaining the correct 
nutrient composition affects the outcome of experiments. The purpose of this project is to compare 
how cancer cells behave in an environment designed to mimic the tumour from which they were taken 
versus the typical cell culture environment. The project began with collecting published values for the 
concentration of oxygen and other metabolites for the interstitial fluid within pancreatic tumours. These 
values were used to establish a recipe for making a medium to grow the pancreatic cells in the lab. We 
are calling the medium ‘CancerMax’. Initially, it was necessary to establish methods for maintaining 
oxygen levels at the right level. To ensure correct oxygen levels, the cells were grown in ~2% oxygen 
and monitored using the Presens Oxodishes. With this, glucose concentrations of each Oxodish well 
were measured using the GlucCell meter to determine the growth rate of the cells. The data will 
provide insight into how cell proliferation is affected. Moreover, by controlling the cancer cells' 
microenvironment, researchers can grow tumours to the best approximation of the body. This opens a 
gateway to studies involving other cancer cell types and the creation of cancer-specific media.
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  Eye Gaze Influence on Sentence Comprehension 

Orlin Chowdhury 
Laura Secord Secondary School 

Research conducted under the supervision of Dr. Veena Dwivedi, 
Department of Psychology

Social context is an integral part of communication. Presently, we investigate the 
role that social visual attention plays in language comprehension. When individuals talk 
about the same object, they often direct attention by pointing with their finger to avoid 
ambiguity. Here, we investigated how eye-gaze cues (direct vs. averted) influence the 
interpretation of sentences with non-specific vs. specific reference, as in “The kid climbed a 
tree” vs. “The kid climbed that tree.” In an online study, we first investigated the interpretation 
of these sentences without any other context or cues. We found that participants (N= 32) 
rated sentences with non-specific reference “... a tree” as more natural than sentences with 
specific reference “... that tree.” In a second online experiment, we added facial stimuli with 
direct or averted gaze prior to the presentation of sentences with non-specific vs. specific 
reference. Participants (N= 22) were asked again to judge the sentences (identical to those 
in the previous experiment). We found that eye-gaze did modulate sentence interpretation; 
differences in naturalness ratings for specific sentences “... that tree” diminished when 
eye-gaze was averted vs. direct, whereas no significant difference was observed for non-
specific “... a tree.” We discuss our preliminary findings and implications as the basis for 
understanding how information is communicated using social visual attention and language. 



High Trait Anxiety is Associated with Inefficient Information 
Processing: An Event Potential Study 

Zoe Delrue  
Holy Cross Catholic Secondary School 

Research conducted under the supervision of Dr. Ayda Tekok-Kilic, 
Department of Child and Youth Studies

Individuals with high Trait Anxiety (TA), a temperament that is characterized by chronic 
worry, have difficulty in processing information efficiently. High TA increases distractibility, 
lowers inhibitory control and interferes with goal directed actions. Continuous Performance Task 
(CPT) is a sustained attention task used to assess attention allocation, target detection, and response 
inhibition functions. The present study investigated the relationship between TA, 
neurophysiological markers of early (P100, P200) and late information processing (P300) and the 
performance (mean Reaction Time and Reaction Time Variability) in a distractor CPT paradigm. 
It was hypothesized that the individuals with high TA would (a) be less efficient to detect targets 
(b) have longer RTs and more RT variability when there were distractors in the environment. 77 
typically developing undergraduate students (18-26 years) were recruited. EEGs were recorded 
during distractor CPT. The State Trait Anxiety Inventory (STAI) was used to determine anxiety. 
The results showed that the P1 and P2 amplitudes were lower in response inhibition conditions 
with distractors in high TA group compared to low TA group, indicating inefficient early stimulus 
detection and attention allocation in high TA group. In addition the high TA group had a longer 
RT as well as more variability in their responding when distracted. The results supported that high 
TA may be a risk factor for inefficient information processing even in individuals who are not 
clinically diagnosed.
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Computational Simulation of the Effects of COVID-19 
Therapeutics to SARS-CoV-2 Variants

Grace Sargeant 
Thorold Secondary School

Research conducted under the supervision of Dr. Yifeng Li, 
Department of Computer Science

Since Covid-19 was given global pandemic status in March 2020, the race for a vaccine 
and treatments for the virus has been intense. Different companies used various methods to 
reach a solution, such as mRNA, viral vector vaccines, and what this research focuses on, drug 
repurposing. Drug repurposing is one of the fastest ways to find treatments for viruses. It takes 
pre-existing drugs and finds possible ways to reuse them to fight a new target, meaning half of 
the drug discovery process is already complete. Using an efficient in-silico process to screen 
small molecules and a high-performance computer protein-ligand docking tool, AutoDock 4, this 
research seeks to find the most effective repurposed drug treatment for different Coronavirus 
variants. In addition, it also evaluates the variant-to-variant mutations and their subsequent 
effect on the efficacy of the repurposed drug. The virtual docking ran seven repurposed drugs 
(Baicalein, Bisoxatin, Chloroquine, Cilostazol, Hydroxychloroquine, Oxytocin, and Rutin) with 
the spike glycoprotein of four different Covid variants (Alpha, Beta, Delta, and Omicron). After 
successful simulations, the program outputted average binding affinity scores, which indicate 
the strength of protein-ligand interactions. Using this data, I drew hypotheses about the 
mutations of the virus, the comparative R values of the variants and their consequent global 
impact, and ultimately which drugs worked best against each variant. This research gives 
valuable information about the next steps in drug discovery for future Covid treatments and how 
we can most effectively fight the virus that has put the world into ongoing lockdowns.
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Engineering a light-gated tool to control Notch Signalling 
Activity in Drosophila

Payton Thomson 
A.N. Myer Secondary School

Research conducted under the supervision of Dr. Aleksander Necakov, 
Department of Biological Sciences

The Notch signalling pathway is a cell-cell communication system that is critical for cell 
specialization and division. Notch is a protein located on the cell membrane. When it binds to 
the ligand, Delta, the Notch protein can indirectly activate target genes by removing a gene 
repressor. The aim of this study is to design a molecular tool to control endogenous Notch 
activity. A variety of techniques were used to engineer a light-inducible tool that allows precise 
control of endogenous Notch signalling. This system was implemented and validated in 
Drosophila melanogaster. Cry2 is an optogenetic tag that binds to itself upon exposure to blue 
light. We constructed Opto-nanobody, a fusion protein containing Cry2. A previously generated 
Notch-YFP flyline was also used. When both Opto-nanobody and Notch-YFP are present in the 
cell, they will bind. Upon exposure to blue light, Cry2 will bind to itself and cause the clustering 
to Notch-YFP molecules. This will prevent Delta from binding the Notch receptor and abolish 
Notch signalling. We have generated an artificial gene that is being injected into fly embryos to 
produce a transgenic flyline containing the Opto-nanobody gene. To express this system in 
Drosophila, we used a transcriptional activator, Gal4. Using genetic crosses with the transgenic 
flies, a line that expresses Gal4, Notch-YFP, and Opto-nanobody will be generated. We can 
validate this system by analyzing the expression of a Notch target gene, single minded (sim). It 
is hypothesized that sim expression will be significantly reduced in the transgenic flies exposed 
to blue light. This research will provide a novel molecular tool to study Notch activity. It is 
anticipated that this will advance our understanding of cell signalling.
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The Development of Social Reward Motivation 
From Early Adolescence to Adulthood 
in Female and Male Long-Evans Rats 

Samantha Wimbush
E.L. Crossley Secondary School

Research conducted under the supervision of Dr. Cheryl McCormick, 
Department of Psychology

Adolescence is a developmental stage describing the transition from childhood to 

adulthood. Often distinguished by a heightened sensitivity to environmental influences, 

adolescence is a time of substantial physical, physiological, and psychological maturation. Both 

human and rat adolescents have been observed to evaluate reward differently compared to other 

ages, however little is known regarding how reward evaluation may change throughout 

adolescence, and how these developmental trajectories may vary between sexes. Utilizing an 

operant conditioning device, rats could insert their snout, 'nose-poke', into a port, which breaks an 

infrared beam, and triggers a gate to open, allowing for access to a social stimulus peer. 

Motivation for peer interaction was measured by the number of 'nose-pokes' recorded on a 

progressive ratio test. Rats from four age groups, postnatal day 30, 40, 50 and 70 were used to 

represent three points across adolescence and one fully matured adult respectively. Through this 

study, a lack of sex differences was found when using the progressive ratio test, except for male 

rats at postnatal day 40. At P40, male rats were less socially motivated than P40 female rats and 

were the least socially motivated male age group. Ultimately, the development of social reward 

processing is dynamic across adolescents, in addition to social motivation between adolescents 

and adults differing. 
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How effective is Lalcide Chondro on the regrowth of an invasive 
species of Buckthorn in the Niagara Region of Ontario?

Abby DiMaria 
Holy Cross Catholic Secondary School

Research conducted under the supervision of Dr. Katherine Yagi, Department of Biology 

Invasive species have taken over many of our ecosystems within Canada and conservationists 

are searching for the most effective way to restore these ecosystems back to a place where the plants 

native to that area can thrive. Within this paper, we will examine how effective the fungal-based 

herbicide Lalcide Chondro is on the regrowth of an invasive species, Rhamnus cathartica or Common 

Buckthorn, in the Niagara Region of Ontario. With the use of plots located at the Netherby Road and QEW 

intersection in Fort Erie, the herbicide was applied on 6 of the 12 plots containing previously cut stems on 

July 8th, 2022. The herbicide manufacturer has indicated that a minimum of 4-5 months is needed 

before the effects of the product can be observed.  Stem counts from two months post-application showed 

no effect of the herbicide. When Buckthorn stems from six months post-application were viewed 

under a microscope, the cardiovascular structure of the treated stems was disturbed, where the 

vascular tissue was altered in appearance, likely impacting the nutrient uptake of the plant. In future 

studies, it is recommended to test the product on multiple species and try using the product earlier in the 

season to detect its effectiveness prior to the winter months.
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Training an AI agent to play Pac-Man 

Tosha Samokhin   

Sir Winston Churchill Secondary School 

Research conducted under the supervision of Dr. Yifeng Li, 
Department of Computer Science

This project shows the process used to make an artificial intelligence learn to 
play atari video games, namely Pac-Man. AI has been seeing a growth in interest in 
recent years, and many new applications are being developed at all times. The AI 
created here demonstrates one of the possible applications of AI, playing a video 
game. The OpenAI Gym environment loaded the game for the AI to play. This 
environment essentially initialized the game, and handed off the control of the 
character. The actual AI agent was created through PyTorch, which is a framework 
used for designing Artificial intelligence. The AI used reinforcement learning, which 
means that each action was based on the observance of a previous action. The final 
results show that it is possible to design an AI that can start off with no knowledge of 
how to control the game, and then be taught how to be very proficient at playing it, as 
good or better than a human can. There are many practical applications of training an 
AI from nothing, for example an AI could be trained to learn traffic density, and control 
traffic lights accordingly. 
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Music and Genre Classification Using Machine Learning

Sofia Gandola 

Holy Cross Catholic Secondary

Research conducted under the supervision of Dr. Renata Queiroz Dividino, 

Department of Computer Science

Research Focus: Automatic musical genre classification through machine learning.

The objective of this study was to build a Music Genre Classification tool to categorize 

songs into genres, such as pop, rock, hip-hop, reggae, etc. Our machine-learning model learns 

to classify songs by extracting and analyzing mathematical elements (i.e., features) of audio 

data such as rhythm, spectral, harmonies and other characteristics of music. We trained classical 

machine learning models such as Decision Trees, Random Forests, and Nearest Neighbour 

classifiers, using the GTZAN dataset, containing 1000 pieces of sample data, all audio (.wav) 

files. The sample data is categorized into 10 folders, one for each genre, and each sample is 30 

seconds long. Each sample has been collected from a CD, radio, or microphone recording, to 

represent a variety of audio conditions. As we continue to make alterations to our model, we will 

have made evaluations of the performance (i.e., accuracy) of each classifier in the GTZAN dataset, 

and will have introduced our model to new music to improve its preciseness.
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Functionalized Silatrane Lipid Head Groups

Julia Dargacz
St. Paul Catholic High School

Research conducted under the supervision of Dr. Paul Zelisko, 
Department of Chemistry

Silatranes are a silicon containing tricyclic cage-like molecule that possess a transannular 
dative bond. They have a wide range of biological applications all dependent on the substituent 
bound to the silatrane. For example, 1-chloromethylsilatrane has shown to 
possess pilotropic properties while 1-(3-aminopropyl)silatrane derivatives significantly impact 
tumour growth in certain types of cancers. In an attempt to further explore the biological 
significance of silatranes, this research outlines methods for synthesizing lipids which 
contain a silatrane functionalized head group. The chosen compound was the 
commercially available 1-chloromethylsilatrane which was reacted with sodium iodide in 
an attempt to substitute its chlorine with iodine. This would make this area in particular 
more electrophilic and able to better react with certain nucleophiles. The goal of this 
research was to modify the silatrane in an attempt to make it more reactive, potentially allowing 
for the silatrane to be added as a functionalized head group to common lipid tail 
components. This type of reaction was then repeated with various silatranes and 
common lipid tail components including 1-(3-aminopropyl)silatrane and 1,3-
dipalmitin. Previously, lipids containing silicon within the tail portion have shown to 
have promising applications for the delivery of medications through their ability to form 
consistent 100 nm unilamellar vesicles. A lipid containing a functionalized silatrane 
headgroup has yet to be studied and the potential for biological applications is 
unexplored. For this reason, this research will provide a greater insight into the impact that 
silatrane-modified lipids may have on the field of drug-delivery.
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Remains of consumers in varved sediments record human 
impact on Crawford Lake 

Erin Ghosh 
Eden High School 

Research conducted under the supervision of Dr. Francine McCarthy, 
Department of Earth Sciences 

Crawford Lake, near Milton, Ontario, is almost 24 meters deep and the lakebed remains untouched 

by the wind and burrowing organisms. This created the perfect environment to preserve the past. 

The light (inorganic calcite) and dark (organic matter) sediment layers that accumulate seasonally 

(varves) like tree rings can provide accurate information on the history of the lake and surrounding 

environment, particularly associated with the Indigenous and European settlements. Microscopic 

examination of samples from different depths of core CL-19 revealed varying frequencies of 

various species of consumer organisms present in ‘pollen slides’, processed using acids to dissolve 

minerals.  

Crawford Lake is an example of how humans affect the environment. Without directly doing 

anything to the lake, their lifestyles make a big impact. The palynological record of consumers 

increased sharply as increased nutrients influx to the lake (eutrophication) accompanied by 

Indigenous and colonial settlement (e.g., agriculture and human waste), but declined to almost pre-

anthropogenic conditions in the 16th through mid-19th centuries (figure below). The decline in 

nutrient concentration limited algal growth and therefore, that of their consumers, such as rotifers- 

simple ‘wheel animals’. Keratella cochlearis peaked during both human settlement periods, 

whereas Keratella earlineae and Keratella quadrata are only common in the Canadian zone and 

Keratella hiemalis was only common during the Indigenous zone. The rotifer Kellicottia 

longispina co-occurs with Strombidium (cysts of a ciliate) between around 1400 and 1700 AD. 

Other consumers, such as the larval stage of non-biting midges (chironomids) thrived under lower 

nutrient (oligotrophic) conditions. 
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Data from core CL-19 from 22 m in Crawford Lake of (a) consumer palynomorphs vs. depth and (b) pollen 
data from the same core, with sediment ages from McCarthy et al. (2023). Gray areas mark periods of 
human settlement, with the Indigenous Zone from the late 13th to 15th century, and the Canadian Zone from 
1867 to the present. 



Ultrasonic Visual Assistance Device 

Elijah Cosby 
Thorold Secondary School

Research conducted under the supervision of Mr. Tom MacDonald, 
Manager - Technical Services

Sight loss is highly prevalent and creates numerous challenges associated 
with transportation and exploring unfamiliar areas. Navigating foreign spaces with sight 
loss can feel intimidating and frequently leads to a deterrence of traveling, which 
can result in isolation and anxiety in individuals. Although tools exist to aid in 
navigation, such as white canes to feel the spaces ahead, recent technological 
advances open opportunities for additional devices to be developed that can build 
confidence and bring comfort to their users. High costs of the current 
technology-based products attempting to address these issues create an accessibility 
barrier for many. This project is based on developing a more affordable assistance 
device for individuals with sight loss by utilizing the Raspberry Pi Pico 
microcontroller paired with ultrasonic sensors and an mp3 module to detect and 
inform the user of obstacles in their path. Its research led to the creation of a working 
prototype where the cost was roughly 75% less than what a CNIB 
representative deemed an optimal price point for a device with its capabilities to 
be accessible for most. Due to the time constraints of the program, further 
development of the electronic casing and straps are required before 
marketability; however, the prototype accurately demonstrates the concepts of an 
obstacle avoidance assistive device based on data collected from initial trials.
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Comparing Deep Generative Models for Art Generation

Colby Hruska 
Stamford Collegiate

Research conducted under the supervision of Dr. Renata Queiroz Dividino,
 Department of Computer Science

The goal of this study is to generate paintings using deep generative models. Generative 
modelling entails deriving a dataset's probability distribution implicitly, allowing for the sampling 
of new data from the same distribution. Image colorization, image reconstruction, data 
augmentation, and artistic creation are all examples of how generative models are utilized. 
Deep generative models are a type of deep learning architecture used to train generative 
models. In this research, we develop deep generative models for art generation, in which 
models learn to generate images of new paintings based on a set of examples.

We trained two deep learning architectures on the WikiArt dataset: denoising diffusion 
probabilistic models and generative adversarial networks. To compare the image sample quality 
generated by these modelling techniques, we used Fréchet inception distance, a commonly 
used metric for comparing the similarity of generated images to real images. We discuss the 
advantages and disadvantages of these techniques, as well as their relative strengths.
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Crosslinking Thymine Silicone Polymers 

Rachel Veldhuizen, 
E.L. Crossley Secondary School

Research conducted under the supervision of Dr. Paul Zelisko and Laura Voigt, 
Department of Chemistry

Thymine is one of the main components found in DNA, hydrogen bonding with adenine to form 

the genetic code. Due to thymine’s capability to hydrogen bond, this trait can be taken advantage of in 

other chemical reactions. In 2021/2022, thymine silicone polymers were created using different 

concentrations of thymine, with the goal of producing recyclable, self-healing silicone polymers. The 

result of these experiments produced hard, but brittle polymers. Brittleness is an undesirable trait for 

industrial purposes, posing the opportunity for further research now in 2022/2023 into polymers with 

desirable traits like flexibility and transparency. Two types of polymers; a backbone functionalized 

polymer and an end-group functionalized polymer, are being modified and combined with certain 

concentrations of thymine to theoretically increase flexibility. The combination of these substances is 

expected to produce a network of individual bonds, which is called crosslinking. Crosslinking is expected 

to increase the distance between the polymers, creating increased flexibility. Once the two polymers 

and the thymine concentrations are combined, the product can be torn apart, placed into a mold, and 

put into the oven at 110°C. At this temperature the hydrogen bonds will break apart, and once removed 

from the oven and set at room temperature for approximately 5 minutes, the hydrogen bonds will 

reform, returning the product to a solid state. This process can be repeated multiple times exhibiting 

the extended life and recyclability of thymine silicone polymers. The recyclability can be taken 

advantage of in the polymer's similarity to recyclable plastics. Practical examples of the applicable uses 

of thymine silicone polymers can include water bottles, 3D printing, coatings, and sealants. 
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Effect of voluntary wheel running on bone structure of tibias 
in ovariectomized C57BL6/J mice

Aaliya M. Gouthro
Holy Cross Catholic Secondary School

Research conducted under the supervision of Dr. Wendy E. Ward and Jenalyn L. 
Yumol, Department of Kinesiology

Background: The removal of ovaries and reduction in endogenous estrogen production weakens 
the trabecular bone structure of mice due to an increase in bone resorbing osteoclast activity. The 
loss of bone structure in ovariectomized mice mimics what occurs in postmenopausal women and 
provides a model to study potential interventions that may protect against fractures after post-
menopause. Physical activity, specifically voluntary wheel running (VWR) is of interest as it can 
stimulate bone building osteoblast activity.
Objective: To determine if VWR supports trabecular bone structure at the proximal tibia in 
ovariectomized female mice.
Methods: 24-week-old female C57BL/6 mice underwent ovariectomy (n=20) or sham (n=20) 
procedure and were fed ad libitum with access to a cage wheel (VWR, n=10/group) or no cage 
wheel (sedentary control, n=10/group) for 8 weeks. Tissues were collected and stored in a -80°C 
freezer for later analysis (completed prior to the Mentorship program).
Progress to date: Ex vivo scans of the tibia were performed and images were reconstructed and 
reoriented. The region of interest was defined at the proximal tibia, beginning 4.05 mm from the 
reference growth plate and extending 3.15 mm distally. Trabecular bone structure outcomes –
bone volume fraction and trabecular thickness, separation and number – have been measured in a 
sample subset (n=3/group). While further analyses are in progress, these results will inform 
future studies about use of physical activity to support bone structure.
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Analyzing Common Misconceptions Regarding Hypothetical 
Time Travel in Popular Media

Mark Sun 
Sir Winston Churchill Secondary School

Research conducted under the supervision of Dr. Barak Shoshany, 
Department of Physics

Time travel is a very prevalent trope within media, from books, movies, and video games, 
many works in various forms and genres of media contain time travel. The depiction of 
time travel within these stories usually has serious flaws, either in science, which is to 
be expected due to the speculative nature of hypothetical time travel and the suspension of 
disbelief; or, more severely, flaws in logic; however unfeasible, controversial, and 
speculative hypothetical time travel might be, finding and analyzing common 
misconceptions in time travel stories could be useful for pedagogical purposes. In this 
project, seven pieces of popular media were analyzed by finding logical flaws, inconsistencies 
with known laws of physics, flaws with the method of time travel, misunderstandings with 
paradoxes, and misunderstandings regarding the proposed solutions to paradoxes. 
Through these analyses, common misconceptions were identified and then analyzed again 
as to why they are incorrect using other sources that speculate on the nature of time travel and 
how it might be achieved. Visualizations were then created for each piece of media in the form 
of timeline diagrams to make them more understandable. These timelines and analyses of 
common misconceptions will help the average person understand more about 
hypothetical time travel and how it could be potentially achieved by educating them 
on the details of hypothetical time travel and clearing them of common misconceptions 
regarding it.
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Sentiment Analysis for Youth Mental Health Twitter Campaigns

Steffen Zylstra  

St. Michael Catholic Secondary School

Research conducted under the supervision of Dr. Renata Queiroz Dividino, 
Department of Computer Science

From the Canadian Mental Health Association, approximately 1 in 5 children and youth in 

Ontario has a mental health challenge. Being such a prevalent issue, it is important to analyze every 

potential cause and solution of this concern to ensure a positive future for students. Social media and 

the mental health campaigns on platforms such as Twitter seek to promote mental health awareness, 

and are seen by many, with Bell's "Let's Talk" campaign alone being shared almost 1.5 billion times. 

This example along with adjacent projects are viewed by an increasingly online population of youth. 

Following questions raised about their efficacy, this research project aims to analyze youth mental 

health movements and organizations at regional, provincial, and national level to find how people 

interact with and think of their problem-solving cause. Data science and machine learning techniques 

will be used to look at thousands of tweets fitting keywords related to Twitter presences such as "Bell 

Let's Talk," "RBC Race for the Kids," and "Pathstone Mental Health." Specifically, within those two 

categories, sentiment analysis techniques will be utilized to determine whether the tweets associated 

with these causes to be positive, neutral, or negative, underlining which tweets, if any, had a positive 

sentiment associated with them, and thus a positive effect on viewers. This information will then shed 

light on the best tweets to present to youth to have a positive impact on their mental health and 

awareness of mental health issues. 
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Utilizing Siloxanes to Increase the Solubility of Biocatalysts in 
Organic Solvents

Zain Ahmed
Holy Cross Catholic Secondary School

Research conducted under the supervision of Dr. Paul Zelisko and Najibeh Alizadeh, 
Department of Chemistry

Biocatalysis offers an attractive route in the development of more sustainable 
approaches in chemistry, especially silicon chemistry. Given the propensity for enzymes and 
other biocatalysts to operate optimally in an aqueous environment and the typical need for 
organic solvents to effect a large range of chemical transformations, there are obvious 
challenges to incorporating biocatalysts; biocatalysts do not necessarily fare well in organic 
solvents. One solution to this challenge has been the immobilization of the biocatalyst onto 
solid supports. Although this type of immobilization does stabilize the enzyme in organic 
solvents and facilitates removal of the catalyst, there are limitations to this strategy. Biocatalytic 
reactions of enzymes on solid supports are effectively interfacial chemistry, which is 
traditionally less efficient than solution chemistry. With immobilized biocatalysts there is also 
the risk that the enzyme will not be bound/encapsulated in such a manner that will expose the 
active site, and mass transport issues arise in several instances. In an effort to address of 
these shortcomings, we have functionalized biomolecules with siloxanes in an effort to 
increase their solubility and stability in organic solvents as free molecules rather than as 
immobilized structures, with the aim of facilitating biocatalytic transformations in a 
homogeneous solution. Human serum albumin (HSA) was selected as a model protein with 
which to begin these studies given the readily available and well developed methods for 
characterizing its conformational state. Methods for conjugating siloxanes to the protein and 
the implication(s) of the siloxanes on protein structure and its subsequent solubility in organic 
solvents will be discussed.
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Axon growth cones are guided by attractive and repulsive guidance cue proteins 
and are required for normal neuronal development. Semaphorins are a family of 
chemorepulsive guidance cue proteins that were first characterized in the collapse of 
developing growth cones. Neuropilin-1 (NRP-1), a receptor of class 3 Sema3A protein, is 
expressed in the mammalian brain throughout development, but little is known about its 
expression and function in the adult brain. Using a combination of immunohistochemical 
labeling with epi-fluorescent and high- resolution confocal imaging, we examined 
NRP-1 localization in the adult mouse hippocampus CA1 region, a brain area critically 
involved in the formation and retrieval of spatial memories. We show that NRP-1 is 
localized throughout the cell layer as well as both the basal and apical dendrites of CA1 
pyramidal neurons. Moreover, we show that NRP-1 co-localizes with excitatory 
synaptic markers, including the postsynaptic density protein (PSD-95), suggesting that 
it may contribute to excitatory synaptic transmission. Taken together, these findings 
show that Sema3A receptors continue to be expressed in the adult brain and suggest 
that abnormal Sema3a signaling through NRP-1 may contribute to neurodevelopmental 
and neurodegenerative disease states that impact learning and memory function.  

Localization of Neuropilin-1 Receptors in Hippocampal CA1 
Pyramidal Neurons

Izma Bokhari 
St. Francis Secondary School

Research conducted under the supervision of Dr. Stephen Glasgow, 
Department of Biological Sciences
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