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“How often people speak of art and science as though they were two entirely different
things, with no interconnection. That is all wrong. The true artist is quite rational as well
as imaginative and knows what he is doing; if he does not, his art suffers....”
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Foreword

With the publication of the fifth annual MScBMC Viewbook, we celebrate
the achievements of the BMC graduating class of 2022.

The class of 2T2 entered the MScBMC program in the fall of 2020. It was a
challenging time to begin graduate studies and a unique moment in the
history of the program. The first wave of widespread COVID-19 infection
was slowly and steadily declining in Ontario, but fears of future, larger
waves were growing. We had no vaccines, and uncertainty about when
they might be available. The class of 2T2 had no access to the campus’s
physical spaces like classrooms and labs; bedrooms, home offices, and
dining room tables replaced them. All lectures, labs, and orientation
activities had to be delivered online. Human anatomy—traditionally the
first course MScBMC students are exposed to—had to be moved back
four months and fingers were crossed in hopes that some in-person
instruction might be able to begin again in the winter term. To start their
graduate studies under such difficult circumstances must have been very
challenging, but you wouldn’t have known it by watching this talented,
determined group forge ahead.

Over the 18 months of online instruction and the six hybrid months that
followed, the BMC class of 2T2 electrified us with their creative energy,
spectacular visual media, professionalism, empathy, and humility. We
know it must have been hard, but you made it look easy, class of 2T2.

This Viewbook is filled with the exceptional work of an exceptional group
of students. It is filled with the final output of many courses (17 in all) and
a Master's Research Project (MRP). What does not appear in these pages
are accounts of the countless hours spent on research and learning new
technologies and the lengthy iterative process of design and redesign
employed to reach such beautiful visual communication solutions. We see
them and appreciate how hard you have all worked.

We are also very thankful for the amazing community of alumni that is

the BMCAA. Your continued efforts to bring our community of practice
together, especially during these difficult two years, is so appreciated. In
particular, we'd like to thank the BMCAA Viewbook Team, led by Alex Young,
for volunteering their time to design and assemble this gorgeous book.

We are so proud of the class of 2T2 and all they have accomplished. We
feel blessed to have had the opportunity to teach and learn from such
wonderful people in such a challenging time. In an era when the effective
communication of science has never been more important, we feel
hopeful knowing that the MScBMC class of 2T2 will bring their immense
talents to this endeavour.

— Jodie Jenkinson and Michael Corrin, October 2022



Copyrights to all artwork belong to their respective
creators. All artworks are reproduced here with the
creators' permissions. No part of this publication
may be reproduced, stored in a retrieval system,
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electronic, mechanical, photocopying, recording,
or otherwise—without prior written permission
from the editors and the creators.
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Abeeshan
Selvabaskaran

Hi!  am a biomedical storyteller based in Toronto, Canada.
The world of science and research can seem overly complex,
but communicating scientific stories is more important than
ever before. In my work, | try to use visual narratives to take
you into an entirely new world that can inspire imagination
and new ideas. I'm a 3D specialist but am always interested
in learning and trying new things that show an innovative
and entertaining approach to storytelling.
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Graphic
Medicine

This was a short comic on the experience of burnout
from the perspective of a white-collar worker. We
follow his journey as he becomes engulfed by his
burn-out monster, leading him to a dark depression.
This comic heavily relies on the use of visual metaphors
and striking imagery to portray the anxiety and
anguish our main character goes through.

1. Notes and sketch. The script and character sketches were
the heart of the storytelling process. It was extremely important
that the script was medically accurate regarding common
symptoms and feelings of burnout while giving me the liberty
to exercise my creative freedom with visual metaphors.

2. Final illustration. Final renders were done in a manga-
inspired style using Procreate.

3. Sketch. Initial sketches were extremely rough to get an
idea for the flow of the story, which was more or less retained
for the final piece.

4. Production process. Full production process (left to right)
from sketches, to line work, to block out, and final rendering.

Previous spread. A closeup of an animation still from my MRP.

Social media and societal pressures make this worse by making
us believe that anything outside success is disapointment, and
that it's all your fault for not working hard enough on yourself.
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3 1. 3D modelling. A 3D clay render created in Blender showing the lighting and animation
Interactive paths of each animal in Whale Box.
Animation

2. Sketch. To ensure anatomical accuracy, orthographic character sketches were created for
each animal model for reference during the modelling process.

Whale Box is an interactive educational web
experience that lets users explore the social and
physical characteristics of different whales. Created

3. Production process. Models were created in Blender with a low-poly style, and each ani-
mal was individually rigged and animated to loop throughout the interactive walkthrough.

as a group project, we focused on a narwhal e 4. Final interactive. The final interactive piece was developed in Unity.

module and created a lively environment with &

animated 3D models and 2D graphics intended for . 5.The Team. This was a 7-person collaborative project that wouldn’t have been possible
wildlife conservation outreach and education. without these amazing people (Top left to bottom right: Jenn Shao, Shay Saharan, Amy Ke

Er Zhang, Abeeshan Selvabaskaran, Viktoriya Khymych, Aimy Wang, Amy Assabgui).
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3D Modelling and
Editorial Illustration

The objective of these projects was to create complex
3D models with realistic texturing and lighting.

My common chimpanzee sculpt (shown left) involved
creating an animation-ready model, hair system, and
skeletal rig. For my mock Nature cover (shown right),

| visualized the research findings of Riglar et al., which
discuss how engineered probiotics offer a novel
approach for non-invasive diagnostic and therapeutic
tools in the gut.

LATeaaL “Pesicrice

The Common Chimpanzee

1. Production process. Orthographic sketches were used to
help sculpt the chimpanzee, along with references for propor-
tions, facial details, fingers, toes, and correct topological flow.

2. 3D modelling. A fully modular and anatomically-accurate
skeleton was created based on several DICOM datasets ob-
tained from the Kyoto University Primate Research Institute’s
(KUPRI) Digital Morphology Museum (DMM).

3. Final illustration. A final mock layout was created to pres-
ent the chimpanzee sculpt in a magazine as a fold-out article.

4. Final illustration. Front view render of the final sculpt.
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ature nature B
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The international journal of science / 29 March 2021

nature ..

I g
The use of synthetic bacteria to
detect inflammation
g
-l

5. Sketch. Based on discussions with my peers, | combined
aspects of three rough concept sketches to create a full
comprehensive sketch (bottom right).

6. 3D modelling. Meticulous detail was put into the texture and
design of the robotic bacteria to give them a high-tech, futuristic |
look while communicating that they were designed to search.
7. Production process. A rough 3D blockout in Blender
ensured the layout was correct before modelling and texturing. Greenhouse gases Rich - poor divide
‘ Aglobalinventoryof , Symbols of inequality

urces andsinks for *  drive support for
trous oxide wealth redistribution

8. Final illustration. The final illustration was created with a
combination of ZBrush (environment sculpting), Blender (hard-
surface modelling), and Maya (rendering).

Vol. 508 No. 7853
£10.00 nature.com

] 340567898 wl‘”
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E-Learning Resources for
Congenital Heart Disease

Surgical training resources for congenital heart
disease (CHD) treatment are currently limited and
require additional attention. This project aimed to
create additional learning materials for the CHD
surgical training of post-graduate medical students,
primarily through animation and an interactive 3D
web viewer.

1. UX design. The initial rough concept design of the inter-
active app was used to get a sense of what items would be
important to include and how they could be implemented.

2. Study. A needs assessment survey was conducted with
22 medical professionals at SickKids hospital. One of the key

takeaways from this survey was that animations and digital inter-
active 3D models were the preferred visual aids for this audience.

3. UX design. User personas were created for the interactive

component based on the surveyed demographic: the perspec-

tive of a student and a senior attending physician.

4. Ul design. A minimal Ul was implemented to avoid un-

necessary clutter and allow surgeons to quickly learn about

surgical procedures.

5. Final animation. An animation was created for the Nor-

wood procedure in Hypoplastic Left Heart Syndrome (HLHS)

using a combination of video footage and 3D animation.

6. Final interactive. The content of the modules was based
on the animation and allowed users to explore the 3D
heart model at their own pace. It functions similarly to a
scrollytelling platform.

PRIMARY PERSONA

Dr. Usman Kato

“The Digital Learner”

DEMOGRAPHICS

Age: 32

Location Toronto, ON.

Education BSc, MSc, MD

Occupation:  Cardiac Surgery
Resident (PGY 6)

PRIMARY PERSONA

Dr. Lila Pushpa

“The Eager Teacher”
DEMOGRAPHICS

ren he eants Age 43
Location: Toronto, ON
FRUSTR Education: BSc, PhD, MD
. Occupation Cardiac Surgeon
si;v:\‘c!‘o Attending Physician
CHD dis¢

o Difficult §
before sy

surgical
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Preferred Visual Aids:
- Animations
- *Interactive 3D Models Physiology of the lesions
- Static 3D Models e ssoe Surgical Options

- Schematic Diagrams Imaging

- Operative Video Footage Intervention options

- Plain text with figures Information on prognosis

Ebstein’s Anomaly

CHD 3D Library

NORMAL NORMAL
FETALCIRC. | ADULT CIRC.
AND HEART | AND HEART

INTERACTIVE 3D MODEL

EBSTEIN'S PULMONARY
ANOMALY ATRESIA
MAPCAs

SCHEMATIC PULMONARY | CONGEN.
ATRESIA CORRECT.
INTACT TRANSPOS.

SEPTUM

CURRENT LEARNING METHODS & PREFERENCES

COMMONLY USED VISUAL AIDS

INTERACTIVE MRI/CT IMAGING
VR/AR
PARTICIPATING IN SURGERY
REAL SPECIMEN W
STATIC IMAGES FROM RADIOLOGY 1
ECHO AND CATH CLIPS mm 3

ANIMATIONS | | 12

OPERATING VIDEO FOOTAGE ] 8

SELF-CREATED STATIC IMAGES s "

STATIC IMAGES (E.G. ILLUSTRATIONS, PHOTOS) |

|

1
¢ |
1
1

Anatomy and Morphology of individual lesions

Interactive Data
*Cardiac cycle
animation
*Catheter
(hemodynamics
tracings that are
interactive) and
angiography data
*Blood flow data

PREFERRED VISUAL AIDS/MEDIA (WEIGHTED AVERAGE BASED ON RANKING)

*LARGER VALUE = HIGHER PREFERENCE
PLAIN TEXT
PEER-REVIEWED ARTICLES
PLAIN TEXT WITH ACCOMPANYING FIGURES
OPERATIVE VIDEO FOOTAGE |
SCHEMATIC DIAGRAMS | |
STATIC 3D MODELS ]
DIGITAL INTERACTIVE 3D MODELS

ANIMATIONS

Color Palette Buttons
Default Hover Click
#foefef #9e9d9e
Forward/Back
(Tutorial)
MAIN COLORS ACCENT COLOR
Progress Dots
(Tutorial)
Typography
Checkmark
H d. 1 (Tutorial)
N . g Skip Tutorial
Gadugi, bold | 35pt/auto | Pathology Cards Button
Headlng 2 Forward/Back
Gadugl, regular | 30pt/auto | Description Panel (Module)
Subheading Progress Dots
Source Sans Pro, regular | 27pt/auto | Pathology (Module)
Body Home Button
Source Sans Pro, regular | 18pt/auto | Description Panel
Close Button
Subtext
Source Sans Pro, regular | 14pt/auto | Module Name, section name
Help Button
1€ONS (More to be added soon)
Description
q o Q Panel Toggle
Information
§ +Q o Button

Pathology Cards

© O

@

Surgical Choices

Other
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Before embarking on my journey into illustration and design,

| worked as a field assistant in an ecology lab, investigating the
impacts of invasive species and microplastic pollution across
North America. | became inspired to pursue a career that allows
me to use my skills in art to further science communication
among disparate communities.
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Invaders from Distant Waters N/ DEALING WITH INVADERS

1 1 1 1 Dealing with and studying the impact of invaders is the responsibility of government agencies like
Aquatic Species Invasions to the Great Lakes Region ’ T AU csponsiiyof g s
The Great Lakes region of North America represents the largest body of  waterways each year. As a result of this, however, it s also the  identified. Over time, these invasions have caused devastating impacts afeiS et Hogvasion elielortsaieifoctSd g jor directioos Brggintiaduction
freshwater in the world. The area is known for its rich biodiversity, with  world's most-invaded freshwater ecosystem. Invasive species are  on the native species and habitats of the Great Lakes, affecting every goals, and post-introduction goals.
nge y flora and fauna that are introduced o a region outside of their ~aspect of the aquatic environment, from the microscopic- to the ~

b tod i . It is also known for local

level, Today EARLY DETECTION.

are going to extraordinary lengths to reduce the spread of these One ofthe bestways toreat invasive
d to prevent more invasi ing

, or alien species.
In the Great Lakes region, over 180 invasive species have been
introduced since the 1800s, with more still d

Anew 13 millon electicfish barrier was constructed. methods ke cDNA.
on the Chicago Saritary and Ship Canal (€55)in 2009
toprevent the spread of nvasive species between the

Great Lakes and the Misissippi Rver Basin. i

1840-1850

TIMELINE OF INVASIO

. D istant
£ s

w
Lok

4

Where do they come from?

Timeline of Invasion

- 1. Final illustration. The final infographic was painted with a focus on the diverse
Informatlon underwater ecosystem of the Great Lakes, and to show how species invasions can be both

Visualization insidious and difficult to detect.

2. Sketch. The sketch and painting process involved meticulous planning of text and figure
Invasive species pose a major risk to the vibrant elements to integrate with the painted backdrop.
biodiversity of the Great Lakes ecosystem, causing
habitat loss, proliferation of disease, and major declines
in native organisms. | created this infographic as an
introduction to the history, origin, and impact of non-
native species in the Great Lakes region. Previous spread. A close-up of the final infographic.

3. Production process. The timeline graphic went through several revisions before the
Sankey-like chart was finalized. A main consideration included maintaining a central focus
on the ecosystem rather than the overlaid graphical elements.
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Anatomical
Illustration

This illustration depicts the muscles, vessels, and
nerves present in the third and fourth layers of the foot,
with cutaways to contextualize the anatomy. It was
created to demonstrate relationships between tissues
that are difficult to depict with classical views.

Flexor hallucis longus

Fibularis brevis Calcaneal tendon (Achilles)

Fibularis longus Tibia

Fibula
Calcaneus

e Abductor hallucis
Abductor digiti minimi

Plantar aponeurosis
Quadratus plantae

Flexor digitorum brevis

Long plantar ligament Spring ligament

Nerve
Nerve K .
Vein Medial plantar
Lateral plantar Artery
Artery

Vein

Flexor digiti minimi brevis Abductor hallucis (cut)
1. Sketch. Different views of the foot were rapidly sketched Adductor hallucis
from live references, with a focus on non-traditional view- (oblique head)
points. Once the final pose was selected, tissue layers were

overlaid to understand the underlying anatomy. Flexor hallucis brevis

Plantar interossei
2. Production process. The sketch was refined and taken to an
anatomist, who was consulted for structural accuracy. Structures

were outlined and refined in lllustrator prior to rendering. Adductor hallucis
(transverse head)

Flexor hallucis longus tendon

3. Final illustration. The final illustration was completed with
a focus on the deep layers of the sole. My primary consider-
ation was balancing the visibility of vessels and nerves with
the relative positions of different muscle groups.
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Interactive
Animation

Whale Box is a web-based interactive module designed
for exploration and learning about the physical and
social characteristics of the narwhal. It is designed for
wildlife conservation outreach and education. This

was created as a group project in partnership with
Jenn Shao, Shay Saharan, Amy Ke Er Zhang, Abeeshan
Selvabaskaran, Viktoriya Khymych, and Amy Assabgui.

Explc

Physical
Features

Viver

lectus,
Click the hotspots to Learn more about
Nate's Tusks and

Where are narwhals in the food web?

Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Vestibulum, semper risus eget
auctor sit lacus enim lorem. Pretium dignissim

suspendisse arcu adipiscing at.

Whale’ ‘Box

o whales of the worlc

Aimy Wang

1. Ul design. The original welcome page “boxes” underwent several iterations, primarily to
reduce the feeling of “caging” the subjects. Conversely, the module shape itself remained
quite similar throughout the production process.

2. Production process. Style explorations for 2D elements involved balancing stylistic
appeal and anatomical accuracy. The final style selected prioritized overall visual appeal for
a younger target audience.

3. Storyboard. Storyboards were completed for each section of the module; different types
of information visualization were utilized to best represent the different characteristics and
behaviours of the narwhal.

~
‘L/
N o .
’\ What is echolocation?
p* — Narwhals use echolocation, which is a way to use sound
to “see” things in their environment. They call out, then
listen for the echoes that are reflected back to them by

"9’ the objects around them

Lorem ipsum dolor sit amet, consectetur adipiscing elit.

@
Vestibulum, semper risus eget auctor sit lacus enim ,&\\*
lorem. Pretium dignissim suspendisse arcu adipiscing at. (\

N \
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Interactive
Animation

The Marks We Make is a collaborative web-based
storytelling project designed to provide an immersive
scrollytelling experience about the past, present, and
future of human art. This was created as a group project
in partnership with Shay Saharan and Amy Assabgui.

1. Storyboard. During the pre-production phase, storyboarding was fully collaborative and
frequent, with remote ideation sprints between myself and my teammates. This particular
sequence eventually became a 2D animation, rendered below.

2. 3D modelling. Many character iterations occurred ahead of the final designs; one of
the most difficult aspects happened to be hair. 3D character building became a learning
process, and many unflattering results were fortunately fixed.

3. Production process. UV maps presented a problem for textured materials, especially for
wooden assets (e.g. the fireplace, pictured). The characters were left largely featureless, with
2D details integrated in post-production.
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Design for the Heart

| took a human-centred design approach to establish
Design for the Heart (D4H), a hub of design and
communication resources focused on equity and
empowerment for all patients, families, and caregivers
experiencing heart failure.

1. Production process. The planned phases of this MRP
underwent multiple adjustments as | honed in on my area of
interest. Due to the exploratory nature of the human-centred
design process, | needed to complete multiple rounds of
needs assessments ahead of and during production.

2a. UX design. During pre-production, multiple sets of
potential users were created, as my many needs assessments
were not yet completed. Pictured is the “designer” set: users
who would benefit from design resources for heart failure.
2b. Final interactive. These also appeared on the final
website as sample users.

3. UX design. Some needs assessments involved focus
groups, which included medical experts, patients, caregivers,
and strategists. To the right is an interactive ideation activity
completed with the group.

4. Production process. Multiple versions of D4H’s information
architecture were created, before and after quality assurance
interviews with intended users.

5. Ul design. A number of different logos were considered;
ultimately, it was decided that a simple stylized heart was the
optimal choice.

6. Prototype. The D4H prototype was created and tested on
Figma before it was translated to a live site, built on Webflow.

Lorem ipsum title:

COMMNTTY
AND SUPPORT

HEART FUNCTION 101

HEALTHY LIVING

TREATHENTS.

SELF-HANAGENENT o }

NAVIGATING THE

HEALTH SYSTEN OUR TEAN AND CLINICS

REsEARCH

Aimy Wang

Evaluation
Brainstorming
alongside content
expert to identify a
solution within scope

Research & Conception « -« ««vvvvnevnnannnnn Ideation - - - -

Some guiding questions:
What are the educational needs of
patients, caregivers, and families
with lived experience of heart.

failure?
What design resources currently
exist for designers who
‘communicate with such individuals?
Needs Assessments =« «ccvvceeeens
TRCHR
Patient Engagement Committee

focus group; patient survey

rs
Survey and interviews with
designers and communicators in
healthcare, working in hospitals,
non-profits, and private industry

The novice designer

“Alot can be done to make something beautiful”

Personal profile

Profession: Graphic design(
English fluency: Fluent
Technological fluency: 7/1¢
Age: 23

Location: Halifax, NS
Background: Wakaba has a
background in traditional al
pivoted into graphic design
graduating art school.

Personal profile
Profession: Interaction des|
English fluency: Fluent

Q 10/1
« How can a novice be introdu Age:31
effectively to the concept of | Location: Toronto, ON
centered design (HCD)? .
Backg d: Before breaki
+ How can HCD be effectively { e o e a Personal profile

resources being introduced health design,JL created fo

Iteration

Evaluation

Walkaba e

Jean Louis
The experienced designer

“Effective design is simple design.”

P Profession: C

Evaluation Iteration

Exploring different
‘methods of deployment

Development

The resource setis made
available to designers and
communicators

The patient’s guide to heart

failure best-practice guidelines s
launched

++++ Design

Sketching, wireframing,
prototyping - content,
user interface +
experience

Iteration

PRIMARY PERSONA

......................... PRIMARY PERSONA

AN e e e tveseers LG
The communications manager

“It takes time to build something great.”

. i ications for over 20 years, for both hospitals and
pharmaceutical companies (though primarily in marketing)
. Hi nced in it s ssposishy bo et
ity, with less dis % A .
v ing a new app for the Austi il
Personal goals

Proficient J i the vi t i
. for those who speak English as a second language
: Technological fluency: 6/10
Questions g = + Understand gy avail i and translate his
) Age: marketing communications experience to a new digital platform
+ How can the specific needs Location: Austin, Texas s s e e o R G
with lived experience of heg Background: Marketing specialist for
be conveyed through the re ] ‘
many years in pharma/hospitals
presented? User goals
Questions Jaime comes to the site to:
+ How can the website be made . he !
+ Gai ing of the specific ically ill patients, and
icei the product
. Get i journey of heart fail patients.
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Potential users might be:

A novice designer to healthcare —

Goals might include:

« Learning about the theory behind human-
and user-centered design, especially for
healthcare

« Understanding the specific design needs of
individuals experiencing heart failure

« Finding design resources available for
creating useful communications for heart
failure patients

The experienced designer who has never
worked in healthcare/heart failure —

Goals might include:

« Understanding how to apply familiar design
workflows and previous design knowledge
to the healthcare context, especially for
patients with lived experience of heart
failure

Finding health- and heart failure-specific
resources to use, learn about how they slot
into more general design resources

The communications manager starting up
a technology-based healthcare project —

Goals might include:

« Improving knowledge of design-based
processes and solutions, especially visuals-
based-perhaps to better understand or refer
to visuals-oriented team members

Finding research-based evidence to support
co-creation and stakeholder involvement

Understanding end-users through research-
based resources, when there are time and
budget constraints that restrict stakeholder
involvement

\l

AV
Q&K

Applying human-centred design
to communicating heart failure

V)

Design for the Heart (D4H) is a set of design and communication resources created to
help you communicate with heart failure patients, caregivers, and family members.

Human-centered approach

Itis an open-access resource hub that evolves as it is used.

About D4H

L d
e

4

TED ROGERS CENTRE Masterof Sciencein
FOR HEART RESEARCH Biomedical Communications
s Institute of Medical Science.
& Crivesity or Toronto
ABOUT

Design for the Heart (D4H)

Design for the Heart is intended to be a communications companion for
both novice and experienced communicators, with and without a
background in design.

Best Practice Guidelines

Communicating heart failure

Resource Repository

+ Browse and select from
research-supported
resources currently used by
healthcare designers and
communicators

+ Creating visuals, writing, and
experiences for people living
with heart failure.

« Learn about specific
considerations for people
with heart failure

Includes guidance for writing,
visuals, education, user
experiences, and accessibility

Q Design for the Heart

TED ROGERS CENTRE
? FOR HEART RESEARCH

Master of Science in
Biomedical Communications

Insitue of Medial Scence
UNIVERSITY OF TORONTO

é

Case Studies

Learn about how others have
used Design for the Heart,
and how it might be used for
your projects

Navigate

About
Getting started

Best practices

Resource repository

Case studies

Contact






Alexandra
Ho

I am a biomedical illustrator and animator who is passionate
about creating accessible resources that improve patient
health literacy. With a background in neuroscience and
physiology, | combine my research and design skills to

create accurate and fun visual solutions, simplifying complex
biomedical content for various audiences through animations,
comics, infographics, and more.
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Pathological
Illustration

Alexandra Ho

1. Final illustration. Final rendered tissue cubes showing the normal, inflammation, and
hyperproliferation stages of seborrheic dermatitis. lllustrated in Procreate.

2. Sketch. Skin ti . ) . ion.

This piece depicts the pathological process of
seborrheic dermatitis, a skin condition associated
with the overpopulation of Malassezia spp. yeast
on human hosts, at the tissue and macro level.
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3. Final illustration. Layout sketches and colour studies with final spread (bottom).

Previous spread. A still from my MRP animation on nerve transfer surgery.

SEBORRHEIC DERMATITIS P AR (@\
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s lands such as the scalp,
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2D Animation

Various visual elements such as shape language,
colour, and posture influence how characters are
perceived by an audience. This animation introduces
the concept of shape language through a simple and
playful story with three unique characters. The project
was completed in partnership with Min Jee Kim.
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1. Sketch. Several character sketches that convey square, trian-
gle, and circle shape language characteristics were explored.

2. Storyboard. The main storyline follows three characters
that interact with each other because a rock tower is knocked
over. Within this narrative, the three shapes are analyzed
based on their unique personalities.

3. Study. Several colour studies were explored. In the end, a
warm-toned background was chosen to contrast the cool blue
characters, evoking a warm and playful mood.

4. Final animation. The animation style consists of vector
graphics with rough edges and grainy shading to add dimension.
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Graphic
Medicine

Just Shy is a comic that follows Lola, a character living
with social anxiety, revealing what she goes through
on a daily basis from her perspective. This graphic
novel uses the materiality of the printed piece to
reveal the character’s inner thoughts.

1. Sketch. Main character sketch of a younger and older Lola.
To ensure that Lola would be recognizable from all angles, she
was designed with unique hair buns and clothing.

2. Sketch. Thumbnail sketches were used to plan the layout
and interactive elements. The beginning and middle of the
narrative were designed so that Lola would mainly be in her
own panel, physically isolated from others. Towards the end,
Lola can be seen with another character in the same panel,
representing the improvement of her social anxiety.

3. Sketch. Sketches showing the interactive elements with
cutouts and foldouts.

4, Final illustration. Final rendering created in Procreate.

5. Prototype. Hand-bound book showing transparencies and
pullouts that were integrated to reveal Lola’s inner thoughts.
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Nerve Transfer Surgery for
Peripheral Nerve Injuries

A mixed 2D and 3D patient-centred animation meant
to educate patients and healthcare providers on
modern options to restore function after a peripheral
nerve injury. A friendly, non-triggering visual style was
integrated with simple language and visual metaphors
to create an engaging online resource.

1. Sketch. Initial character sketch of the doctor.

2. Sketch. Coloured character designs of "muscle city"
citizens, construction workers, a doctor, and a patient. The
characters or their clothing have a cool blue colour to contrast
the main warm pink background used in the animation.

3. 3D modelling. Models of doctor and patient characters
created in Maya.

4, Storyboard. Storyboard segment depicting patient and
doctor interaction.

5. Production process. Comparison of storyboard, animatic,
and final animation frames of the "muscle city" visual
metaphor. The metaphor was incorporated to simplify

the explanation of a nerve transfer surgery and the time-
sensitivity concept.

6. Final animation. “Time is muscle” phrase is repeated
throughout the animation to emphasize the importance of
talking to a nerve surgeon early.

Alexandra Ho
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Assabgui

| grew up in a family of creators, makers, and artists who inspired
me to explore unique ways of solving problems and constantly
challenged my understanding of design. Now, as a biomedical
illustrator and designer, | love to find novel ways to use art and
visual storytelling to address communication gaps within the
fields of science, medicine, and healthcare.
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Editorial
Illustration

Novel research has shown that genetically engineered
yeast and bacteria co-cultures can be used to create
biosensing materials. To illustrate this concept in

a playful way, | created an editorial cover that uses
knitting as a visual metaphor.

DESIGNER
BIOMATERIALS
. \

DESIGNER
?IQMATERIALS

Yeast domestication in the search ‘ Isita bird? A plane? Or is The gut mlcroblome and
for the ultimate sourdough p.251 it bacteria? p.25 metabolism p.

Amy Assabgui

1. Sketch. | began by exploring different compositions that used colours and shapes to
represent bacteria (rod-shaped, blue) and yeast (spherical, yellow).

2. Final draft. A final comprehensive sketch | created to act as a roadmap once | began
working in 3D.

3. Production process. Before beginning to create my 3D models, | made a draft layout in
Maya with basic shapes as placeholders.

4. Final illustration. In Maya, MASH was used for the balls/skeins of yarn and XGen was used
to add a fuzzy texture throughout. 4a. 3D modelling. Hours were spent experimenting
with MASH to mimic real balls and skeins of yarn. 4b. Production process. | used my own
knitting projects as a reference for the backdrop of the piece and played around with using
MASH and texture maps to replicate it in Maya.

Yeast domestication in the search Isitabird? Aplane? Oris
for the ultimate sourdough p.251 it bacteria? p.256

Sm@nce

S——— N N IIIIDII‘II".""“"—

The gut microbiome and
metabolism p.27

WEAVING THE PERFECT [}

BIOSENSOR |



Neuroanatomical
Illustration

This 3/4 view self-portrait depicts the anatomy of
the brain in situ from a unique viewpoint. To add a
personal touch to this piece, | used a vibrant palette
and painterly style.

Amy Assabgui 35

1. Sketch. A draft sketch was created using many different types of references, from
illustrations to 3D models.

2. Production process. | began by blocking in colours and shadows, slowly adding more
detail to the piece as different areas were becoming more fleshed out. Once the portrait
was complete, | played with selective transparency to show the brain while keeping certain
regions, such as the eyes and glasses, more opaque.

3a. Final illustration. A close-up of the final piece, focusing on the selective use of transpar-
ency to show the brain within the cranium. 3b. A zoomed in view of the brain.

Previous spread. A 3D render of a granulocyte among the trabeculae seen in red bone marrow.
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Anatomical
Illustration

The posterior compartment of the leg contains
superficial and deep layers which are typically depicted
separately. | created this illustration to show the
relationship between both layers and their respective
structures from a unique viewpoint.

1. Final illustration. Final illustration with labels.

2. Production process. A key step when creating this piece
was making a 3D maquette out of clay. It was a quick and
efficient way to understand how the cut structures and forms
would interact with different lighting.

3. Study. | took several reference images of my family mem-
bers'legs, as well as used the Melanix dataset to help deter-
mine the underlying anatomy from a posterolateral viewpoint.

Amy Assabgui
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4. Production process. After creating a refined sketch, | went
on to blocking in all of the structures in different shades of
grey. Once | added in light and shadow, | went on to adding
details across the piece. Once the greyscale piece was
complete, | colourized it and added final touches.

5. Final illustration. A close-up of the final piece, showing
some of the details across the cut layers.
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Bone Bio I, / TN
[ * " BONE ¥

Bone Bio is a web-based bone biology learning tool B =

for undergraduate forensic anthropology students I 0

enrolled in the Human Osteology course at the

University of Toronto Mississauga (UTM). It combines

free exploration of 3D models with animation and is

paired with a physical worksheet that guides students

and allows them to test their knowledge along the way.

1. Final interactive. A screenshot of the website landing page
where students can use the Bone Bio prototype. (®) Run project

2. UX design. The project began by conducting user research.
An anonymous questionnaire was used to tailor the learning
experience around the student’s needs.

3. Ul design. A flow diagram was created to show user
navigation. An interactive mockup was created based on the
flow diagram for user testing and facilitating feedback.

4. 3D modelling. Using the mockup sketches, | created web- AR BT
optimized 3D models of a cut femur and bone tissue cube to
implement into the final prototype in Unity.

5. Final interactive. Bone Bio is accompanied by a physical
worksheet that contains drawings, labels, and short answer
questions for students to test their knowledge.

6. Final interactive. A close-up of the final prototype mid-
animation.

7. Final interactive. Screens showing the bone
macrostructure, microstructure, and histology sections.

Interaction with
clickable structures

Bone
Microstructure

Add labels

Bone Cells

= < T

Bone . Bone Bone
Wittostructure \ ierostructure Fiftaony Bono Calls

Scale map
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Molecular
Illustration

Apoptosis is a cellular process vital for human function.
This spread illustrates how the overexpression of a
particular protein alters apoptosis and leads to the
development of cancer.

1.Sketch. Thumbnails to plan the flow and visual style of the
piece. The cellular landscape illustrates the environment in
which apoptosis occurs. Toon-shading was used to illustrate
the drug mechanism in order to separate the two stories.

2a. 3D modelling. | integrated molecular data from multiple
sources (e.g., PDB, UniProt, and more) to create a 3D cellular
landscape in Maya. 2b. A close-up, colourized view of the
cellular landscape.

3. Final illustration. Once | had greyscale versions of the
3D and 2D assets ready, | colourized them in Photoshop and
compiled them in lllustrator.

4. Production process. Before creating 3D assets, | edited the
layout until | was happy with the text-visual balance.

5. Study. | experimented with the style of the molecules in 3D
Protein Imager and UCSF Chimera. The 2D toon-shaded assets
stood out against the 3D cell-scape.

Previous spread. A graphic visualization illustrating trends in
global health development in the 21st century.

€
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Anatomical
Illustration

This visual aid was designed for students learning head
and neck anatomy. | created an interactive opacity slid-
er that faded between images/illustrations drawn from
serial dissections | performed of the parotid region and
the infratemporal fossa.

1. Final illustration. Illustrations of each layer of the face from
superficial to deep. Students can scrub through the layers and
see the relationships between structures.

2. Final illustration. Close-ups of the final illustrations.

3. Production process. Each illustration started with a sketch
of the dissection. | went back and forth on the rendering style,
and ultimately found inspiration in the vibrant work of Frank
Netter. | painted over my sketches directly with colour.

4. Production process. This project took two semesters to
complete. The first half was dedicated to dissection, and the
second half to illustration. Consultations with my content
expert occurred after each milestone.

MAY JUN
Consultation
Dissection Training
Superficial
lllustration Sketch
Slider

Intermediate

Amy Ke Er Zhang
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Interactive Animation

Whale Box is an interactive web app that invites users
to learn about the life of a narwhal. Its characteristics
were playfully brought to life using animated 3D
models and 2D illustrations, designed and developed
by a seven-member team including: Abeeshan
Selvabaskaran, Aimy Wang, Amy Assabgui, Jenn Shao,
Shay Saharan, and Viktoriya Khymych.

Amy Ke Er Zhang
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Home

Section #1
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Module J,

Section #2

Welcome!

Tutorial Overla

Physical
Feat:

Hotspot #2

Section #3

Feeding
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Hotspot #3

What is the tusk made of?

What is the tusk used for?

1. Sketch. Whale Box concept art. Each layer of the box contains a group of 3D assets that
interact with one another to animate a story found within a hot spot.

2. Storyboard. At the start of the project, we brainstormed ideas for the application. We
also created rough storyboards for the stories. These interactive groups are called hot spots.

3. Storyboard. Final storyboards/user journey for the application.

4. Study. 2D style experiments we used for the stories found within each hot spot.

5. Final illustration. In the end, | chose an illustration style that complemented the 3D

assets while maintaining a distinct style of its own.

"’ ‘What do narwhals ook ike?
°® ' D
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Visual Science
Communication Toolkit

The Visual Science Communication (SciComm) Toolkit

is a website housing guidelines and resources on the

best practices of visual science communication for
undergraduate biology students and instructors. | created
amodule that uses two 2D animations and an interactive
activity to educate users in the principles of design.

1. Sketch. | made a rough storyboard for The Design Principles
animation on pen and paper.

2. Production process. After user research and needs
analysis, the project branched into an animation component
and an interactive component. These were brought together
for usability testing.

3. UX design. | organized findings from my usability testing
sessions with an affinity diagram and used these insights to
improve the product.

4, UX design. | created personas and other UX artifacts using
data from my needs assessment. These artifacts helped me
stand in my users’shoes and better understand their needs.

Amy Ke Er Zhang
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The Visual Science Communication Toolkit
Acollection of modules dedicated to teaching visual science
communication practices PY

Students and instructors con view modules in o
browser, or download the content for their own use

Visual Sclence i i
Communication Toolkit Visualstrategies
Video ntroduction o Visual Princples

folowed by o Cose Study / Demonstration

Self-Reflection Activity to reinfor
o e L

Case study: Design Principles

‘

in this video, we'll take a closer look at

Activty Title =1

Transcript References

Wong . (201, Nature Cllctions: Visual Stateies
We start with  canvas and  cluttr ofvsua lement. How can we orgarize them s that cur for Bilogical Data. Nat
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Section 2 Scene 2

ALIGNMENT

We star with a canvas and a cluter of visual elements. How can we organize them To star, we can use alignment to create structure in our In design, aignment s the aranging of slements
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. i
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Section2Scene 5

and center alignment, horizontal or vertical, When elements are well-aligned, Howee, when done inendonal, i can nroduce m
and direction into a laye

5. UX design. Based on my needs assessment findings, |

created a concise visual that detailed my design concept. ey "
o Molecule X binds i v v A v @ v

6. Ul design. | created wireframes for the module using w ~ T = e ‘r ‘f T T ‘f T
Figma. This allowed me to better understand the flow of the Bt — % § G @ §
module and helped me code the webpage as well. ... ﬁﬂm:;;ﬁﬁ?w Y M B h

o i MSUSMSN& 44888888888 o WMy WM WMND WRNE wuip WSy
7. Final interactive. A mockup of the module webpage. e = mnoTn o ommm o mmn mmm o mmm

=\ @ . == =

8. Final animation. The final storyboard for the Design \ o~

Principles animation was created in Figma. Assets were
exported from Figma and animated in After Effects.

Q
@)
@)]

N 000

= e N O A

9. Final interactive. The interactive Miro activity asks users ." Wi 0y e
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/

to construct a diagram of a scientific process using pre-
illustrated elements.
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Cassie
Ren

I am a biomedical communicator and illustrator passionate
about translating science into engaging visuals for the public.

| love exploring how stories can be told visually and how colours,
characters, and symbolism can be used to engage audiences.

In my work, visual metaphors have become my favourite tool

to introduce unfamiliar issues or explain complex ones. They
make topics such as mental illness more approachable and can
potentially reduce stigma.
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2D
Animation

This frame-by-frame animation is created using tools
of comic art, visual narratives, and visual metaphors to
reflect the experience of living with anxiety and panic
attacks, and overcoming them.

1. Final animation. A scene introducing the main characters
and the title.

2. Sketch. Inspired by | Had A Black Dog, His Name Was
Depression and In Between, | created a character named Spike,
who is a visual metaphor for anxiety.

3. Final animation. | decided to do a frame-by-frame
animation so the overall style is more like a comic and the
movements of the characters are more natural.

Previous spread. A close-up of an editorial illustration high-
lighting how some bacteria survive extreme environments by
establishing a dormant, non-replicating state.
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4. Storyboard. Rough storyboards are first created to plan
out the scene.

5. Sketch. People with anxiety disorders often experience
intense worry and fear about everyday situations. The idea
is conveyed through Spike’s questions that make Emi feel
self-conscious and anxious.

6. Study. | experimented with different lighting after creating
coloured storyboards.
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1. Production process. | experimented with different compositions and chose the layout
MOlecul?r with the most logical information flow.
Ilustration

2. Final illustration. | positioned the melatonin molecules such that the audience’s atten-
tion is directed towards the binding of melatonin on the right side of the spread.

This mock spread for Scientific American focuses on

melatonin synthesis, melatonin’s effects on circadian 3a. Production process. The rendering process of the sagittal view of the brain.

rhythms, and how melatonin binds with receptors to 3b. The brain illustration is further adjusted to fit the colour scheme of this spread.

trigger cellular events.

4. 3D modelling. The molecular structures (MT1, MT2, phospholipase C, G-proteins, adeny-
lyl cyclase) were isolated and edited using VMD and USCF Chimera. They were then exported
to Maya for compositing and rendering. A lipid bilayer was created using Blender.
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Pathological
Illustration

This editorial illustration depicts the pathology of
endometriosis. It focuses on the pathogenesis, stages,
and types of endometriosis in various tissues. This
piece is created for an educated lay audience in a
popular science magazine.
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Endometrioma (ovarian cysts) Pathogenesis of Endometriosis
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Increased adhesion Immune activation

(Edowerrn |~ |

ndometriosi:

CHRONIC PELVIC PAIN
ENDOMETRIOSIS

1. Production process. | started by laying out different
graphical elements and texts. A quick colour test was created
after deciding on a layout.

2, Study. Tissue cube studies were made to understand the
cellular changes in different organs when endometriosis occurs.

3. Final illustration. | decided to render the main illustration
realistically while keeping the other graphical element more
schematically to avoid visual clutter.

4. Production process. The rendering process of the main
illustration, from linework to final product.

INIC PELVIC
[OMETRI




A 2D Animation on
Substance Use Disorder
(SUD) for PTSD Patients

An educational animation to guide PTSD patients on
informed substance use. Through visual metaphors and
narration, this animation follows a PTSD patient’s substance
recovery journey using non-triggering visual graphics.

Cassie Ren

1. Storyboard. Creating a consistent visual language for traumatic triggers was challenging
in this project. In the final version of the storyboards, the traumatic triggers were things that
could be found in a grocery store, e.g., the bumping of shopping carts.

2. Study. | created some rough colour tests to test out the colour palette. | selected a
desaturated colour palette suitable for the subject matter. Several versions of the character
design were also created.

3. Production process. For the background production, 3D models were first created in
Maya as perspective references. Then, 2D renderings were created in Procreate to match the
style of the characters.

4, Final animation. Selected shots from the final animation.
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| once wanted to be an astronaut. Space was beautiful and
unknown and exhilarating. But what | loved most was the stories
you could tell about space. | view narrative as the gravity that
pulls together facts, data, and ideas. My goal is to turn scientific
and complex knowledge into effective, engaging, and accessible
tools to reach a wider audience. Let’s tell a great story together!
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Information
Visualization

So, you're dead. What happens now? This is a series
of infographics that describes what happens to the
human body after brain death to years after.
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Jenn Shao

1. Sketch. One of the biggest challenges of this project was wrangling with the timescale.
| explored different layouts to visually convey the timeline of different events that happen
post-mortem.

2. Sketch. A rough draft of a potential layout that | was exploring. | was playing with time-
lines to convey events that happen very quickly and concurrently.

3. Sketch. The human body decays differently in different environments, such as the hot
Texas sun or when submerged underwater.

4. Study. Instead of a realistic style of illustration, | decided to create a simplified, stylistic
version of the human body. | would still be able to illustrate events such as bloat, or the
purging of internal body contents, without evoking a feeling of disgust.
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Whale Box is intended for an English-speaking adolescent audience without background
L knowledge in the subject. It combines lay language with rich, didactic illustrations to engage Usability Test Report
o ° ° young audiences.
Below are two user profiles; see for details on their development. Jenn Shao—Results & Discussion
Y Jenn, Viktoriya, Abeeshan, Aimy
f
2022
Q> *The Diligent Dreamer” /
12, elementary grade & student 'S
A
Ul Design & ©
e | Tpogronhy
T etoresysemi hacosn C e \
= Batter visualize the habits and living conditions of < ) \
. natwhals
tltle body text
A ) lopels Mikaela is a 6th grade student attending Kenollie Public -
section title i s €Yo B s g =
student, she sometimes struggles to keep up with the
other students due to language barrier issues and
hotspot title becoming easily distracted in class.
In her free time, she loves browsing encyclopedias with
cotortl visual and s of becaminga dolphin rainar
She learned about Whale Box in science class when her
teacher ntroduced theapplication o part o teir marine
UI/UX 1. Prototype. This mid-fidelity prototype involved designing the microinteractions and
animations while navigating the app to create an experience that feels good.
Desi
g 2. Ul design. The overall user interface is designed to be clean and intuitive. Blue coloured
elements in front of a white background were chosen to complement the aquatic environ-
Whale Box is a web-based interactive module designed ment. Components were rounded for a softer aesthetic and to suit the typeface.
for exploration and learning about the physical and social 3. UX desian. Af | q deo | conducted usabil d
g : : AL . esign. After completing our demo video, | conducted usability testing and wrote
characteristics of the narwhal. It is designed for wildlife 9 pleting i Y 9

conservation outreach and education. Other Team Members:

a final report on the functionality of the app. Here you can see Mikaela Corrie, a twist on a
beloved prof., Michael Corrin.

Abeeshan Selvabaskaran, Aimy Wang, Amy Assabgui, Amy

Ke Er Zhang, Shay Saharan, and Viktoriya Khymych.

Previous spread. A collage depicting some of the project work | completed during BMC.
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Pathological
Illustration / / _

civodor musche

A two-page magazine spread investigating the
pathological changes in gastrointestinal tissue in ) engiivad e
Crohn’s disease, an inflammatory disease of the
bowel. During the completion of this project, |

learned how to find and tell an engaging story
when overloaded by research.

1. Sketch. Tissues cubes were the focal point of the narrative.
My goal was to show the microscopic spatiotemporal changes
to the gastrointestinal tract, which are often absent from
information pieces on Crohn'’s disease.

2. Sketch. Colonic tissue cubes deteriorating at various stages
of pathology.

3. Final illustration. | focused on creating a line-driven,
minimalist style to better highlight the microscopic tissue
changes, as opposed to using a painterly style.

4. Sketch. One of my biggest struggles was figuring out the
story | wanted to tell. These are just a few sketches from a
larger pile of the different routes | wanted to explore. What
helped me to trim the fat was writing down a single sentence
that conveyed the message | wanted my audience to take
away. Everything else became irrelevant.
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INDIGESTION

Normal Colon

Layers of tissue in a normal, healthy
colon section.

O Intestinal crypts @ Myenteric
plexus
© Mucoss
Longitudinal
© Musculeris muscle
mucosae P
@ submucosa
© Adipose

@ Circular muscle

Common Sites of Inflammation
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CROHN’S DISEASE

Process of issue pathology in Crohn's Disease, sticturing type

NORMAL TISSUE

Uieen Fommarion

MUCOSAL LESIONS

lleum & jejunum

TRANSMURAL LESIONS

Ulcer Formation

Unlike normal tissue. all individuals
present with a characteristic
cobblestone intestinal aoperance.
This is the result of ecema (swelling)
of lymphatic tissue and burrowing
sphthous (oval-shaped) ulcers,
interspersed by patches of normal
tissue.

© Ulcer

Three
Presentations of
Crohn’s Disease

% of population disgnosed
with Crohn's Disease

HYPERTROPHY

joers,

Ths.

stone

Srevasivg TvPE

TrLammAToRY TYrE

muscle. Subsequentsticture
formation leads to bowel
obstucton

Jenn Shao

Crohn's disease is a chronic
inflammatory condition of the
gastrointestinal tract

Age of onset. Most people who've
been diagnosed with Crohn's
disease begin experiencing

Inflammatory Type
Inflammation penetrates the mucosa
and submucosa, leading to acute
intestinal obstruction and symptoms
of diarrhea and abdominal pain.

)
—
—

symptoms between the ages of 15
t036.

Role of inflammation. In this
disease, chronic inflammation
damages the architecture of the
qut, eventually weakening the
integrity of this vital organ.

Inflammation can occur and expand
anywhere from the esogphageal to
the perianal region of the
gastrointestinal tract. Mostly

Stenosing Type

“Stenosing” means narrowing.
Hypertrophy of the smooth
intestinal muscle and formation of
scars causes narrowing of the lumen
of the intestinal tract. These
individuals are irresponsive to
anti-inflammatories.

common, inflammation occurs in the
distal end of the small intestine,
toward the colon, and in the colon
itself.

Three presentations. This
inflammation leads to edema of
intestinal tissue, and ulcers that
grow and expand into ifferent
forms: Inflammatory, stenosing, and
fistulizing. While the delineation of
these “types” are debated upon in
the research community,

Fistulizing Type
Stenosing” means narrowing.
Hypertrophy of the smooth
intestinal muscle and formation of
scars causes narrowing of the lumen
of the intestinal tract. These
individuals are irresponsive to
anti-inflammatories.
——
I

— 20%-40%

understanding ifferent oathological
presentations can have clinical
implications on treatment and
prognosis.

Symptom variations. Additionally.
each individual can present with
different symotoms and different
prognoses. That said, common
symptoms include abdominal cramps,
diarrhea, and weight loss. Contrary to
the title of this article. indigestion is
not a common symptom because
Crohn's disease typically affects the
intestines and not the stomach.

Longterm consequences.Pztients
also have an increased risk of
developing dysplasia and
adenocarcinoma, meaning that it can
be cancerous. Therefore. it's
important to undergo frequent
colonoscopies to monitor one’s
overall health.

Lifestyle and prognosis. It's
important to note that the symptoms
in this cisease can come and go.
Crohn's disease follows a cyclical
timeline with oeriods of remission, in
which ne symptoms are present. and
relapse, in which inflammation erupts
again.

Current researchers debate on the
chicken-egg scenario involving the
inciting incident of Crohn's disease:Is
it an unbalanced gut microbiota that
triggers a chronic inflammatory
reaction? Or, could it be a problem in
the immune reaction that distorts the
ecosystem of gut microorganisms?

Modern treatments generally control
symptoms and allows patients to lead
relatively normal lfestyles,
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Don’t Kill Your Neighbours:
A Data Story

You need your gut microbes alive. This is a data story
and visual primer on the role of the gut microbiota
throughout a human’s entire life. It connects research
findings with the people that it represents.

1. Sketch. Preliminary thumbnail sketches created while
researching and developing content on the gut microbiota.

2. Final illustration. You and your other half! A black and
white version of a visual asset representing you and your
microbial cells.

3. Notes. | created three potential narratives. My supervi-

sor and | eventually chose one that put the research in the
context of a person’s lifespan, by starting with data on the gut
microbiota at birth, all the way to death.

4. Sketch. A two-page spread on different environmental fac-
tors that can shape your gut microbiota throughout your life.
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Jenn Shao
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5. Sketch. A visual metaphor for the function and structure of

s

" DON'T
KILL YOUR
NEIGHBOURS

YOU NEED YOUR GUT MICROBES ALIVE

Jenn Shao
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Someimes, @ not-so-found memory of
your chidhood pops nfo your head:

Your personal hell began ot 2:030m,

You woke up fo & fummy ache and
aloud rumble in your stomach. You
fush fo bathroom buttoo lote, you're
already projectie vomiting ono the
foor and the walls. When you fnally
make it o the foilet, i just as ugly
from the other end.

Whalever got nfo you wanis out, and
it doesn't core which end that s

You hove gastoenterts. A bacterol
or viral nfection causes the siomach
instesina fining o become inflommed,
leading fo diarhea and voitig.

Alfer o miserable 24 hours, you're
finally oble o hold down food and
Auids. You feel completely betterin o
fow doys.

Deepin your gut, s a diferent
sory. The hovoc of inflammation

and infecion will ok o few morihs
before your microbial ecosystem fully
recovers from o ol of dysbiosis

Diversity

Low

Birth

‘ Breastmilk

your gut microbial ecosystem.

6. Final illustration. The cover of the book. | chose accessible
colours that are actually made of tiny little dots, to represent
all the microbes around us.

7. Sketch. Black and white draft of spreads throughout the book.
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Michie
Wu

(Michelle Xingyu Wu)

| am a biomedical communicator and designer specializing in
digital illustration. | view every scientific communication piece like
telling a story, which | aim to visualize accurately and aesthetically.
Having utilized both 2D and 3D mediums during my studies in
the MScBMC program, | have a diverse skill set that allows me to
choose the best tool to help fill any communication gap. My main
passions are the natural sciences and medical legal visualization.
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Information

Visualization

Cephalopods, a group of marine animals including
the cuttlefish, octopus, and squid, have the unique
ability to change the colour of their skin and exhibit

extraordinary patterns. | created an infographic that
dives deeply into the science behind this ability.

PALETTE of
PRECISION

COLOUR CHANGE IN CEPHALOPODS

Structure

Patterning Types

Function

Michie Wu

1. Final illustration. | chose a vertical layout to present the information hierarchies as if
guiding the viewer into the depths of the ocean. A combination of raster and vector render
style differentiated between schematic and realistic elements.

2. Sketch. Keeping in mind negative space, | made rough thumbnails using a loose grid format.

3. Production process. | chose simplified vector icons to represent the major functions as a
way of giving information at a glance without the need for reading the accompanying text.

Previous spread. A still from my MRP animation, using a car and road as a visual metaphor.
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Surgical
Illustration

The human body is fascinating to visualize. Throughout
my studies, | developed a love for surgical illustration.

| had the exciting opportunity to illustrate my own
craniotomy, working closely with the very surgeon who
operated on me.

1. Sketch. | used various neuroanatomy resources to clearly
show the boundaries and location of the hematoma as it
pertained to my particular case.

2. Production process. | used pen and ink style for the final
piece. The line art served as a base for colour to be added.

3. Sketch. | created sketches based on my observation of a
live craniotomy in the operating room, consultation with my
surgeon, and operating notes from my own surgery.

4, Final draft. The visual treatment employs a selective colour
palette, accompanied by detailed linework which showcases
subtle differences in texture.

Craniotome
(bone saw)

Bone flap

Hematoma

Penfield dissector
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Editorial
Illustration

In the midst of a declining bee population, a research
team developed an effective soap-bubble pollination
method based on the physicochemical properties of
a bubble. | created a visual metaphor to represent this
research in a mock journal cover.

BACT-UP ON-THE-SPOT

The DNA of living bacteria for data storage Viral detection with synthetic gene circuits

0LOR LOREM IPSUM DOLOR

ENTIFIC
JRICHKN

1. Sketch. Rough thumbnail sketches were made to explore
composition and concept. | used defining keywords to decide
on the focus elements in the narrative.

2. Production process. At the modelling stage, | experiment- The buzz on soap bubble
ed with different shader settings in Maya to achieve a salient pollination of flowers
and realistic bubble texture for the bee.

3. Final illustration. | used warm lighting to enhance the
reflectiveness of the bubble surface and bring the bee to the —
forefront. The final piece makes use of the background, middle ScientificAmerican.com
ground, and foreground.
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NECROTIZING FASCIITI

FLESH-EATING BACTERIA

Necrotizing fasciltis. 3150 known 5 ‘flesh-sating
disease”.is  rare but serious bacterialinfection that can
ocaur after soft tissue breaches or a major traumatic
injury. The infection is caused by entry of pathogens
such as group A Streptococeiand can oceur in
individuals of any age group. The bacteria can be spread
through contact with the saliva or mucus of an infected
individual Left untreated, the infection can spread
quickly and lead to loss of mbs, sepsis. shock and organ

from infection. I serious cases. surgical removal of dead |
tissue and blood transfusions are required.

PATHOGENIC ENTRY INTO SKIN

bites, orski
the most at

Staphylococeus aureus Other pathogens may include Aeromonas.

31 1. Sketch. | created rough sketches to determine the layout. | experimented with the place-
Path()l()glcal ment and perspective of the tissue cubes and reading order for linear communication.
Illustration

2. Production process. Once | determined the layout, | made the final line art of the tissue
cubes. | showed the disease progression affecting all layers of the tissue and used various
Sometimes it is important to visualize conditions line widths to detail the structure.
on multiple scales. Necrotizing fasciitis is one such
pathology, involving an infection of the skin caused
by a group of “flesh-eating” bacteria.

3. Final illustration. | experimented with warmer and cooler palettes before choosing a
more neutral mimetic scheme of pinks and purples. The darker purple was used to contrast
healthy skin with later stages of the disease.
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Forensic DNA Mixture
Deconvolution =

A DNA mixture occurs when two or more sources
contribute to a single evidence sample. DNA mixtures
currently pose one of the greatest challenges in
forensic science. | created an educational animation
guiding the viewer through the steps in DNA profile
interpretation, from obtaining a crime scene sample to
determining a probable contributor.

1. Production process. | designed each stylized asset and the
look and feel of the whole scene before beginning 3D work. |
accounted for as much detail as possible in the early stages.

2. 3D modelling. The visual look and feel of the animation
was made to resemble a “CSI-style” investigation, with a dark,
sci-fi theme throughout. This decision was made with the
target audience of students in mind to engage their interest
and help with recall later on.

3. Final animation. The final animation uses a visual metaphor
to help explain short tandem repeats (STRs), a biological con-
cept that is tricky for students to understand. A car driving along
the highway is used to define and explain the role of STRs.
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Mimi
Guo

(Yuejun Guo)

Hi, I'm a scientific animator, illustrator, and designer. | create
beautiful visuals and storytelling videos to explain complex health
and science concepts. | believe science can be made engaging
and easy to understand. My work builds a bridge between health
and science professionals and their audience, making information
more approachable for an impactful change.
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Neuroanatomical
Illustration

This project combines my self-portrait with

an anterolateral view of the brain to create an
anatomically-accurate illustration highlighting the
brainstem and cranial nerve roots. To explore the
combination of traditional and digital media, | created
this illustration in carbon dust, acrylic, and Photoshop.

1. Sketch. During the ideation and line draft stage, | listed the
structures | wanted to show and found an appropriate per-
spective in 3D software. Using a reference photo of myself, |
positioned a 3D brain at the same angle to complete a line draft.

2.Study. Once the accuracy of the draft was corroborated,

| rendered out the illustration of the brain in acrylic and my
portrait using carbon dust. The contrast between the nature of
these two media allowed for increased salience of the brain.

/i/l:w Gwo

3. Final illustration. The two traditional drawings were super-
imposed in Photoshop. Additional attention was paid to the
portrait drawing to give transparent properties.



Anatomical
Illustration

When learning human anatomy, students usually find it
hard to understand the peritoneal relationship between
abdominal viscera. This illustration elucidates the
structural complexity surrounding the omental bursa
by providing a cross-sectional view of the abdomen.

Mimi Guo 75

Posterior

Anterior

1 Transversospinalis group of deep back muscles 8 Omental (epiploic) foramen 13 Splenorenal ligament

2 Erector spinae muscles 9 Liver 14 Gastrosplenic ligament

3 Latissimus dorsi 10 Hepatoduodenal ligament of the lesser omentum, 15 Omental bursa

4 Body of T12 vertebra containing the portal triad: hepatic portal vein, 16 Spleen

5 Costodiaphragmatic recess branches of hepatic artery proper, and bile duct 17 Stomach

6 Diaphragm 11 Abdominal aorta 18 Hepatogastric ligament of the lesser
7 Inferior vena cava 12 Leftkidney omentum

1. Sketch. | experimented with different 3D perspectives to compare results and arrive at the
optimal view of the omental bursa and its surrounding structures.

2. Production process. | decided to use a cross-sectional view reconstructed from a CT scan
at the T12 vertebra, as this can be a more clinically-useful illustration for students. Structures
and peritoneal relationships are clearly presented in this perspective. A refined version was
achieved after adding texture and colour to the illustration.

3. Final illustration. To better replicate a textbook style for the illustration, | added a scout
image (top right) to orient the audience and labelled all the important structures.

Previous spread. A still from my MRP animation. The exploratory stage of the vaccine
development pipeline.
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Molecular
Visualization

Ivacaftor

Potantate CI Channls to Treat Cystc Fibrosi:

In 2012, ivacaftor was approved by the U.S. Food and

Drug Administration (FDA) with the first Breakthrough — ‘P
Therapy designation for cystic fibrosis. This two-page )i
spread takes a deep dive into the pathogenesis of cystic ; ]
fibrosis and visualizes how the therapy works on a ©, SN
bimolecular scale.

—— A BREAKTHROUGH THERAPY 2. Defective CFTRwith G510 mutation

1. Sketch. Draft layouts with preliminary research to block in IVACAFTOR o CYSTIC FIBROSIS
places for text and illustrations. S

100-fold smallerthan ild type G

-~ G510 muston

the cystic ibrosi transmembrane conductance regulator (CFTR. This

2. Production process. A comprehensive concept draft P e e e Gty <7 i becatr
was created using a non-detailed 3D model created in D et ot s i
Maya. More research was conducted to refine the content. et i e s o

nucleotide-binding domains (NBD) and one:

Representations of the transmembrane protein were iy domant P——
>-binding domains bind anc Skt
achieved using PDB files in combination with VMD software. e e ot

Intrinsicall disordered. It mediates channel
activation when it is phosphorylated.

hickstckymucusbuop,
and boctera nfcton

3. Final illustration. The 3D models were refined, lit, and Sodedpnctc s e A8 e
. . ‘ ovemnaae st
textured. | explored different colour and layout options . i ety ity IVacaftorumcmae rsn g
P oo et ooy e 0

helices 4,5,and 8. The extracellular segment of TM
otates around this hinge upon ATP binding; stabilzing this
rotation may explain the drug's efficacy.

before deciding on the final design.

R933.and Y304, hydrogen bond to main-chain
carbonyisin the TM 8 hinge, thus stabilizing the
overal structure ofthe binding st.
Y04 933
a

$308:nd F312 directly coordinate the oxoquinoline
moety through a hydrogen bond and p-p stacking

Interaction, respectively.F931 forms an edge-to-face
Interaction with the phenol rng of vacaftor. Mutation of
>, i F931 to alanine decreased drug affinity by about 10-fold.

A BREAKTHROUGH THERAPY

Ivacaftor for Cystic Fibrosis & S 2. GlyS51Asp mutation

Amino acid change from a gl

Cystic fibrosis (CF) is the most common lethal genetic disorder in r to an aspartate acid at position
populations of Northern European descent, affecting one out of every : —) s 551 (Gly551Asp mutation)

2,500 newborns. This disorder is caused by mutations in a single gene that : "M / completely eliminates the ability
encodes for the cystic fibrosis transmembrane conductance regulator 4 A ) of ATP to increas channel

(CFTR). CFTR is a transmembrane protein that transports chloride and ] X activity, an bserved activity
bicarbonate. Defective CFTRs lead to dysregulation of epithelial fluid - >N is appr 1ately 100-fold smaller
transport that can affect multiple organs. < Fox £ than wild type CFTR.

e Sinuses Sinusitis Mucus — St
~— Skin Sweat glands produce salty sweat
A\ Lungs Thick sticky mucus buildup
and bacterial infection
———— Liver Blocked biliary ducts

= Pancreas Blocked pancreatic ducts
s+ Intestine Defective nutrient absorption

Reproductive Delayed puberty and fertility

Epithelial cell ——.
organs problems

1. Ion transportation via CFTR
In one CFTR, there are two

, two cytoplasmic 3. Correcting CFTR with Ivacaftor =
ABC transporter 7 /
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Pathological
Illustration

Hodgkin lymphoma is the most common cancer
found in adults around their twenties. This two-page
spread was created to raise awareness of this type of
cancer. Itillustrates the telltale symptoms of Hodgkin
lymphoma, its diagnostic signs, and lymph node
morphology as the disease progresses.

1. Study. A landscape of lymph nodes and the progression of
Hodgkin lymphoma were illustrated as a preparatory study for
the final illustration.

2. 3D modelling. A 3D model of three lymph node cubes was
created in C4D and refined in ZBrush. After rendering with
minimal colours, the models were used to create a compre-
hensive layout that was used in the final illustration.

3. Final illustration. Colouring was completed in Photoshop
and the layout was finalized in lllustrator.

Capsule — Geminal center

Normal

B lymphocytes reside in geminal centers
of the lymph node.

Hodgkin Lymphoma
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Outsmarting Infectious
Diseases

Vaccine development is a long and complicated
process. It is crucial to effectively communicate the
tremendous amount of research and the stringent
approval process required so that the public is
able to build trust in the process. This animation

is dedicated to addressing the concerns about
vaccination, introducing the development stages,
safety surveillance, risks, and benefits of a general
vaccination. It uses a visually-appealing and cinematic
approach, narratives, and Socratic dialogue to help
inform and engage the audience.

1. Storyboard. After conducting research, | wrote a script that
was reviewed by the advisory committee. Then, a storyboard
was created to turn texts into visuals.

2. Character design. Multiple characters were designed,
modelled, and rigged to bring liveliness into the story.

3. Production process. Historically successful vaccines are
depicted using bottles dressed in the fashion corresponding
to the time period they were developed. The 3D production
was executed with a consistent style and attention to detail.

4. Production process. The visualization for the development
pipeline was iterated to balance the complexity of the subject
matter and the cognitive load for the audience.

5. Production process. Multiple studies and examples
were used to address safety concerns. 2D animations
were used for data visualization to avoid distortion and
misinterpretation of the data.
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I am a biomedical communicator, passionate about creating
positive experiences for patients in healthcare settings. | enjoy
collaborating with stakeholders to break down complex medical
processes into easily digestible stories. | strive to tell those

stories in the form of 2D and 3D animation, 3D modelling, and
illustrations. | aim to create accurate, creative, and effective ways
to present biomedical information.
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Anatomical
Illustration

The goal of this project was to create an illustration of
the human body in a view that is not usually used in
anatomy textbooks. | envisioned the left palm rotated
slightly laterally with the superficial fascia removed but
with the outer edge of the skin intact. | also wanted

to add an element of “peeling back the layers” by
removing one level at a time from the 2nd digit.

1. Sketch. | wanted to sketch a perspective that was unique
and illustrated the 3D nature of the hand. Due to difficulty
finding adequate references, | was advised against continuing
with this perspective.

2. Production process. The palmar view was chosen since it
has more muscles and structures visible. From the 2nd digit,
the layers are peeled back until the bone is exposed.

3. Final illustration. | rendered the texture of the muscle and
fat to bring the hand anatomy to life. Although | changed my
initial concept, ultimately, it allowed me to find references
with a similar perspective which aided with the accuracy and
the rendering process.

Previous spread. A close-up of my molecular visualization
piece depicting red blood cell membrane stretching due to
sickle cell hemoglobin (HbS) polymerization.

Min Jee Kim




Min Jee Kim 83

3 1. Production process. | intended the spread to be read from left to right, from the
PathOIOglcal macroscopic scale (head) to microscopic (axons), and back to the macroscopic scale (brain).
Illustration

2. Study. | referenced a number of images with dynamic colour palettes and used them to
experiment with a variety of different colour layouts.

The purpose of this project was to create a magazine
spread for a scientific audience that provided
context about the pathology of a specific disease.

I chose to focus on the mechanism and progression
of multiple sclerosis (MS).

3. Final illustration. Light rays, specular highlights, and floating particles were added to the
background to create the impression of being suspended in the fluid.

Multiple Sclerosis
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A TREATMENT FOR SYMPTOMS OF SICKLE CELL DISEASE

FETAL HEMOGLOBIN

Sickle cell anemia is an inherited disease where the red blood cells
take on a crescent-like shape when oxygen is lacking. Many patients
experience pain episodes due to the sickle shaped red blood cells
blocking blood flow through capillaries. Curative treatments for sickle
cell anemia, such as bone marrow transplants, are associated with
significant side effects. However, the drug Hydroxyurea enables 5' » chains. The gamma globin chains are
patients to manage symptoms with relatively lower risks. \_ ’ encoded by two nearly identical genes
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M lecular 1. Final illustration. Membranes were generated in Maya and assembled in Photoshop and

Illustrator. | wanted to create a sense of depth by playing with perspectives.

Visualization

2. Production process. Following feedback that the previous draft was too poster-like, |
revised the layout to be more dynamic. Additional changes were made to allow the reader
The purpose of this poster is to highlight the molecular to see the text more clearly.

differences between fetal and adult hemoglobin. The
difference in structure allows fetal hemoglobin to be a
potential treatment for sickle cell anemia.




Graphic
Medicine

| envisioned creating a didactic patient education
piece about hearing loss and cochlear implant
surgery stemming from my own experiences.

1. Production process. In my initial draft, | chose a watercolour
style because it aligned with my storytelling message.

2. Study. | chose a simple character with an emphasis on the
ears. The simplicity of the character enables the viewer to
relate to the character.

3. Sketches and final illustration. Initial sketches were
roughly drawn out to determine composition and text
placement. This way, | could test different layouts and the text
flow. With the feedback | received, the final draft was rendered
in Photoshop. | intentionally used purple lines and a limited
colour palette to preserve the soft look of watercolours.
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Pre-Consultation Patient
Education in In Vitro
Fertilization

| created this six-minute animation to provide
condensed, simplified information about in vitro
fertilization (IVF). This baseline provides context and
simple visual elements that patients can recall when
they meet their fertility doctor to discuss the options
most relevant to their situation.

1. Production process. Keeping in mind that patients who
come in for IVF consultations may not fit the traditional
male-female mould, | made the design choice to keep the
characters gender neutral and to show diversity.

2. Production process. | had visualized this scene since the
conceptual sketches, and | knew | had to make it impactful
since it would set the mood for the rest of the animation. |
used a wide variety of bright colours and created a dynamic
scene with movement and depth.

3. Production process. | used a mix of plug-ins and track matte
in After Effects to achieve a cohesive style. The addition of paper
texture on both the 3D image and 2D image creates depth
which is accentuated by the shading on the 2D illustration.

4. Production process. A design challenge | had was animat-
ing the insertion of the egg. In the initial rendered shot, the
egg was difficult to see. | took a new approach that illustrates
the narrated “ultrasound guidance” and provides increased
contrast that makes the egg more visible.

5. 3D modelling. Another challenge | had was 3D modelling
and animating the cell division process from a single cell to
a blastula. | rigged and timed the movement of each cell to
stimulate the appearance of a cell dividing.

In Vitro Fertilization

In Vitro Fertilization
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Naomi
Robson

| believe that scientific visualization and design solutions can
bridge communication gaps and drive impact when tailored
to their target audience. By understanding the individual, we
can create targeted solutions that lead to positive change.
This human-centred thought process was foundational to my
projects. Before my time in the Biomedical Communications
program, | earned a masters focusing on visualization in
human anatomy education.
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Editorial 1. Sketch. | created several concept sketches and various thumbnails where | blocked
. dark and light values. | like to begin ideating on paper to capture as many iterations of the
Illustratlon message as possible. Following this stage, | created a series of more refined rough drafts.

2. Production process. | considered a variety of different colour palettes and lighting styles.
This mock journal cover captures the wonder of It was essential to capture a hopeful mood.
the beginnings of personalized medicine. With
the discovery of individualized vaccines for cancer
treatment, the future is bright. Vivid colours and
inviting characters convey this exciting beginning.

3. Final draft. The final cover was created using Maya, Photoshop, and lllustrator.

Previous spread. Mock-ups of the design documentation for my MRP.
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Pathological
Illustration

Osteoarthritis is one of the leading causes of disability
in older adults, affecting around 250 million people
worldwide. Current treatments tend to focus on pain
relief and articular cartilage repair. However, novel
research suggests that we should shift to a more
holistic approach and target the whole osteochondral
unit. | created this spread to provide physicians with
these new research insights.

1. Sketch. After deciding which visual elements | wanted to
include in the piece, | used a 3D maquette to plan the lighting
and composition.

2. Production process. Different colour palettes were
considered by overlaying different combinations on the black
and white illustration.

3. Production process. The final piece was created using
Maya, Photoshop, lllustrator, and Procreate.

Naomi Robson
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Information
Visualization

The pangolin is the world’s most trafficked animal,
with approximately 200,000 trafficked yearly. Eight
pangolin species exist, with varied risk of extinction
depending on their proximity to China and Vietnam,
the most significant importers of pangolin products. |
created this piece to provide an overview of the factors
affecting the decline of the pangolin populations.

Naomi Robson

FICKED EACH YEAR
)

WG PANGOLINES =%

The world’s most trafficked animal

W/ =
R SCAED DEFONSE
2 PANGOLIN SCALE COMPOSITION
Doty et

oy st mamnat o st
Pangolinsar theonly sesled mammal on earth. Their
skin s covered it Lnge, overlapping keratnized

ales that cover heisbodiesand ofer

BUYERS
»Who

Why.
e s
fiobnp sl il i sl g ok When e,
pangolins roll in a ball, using their scales as protection.

NS ANGOLINES  F——

‘The world’s most trafficked ani

e

L ey o ™ el st n Iraetioes Chinese Wectne
Many of the s CERTANTY ASOUT —_— Pangolin scales are in heavy demand in traditional
‘bought are used for Tradi- Ll - medicine. although there are no scientific
tional Chinese claims supporting their use. Pangolin scales are made
Inasurvey of 173 companie b of keratin, 4 structural protein that makes up skin,
Gt 2000 pugolns wee 200 B ot o cavs,an fethers Th haman body
i Tanzania %% IR e g drug n the O D docsnt have the enzymes (keratinases in combina-
Fuamacopoc. - i e redncase o sl necsy
stop poscing iftey i ey Y s doea b S ot i
foeglwein 16 ISR IATIN o iy e ot et s
pass through the digestive
EXRE (MAE4848)
D $
IRAFFCHED EACH Y ARMAD'LLO PILLS
HERE N

1. Sketch. | created paper cut-outs of the visual and data
elements | wanted to include to visualize relationships and
arrange the content.

2. Production process. | created a series of more refined
rough drafts, blocking elements in lllustrator. | sketched the
line art for the pangolin, before placing dark and light values
and adding colour.

3. Final draft. The final poster was created using Tableau,

SPREAD. THE. WORD.

'DON'T BUY PANGOLIN PRODUCTS. DON'T EAT THEM. REPORT WILDLIFE CRIMES.

Illustrator, Photoshop, Excel, and Procreate.




Anatomical
Illustration

The brachial plexus and the foramina of the skull are
complex topics for the introductory anatomist. As a
teaching assistant, | have seen numerous students
struggle with them. Because of that, | decided to create
learning tools on these two topics.

1. Production process. The foramina of the skull. | used
carbon dust and Photoshop to create the final piece.

2. Production process. This is an illustration of a brachial
plexus dissection (dissection completed by Dr. Sean C.
McWatt from the University of Guelph). | first developed a
sketch. Then, | placed dark and light values before creating a
greyscale version of the piece in lllustrator and Photoshop.

3. Final draft. Final rendering of the brachial plexus piece.
Final colours were added in Photoshop.
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Using User-Centred Design
Frameworks to Create a 3D
Pelvic Anatomy Model for
Physiotherapists

My MRP involved creating one of the first user-
informed, expert-validated, digital 3D representations
of female pelvic anatomy, designed specifically for
physiotherapists. It led to the creation of a framework
for learner-centred design in human anatomy
educational tool development.

1. Final draft. The final model was evaluated for its perceived
anatomical completeness in various clinical settings by
physiotherapists. Employing a user-centred design focus led
to the creation of a model that was perceived as more useful
and complete.

2. Production process. Physiotherapists completed an
anatomical structural questionnaire to ascertain what
structures were needed in the final model.

3. Production process. | researched and developed a variety
of user personas and layouts.

4. Production process. | sculpted 48 anatomical structures
in order of priority, as determined by physiotherapists. The
model underwent a quality control evaluation interview with
anatomists before finalization.

5. Final animation. | developed an animatic to communicate
the findings of this research study.
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I'm a biomedical and scientific illustrator with a background
in neuroscience and environmental science. As a visualization
specialist with advanced training in design, medicine, art, and
technology, | work with healthcare professionals; editorial
publications; researchers; pharmaceutical corporations; and
businesses specializing in health, medicine, and scientific

discovery to visually translate complex science into a clear and

understandable form.




98

Anatomical Ilustration

Anatomy projects demonstrating the internal structure
of the hand and its anatomical features that might not
be visible even with a complex dissection (top), and the
orientation of the brain within the skull (bottom).

Sana Khan

1. Production process. This project was about choosing an anatomical region and peeling
away the superficial layers to reveal the anatomy underneath. The goal of this project was
also to illustrate the chosen region from an unconventional view not often found in medical
textbooks and atlases.

2. Production process. This was a fun and challenging illustration because of the many
spatial relationships of brain and face structures that had to be considered and planned
before and throughout the production process.
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Molecular
Visualization
The goal of this project was to visualize the molecular structure and function of a

biologically-relevant macromolecule. | chose to illustrate the components and the
mechanism of action of the SARS- COV-2 virus spike protein.

1. Sketch. A very rough sketch of the layout; on the left is a closeup for the spike protein
sitting on the virus, and on the right is this protein’s mechanism of action in allowing the
virus to enter a host cell.

2. 3D modelling. The background of this infographic was modelled and rendered in Maya.

3. Sketch. | used 3D Protein Imager to create a graphic of the spike protein based on PDB
data and created another rough draft.

4. Final illustration. The final visualization was composited in lllustrator.

Previous spread. A still of a rendered 3D cellular environment from my MRP animation.
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Pathology
Illustration

This was an informational visualization of the
pathogenesis, gross tissue damage, and microscopic
cellular damage associated with frostbite.

1. Sketch. | created this rough drawing of skin tissue cubes
with progressive changes to the skin cells corresponding
to each stage of frostbite: frostnip (left), superficial frostbite
(middle), and deep frostbite (right).

2. Sketch. Before starting, | did a rough ‘tissue landscape’
study to get a feel for the tissue environment frostbite affects
(the blood vessels of the exposed extremities).

3. Production process. A rough layout was created with the
tissue damage on the left and cellular damage on the right.

4, Final illustration. The final illustration composited
in lllustrator.

Sana Khan
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Surgical
Illustration

| created this surgical sequence to communicate
the implantation of a Preserflo microshunt intended
to reduce intraocular pressure within the eye. This
procedure is considered an alternative

to trabeculectomy.
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1. Sketch. Rough surgical sketches of the procedure were
made directly in the operating room during observation of
the surgery.

2. Production process. A rough and a final of the Preserflo
microshunt insertion process.

3. Production process. A rough and final of the pre-operative
and initial incision steps of the procedure.

F OPTHALYOLOGY ATLAS OF SURGERY
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PART C: PRESSERFLO MICROSHUNT IMPLANTATION

Region tucked into the end of the scleral wanel

Region that drains fluid into bleb Region that inserts into the Anterior chamber The
[ =  poly
poste
into
3mm — 45mm
distal tail 1 mm fin proximal tip

To confirm adequate aqueous humour flow through the
microshunt and into the sub tenon’s pocket, external
scleral pressure is applied and/or BSS is injected into the
anterior chamber via a paracentesis incision. If flow is not
visible, consider using a 23 G thin wall cannula to inject
BSS into the distal end to prime the tube. Replace the
device if there is no flow.

Flow will be visualized as fluid begins to briskly leak from
the end of the microshunt (Figure @)

428

Unlike traditional proce
trabeculectomy, the pre
minimally invasive metl
drainage of aqueous hui
begins with the patient

the usual sterile fashion

A topical local anesthetl
over the operating eye.
and a 12 oclock 7.0 vict

The purpose of th
in either the supe
mm deep to ensu
procedure will be
the right eye. (Fig

Using Westcott scissors and
ring forceps, make a 6-8 mm
fornix-based limbal peritomy.
A small 2 mm radial incision
can also be done to ensure
adequate visualization
posteriorly. (Figure @)

visualization into the sy The purpose of this dissection s to create a deep-

during the scleral tunne sub-Tenon's poc!
o havea diffuse and posterior bleb.

Using Westott scissors and ring forceps, make a 6-8
‘mim fornix-based limbal peritomy in either the
superonasal or superotemporal quadrant. A small 2
‘mm radial incision can also be done to ensure good
posterior view. (Figure

Sclera Tenons
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PART C: PRESSERFLO MICROSHUNT IMPLANTATION

The preserlo microshunt s 2 85 mm
poly rains aqueous hur
posteriorly from the anterior chamber
into the sub tenons space.

‘Taking care te ensure the proxi.
mal tip of the presserflo micro
shuntis in a bevel up position,

scleral tunnel using non-toothes
Torceps. (Figore @)

The device s advanced until
the fins are tucked into the

istal end of the scleral pocket.
In this position, 2-3 mm of the
microshunt should extend ity
the anterior chamber.

“To confirm adequate squeous humou flow through the
microshunt and inio the sub tenon pockel, external
sceral pressure i applied andor BSS s injected into the
anterior chamber via a paracentesi incsion. T flow 1 not
Visible, consider using a 23 G thin wall canula to nject
BSS it the distal en o prime the tube. Replace the
device ifthere s o flow,

Flow will be visualized as luid begins t0 briskly leak from
the end of the microshunt (Figure @)
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PART A: Conjuctival and Tenons disscction

ket at least 10 mm deep to ensure we

Conjunctiva

Tenons
apsule
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Conjunctiva

i followed
by the tenon's capsule as this layer is more posteriorly
attached to the underlying sclera. (Figure €) & €)
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What are Vaccines and
How Do They Work?

This is an educational animation visualizing the
cellular mechanisms of vaccines and the significance
of herd immunity in providing community protection
from infectious disease. The goal of this animation is
to alleviate vaccine hesitancy and demystify anti-
vaccination sentiment.

1. Final animation. 2D assets were created in both Photoshop
and lllustrator. Scenes that required more organic shapes and
textures were made primarily in Photoshop, whereas shots
with many objects requiring animation were made

in lllustrator.

2. Storyboard. The planned visual narrative was broken down
into a series of sketches to convey the overall vision, provide a
creativity reference point, and to determine the shot-by-shot
sequence of the final animation.

3. 3D modelling. 3D models of all cellular components were
built and animated in Maya. All models were loosely based on
scanning electron microscope (SEM) images as the key was
to create 3D scenes as visually and stylistically similar to the
simpler 2D components.

4. Final animation. Final rendered 3D cellular environments.
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Hi there! I am a scientific visualizer and designer based in Toronto,

S h e hr 5; ar Canada. | work with organizations in science, medicine, and

education to communicate complex concepts through impactful

and memorable visualizations and designs. Alongside my work
a a I an at the studio, | am an Assistant Professor in the MScBMC program
at the University of Toronto, instructing courses in visualization

technologies and interactive design. Prior to BMC, | completed my

(Shay Saharan) undergraduate training in biomedical engineering.
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Editorial
Illustration

Scientists believe that storing information in the
DNA of living bacteria holds the potential for next-
generation data storage. | created this 3D editorial
illustration to attract the interest of the educated lay
public to read about the corresponding

research article.

1. Final illustration. The final journey cover features an E. coli
bacterium and several scientists in a laboratory environment.
The bacterium is dissected as if the scientists are actively

extracting and editing the information stored within its DNA.

2. Sketch. Following the research phase, | began iteratively
sketching possibilities for the final project, exploring different
layout and communication strategies.

3. Sketch. Once | was happy with three potential candidates
for the final project, | prepared comprehensive sketches for
review and feedback.

4. Production process. After deciding on a finalized layout, |
created a detailed colour & lighting study as a guide for my 3D
work. Once | created and rendered the work in Maya, | added
finishing touches in Photoshop.

Previous spread. A collage of the projects and illustrations
completed during my time in BMC.
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Pathological Illustration 1. Production process. | chose to employ a voxel style to reduce cognitive load for this

intrinsically complex molecular process. The production stage included the development of
pixel art and subsequently building assets in a 3D software called MagicaVoxel.

During the illicit production of a designer drug, MPPP,
the MPTP neurotoxin was inadvertently produced.
Those who abused the drug experienced acute
movement disorders and several other symptoms,
indicative of Parkinson’s Disease (PD). | created the 3. Final illustration. The finalized layout was compiled and composited in Photoshop and
following molecular visualization spread to illustrate lllustrator. An animated version of this information graphic is available on my portfolio site.
the role of MPTP in causing PD.

2. Final draft. | created a refined layout to guide the development of 2D and 3D assets
during production. This stage involved refining information flow and style (colours
and typography).
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3 3 1. Storyboard. Several rounds of storyboards were created to visualize the narrative, collect
2D Anlmatlon feedback, and form the basis for an animatic (not shown here).

The Matilda Effect describes the situation of women 2. Production process. A critical component of the production process included visual
development. In this step, | explored a variety of illustration styles, textures, and animation

scientists who have been ignored, forgotten, or denied c
approaches for the final project.

credit due to sex-linked biases. As part of the Matilda

PI’OJE(;t, an anlmathn was cr?ated to prOVIde.a brief . 3. Final animation. The final animation includes recognizable and diverse examples of bril-
overview of the topic and raise awareness of inequality liant scientists that drive the narrative forward and illustrate the wide reach of the Matilda
and gender bias toward women in science. Effect. Ultimately, this animation will raise awareness of inequality and gender bias toward

women in science and facilitate conversations for positive change moving forward.

ar._\—— Nobel Prize

N

reaking Research on
ealth & Wellbeing.




Information Visualization

The orangutan, literally meaning “person of the forest,”
is a long-haired orange primate closely related to
human beings. | created this information graphic to
educate a general audience about orangutan biology
and behaviour and the urgent need for further
conservation efforts.

1. Production process. | spent the first part of the production
process sketching and experimenting with information design
and flow as well as visual layout. Once | was happy with a
potential layout, | created a comprehensive layout for review
and feedback. Ultimately, the final piece was produced using
both traditional and digital media.

2. Notes. This snapshot includes some of my project notes
for research, scope definition, visual references, inspiration, as
well as style development.

3. Final illustration. The heaviest component of production
was the creation of the orangutan illustration on the right-
hand side of the information graphic. This illustration was
produced using a combination of carbon dust, pencil crayon,
and digital media.
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kneeMo: an Interactive
Educational Platform
for Learning Knee
Biomechanics

kneeMo is an online interactive educational platform
for learning knee biomechanics, free for all students
and instructors. The primary aim of this project is

to design and develop an interactive educational
resource that consolidates cross-disciplinary
information and facilitates a holistic understanding
of this complex subject area.

1. UI/UX design. First and foremost, wireframes for the
kneeMo site were created to explore the layout and user flow
possibilities for the application. Concurrently, the written
content and visualization strategy was created for each section
of all three modules; this process included evaluating whether
or not specific written sections would benefit from a particular
type of visualization (i.e,, static, animated, and/or interactive).

2. Ul design. Next, a style guide was created for the kneeMo
application (including typography and colour guidelines, logo
design, and Ul/interaction design).

3. Production process. A key aspect of the project was the
design and development of a 3D knee model. During this
process, it was both critical to verify structural accuracy and

ensure that the final 3D assets were not overly complex, & Usernterface design
overwhelming, or distracting to a potential learner. Style guide (website design +i ive visualizations)
4. Final interactive. On i i s pmove] [
. . Once the design of kneeMo website { - J L
was complete, the development phase of the project @ kneeMo @ kneeMo ® 9 E ssores
began (which included building the website, refining the

#808D8D

written content and rendering, animating and/or coding the | Typography e ——
visualizations). | have included the finalized design of the
kneeMo website and samples of the completed

Section heading

Interactions utions,siders, 30 modetviewer |

. o . Subheading 1 P ot
visualizations here. Butondedgn tomatonsox Togldesln Videobosdedgn
— ©
5. Final interactive. Final visualization and website examples. E S ey
.

@ Note: Lorem psum door it amet. consectetur adipiscing GrohikMecdum & Grani e 1650

© Note: Loram psum door st amat, consectetur adipiscing




e | &
Shehryar Saharan 111

@ kneetto ), e [——

o ettt
Patellofemoral area of contact o, . e 5 1 s

Interactive learning _
for knee biomechanics ° RS m
Kneaos a oin maoctive educatiors! >

‘ X

pltorm forlarning kneo bomechanics, —_
Inroduction to
the knee oint

reofor al tudents & instructors.
st o st st oo

rcion T i o s oo g

A Posteror view of patels

For post-secondary knse
biomechanics courses.

Leam conceptsinan
engaging and deeper way.
[rosierinorivieriusosk ety
sy e ndeandng o oo

O—
S
o s g o
reo, s
@ kneeMo i ity
@ kneoMo i, i
Browse Modules
Module 1 bt e o DRt e

Meniscal movement

Gaining a foundational
understanding of the 2 =

Bl pomr (B
e ——— Sy

i e '

Py Module 2 A
Lo s and function

Appreciating the | ) \
complexity of knee ) % -\
Joint movement Tibiofemoral j h _)/ N i)
movement. y (4 |
[ — i SV, \ 4 /
o
eee D < ©6 + 0O %
. k M kneeMo is an online interactive educational Figure 2. Rotations Range o Motion (ROM). CCXNC:ND 40 gx'
neelio platform for learning knee biomechanics, free o £
for all students & instructors. §
g g
; g
ece O ¢ ©0 +© §
@ kneeMo G ey b H
i
1
H

. . eee knostto
Interactive learning ki
for knee biomechanics © .+
© .
kneeMo s an oniine iteractive educational = o

torm forlearning cnee biomechanics,
e forall students & instructors.

J— Fgure 13- Transiationsl Raog of Moton (0M). CCBENGAD 40
biomechanics courses.

e oot it for ot secondarykneo bomechanics
instrcton, Th guded moduis Covertopics
o ke sntomy o common iy mechanis, & boyond

Learn. inan
engaging and deeper way.

midsciiinay nd bl ndersandingof concepts

Build a solid understanding
through active learning.

[RTR————)

Kneeo s o from eating  textbookor vatcing 2 YouTube
modde includs nteractve vislzatons hat
promore acive laringand spark sty nd dscusion.

‘gj

Forinstructors For students.







-

In an age where anything and everything is available at the
touch of a screen, it is important to ensure that people have
reliable and accessible ways to learn about science-related
topics. | am very grateful for the opportunity to contribute to
this cause as a biomedical communicator. | particularly enjoy
illustrating and designing for a lay audience and have a passion
for topics related to genetics, ecology, and the natural sciences.
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Graphic
Medicine

This comic aims to introduce the practice of
mindfulness meditation to adolescents as a strategy
to improve mental health. It uses a visual narrative
to touch upon history of meditation, personal
experiences, and neuroscience.

medhae wihout oo« dractors
o xpancecrty st o s

1. Sketch. Rough thumbnail sketches were created to plan
out the panels and the overall pacing and flow of
the story.

2. Production process. This rough draft helped to establish
the final layout and how it would fit together with the text.

T s,

W ‘
In Samatha or “stabilizing meditation”, the
attention is trained on a single “object of

4, the practice of contem
editation Fhat invelves consistent
of prayers during quiet moments.

3. Final illustration. | used a warm greyscale watercolour
brush and a pen with varying line weights to create a calming
and personal visual style to suit the subject matter.

Previous spread. A still image from my final MRP animation.

With mastery of samatha, one can meditate

without effort or distractions and experience

wental (Iqrih] and contentedness. aly then can we see
onghn Fhe illusion of

meditation traditions, surged in popularity in the early 19305
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Molecular 1. Sketch. | conceptualized four ways to tell the story. In the end, | decided to focus on how
the herbicide works and the molecular basis for glyphosate resistance in crops. Following

Visualization retrieval of 3D structural data, | created a thumbnail sketch to show the preliminary renders
placed into the rough layout sketch.

Glyphosate is one of the most widely used herbicides, 2. Production process. Each key player/molecule was assigned its own distinct colour.

partially due to the introduction of glyphosate- A colour blocking method was used to see how the final piece would look.

resistant crops. This editorial piece visualizes how
these crops were engineered and the biomolecular
mechanism to their herbicide resistance.

3. Final illustration. 3D renders from Maya were composited with digitally-drawn elements
to create the final illustrated spread.

4. Final illustration. Final hand-drawn illustrations showing soybean, corn, and
cotton plants.

PEP and its mimic
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Pathology Diabetic
Illustration Retinopathy

Daberc enupathy O s el

Diabetic retinopathy is a microvascular disease
affecting the small blood vessels of the human retina.
This two-page spread explores the pathological
change in the tissues over time at the cellular level.

Diabetic
Retinopathy

working age. This eye condito
diabetes mellts and is cause

Inabout athird of people with
fon of high blood

leading to s ight threatening end stge.

Complications of
diabetes mellitis

“Mcrovascua afecting.
Sl bood vesse)

i i
J

AV St e
) WA

1. Study. | completed a tissue landscape study of the macula and the layers of the retina to
familiarize myself with normal eye anatomy.

2. Sketch. Conceptual sketches of tissue cubes depicting pathological change over time.

3. Production process. Three possible colour palettes, including a version with a dark
background, were inspired by the hues found in fundoscopic images.

4. Final illustration. Final spread with an easy-to-read light background and an adjusted
cleaner layout.



Surgical
Illustration

This surgical sequence was created for teaching
and instructional purposes. It depicts the olecranon
fracture Open Reduction Internal Fixation (ORIF)
procedure involving tension band wiring.

Sherry An 117

1. Production process. Sketch iterations of the patient positioning and the relevant
elbow anatomy.

2. Final illustration. First two steps of the surgical sequence. A variety of sources helped
inform this project, including first-hand observation of the surgery on a cadaveric specimen.

3. Production process. Rough sketches depict lifting the head of the olecranon and
cleaning of the fracture site. In later drafts, drilling of the distal ulna was added to condense
the information.

4. Final illustration. Inking was completed digitally using a pressure-sensitive pen
and tablet.

Olecranon Fracture Open Reduction
Internal Fixation (ORIF) with Tension Band Wiring

Figure 1. Before the surgery,
prepare the patient in a lateral
decubitus position with the injured
arm over a support. Alternatively, a
supine position with an ipsilateral
scapular raise may also be used.
Place a sterile tourniquet high up on
the arm to help facilitate fracture
exposure and arm manipulation.

Figure 2. A posterior
surgical approach to the

elbow will be taken.

Mark a linear incision

line starting a few

centimeters proximal to

the olecranon that

curves slightly laterally

over the apex of the

elbow to protect the

ulnar nerve. Ulnar nerve:
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Global Urban Evolution:
Parallel Adaptive Evolution
in Response to Urbanization

Urbanization is causing rapid evolutionary change in
all forms of life. The objective of my MRP was to help
educate and engage the general public about novel =
research in urban evolutionary biology by developing '<‘@;/ 3
a 3D animation. 5 =

[E

s ) RE % %‘( %‘ Hydrogen
< | e =

e
1. Storyboard. Different visualization methods were explored J e condll
through storyboarding, including the use of visual metaphor.
Important animations were visually indicated and helped

inform the animatic.

2. Production process. Prior to production, rough visual
explorations were conducted to determine an appealing

graphic style and colour palette. % égj e <F> f i Lo ;
o T o aih || B b1 09| 13
3. Production process. Final character designs for the human <%
characters to be present in the film. B e
4. 3D modelling. Maya snapshots showing 3D models, rigs, g %l | & :,, 2 Z 7;,; & Q%gg ;;g’fh g ﬂ‘h sonalll
and a city scene. % bl 4 m
5. Final animation. Still images from shots of the i e
final animation. > T ndﬁh Qe Dﬁ]jéh wondil Lt =5
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MSC2001Y
Visual Representation
of Medical Knowledge

(Anatomical lllustration, Surgical lllustration)

MSC2003Y
Biomedical Communications
Technology

(3D Modelling, Editorial lllustration)

MSC2006H
Advanced Media
Design Technologies

(Interactive Animation)

MSC2011H
Special Topics in Biomedical
Communications

(2D Animation)

121

Project Glossary

The course descriptions listed below correspond to the project spreads
found throughout the Viewbook, and are intended to provide additional
context regarding the learning objectives for project work completed
during the BMC program. While not an exhaustive list of BMC course
requirements, these descriptions provide a glimpse of how students are
taught to apply critical thinking and scientific research skills to visualize
and communicate complex concepts.

Emphasizing the theories of perspective, colour, design and
storyboarding as they relate to textbook and journal illustration, this
course follows a seminar format where students complete readings
and applied assignments in cellular and surgical illustration. The
objectives are to enhance problem solving, rendering, and time
management skills.

The goal of this course is to provide a foundation for the use of digital
3D media technologies in the communication of scientific research and
medical/health information. To start, students focus on digital organic
sculpting and the extraction of anatomical data from medical imaging
for use in visualization. Student then turn their attention to digital 3D
modelling and rendering for the creation of editorial-style visual media.

Building on the principles presented in MSC2003Y, Biomedical
Communications Technology, this course allows students to explore
high-performance visualization and/or human-computer interaction
as it applies to instructional technology and research.

This course is designed to cover emergent issues in the field of
Biomedical Communications, providing students with the course time
necessary to explore areas not covered in typical curriculum. Topics
suitable for this course change from year to year but can include novel
technology or software not covered in other courses; for example: 2D
animation, advanced surgical illustration, ichthyology, entomology, or
any other relevant areas of scientific illustration.
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MSC2012H
Neuroanatomy for
Visual Communication

(Neuroanatomical lllustration)

MSC2018H
Visual Representation of
Processes in Pathology

(Pathological lllustration)

MSC2020H
Visual Representation
of Biomolecular
Structure and Function

(Molecular Visualization)

MSC2022H
Graphic Medicine
Seminar

(Graphic Medicine)

MSC2023H
Information Visualization

(Information Visualization)

Project Glossary

Taught by faculty members from BMC and the Department of
Anatomy, this course requires students to independently produce

a series of original, conceptual neuroanatomical illustrations
suitable for a medical student textbook. The main objectives of the
coursework are to enhance students’ knowledge base, problem
solving, presentation, time management, and rendering skills, while
conforming to set criteria for textbook publication.

This course includes pathology lectures delivered by faculty from

the Department of Laboratory Medicine and Pathobiology and an
illustrative component supervised by faculty from BMC. Students work
to produce an original, conceptual medical illustration demonstrating
pathological change in a tissue over time.

This course explores the structure and function of biologically-relevant
macromolecules and their visual representations. Key concepts
include the examination and visualization of molecular structure,
environment, interaction, and dynamics. The main goal of this course
is to equip students with the fundamental knowledge, language, and
practical skills necessary to create accurate visual depictions of these
biologically-important macromolecules and associated processes for
different audiences.

“Graphic medicine”is a term often used to describe the growing body
of creative work (graphic novels, webcomics, and hybrid forms) that
deals with issues of illness and caregiving from the perspectives of
patients, family members, caregivers, and healthcare professionals.

In this course, students become familiar with major works of graphic
medicine, science comics, and key theoretical texts related to
sequential art. As their major project, students develop their own
graphic narrative on a medical or scientific theme.

This course addresses the fundamental principles of information
visualization, including a discussion of human visual perception,
cognition, and approaches to graphic representation. Practical
application of course material requires students to develop
visualizations that yield insight into complex biomedical subject
matter and successfully communicate to a range of audiences.



123



124



Acknowledgments

It's quite surreal that my tenure as a member of the Viewbook editorial
team has spanned the entirety of the COVID-19 pandemic. When |
started as an editor in the fall of 2019, we were still planning for in-
person meetings and editing review sessions, but come March 2020
we all had to rethink how and where we worked. In the three years
since, many things have changed, and I've had the privilege of seeing
how three BMC graduating classes, two BMCAA executive cohorts, and
the entire BMC faculty and staff have evolved, adapted, and continued
to support the broader BMC community despite the challenges of

a rapidly changing world. This evolution and support includes the
Viewbook itself, which continues to celebrate the incredible work and
accomplishments of BMC graduates and has grown into a tradition I'm
honoured to have been a part of.

Thank you to all the inspired 2T2 students who shared their artwork
for the fifth volume of the Viewbook. Thank you to the BMCAA
executives who supported myself and the rest of Viewbook team
throughout the year. To Jodie, Michael, Maeve, and all of the incredible
BMC faculty and staff—thank you for supporting the Viewbook,

for continuing to inspire the BMC alumni, and for your masterful
work helping navigate the graduating class through a unique and
challenging moment in the history of our program. Lastly, to Tracy,
Nitai, and Shirley—my fellow editors who helped bring these pages
to life and without whom none of this would have been possible—
thank you isn't enough. You continually pushed and inspired me, and
it reminded me of working with the rest of our 1T9 classmates again. |
wouldn't have traded it for the world!

— Alexander Young






“..The true scientist is quite imaginative as well as rational, and sometimes leaps to
solutions where reason can follow only slowly; if he does not, his science suffers.”

— Isaac Asimov
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