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authentic scientific data, to translate abstract information into a visual form through
storytelling and visualisation. The field of biomedical animation has emerged from a long
history of science visualisation and science-art endeavours, and despite there being rich
discourse in the fields of data visualisation and science communication, the academic
literature in the field of biomedical animation is limited, and focussed on the technical
methods for visualisation, or the role these animations play in scientific research, rather than
the processes through which they are created. However, as the field matures, there is a need
for a deeper understanding of the creative process, and the field is now poised to expose and
characterise these aspects, particularly from the perspective of the practitioner. This
practice-based research project aims to expose and characterise both the visible and invisible
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better advocate for the intangible and often undervalued aspects of my creative practice,
and can articulate how a hierarchical decision matrix that considers multiple inputs
contributes to my creative process. These insights will also be relevant to others in the field
of biomedical animation and in the field of design more broadly, who may gain a deeper
insight into their own processes of working and ways of exploring creative practice.
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PREFACE
I didn’t consciously decide to pursue a career working with computers. My earliest ambitions
were more aligned with being outside, being physically active, and caring for animals. The
idea of sitting inside looking at a screen felt banal, and the idea of doing ‘research’ was not a
clear concept or option at that time. The irony of this is palpable as I write this preface for a
thesis that explores my practice of computer-generated 3D biomedical animations - my
second postgraduate research project. Our experiences and decisions often shape us in ways
we are not always able to predict, and which we sometimes don’t notice.
Although the decision to undertake my first postgraduate research degree was a conscious
one, it is only with hindsight that I can now more clearly see the impact of this choice. As a
veterinarian, I understood how to implement best practice for the treatment and care of
dogs with cancer, but felt frustrated by my lack of understanding of the disease process at a
molecular level. I wanted to know if the molecular drivers of cancer could explain why certain
1

Computer generated image showing DNA
being transcribed into RNA. Image: Kate Patterson 2019.

cancers were more common in specific breeds. My intention was that the PhD project I
completed in 2009 would only be a temporary sidestep from veterinary practice, but instead
it was this decision that set the wheels in motion that ultimately carried me to my current
position both practically and philosophically. I have always felt most content when exploring
the unfamiliar and pursuing an alternative path, perhaps partly to avoid aspects already
paved by others, where it can be more challenging to shine, under the perceived judgement
of comparison and convention. My research in this MPhil is motivated partly by a desire to
understand this preference for the unfamiliar and its impact on my work, and also an
ambition to develop a more confident and articulate voice that can advocate for the
intangible and undervalued components of my creative practice. Effective communication is
at the core of my professional, personal and creative drivers. Professionally, my work seeks
to translate abstract concepts and multi-resolution scientific data into a visual form that
more people can engage with. On a personal level I alternatively identify as a veterinarian, a
scientist, a designer, and as an educator, and as such I need to be able to draw on a broad
repertoire of languages in order to communicate effectively within and between these
spaces. Creatively I experienced unresolved tensions following the production of my early
animations, where I struggled to articulate my ideas to my colleagues and my audiences,
leading to a sense of feeling unheard. I quietly speculated that the apparent success of my
animations was not because they achieved anything new, but merely because they
conformed to a conventional aesthetic, and I presented them using expected terms of
reference. I perceived the discourse in the field at the time to be preoccupied with technical
specifications, and it seemed almost defensive of the degree to which biomedical animations
sought to be scientifically accurate. Contradicting this were my own experiences in
presenting my animations where I noticed less tangible aspects resonating the most, such as
the scientific story, or my hand-drawn storyboard sketches. My Master of Philosophy
research, explored within this thesis has provided an opportunity to uncover and
characterise the tacit dimensions of myself, my process and my practice that have helped to
contextualise, explain and address these tensions.
2
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Figure 1.1 – Image from animation Heartbeats of Our Genome,
(Patterson, 2017c) showing RNA (yellow) being transcribed from
DNA (pink), time stamp: 00:50. Image by Kate Patterson 2017.

1.1 Biomedical animation - introducing the practice
The practice termed Biomedical animation in this thesis refers to computer-generated 3D
images of biological structures that are composited together to create moving images. The
animations are underpinned by authentic scientific data and depict molecular and cellular
structures and biological processes. Biomedical animations are often narrative driven and
employ a highly detailed three-dimensional aesthetic that is designed to engage and inform
broad audiences about key molecular processes associated with new biological discoveries,
health and disease. Biomedical animations are created using 3D animation software
(described further in section 1.4) that is able to represent complex biological structures
accurately in three-dimensional space. Using a combination of traditional storyboarding
techniques and 3D animation software, biomedical animators determine how to represent
the structures spatially and temporally, and develop an appropriate aesthetic based on the
scientific information available. Biomedical animators strive for a delicate balance of artistry
CHAPTER ONE – Introduction
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and accuracy by blending the tools of art and design with storytelling to create an engaging,
and informative biomedical animation. It is through this process that the animation is
created, with the main purpose to represent key aspects of scientific data in such a way that
broad audiences can access the information effectively. In medicine and biomedical research,
being able to ‘see’ the ‘unseeable’ through advanced imaging and visualisation can provide
a deeper insight into biological processes and specific disease states. However, it is not the
raw data itself, but the interpretation of the data that brings new meaning. By contextualising
data, artists and scientists are better able to reach their audiences. Biomedical animators
work within various professional contexts which will be discussed in section 1.4 along with
my personal and professional contexts and main influences for my practice.
Over time, I have recognised that the overarching processes of creating my biomedical
animations (that is also common to other practitioners in the field) can be characterised by
three main components: 1. Defining the story, or messages to be conveyed, 2. Obtaining and
assimilating the appropriate biological data that will be represented, and 3. Translating the
information into a narrative driven visual representation. The primary focus of this research
project is to better understand these processes and to characterise the visible and invisible
aspects of my personal process in creating biomedical animations.
Defining the story or messages to be conveyed by an animation requires the practitioner to
oscillate between the expectations of the stakeholder(s) and the intentions for the
audience(s). For each animation, the stakeholders vary and may include scientists, whose
work will be portrayed, thought leaders who wish to visualise a hypothesis, educators,
commercial drivers and the animator themself. The intended audience for biomedical
animations is varied, as are the methods for execution and distribution of the content. To my
knowledge, a thorough audit of the various methods for consuming and utilising biomedical
animations has not been conducted. My personal experience and involvement in the field for
over 12 years has exposed me to a plethora of ways biomedical animations can be executed,
and also to the various audience contexts in which the animations may be created, which I
have summarised here:
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1. Informal education contexts – biomedical animations are used broadly for
entertainment, engagement and awareness purposes and to inform and inspire adult
audiences about the structure and behaviour of molecules that influence our health
and disease. The contexts in which the animations are executed include science
festivals, art galleries and other cultural institutions and also as displays at medical
research institutions.
2. Formal education contexts – the animations are commonly utilised in formal
education contexts, to enrich teaching materials and to improve student learning of
challenging biological concepts.
3. Science communication contexts – biomedical animations may be used by scientists
to illustrate concepts that are difficult to visualise, to accompany peer reviewed
scientific publications, in peer-to-peer presentations or to enrich funding
applications. Animations are also commonly called on to accompany media releases
by journalists and science writers who publish stories about breakthrough medical
research and new biological findings, and they may be commissioned for commercial
and marketing purposes.
Once the message and information to be conveyed has been determined, the biomedical
animator can start to obtain and assimilate the scientific data that will inform the animation.
Detailed research helps to determine the extent of scientific knowledge and the availability
of appropriate data. High-powered microscopy, sophisticated microbiology techniques, and
whole genome sequencing technologies enable scientists to measure and at times visualise
biological events at a macro and microscale. However, there are no techniques that can
measure the cellular environment at the mesoscale. The biological mesoscale is defined as
structures between 10-100 nanometres in size and includes large protein complexes, cellular
organelles and viruses. Individual structures of this size can be measured and visualised in
isolation, but the complexity, relationships and dynamic nature of these interactions cannot
be easily represented. Biomedical animators who are scientifically-trained artists and can
play a key role in this domain as they are able to bring together multiple sources of scientific
data, to translate abstract information into a visual form and re-contextualise scientific
concepts through storytelling and visualisation.
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1.2 Biomedical animation - an historical context
Biomedical animation is a relatively new field that has emerged from a long history of science
visualisation and science-as-art endeavours. The key historical milestones most relevant to
this emerging field are summarised in Figure 1.3. Images have been used to document and
communicate observations and scientific ideas, ever since humans began to describe the
world around them. One of the most recognisable science-art images is the Vitruvian Man.
The drawing, which was created in 1490 by Leonardo da Vinci appears to be the first to blend
mathematics and proportion with the human form. In 1543, artist Jan Steven van Calcar,
together with anatomist Andreas Vesalius published a revolutionary series of anatomical
drawings that unified art and anatomy. This series documented human anatomy with such
detail and accuracy that it revolutionised the understanding of the human form and
influenced medicine (Vesalius, 1543). Together with Copernicus, Galileo and Newton, these
art-science practitioners helped to drive the Scientific Revolution (1543-1687). In 1609,
Galileo made drawings of the moon that he created from observations through a telescope
(Figure 1.2). These illustrations showed that there were valleys and mountains on the moon,
which was previously understood to be smooth and spherical in nature. The scientific
revolution was progressed by artists who were also considered scientists, using art to share
and contextualise observations and scientific ideas of the time. They promoted a new
approach to knowledge discovery that was based on observation and natural laws of physics
rather than on faith and tradition, which led to the
separation of science from the church. In the 17th
Century, English philosopher Francis Bacon
promoted deductive reasoning, and developed the
basis of experimentation as we understand it
today. His approach paved the way for the Age of
Reason (also known as the Enlightenment period)
that dominated the 18th Century. This period was
characterised by the wider adoption of critical
thinking and inductive approaches to gaining
knowledge.
Figure 1.2 – Two Views of the Moon, in Siderius Nuncius (The Starry Messenger) 1610.
Artwork by Galileo Galilei (1564-1642)1.

1

Original book stored at the Smithsonian Institution Libraries, Washington, D.C. (QB41 .G15 1610b).
Image retrieved from https://www.metmuseum.org/art/collection/search/778099 on 20 May 2021

CHAPTER ONE – Introduction

7

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

Figure 1.3 – Historical timeline of scientific visualisation. Image by Kate Patterson 2021.
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As a greater proportion of society accepted and practiced this scientific approach to
knowledge generation, artists were not necessarily considered scientists concurrently and
instead, artists played a key role in accompanying scientists on explorations to observe and
visually document the natural world. Evolutionary biologist Charles Darwin developed many
of his theories while on an exploratory voyage, always accompanied by highly skilled artists
who generated hundreds of accurate observational drawings from the specimens collected
on the voyages. In 1837 Charles Darwin created a simple hand-drawn sketch in his notebook
that illustrated his theory of evolution – a sketch that is now famous and preserved at the
Museum of Natural History in Manhattan (Figure 1.4). This illustration is particularly
interesting as it depicts a scientist’s idea rather than an observation, using images and text
to make an invisible concept, visible.

Figure 1.4 – Evolutionary Tree, in First
Notebook on Transmutation of
Species (1837). Artwork by Charles
Darwin (1809-1892)2.

2

Original notebook on view at the Museum of Natural History in Manhattan. Image retrieved from
https://commons.wikimedia.org/wiki/File:Darwin_tree.png on 20 January 2021
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Artists also uncover and articulate critical components of medical procedures and biological
structures that are difficult to visualise in any other way. The early anatomical drawings by
da Vinci and Vesalius paved the way for these medical illustrators in the 19th Century who
worked closely with physicians and scientists to create new images that documented and
communicated the evolving knowledge of medicine, the human body and associated
processes and procedures. One of the most prolific and skilled medical illustrators was artist
Max Brodel who was employed to illustrate medical and surgical techniques at Johns Hopkins
School of Medicine in 1890. This appointment and the techniques Brodel developed at the
time led to the establishment of formal education programs to train highly skilled medical
illustrators.
With the exception of scientific and medical illustrators, some believed that since the
Scientific Revolution, artists and scientists had drifted apart. In 1959, chemist and writer C.P.
Snow drew attention to a cultural divide that he had observed, and argued that science and
the humanities had been split into two distinct cultures. He predicted a time where
“scientists and humanists would directly converse”, which was a revolutionary idea at the
time “that proposed an end to the traditional two culture divide and the emergence of a
new, third culture that would close the gap between natural sciences and ‘literary
intellectuals’. He argued that the communication breakdown between humanities and
science was a major hindrance to solving the world’s problems.” (Snow, 1964). Advances in
computer technologies at the start of the digital revolution was accompanied by a more
frequent intersection of science and art and the emergence of a third culture as Snow had
predicted as artists, engineers and scientists all embraced these developing technologies.
The diverse practices that combine art and science continued to evolve over time, and have
emerged as one of the strongest examples of a third culture, where scientists and humanists
(or artists) collaborate, working together to progress both scientific and aesthetic research
and to engage new audiences in their debates and artifacts. Parallels can be drawn from this
concept of a third culture and the transdisciplinary nature of biomedical animation where art
and science are brought together by the practitioner, a scientifically-trained artist. The
concept of third culture and the transdisciplinary nature of biomedical animation will be
discussed in more detail in section 1.4 – Personal Practice and also in Chapter Three –
Creative Works, where the animations that were created for this research project are
described.
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The evolution of endeavours that combine science and art has occurred alongside advances
in computers and other technologies that have facilitated scientific enquiry. Software and
tools for the creation of computer generated imagery is now ubiquitous and widely
accessible, which has helped to facilitate new artistic approaches influenced by science and
technology, and also enabled scientists to visualise their research data in insightful ways
(Wilson, 2010). In particular, genetics research has progressed beyond just the structure of
DNA, to a broader exploration of its behaviour and interactions. Research questions now
focus more on how these relationships are perturbed in disease, and how they are affected
by the environment. Further, research has moved from investigating DNA as a linear, static
molecule to whole genome studies in three dimensions and across several species and
multiple populations. Contemporary artists who are inspired by science are also responding
to this deluge of discovery in genetics. In his book: Colliding Worlds, How Cutting Edge Science
is Redefining Contemporary Art, (Miller, 2014) Miller showcases some examples of scienceart, that demonstrate how some artists engage with science and respond creatively in a way
that promotes alternative ways of seeing. In addition to these more artistic responses to
science, objective representation of this rich data is also critical, so that scientists can
interpret the information accurately, and so that leaders can make informed healthcare
decisions.
Despite the variation in how DNA is represented visually, its structure is so widely
recognisable that since its discovery by Franklin, Watson and Crick in 1953 (Watson & Crick,
1953), it has reached iconic status (Kemp, 2003; Nelkin & Anker, 2002). British art historian
Martin Kemp referred to DNA as the Mona Lisa of modern science (Kemp, 2003). The
evolution and interpretations of how DNA is visualised and represented is a reflection of
advances in scientific information, the various intentions and also the broad spectrum of
endeavours that embrace science and art.
Today, the term ‘science visualisation’ is used to describe a wide variety of activities that
combine visualisation with scientific information for a variety of purposes and for a plethora
of different audiences. These endeavours can be positioned along a continuum that extends
from data visualisation (objective representation of scientific data) on one end, to expressive
works of art that are inspired by science at the other end.
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I first saw this concept of science visualisation as a continuum presented in a keynote
presentation at the Visualization in Science and Education Gordon Research Conference in
2013 given by scientist and international leader in biomedical animation Gael McGill (McGill,
2013). As a relatively new practitioner in the field at the time, I appreciated how this concept
offered clarity and context about various endeavours grouped under the umbrella term
‘science visualisation’. I have unpacked this concept into three components as shown in
Figure 1.5.

Figure 1.5 – Science visualisation continuum. Biomedical animation lies at the centre of a
continuum of science visualisation endeavours. Biomedical animators contextualise scientific
data, interpreting and representing science for seeing and understanding in new ways. Image
by Kate Patterson 2020.

At the approximate middle of this continuum lies the practice of biomedical animation where
the intent is to create animations about science, to communicate biological, and often
molecular events and concepts to a broad audience. Arts director and science-art project
pioneer Sian Ede wrote in 2005 that “I do not believe that art can directly be ‘about’ science…
…Artists don’t ‘do’ prettification, product or propaganda for the public understanding of
science.” (Ede, 2005). This idea uncovers a point of controversy relating to the purpose of
biomedical animations and the terminology used to describe the creators – the
transdisciplinary practitioners who associate with both of the terms scientist and artist. In
some circumstances, the animations can be presented as art in the context of cultural
institutions and public festivals where the primary purpose is for the aesthetic experience
they offer. Conversely, biomedical animations are often intended as illustrative and
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explanatory assets where they are not considered works of art but where the primary
purpose is to inform and improve audience understanding of science.
I believe that biomedically-trained artists do create art ‘about’ science, where the primary
purpose is also concomitantly for the public understanding of science. The practitioners who
create biomedical animations have scientific training and can offer a contemporary approach
to science communication challenges. A critical understanding of the scientific concepts and
processes, when combined with well-developed creative practice gives the practitioner a
unique insight and perception that can be compelling when used as science communication
tools.

1.3 Visual science communicators
Scientific data and medical information are now readily accessible, yet often unfiltered and,
at times, difficult for the non-scientifically trained person to critically interpret. In response
to this evolution of the ‘information age’, a field of work referred to as science
communication has emerged with the aim of transforming complex scientific concepts into
a form accessible by a broad audience. The roles of science communicators are varied, and
include educators, museum curators, science writers and illustrators, television presenters
and journalists to name a few. Visual science communicators are an important sub-group in
this evolving field, and they include scientific illustrators and data visualisation experts.
Biomedical animators are also part of this sub-group, combining visualisation with narrative
and moving image to communicate science. Biomedical animators share many approaches
and theoretical principles with other visual science communicators, despite the use of
different media. It is beyond the scope of this thesis to critically review the whole field of
visual science communication. However, it is important to mention a few key practitioners
briefly, particularly those that have significantly influenced my own creative practice or who
promote some of the theoretical principles that underpin my own work.
In Section 1.1 I introduced three main contexts for which biomedical animations are
commonly produced and implemented: 1. Informal education contexts; 2. Formal education
contexts; and, 3. Science Communication contexts. The key visual science communicators
that have influenced my personal practice can also be grouped according to these contexts.
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1. Informal education contexts
Associate Professor David Goodsell is an award-winning watercolour artist, molecular
biologist and pioneer in this field. His detailed and brightly coloured artworks are visually
impactful but also scientifically accurate. They convey detail about the relationships of
molecules and spatial organisation within the cell (Goodsell, 1996, 2004, 2009). With his
creative practice evolving in the 1980s, he was one of the first in the contemporary field of
visual science communicators to create works that were strongly led by scientific accuracy.
On his use of colour however he says “The colors are completely made up,” … noting that
most proteins have no colour. “I just use colors that I like and colors that I think will allow
you to distinguish different functional compartments.” (Cohen, 2019) Goodsell, with others
has led by example and together with science visualisation researcher and practitioner
Associate Professor Jodie Jenkinson has developed a set of best practice principles for using
visuals to communicate science (Goodsell & Jenkinson, 2018). These principles and
Goodsell’s signature use of colour have impacted on my own practice, and the ongoing
influence of his work can also be seen in many other biomedical animations created today.

Figure 1.6 – Watercolour paintings by David Goodsell, Scripps Research Institute USA. Left:
Escherichia coli, 19993 and right: Excitatory and Inhibitory Synapses, 20184.

3

Image retrieved from https://pdb101.rcsb.org/sci-art/goodsell-gallery/escherichia-coli on May 20
2021. doi: 10.2210/rcsb_pdb/goodsell-gallery-001
4
Image retrieved from https://pdb101.rcsb.org/sci-art/goodsell-gallery/excitatory-and-inhibitorysynapses on May 20 2021. doi: 10.2210/rcsb_pdb/goodsell-gallery-016
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Felice Frankel is a research scientist and also one of the best-regarded scientific
photographers. Her photography, known for its aesthetic qualities and ability to
communicate complex scientific information visually, compliments her research in material
science and engineering (Frankel, 2002; Frankel & DePace, 2012; Frankel & Whitesides, 1997,
2009). As with many biomedically-trained artists, there is debate on whether her work is in
fact art or science. Author and art-science project director Sian Ede comments in her book
Art and Science 2005 that “…her (Frankel’s) whole aim is to direct the attention to the image’s
principal purpose – an illustration of an evidenced piece of research” (Ede, 2005) (p 189). Ede
also highlights the balance of accuracy and artistry, or the challenge of achieving both; “…the
precision that goes into her process begs the viewer to question how far such manipulation
enhances or detracts from what is intended to be a depiction of reality” (Ede, 2005) (page
188). This attention to the balance of artistry and accuracy is a tension common to many
visual science communicators, particularly biomedical animators as the practitioner chooses
specific aspects of the available scientific information to display or highlight.

Figure 1.7 – Ferro Fluid, photograph by Felice Frankel 20025. A 3-cm drop of ferrofluid on a
glass slide. A slip of yellow paper sits below the slide and a set of seven small circular magnets
under the paper affects the form of the drop.

5

Image retrieved from
https://en.wikipedia.org/wiki/Felice_Frankel#/media/File:Ferrofluid.Frankel.jpg on 21 May 2021
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2. Formal education contexts
In 2001 Richard Mayer published the principles of multimedia learning, following a decade
of academic research that was focussed on the science of learning and the science of
instruction (Mayer, 2001). These principles have endured over the past two decades and
have influenced a large body of educational research aimed at determining the specific
contexts where animations offer the greatest value for improved learning in science
education (Abdulrahaman et al., 2020; Jenkinson, 2012; McClean et al., 2005; Pink & Newton,
2020; Zanin, 2015). Multimedia learning is defined broadly as learning from words and
pictures where the words can be written or spoken and where the pictures can be static or
dynamic. Mayer defines this as the dual channel theory and he states that the benefits of
multimedia learning are due to the human brain’s ability to process both auditory and visual
information simultaneously. Precisely how this information is presented however can greatly
influence the effectiveness of the materials, which is the underlying concept that shaped the
development of Mayer’s 12 principles of multimedia learning, summarised in Figure 1.8.
1

Coherence Principle – People learn better when extraneous words, pictures and sounds
are excluded rather than included.

2

Signaling Principle – People learn better when cues that highlight the organization of
the essential material are added.

3

Redundancy Principle – People learn better from graphics and narration than from
graphics, narration and on-screen text.

4

Spatial Contiguity Principle – People learn better when corresponding words and
pictures are presented near rather than far from each other on the page or screen.

5

Temporal Contiguity Principle – People learn better when corresponding words and
pictures are presented simultaneously rather than successively.

6

Segmenting Principle – People learn better from a multimedia lesson when it is
presented in user-paced segments rather than as a continuous unit.

7

Pre-training Principle – People learn better from a multimedia lesson when they know
the names and characteristics of the main concepts.

8

Modality Principle – People learn better from graphics and narrations than from
animation and on-screen text.

9

Multimedia Principle – People learn better from words and pictures than from words
alone.

10 Personalization Principle – People learn better from multimedia lessons when words are
in conversational style rather than formal style.
11 Voice Principle – People learn better when the narration in multimedia lessons is
spoken in a friendly human voice rather than a machine voice.
12 Image Principle – People do not necessarily learn better from a multimedia lesson when
ded to the screen.

Figure 1.8 – Mayer’s 12 principles of multimedia learning6.

6

Summary retrieved from https://www.hartford.edu/facultystaff/faculty/fcld/_files/12%20Principles%20of%20Multimedia%20Learning.pdf on 25 May 2021

CHAPTER ONE – Introduction

16

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

Biomedical animations are multimedia by nature. They consist of animation as well as
narration and (at times) written text, often in the form of labels. The cognitive load theory
that was developed by John Sweller in 1988 (Sweller, 1988) guided many of Mayer’s 12
principles and is, I believe, the most relevant guide for biomedical animators. The cognitive
load theory refers to the limitations of working memory and the idea that instructional design
can be used to reduce cognitive load and to improve learning. In my personal approach to
designing biomedical animations, I am acutely aware of the balance between utilising both
the auditory and visual channels, but not overloading these with superfluous stimulation that
does not benefit the overarching message.
One of the areas still open for debate in the field of biomedical animation, and a challenge
that biomedical animators face in every project, is what information to exclude and how
much visual complexity to retain. According to the principles of multimedia learning and
cognitive load theory, any extraneous information should be excluded. However, by overly
simplifying a molecular animation, important scientific concepts may not be portrayed, such
as random molecular motion and naturally crowded environments. This was shown to be the
case in research published in 2012 by Jenkinson and McGill who tested the effectiveness of
increasingly complex molecular animations on student’s learning. The results from this study
showed that increasingly complex representations may be more desirable in certain learning
contexts (Jenkinson, 2012). My personal ambition when creating a biomedical animation is
to include as much detail and complexity as possible, while remaining sensitive to potential
technological constraints relating to computer power and also the impact that the intended
audience may have on design decisions, similarly discussed by Kadir et al 2021 when
describing the creation of a 3D virtual cell environment (Kadir et al., 2021).

Figure 1.9 – Four frames from a molecular animation created by Gael McGill used to test the
effect of increasing visual complexity and student learning (Jenkinson, 2012). Image by Gael
McGill 2012.
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By reducing scientific jargon and using well designed visual cues such as colour, movement
and appropriate labels, the audience can remain focussed on the key messages. Clear and
engaging narratives also help to ensure the audience is looking at the intended aspects of a
complex animation. McGill explains that “…we know that sometimes a movie, even a
beautiful and accurate movie, that plays at you is not enough. You need to engage students.”
(McGill, 2011). Research suggests that narratives are easier to process and generate more
attention and engagement than traditional logical-scientific communication, particularly
with non-expert audiences (Dahlstrom, 2014). There is also a growing awareness of
narrative-driven visualisations in information design and the application of these approaches
to scientific storytelling (Ma, Liao, Frazier, Hauser, & Kostis, 2012). However, the idea of
storytelling in science is not without controversy. While the evidence suggests that visual
narratives and storytelling can help to contextualise science and engage broad audiences
(Krzywinski & Cairo, 2013a, 2013b), some believe that storytelling in science carries the risk
of distorted representations of data that don’t do justice to the complexities of science
experimentation (Katz, 2013).
Biomedical animators rely on storytelling to reach broad audiences. Although the animations
are characterised by high scientific integrity, preservation of data, and blending of
multiresolution data from different sources, there is a balance between accuracy and artistry,
which is achieved with careful transformation of objective scientific data and orchestrated
design choices. These are choices that are made in order to communicate a specific message
to the intended audience. Computer scientists and researchers in information visualisation
Jessica Hullman and Nicholas Diakopolous describe this as “visualization rhetoric; … how
design techniques that prioritize particular interpretations in visualizations that tell a story
can significantly affect end-user interpretation” (Hullman & Diakopoulos, 2011). These series
of orchestrated design choices are first identified and then navigated by the practitioner,
often tacitly – decisions that, as with other fields of design are often made in moments of
uncertainty and with limited information (Simon, 1996). One of the main aims of this
practice-based research project is to expose my own tacit knowledge and how that influences
my practice and the creation of a biomedical animation. The tacit dimension and methods
used to uncover this knowledge will be discussed in more detail in Chapter Two –
Methodology.
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3. Science communication contexts
Science visualisation for the purposes of communicating scientific information is a sub-group
of visual science communication where practitioners are primarily concerned with creating
computer generated graphics and illustrations that accompany scientific data and peer
reviewed publications. The academic discourse that has emerged from this group has
focussed largely on the principles for data visualisation with respect to human cognition.
These principles have been established by key researchers in the field including Edward
Tufte, information designer, computer scientist and pioneer in the field of data visualisation.
In his book Beautiful Evidence (Tufte, 2006) (p141) Tufte explains that ‘Making a presentation
is a moral act as well as an intellectual activity.” Although Tufte is referring to presentations
and the making of charts, idea of representing data as accurately as possible and with as little
ambiguity as possible also applies to the creation of biomedical animations. It highlights the
need, as a biomedical animator for an understanding of the fundamental principles of
visualising information and an awareness of the risk of presenting information in a way that
could potentially mislead the audience. This is particularly important for biomedical
animators who at times need to fill in the gaps in scientific knowledge in order to create a
cohesive story. Tamara Munzner, a computer scientist and information visualisation
researcher brings human cognition studies together with the principles of visual
communication, to explain how coding of visual information has an effectiveness hierarchy
that, when respected can aid the creation of effective data visualisations (Munzner, 2014).
These principles can also inform the design of biomedical animations with respect to the
organisation of molecules, their colour, position in 3D space, luminance and motion.

Figure 1.10 – Effectiveness hierarchy for
visual cues. Image by Tamara Munzner
(Munzner, 2014)7.

7

Image retrieved from https://dataliteracy.com/topic/1-5-effectiveness-of-encodings/ on 25 May
2021
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1.4 Personal practice - professional context and influences
I have observed diverse career pathways available to biomedical animators, and several
professional contexts for working which include (amongst others), 1) within a commercial
creative studio, sometimes within a large team and creating animations for marketing
purposes such as Connecticut based XVIVO8 and London based Random429 (representative
images from these studios can be seen in figure 1.11) 2) in an academic context, often
combining research, teaching and practice such as the 3D Visualisation Aesthetics Laboratory
(3DVAL) at UNSW Art and Design10 and the Biomedical Communications Faculty group at the
University of Toronto11 3) As freelance artists and 4) within a medical research institution.
My work as a biomedical animator takes place within the context of a medical research
institute; the Garvan Institute of Medical Research, in Sydney Australia. My role is to use
biomedical animations to raise awareness of, and to explain some of the important research
endeavours of scientists at the institute. I am a trans-disciplinary researcher and
biomedically-trained artist, (former veterinarian and PhD in molecular biology) and I feel
challenged by, but also fortunate to be able to contribute to the rich debate at the
intersection of art and science.

Figure 1.11 – Representative images from the showreel of XVIVO8 (left) and Random429
(right).

8

XVIVO studio are creators of medical animations and scientific media. Website accessed on 13 June
2021: https://xvivo.com/
9
Random42 is a medical animation and scientific storytelling studio. Website accessed on 13 July
2021: https://random42.com/
10
The 3D Aesthetics and Visualisation Laboratory is a multi-disciplinary research lab situated as part
of UNSW Sydney. Website accessed on 13 July 2021: https://artdesign.unsw.edu.au/3DVAL
11
Associate Professor Jodie Jenkinson is Director of the Master of Science Biomedical
Communications program at the University of Toronto. Webpage accessed on 13 July 2021:
https://bmc.med.utoronto.ca/faculty-staff
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Approximately ten years ago, and following a period of time as a postdoctoral research
scientist, I broadened my then creative practice of scientific illustration to also include 3D
animation. I did this in response to frustrations I felt at not being able to bring enough life
and character to the molecules and dynamic systems I was attempting to portray by using
static images. Two biomedical animators who were particularly influential to my developing
practice were Drew Berry, at the Walter and Eliza Hall Institute of Medical Research and Janet
Iwasa at The Animation Lab, University of Utah. I was drawn to the highly detailed 3D
aesthetic and blooming colour palette of Drew ‘s animations, and when I heard him present
his work, I noticed how much the animations resonated with many different audiences, even
those who were not traditionally interested in science. I first became aware of Janet Iwasa
when one of her animations was used by a scientist to augment a presentation that I
attended in 2013 as part of a Leaders in Science seminar series at the Garvan Institute of
Medical Research. The presentation was for a scientific audience, and despite being packed
with interesting outcomes and insightful hypotheses, all the questions that followed the
presentation were about the animation and the scientific concepts that were demonstrated
by this visualisation. I found it fascinating that the same overarching style of biomedical
animation that was adopted by both Berry and Iwasa could have such an impact on widely
diverse audiences. I was also particularly interested in Janet Iwasa as a female animator in a
male dominated field.
Both Berry and Iwasa are scientifically trained, and both have a deep interest in cell biology
and professional experience in cell microscopy. For each, their careers moved away from
scientific research and towards visual science communication naturally, as it utilised their
interest, skillset and demand for such work at the time. While Berry was influenced by
scientific illustrator David Goodsell, Iwasa’s motivation for learning animation came from
another animator, Graham Johnson. Janet Iwasa was formally trained in animation at the
Gnomon Studios in California12 and now leads the successful Animation Lab at the University
of Utah13. Drew Berry in contrast is self-taught in animation – working as a visualisation
specialist at the Walter and Eliza Hall Institute, a medical research institute in Melbourne,
Australia, his work has evolved to meet the needs and outreach ambitions of the institute14.

12

Gnomon is an institution for the education of those in the entertainment industry. Website
https://www.gnomon.edu/ accessed on 15 September 2021
13
The laboratory and work of Janet Iwasa can be viewed at https://animationlab.utah.edu/ website
accessed on 18 February 2021
14
The work of Drew Berry at the Walter and Eliza Hall Institute of Medical Research can be viewed at
https://www.wehi.edu.au/wehi-tv/ website accessed on 19 February 2021
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This career path is partly a reflection of the absence of formal training programs in Australia
and the embryonic state of the field at the time he was developing his practice in the 1990s.
My own career path mirrors Berry’s in that there are still no formal biomedical animation
training courses in Australia, however with the benefit of time and a growing field, I have had
ready access to software and relevant training and short online courses that have helped to
develop my learning curve and assisted me in evolving my own creative practice.
Technically, Drew Berry and Janet Iwasa’s animations are similar in that they both focus on
molecular processes and mostly utilise the same software that includes Autodesk Maya15,
Molecular Maya16 and Adobe After Effects17. They work closely with scientists to ensure the
information portrayed is as accurate as possible and they both utilise the publicly available
protein data bank18 to import scientifically resolved structures into Maya for animation. More
detail on the process of animating scientific structures and the Protein Data Bank is discussed
in Chapter 3 – Creative Work. When comparing the work of Iwasa and Berry however, there
are distinct differences that come from differences in the intentions for the animations and
their individual creative approaches. As a researcher and laboratory head at an academic
institution, Janet Iwasa works collaboratively with scientists to create animations with the
intention of bringing together multiple data sources that can help people to visualise
scientific hypotheses. The animations are primarily used by scientists for peer-to-peer
communication purposes, but they are also well utilised by teachers to enhance materials for
formal education. Iwasa highlights the specific molecules that are part of the story by
stripping away any unnecessary elements and by ensuring that the main players are at the
centre of the field of view. At times, the primary molecule may have selected parts
highlighted by colour or movement such that specific structures can be distinguished and
explained by labels or voice over recordings. Iwasa uses simple labels for molecules and also
freezes the motion of the animation at times in order to emphasise or elaborate on different
parts of the scene. The camera is situated most often front on to the main action, such that
the main molecules can be easily seen, as well as their inter-relationships if necessary. She
uses colour as a tool to help tell the story, highlighting different elements in order to

15

3D Computer Animation Software by Autodesk https://www.autodesk.com.au/products/maya/
website accessed on 20 May 2021
16
Molecular Maya is a plugin for animating molecules developed by Gael McGill for Audodesk Maya
https://clarafi.com/tools/mmaya/ website accessed on 20 May 2021
17
Visual effects and motion graphics software for editing and compositing 3D biomedical animations
https://www.adobe.com/au/products/aftereffects.html website accessed on 19 March 2021
18
The Protein Data Bank is a public database of molecular structures: www.rcsb.org website
accessed 25 May 2021
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differentiate parts of a molecule, characteristics that can be seen in figures 1.12-1.15. Iwasa’s
contribution to the peer reviewed literature has led to her being regarded as a thought leader
in the field. Iwasa contributes to both the scientific literature, through her collaborative
projects with scientists and the literature directly related to the field of biomedical
animation. Her published work typically focusses on the role of animation (J. H. Iwasa, 2010;
Nayak S., 2020) and the role of the animator (J. Iwasa, 2014; J. H. Iwasa, 2016) in visualising
biological processes and structures in the context of scientific research.
As a biomedical animator within the context of a medical research institute, Drew Berry
creates animations with the intention of informing broad audiences about molecular
processes, to inspire wonder and to draw people into the molecular wonderland inside our
bodies. Like Iwasa, his animations bring together multiple sources of scientific information,
but are more often used to showcase research endeavours and to raise awareness of the
awe-inspiring biological processes within our bodies to a scientifically interested lay
audience. Drew Berry’s animations are frequently exhibited in cultural institutions and public
festivals globally19. The point of view Berry creates for the audience is often not focussed
directly on the specific molecules at the centre of the biological story, but also on its context
in the microscopic environment. In Berry’s animations, the camera angle is almost never
front on to the subject, and the main molecular players are rarely isolated from their
relationships and natural surrounding structures. Berry uses cinematography techniques
such as camera moves, alternative viewpoints and depth of field effects to help draw the
audience in and tell the story in an engaging way. His animations give the audience a sense
of the naturally chaotic and apparently random nature of biology as well as the crowded
environment in which the precise molecular events take place. This approach of presenting
molecules within their natural environment is strongly aligned with my personal aim, which
is to provide the viewer with a visceral sense of what it would be like if you could be physically
present in the spaces where these processes take place.
My motivations come from a desire to empower people with knowledge and understanding
about biological processes that are relevant to their personal health and the diseases that
they or their loved ones may have been touched by. The use of sound to accompany

19

Mendel: The Legacy architectural projection show, Czech Republic, Virus one billion times White
Night Melbourne, State Library of Victoria 2016, Google SciFoo, San Francisco, Björk's Biophilia iPad
App and 'Hollow' music video 2010 and the University of Geneva’s Genome Dome exhibition,
Switzerland 2009-10 and E.O. Wilson's Life on Earth iPad interactive textbook 2011–2014
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animations is also a point of difference between Iwasa and Berry. While the animations of
Iwasa are commonly accompanied by a musical score to provide atmosphere and drama,
Berry’s animations are instead brought to life with sound effects that correspond to
molecular behaviours specific to the animation rather than musicality or atmospheric tones.
Both Iwasa and Berry record their own voice over, a characteristic of many biomedical
animations. I have also adopted this approach in my own practice although at times I have
also experimented with a professional voiceover artist. My personal experience is that the
narration can differ in the subtle emphasis on certain words and precise timing, which can
greatly affect the impact of the story. Although I find it difficult to listen to my own voice, I
have found the greatest overall success when I record the voice-over for my own animations.
When presenting my animations live, I follow the lead offered by Drew Berry and perform
the narration live rather than playing the pre-recorded version. The physical association of
the animator, the sound of their voice through the narration and the associated visual display
of the animation helps to engage the audience more deeply in the animation.

Figure 1.12 – A) Screenshot from animation Muscle Structure and Function by Drew Berry
(Berry, 2020) Timestamp: 0:2420. B) Screenshot from video The Wonders of the Molecular
World, Animated by Janet Iwasa (J. Iwasa, 2020) Timestamp: 2:3621.

In Figure 1.12, representative screenshots are compared from animations by Drew Berry and
Janet Iwasa. A) Fibres associated with muscle contraction shown by Berry within the context
of the surrounding molecules and using a point of view that suggests depth, compared with
B) Fibres associated with muscle contraction by Iwasa who demonstrates the same concept
using a two-dimensional point of view where individual molecules are highlighted with colour
and a black background.

20
21

Image retrieved from https://www.youtube.com/watch?v=eyYTHn2JLgI&t=24s on 25 May 2021
Image retrieved from https://www.youtube.com/watch?v=ppjXgm4t9ko on 25 May 2021
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Figure 1.13 – A) Screenshot from video Astonishing Molecular Machines; Drew Berry at TEDx
Sydney 2011 (Berry, 2011) Timestamp 8:1222 B) Screenshot from video The Wonders of the
Molecular World, Animated by Janet Iwasa (J. Iwasa, 2020) Timestamp: 2:5321.

Molecules that are associated with movement and trafficking of other molecules and
chemicals within cells are shown by Berry within the context of the micro-environment
whereas Iwasa demonstrates the movement and molecular components with a contrasting
black background and direct point of view (Figure 1.13).

Figure 1.14 – A) Screenshot from animation ATP Synthesis by Drew Berry and Frank Tetaz
(Berry, 2018) Timestamp: 0:5123. B) Screenshot from video SARS-CoV2 Life Cycle (interactive
user interface) by Janet Iwasa, The Animation Lab (J. Iwasa, 2021) Timestamp: 0:3024.

Berry and Iwasa use similar strategies for animations intended for educational purposes. Two
examples are compared in Figure 1.14 with the key molecular elements isolated through the
use of colour and contrast to encourage the audience to focus on the relevant sections at the
right time. Iwasa also utilises interactivity in an online user interface to provide users with
some control over how and when the information is consumed.

22

Image retrieved from https://www.youtube.com/watch?v=DfB8vQokr0Q on 25 May 2021
Image retrieved from https://www.youtube.com/watch?v=OT5AXGS1aL8 on 25 May 2021
24
Image retrieved from https://coronavirus-annotation-2.sci.utah.edu/ on 25 May 2021
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Figure 1.15 – A) Screenshot from animation ATP Synthesis by Drew Berry and Frank Tetaz
(Berry, 2018) Timestamp: 1:3722. B) Screenshot from animation Sneaking Medicines into the
Brain by Janet Iwasa (J. Iwasa, 2012) Timestamp: 0:2925.

Both Berry and Iwasa use labels and colours to highlight and differentiate molecules within
an animation. This approach aligns with Mayer’s principles of multimedia learning in that the
labels are close to their point of reference, they are sensitive to the timing of the animation
and they are also, at times, colour coded to reflect the relevant part of the labelled structure
to make it easy for the audience to interpret (Figure 1.15).

1.5 Motivations for the research
The motivations for this research are two-fold. First, it comes from a personal desire to
understand more about my own practice and that of the field more broadly, and second,
despite there being rich discourse in the fields of science visualisation and also in science
communication, the academic literature in the field of 3D biomedical animation is limited,
and publications in the field of visual science communication is most often focussed on the
methods for visualisation or the role the visualisations play in scientific research and in
education, rather than the processes through which they are created. As mentioned earlier
in this chapter, Sian Ede draws attention to the balance of artistry and accuracy
demonstrated in the science photography by Felice Frankel. She questions the level of
manipulation required to achieve such images which I propose could be better understood
by unpacking the design decisions made by Frankel in her creative practice. I also described
how biomedical animations were used as tools in formal learning contexts and gave some
examples from the academic literature of investigations into their utility and effectiveness in
education. Despite the detailed analysis and varied applications of these investigations, few

25

Image retrieved from https://www.youtube.com/watch?v=8y6TwfM5Pu8 on 25 May 2021
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focus on the specific design decisions that are made as the animated resources are created,
particularly from the perspective of the practitioner. As a highly published researcher and
animator in the field of biomedical animation, Janet Iwasa draws attention to the role of both
the animator and the animations in scientific research but has not published on her specific
process and the design decisions that contribute to the creation of her work. Although
biomedical animators are popular speakers at both scientific conferences and visualisation
conferences, in my experience, they usually a focus on showcasing the animations and
discussing the underlying biological processes that they portray. However, my personal
experience as a presenter and biomedical animator is that it is the design decisions, thought
processes and questions that arise during the creation of the animation that attract deeper
engagement and interesting conversations.
The few published reports from practitioners at the interface of science and art that do focus
on the creative process offer a glimpse of the invaluable knowledge that could be gained
through a disciplined documentation and deeper analysis of the creative process. Gael
McGill describes the process of creating biomedical animations as being “…more than pretty
pictures. We try to be as accurate as we can, and it's an opportunity for knowledge
synthesis…” (McGill, 2011). Australian artist Eleanor Gates-Stuart explored this idea of
knowledge synthesis in her research and PhD titled Communicating Science: Explorations
through Science and Art (Gates-Stuart, 2014). This is one of the few practice-based research
projects that explores the researcher’s own personal experience at the interface of art and
science through case-studies and collaboration with research scientists. Gates-Stuart
suggests that, “Science and Art are generally represented and understood in terms of their
products… (but there is a) …whole new world that is generally invisible or inaccessible to
anyone except the artwork’s creators.” (Gates-Stuart E, 2016).
Goodsell touches on the value of the process of visual science communication, and explains
the insights gained into his own creative practice and perception of his process following an
experience as a scientist at the Djerassi Resident Artists Program26. He notes that “the
process is filled with hypotheses that needed answers” and that “The process of creating this
type of integrative image, rather than the final image itself, is arguably the most important
aspect of the endeavor.” (Goodsell, 2021). Although this account by Goodsell was published
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The Djerassi Resident Artists Program brings six scientists and six artists together to create
collaborative works of art. Website: https://djerassi.org/ accessed on 26 May 2021
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as this research project approaches the final stages, it mirrors the underlying drive and
motivations at the core of my research question and aim, that is to expose and characterise
both the visible and invisible factors that influence my personal process of creating a
biomedical animation, and the tacit dimensions that influence orchestrated design choices.

1.6 Summary
In this Chapter One, the practice of biomedical animation was introduced, with reference to
the professional contexts in which biomedical animators work and also the various intentions
and audiences for whom the animations are designed. Biomedical animation sits partly
within the fields of science communication and science visualisation, and has emerged from
a long history of scientific and medical illustration. I described biomedical animation as a
practice that exists on a continuum of endeavours that combine science and art. Key
practitioners and theoretical underpinnings were highlighted that have influenced my
personal practice and who are also widely regarded as leaders in the field. I also described
the current academic literature in the field as being populated with publications that focus
on methods for visualisation or the role these animations play in scientific research. As the
field of visual science communication continues to grow and mature, it is now poised to
expose and characterise the various processes in science-art endeavours particularly from
the perspective of the practitioner.
This research project aims to improve my self-awareness of my personal practice, and it will
also be of value to others in the field, who may benefit from a deeper understanding of
process and application to their own practice. This work contributes to the field of biomedical
animation, but also to the field of design more broadly as there has been a general call for
more research carried out through the eye of the practitioner, a concept discussed in more
detail in the following Chapter Two – Methodology in association with self-reflective practice
in a research context.
Chapter Two - Methodology will also describe the approach to investigating this research
question. This will be followed by Chapter Three – Creative works which will describe the
projects through which this research was carried out. The documentation and analysis of the
reflective practice is presented in Chapter Four – Data Analysis and finally Chapter Five –
Conclusions will expand on the themes that have emerged in the analysis, and suggest key
opportunities for further work.
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Figure 2.1 – Photograph of the Garvan Institute of Medical Research
galleria with animations by Kate Patterson projected on the spiral
staircase and the timber wall. Photograph by Alex Craig 2016.

2.1 Introduction
In Chapter One, the practice of biomedical animation was contextualised as a field that has
emerged from a long history of medical illustration and science visualisation. I described my
personal practice within the professional context of the Garvan Institute of Medical Research
and my motivations for the research. The aim of this research project is to expose and
characterise both the visible and invisible factors that influence my personal process of
creating a biomedical animation. This Chapter Two will explain the theoretical frameworks
that guide this practice-based research project. It will explain and justify the multi-method
approach to reflective practice that is employed to capture and document the creative
process. These methods are used to characterise the visible and invisible factors that
contribute to my creative practice and also to expose tacit knowledge that influences
orchestrated design choices. The disciplined capture and documentation of self-reflection
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throughout the process of creating three biomedical animation projects comprises the data
used for analysis in this research project. The hierarchical organisation of this data and
thematic analysis is modelled on previously published approaches to the analysis of reflective
practice research, in order to identify general themes and to then construct frameworks that
represent my process(es) in creating 3D biomedical animations.

2.2 Research argument
The motivation for this research project was described in the previous chapter in section 1.5
– Motivations for the research, and can be summarised as the desire to better understand
my personal creative process and its position within the field of biomedical animation.
Through my professional experience as a biomedical animator, I recognised a disparity
between how practitioners in the field represented their work and themselves and my
personal experiences. I felt that the discourse concentrated on the product and neglected
the process of creating the animations despite my observations that deepest engagement
and interest by a variety of audiences was in the creative process of my work. This work
contributes to the field of biomedical animation, but also to the field of design more broadly
as there has been a general call for more research carried out through the eye of the
practitioner. In her PhD thesis titled Design Research and Reflective Practice, Professor Lisa
Grocott, Monash University, Australia leader in design research and principles of learning
highlights the value of a designer’s perspective and its role in “…shaping how academic
discourse frames and understands design.” (Grocott, 2010) (p1). She also advocates for selfreflection in design research and argues that the “…practitioner-researcher’s unique
perspective might present new ways of investigating and communicating the tacit and
experiential knowing of design praxis.” (Grocott, 2010) (p20). Nigel Cross discusses the
“designerly way of knowing” and states that “What designers know about their own problem
solving processes remains largely tacit knowledge” but argues that exposing and articulating
this knowledge is critical in the context of teaching design (Cross, 2006). Exposing and
characterising both the visible and invisible factors that influence the process of creating a
biomedical animation, will provide a self-awareness of my personal practice, and will also be
of value to others in the field, who may benefit from a deeper understanding of process and
application to their own practice. This is a view supported by Scrivener who states: “While it
is not assumed that [documentation of design practice through reflective practice] will lead
to generalisations, the communicable outcomes of the activity will provide, examples,
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images, understandings and strategies for action that other practitioners may employ to
extend their own repertoires” (Scrivener, 2000).

2.3 Theoretical framework
This research employs a multi-method and practice-based27 approach, as it is only through
making that deep and personal aspects of knowing that contribute to the process can be
uncovered. The research is aligned with a ‘naturalistic’ approach to inquiry in that the
research is being carried out by the researcher / practitioner in the context of a place of work
– the normal setting for the creative work, and with the belief that meaning comes from the
interactions of personal experiences within the context of their environment (Lincoln, 1985).
This research project is approached through the theoretical lenses of practice-based research
and reflective practice however it is also informed by theories associated with the
understanding of tacit knowledge, practitioner research and design research. It has an equal
emphasis on the practitioner, the process and the product, an approach explained by Makela
and Nimkulrat in their review of reflection and documentation in practice-led design
research; “This form of gaining knowledge sheds light on the development of design research
to include the traditional basis of the field, the creative practice, with a focus on the sources
of knowledge – the making process and the maker.” (Makela, 2011).

2.3.1

Practice-based research

Prior to the emergence of practice-based research approaches, topics for research that were
related to art and design were investigated more objectively and most often by an external
perspective as researchers took an approach that distanced themselves from their practice
(Gray, 1996). There were well defined methods to investigate ‘the situation of practice’ as
described by Donald Schön (1930-1997) as “the complexity, uncertainty, instability,
uniqueness and value conflicts which are increasingly perceived as central to the world of
professional practice” (Schön, 1983). These methods, as summarised by Brad Haseman
include reflective practice, participant research, participatory research, collaborative enquiry
and action research (Haseman, 2006). However, these methods of inquiry placed emphasis

27

I have chosen to describe my research as practice-based. The term practice-led is also used in the
literature, and is only used in this thesis when quoting such relevant publications
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on written outcomes rather than on the practice itself. Practice-based research has emerged
as an approach that is distinct from previous investigations into practice in that it places
emphasis on practice as the act that leads the research. This approach can also be referred
to as “creative practice as research, performance as research, research through practice,
studio research, practice as research or practice-led research” (Haseman, 2006), and
although there may be minor differences in terminology or variations in the situations in
which each of these may be applied, they all draw on underlying theories and pre-existing
frameworks that place practice at the centre of the research where “questions, problems,
challenges are identified and formed by the needs of practice and practitioners” (Gray, 1996).
In this practice-based research project, three examples of creative work are presented and
contribute as outcomes of the research process. While the creative works themselves
contribute to the research, it is the documentation and analysis of the creative process,
presented from the perspective of the practitioner that aims to uncover specialised research
insights. These contributions are consistent with Smith and Dean’s claim that “content and
processes of a creative practice generate knowledge and innovations that are different to,
but complementary with, other research styles and methods” (Smith, 2009).
Throughout this project I have considered McNamara’s six rules of practice-led research
(McNamara, 2012) (summarised in Figure 2.2) as I strive to maintain academic rigour and
uncover an accurate representation of truth – posed by some in the literature to be
challenging for reflective practitioners. McNamara developed these guidelines from his
experience as a senior academic, supervisor and examiner of postgraduate research projects
in an attempt to circumvent the shortcomings that can result from common assumptions by
researchers that include: (i) the innovative nature of practice-led research; (ii) that its novelty
is based in opposition to other research methods; (iii) that practice is intrinsically research,
often leading to tautological formulations; and (iv) the hyper-self-reflexive nature of practiceled research.
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Rule 1 - Eliminate – or at the very least, limit – the use of the first person pronoun,

as a

centrepiece of a research formulation. This guideline is designed to help shift the
focus from themselves to the research question and to the communication of the contribution to
knowledge by the research project.

Rule 2 - Avoid recourse to

own experience as the basis or justification of the research

ambition. Simply, the research project should be justified in terms that extend beyond the
nce or personal gain.

Rule 3 - Avoid PLR instrumental relations between theory and practice; and avoid conflating
practice with research. There should be no assumption that the embedded knowledge that exists
in the creation of art constitutes the research itself. Although the intellectual, theoretical and
conceptual influences on practice can help to locate the research in the greater context of the
field, these should not be used to explain the practice itself.

Rule 4 - Always write an abstract that equally encompasses on

creative practice and the

exegesis and/or thesis component. This balanced representation of the research helps to prevent
the impression that the creative works alone are the research.

Rule 5 - Good PLR can acknowledge other research paradigms. Care should be taken to not
overstate the research approach, which could be interpreted as being defensive.

Rule 6 - Avoid defining PLR as more self-reflexive than other research methods. McNamara
defined practice-led research as a performative research enquiry, and cautions to avoid
tautological explanations that justify practice lead research.

Figure 2.2 – McNamara’s six rules of practice-led research (McNamara, 2012).

2.3.2

The tacit dimension

Biomedical animations are the product of a multi-faceted creative practice that is influenced
by scientific inquiry, design practice, instructional design, principles of animation and
multimedia learning. Through their creative practice, biomedical animators draw on threads
from each of these, and other fields of practice and theories to weave the final tapestry. The
tension between artistry and accuracy is constantly navigated by the practitioner, who must
balance scientific integrity with aesthetic qualities and also the institutional needs and
expectations with that of the desired audience(s). They are careful to transform objective
scientific data into a visual and more consumable form through orchestrated design choices.
These choices can have a significant impact on how audiences interpret the information
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(Hullman & Diakopoulos, 2011). These series of orchestrated design choices are first
identified and then navigated by the practitioner, often tacitly – decisions that, as with other
fields of design are often made in moments of uncertainty and with limited information
(Simon, 1996).
The literature on tacit knowing, led by Michael Polanyi and Chris Rust resonates with this
research project as both as a lens through which practice can be interrogated through
research and also to help contextualise the formation of the research question itself. Michael
Polyani (1891-1976) was a scientist and philosopher. Best known for his contributions to
theories on knowing and also philosophies of science, he challenged the positivist view and
developed theories on tacit awareness that are particularly relevant to this research project.
Chris Rust trained as an industrial designer and his work offers a more contemporary view of
the role of tacit knowledge in design and design research, building on the work of Michael
Polyani particularly in the way he links scientific inquiry with design research. Haseman
argues that many “practice-led researchers do not commence a research project with a sense
of ‘a problem’. Indeed, they may be led by what is best described as ‘an enthusiasm of
practice.’” (Haseman, 2006). Although this argument may stand true for many researchers,
it fails to acknowledge the tacit dimension of the practitioner-researcher who, through
personal experience and context, possesses a tacit awareness that a ‘problem’ does exist and
furthermore, that although the problem may be ill defined and difficult if not impossible to
articulate, that it is worthy of investigating. This was my personal experience and contributed
to the motivation for this research project. I was indeed aware of a ‘problem’ that I could not
resolve – a lack of understanding and characterisation of my creative process. At the
inception of this research, I could not articulate exactly what the problem was, yet I knew
that there was one. This notion of the tacit dimension has been described in detail by Michael
Polanyi who suggested that tacit understanding facilitates not only a knowing of how to solve
a problem but also an awareness that a problem exists (Polanyi, 1958, 1967).
In 1958 Michael Polanyi prefaced his essay titled Personal Knowledge: towards a post-critical
philosophy with “This is primarily an enquiry into the nature and justification of scientific
knowledge” (Polanyi, 1958). Polanyi argued against the established belief that science was
value-free. He rejected the ideal of scientific detachment and a reductionist approach to
inquiry. Instead, he posed that all knowledge is tied to human experience and that “we can
know more than we can tell.” He redefined our understanding of knowing - a term we now
refer to as tacit knowledge. In 2004 Chris Rust explored tacit understanding in the context of
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design and its role in scientific enquiry, and reflected on Polanyi’s notion that
“Illumination…is the plunge by which we gain a foothold in another shore of reality.” The
creative insight and ability to make a leap and close the ‘logical gap’ between existing
knowledge and any significant discovery or innovation relies on a tacit awareness that a
problem exists. Rust draws parallels between the scientific method of inquiry and design
research and suggests that design can play a critical role in facilitating this tacit understanding
in science and can help to narrow the knowledge gap by illuminating the possibility of new
discoveries (Rust, 2004).
Biomedical 3D computer animators are typically scientifically-trained, and have a creative
practice that is influenced by art, design and science which means they have a unique
approach to problem solving. They have both scientific and ‘designerly ways of knowing’, as
described by Nigel Cross. (Cross, 2006) This comment was in response to an earlier study by
Bryan Lawson comparing how scientists and architects approach a problem, where it was
noted that “The scientists adopted a generally problem-focused strategy and the architects
a solution-focused strategy.” (Lawson, 1980). Cross then further summarised that: “These
experiments suggest that scientists problem solve by analysis, whereas designers problemsolve by synthesis” (Cross, 2006). Given the transdisciplinary nature of biomedical animators,
it is interesting to consider how design decisions are made. It is this tacit knowledge that I
seek uncover and characterise in this research project. In order to achieve this, an approach
centred on self-reflection has been adopted, bolstered by the multiple points of view in the
literature that support research activities from the practitioner’s perspective.
In his summary of ways to interrogate design knowledge, Bryan Lawson explained that “…the
really interesting things that happen in the design process are hidden in designers’ heads
rather than being visible. It does not necessarily reveal the actual knowledge they are using
although it may reveal the important sources. If we simply listen to what designers are saying
or watch what they are doing we are likely to be missing the main action” (Lawson, 2004).
Also as Grocott highlights, that “our predominantly theoretical understandings of praxis
would be “richer for being further informed by the experiential knowledge of a designer”
(Grocott, 2010).
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2.3.3

Reflective practice

In order to investigate the tacit dimensions and processes that characterise my creative
practice, I have adopted a reflective inquiry approach broadly influenced by Schön’s work on
the way professionals think in action (Schön, 1983). More specifically, my approach to
reflective practice is modelled on theories on action research and reflective practice by Paul
McIntosh who argues that reflection is a tool to support and develop practice (McIntosh,
2010) and also on the principles of researching one’s own practice and the discipline of
noticing by John Mason (Mason, 2002).
In 1983, Donald Schon coined the now widely adopted terms of ‘reflection-in-action’ and
‘reflection-on-action’ (Schön, 1983). This definition of reflective practice built on literature
that reaches back to the early 1900s with Dewey describing how we think, as relating to
education professionals (Dewey, 1910). The early discourse surrounding reflective practice
exists within the context of learning and education, and more recent discussions have applied
reflective practice theories to other fields, including design. Grocott expands on Schön’s idea
that “the designer is in conversation with the materials of a design situation” (Schon, 1991)
by suggesting that the first conversation is with the materials, and the second conversation
is with the situation. Grocott identifies that this observation “opens up the idea that the
designer is not just reflecting upon material, technical and physical decisions but also a broad
range of social, environmental, cultural and conceptual concerns” (Grocott, 2010). Paul
McIntosh also describes reflective practice as a series of conversations; “reflective
conversations [are] conversations that may initially take place privately, with the self, but at
some point are articulated with others” (McIntosh, 2010)(p. 47). McIntosh explains that
“Moving from the private to the public through this process can be enlightening, for it
emerges out of unconscious to conscious forms of knowing” (McIntosh, 2010).
This research project employs multiple methods to capture and document process through
reflective practice. It aligns with a theoretical position on learning through disciplined action.
It is through the articulation of ‘reflections’ on myself, my practice and on interactions with
stakeholders / audiences that key aspects of the processes and tacit understandings that are
otherwise invisible can be uncovered and made public. Within these broad conceptual
conversations, the approach to reflection is carried out with a sensitivity to ‘noticing’ and
documenting critical events as they occur throughout the creative process. This is guided by
the theories described by Mason on the discipline of noticing (Mason, 2002).
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Although the approach to this research project is not autoethnographic in nature, discussions
regarding autoethnographic research and the utility of self-inquiry can be extended to other
reflective practice methodologies. Qualitative research advocate and academic Elliot Eisner
discusses the value of autoethnography and suggests the following situations to support the
use of autoethnography as being more than just personal gain; “To understand a situation
that is otherwise enigmatic or confusing, to anticipate future opportunities and provide
insight and improvements that may be applied to similar design settings and to highlight
specific characteristics of the creative process that may otherwise go unnoticed, but that
could positively influence the end product of other practitioners in similar contexts” (Eisner,
1991). Each of these arguments is relevant to the motivations for this research project.

2.4 Creative work - 3D computer animations
This research project centres on the creation of three biomedical 3D Computer animation
projects. These were created during the course of the research candidature, and in the
context of my workplace, the Garvan Institute of Medical Research. At the core of each of
these creative works is the practice of biomedical animation, however each has a different
individual focus with respect to topic, implementation and audience. Together, these
projects represent the breadth and scope of work I carry out as a biomedical animator.
These projects are described in detail in Chapter Three – Creative Works and can be viewed
online: https://medipicsandprose.com.au/creative-works/
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2.5 The data - reflective practice capture and documentation
The methods for documentation I have employed throughout this research project reflect
my natural way of working, such that the research process itself did not interfere with the
natural creative process, and was also balanced with rigour and systematic recording in order
to capture the truth and aspects of objective representation of the process. The primary
methods for capturing and documenting my creative process include:

1. Visual diary and sketch-notes that capture experimentation and visualisation of
scientific concepts. This also includes storyboarding and literature review notes, as
well as written notes that code and help explain the underlying decision-making and
design choices that occur at each critical moment.
2. Screenshots and animatics captured at critical moments of the creative process.
These are accompanied by written reflections that help to uncover the tacit
dimensions of these notes and moments in the process.
3. Post-project reflection where a summary and more macroscopic view is recorded
on each of the creative works.
4. Written reflections on interactions I had with stakeholders including clients,
colleagues and audiences that naturally occur in my standard process of creating a
biomedical animation.

These methods for documenting my creative process have been modelled in consideration
of other reflective practice research projects in order to create a convincing research
evidence base for my own practice. The data for this research project are described in detail
in Chapter Four – Data Analysis.
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2.6 Summary
In Chapter One - Introduction, I introduced my research question as seeking to expose and
characterise both the visible and invisible factors that influence my personal process of
creating a biomedical animation. I contextualised my practice with respect to the historical
and philosophical components of science visualisation and science communication and
described my personal and professional context as a transdisciplinary researcher at the
interface of science and art. In this chapter, I outlined theoretical framework and
methodology that guides the approach to this research project. I described how practicebased research has matured and has been increasingly applied in academic research as a
highly effective approach to investigate research questions relating to creative endeavours.
I also gave examples from the literature in the field of design that self-reflection can be
utilised as a method for investigating practice from the point of view of the practitioner,
making public personal insights and tacit knowledge that may not be elucidated using other
methods. I introduced and justified the methods for data capture and documentation that I
employed in this research project and will expand on this further in Chapter Four – Data
Analysis. In the next chapter, Chapter Three – Creative Works, I will present and describe the
three animation projects upon which this research project is centred. Following this, Chapter
Four – Data Analysis will explain and justify the approach to analysis and describe the
conclusions that were drawn from this analysis. Finally, Chapter Five – Conclusions will recontextualise this analysis and draw conclusions with respect to the broader context and
field. Ongoing research will also be summarised in the closing chapter.
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Figure 3.1 – Screenshot from Cutting Cancer Loose animation
(Patterson, 2017a). Timestamp 0:55. Image by Kate Patterson 2017.

3.1 Introduction
In Chapter One, the practice of biomedical animation was described and contextualised as
an emerging field with respect to the long history of scientific illustration and visualisation.
The practice of biomedical animation is situated near to the centre of a continuum of
endeavours that bring together science and art, with data visualisation at one end and
expressive art that is inspired by science at the other. Chapter One also described my
personal practice as a transdisciplinary researcher and professional context as a biomedical
animator within the context of a medical research institute – the Garvan Institute of Medical
Research, and it compared and contrasted the work of two main personal influencers, Drew
Berry and Janet Iwasa. The first chapter explained the gap in the literature that focusses on
methods for visualisation or the role that animations can play in scientific research, rather
than the process through which they are created, specifically from the perspective of the
practitioner. This research project aims to expose and characterise both the visible and
invisible factors that influence my personal process of creating a biomedical animation. It will
CHAPTER THREE – Creative Works

42

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

also be of value to others in the field, who may benefit from a deeper understanding of
process and application to their own practice. The multi-method practice-based approach
used to address this aim was then explained in Chapter Two – Methodology. This chapter will
describe the three creative works that were created for this research project (Figure 3.2).
The works that were created as part of this research project and discussed in this section can
be viewed online at a custom build website to accompany this thesis. See link below:

https://medipicsandprose.com.au/creative-works/

Figure 3.2 – Screenshots from the three creative works developed for this research project. 1)
Garvan Galleria – Molecular Wonderland, 2) Cutting Cancer Loose and 3) Heartbeats of Our
Genome – a 360° stereoscopic animation28. Images by Kate Patterson 2020.

Here, the three creative works will be described with respect to the technical parameters,
the context and intention of the works and the process for creating each animation project,

28

Accessed from https://medipicsandprose.com.au/creative-works/ on 25 May 2021
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framed by the general structure first proposed in Chapter One – Introduction: 1. Defining the
story, or messages to be conveyed; 2. Obtaining and assimilating the appropriate biological
data that will be represented; and, 3. Translating the information into a narrative driven
visual representation. Critical moments that shaped each of the creative works is presented
in the diagrammatic form of a creative rivers journey, where each turn of the ‘river’
represents a critical moment and is adapted from an approach to ‘using reflective practice
within a practice-led research context’ published by Stevenson and Girak in 2013 (Stevenson,
2013) and prior to that by Kerchner in 2006 (Kerchner, 2006). When describing the creative
works in this chapter, I have paid particular attention to moments of tension that required
the synthesis of multiple sources of information in order to make informed design decisions,
that may also uncover tacit dimensions of my creative process (as defined in Chapter Two Methodology).

3.2 Software and scientific resources
Biomedical animations are created through the synthesis of information obtained from
multiple sources of authentic scientific data and include amongst others, published scientific
literature, microscopy data, and structural information together with unpublished scientific
knowledge gained from interactions with leading scientists in the relevant field. Biomedical
animators shape this information into a narrative-driven animation by blending storytelling
with the tools of art and design.

Software
Modelling of molecular structures software that is specific to individual projects is described
below under the relevant sections, however at the core of my creative practice is the
modelling and animation of 3D structures that represent biological molecules. To facilitate
this, I utilise the 3D animation software Autodesk Maya29 with a plugin called Molecular
Maya, created by Gael McGill and Digizyme30. The rendering engine(s) I used for the
animations created in this research project were native to the Autodesk Maya software at
the time of the projects and included Mental Ray and Maya’s native software and hardware
renderer. The animations were rendered as a series of images sequences at 25fps and then

29

3D Computer Animation Software https://www.autodesk.com.au/products/maya/ website
accessed on 19 January 2020
30
Molecular Maya is a plugin for animating molecules developed by Gael McGill for Audodesk Maya
https://clarafi.com/tools/mmaya/ website accessed on 19 January 2019
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imported into the compositing software Adobe After Effects31. After Effects was used to bring
together multiple elements within a scene through layers and careful editing. The Red Giant
Magic Bullet Looks32 suite was also used as an After Effects plugin to enhance the contrast
and colour balance and to give the impression of depth of field.
Scientific resources
The scientific accuracy of biomedical animations is one of the driving considerations and
relies on the assimilation of multiple sources of information in order to synthesise a complete
picture. In this sense, the scientific training of biomedical animators is important, since
knowing where to find the most reliable information, and to be able to critically analyse the
individual sources is key to creating an animation that is as scientifically accurate as possible.
Further, knowing how to represent incomplete scientific information such that it does not
provide the audience with the wrong impression, or misrepresent scientific information is
also paramount. Here I summarise some of the common resources used to inform the
animations.

i)

The protein databank

The protein databank (PDB)33 is a publicly available database that contains scientist-curated
information on the 3D shapes of proteins, nucleic acids, and complex molecular assemblies.
This information can be directly imported via Molecular Maya into the animation program
Maya, such that the X-Y-Z co-ordinates of each atom within a molecule are defined. The
software can then be utilised to manipulate the appearance of the molecules to the
animator’s preferences.

ii)

Published literature

The animations are informed by a collection of scientific publications. In most animation
projects, a single scene is comprised of multiple molecules and structures within the local
cellular architecture that are rarely investigated in a single publication. Biomedical animators
must synthesise information from various sources and also at multiple resolutions to
represent the information as accurately as possible. An understanding of scientific jargon,

31

Visual effects and motion graphics software used for editing and compositing 3D biomedical
animations https://www.adobe.com/au/products/aftereffects.html website accessed on 17
February 2021
32
Red Giant Magic Bullet Looks is a plugin used with After Effects to achieve Cinematic looks and
colour correction. Website accessed on 13 July 2021: https://www.maxon.net/en/red-giantcomplete/magic-bullet-suite/looks website accessed on 20 February 2021
33
The protein databank (PDB) website: https://www.rcsb.org/ accessed 13 July 2021
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research methods and also presentation conventions of the experimental results are
essential to this process.

iii)

Microscopy images

For information relating to structures at the cellular scale, microscopy images can be
particularly useful. Specifically, those obtained by scanning electron microscopes can offer
incredible detail about the surface topology of cells and their environment. These images
also need to be interpreted together with the other sources of information however, since
some of the structures, their distribution and relationships can be altered throughout the
process of sampling, fixing and imaging the material.

iv)

Consultations with scientists

A characteristic of my creative practice is that I work within the context of the Garvan
Institute of Medical Research, located in Sydney, Australia. This means I have the luxury of
daily face-to-face contact with world-leading scientists who are at the cutting edge of
discovery and new knowledge. Often, it is through the process of making and animating
molecules that gaps in the literature are unveiled. These moments, as well as the candid and
frequent feedback on the animations from scientists are critical to clarify and inform parts of
the animation that are not well resolved by published scientific literature.

3.3 Creative works
Three independent creative works were produced as part of this practice-based research
project. These works are similar in that they are centred on the production of unique 3D
biomedical animations, and share many creative tensions and technical challenges, yet they
also differ in many important aspects. First, the platform for which the animations were
designed is specific for each project and reflects the differences in intention and audience.
Second, the primary stakeholder and motivations for the animations differ, which has
ramifications in the decision-making processes throughout production. Finally, the technical
and time constraints were different for each project. These differences are expanded further
below, under each of the descriptions for the creative works. They are important to note
because they help to highlight to the diverse applications and wide utility for the practice of
biomedical animation, even for animations that are created by the same person and within
the same professional context.
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Figure 3.3 – Photograph of the Garvan Institute of Medical Research
galleria with animations by Kate Patterson projected on the spiral
staircase and the timber wall. Photograph by Alex Craig 2016.
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3.3.1

Garvan Galleria - Molecular Wonderland

https://medipicsandprose.com.au/garvan-galleria-molecular-wonderland/

Description
Garvan Galleria – Molecular Wonderland was a project that consisted of a collection of six
animations, designed to be projected on a large scale inside the foyer of the Garvan Institute
of Medical Research. The projections were intended for a private function that celebrated
the important research endeavours at Garvan, and the event was a gesture of thanks to the
generous philanthropists who contributed to Garvan’s fundraising for research. The foyer at
the Garvan Institute of Medical Research contains a cavernous space approximately 20m
long, 15m high and 8m wide, in which the dinner was held. At the end of this space sits the
iconic spiral staircase that represents the structure of DNA. The two main projection spaces
included a timber wall visible on one side of the foyer with an intended projection area of
4m x 7.5m and the underside and outer surface of the iconic spiral staircase. The animations
were divided into four themes that represented different aspects related to medical
research. Each of the themes was projected and looped approximately 5-6 times before
resting on the holding theme for a short time, before then progressing on to the next theme.
The animations featured as moving wallpaper for the entire event from 5pm to 10pm.
Technical
TIMEFRAME:

September 2016 – October 2016 (six weeks)

DURATION:

Six animations (two projection points for each of three themes) each 7-12
minutes in duration.

ROLE:

Animator, producer and director

SOUND:

Animations were accompanied by ambient dinner music throughout the
event, and live narration for one part of the evening that corresponded to
an animation projected on the side wall.

SOFTWARE:

Autodesk Maya, Molecular Maya, Adobe After Effects with Red Giant Magic
Bullet Looks, Mullumin34.

34

Mullumin is software used to design 3D mapping of audio-visual shows. Website:
https://www.millumin.com/v3/index.php accessed 13 July 2021
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The inception of Garvan Galleria – Molecular Wonderland came from a conversation with
the director of philanthropy at the Garvan Research Foundation. She described an ambition
to transform the Garvan foyer into a molecular wonderland for a philanthropic thank you
dinner through large scale molecular animations. The aim was to provide a special experience
at Garvan that the attendees had not experienced before, and to bring the audience a little
closer to the science through engaging visualisations. I felt excited by the opportunity to
showcase my animations at such a large scale, however I was also nervous, as I did not have
any experience with projection mapping or large-scale animations. In addition, the
animations would be the primary source of entertainment for a prolonged period of time on
the evening, and represent the institute’s important research endeavours, creating a
reputational risk that I felt a responsibility to manage. This sense of personal responsibility
was balanced by an open feeling of opportunity, because this project offered a large degree
of artistic freedom. The first aim for this project was to entertain and inspire the audience,
rather than to impart knowledge and so I was not constrained by the accuracy of scientific
data or the depth of available knowledge. I became comfortable with taking some calculated
risks and allowed myself to experiment with different representations of molecular
structures, and to explore the philosophical aspects of how philanthropy and scientific
research can ultimately impact on patient’s health and well-being.
This project presented unique challenges relating to scope and time constraints. The
animations needed to play for the entire event, up to five hours in total, yet it was clear that
with only six weeks of production time, the creation of five hours of bespoke biomedical
animations was not feasible. I worked on a solution that could make the most of any preexisting animations and that could loop aspects of the animations without seeming too
repetitive. Having not created large scale animations before, I felt slightly anxious about the
technical requirements and felt a tacit awareness of specific aspects in which I lacked
experience and expertise. There was a sense of self-efficacy however and an awareness that
I would need to research the theoretical principles relating to large scale projections, the
interactions of humans in such a space, and also visualisation design for live events. This
feeling of uncertainty is not unfamiliar to me, and I enjoy the challenge of finding the
information I need in order to then design, create and then execute an effective animation.
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Figure 3.4 – Inspiration and technical guidance drawn from experienced artists. a) Goo by the
Propaganda Mill at Cadmans Cottage 2015, The Rocks. Image by Vivid Sydney35. b) Mechanised
Colour Assemblage, a Danny Rose digital art installation at VIVID SYDNEY 201536. c) Melletios
Kyriakidis Customs House, Sydney37 d) Drew Berry, Virus, One Billion Times at White Night
Melbourne Library 201438.

As a presenter and observer at VIVID Sydney39 festival (2013, 2014, 2017) I had noticed that
the characteristics of large scale projections on some of the most prominent and popular
architecture included bold colours with high contrast. The narrative if present was simple
and the images were able to convey meaning without relying on sound effects, music or
narration (Figure 3.4 a-b). I sought the advice of colleagues I trusted and met with
experienced professional projection artist Melletios Kyriakidis who had invaluable insight
into the methods for creating mapped projections (Figure 3.4 c)36. Following this interaction
and my reflection on his approach, I revised my approach, which in retrospect was overly
complicated. He advised that warping of images around curved surfaces was not something
to be overly worried about, particularly if they are made up of more abstract shapes. He also
reinforced my perception that the best projections are bold and simple, and importantly, he
35

Image retrieved from https://www.kidspot.com.au/lifestyle/family-travel/11-reasons-you-mustvisit-vivid-sydney-this-year/news-story/23ca7570fd6e1b33ee9a687e7176c548 on 27 May 2021
36
Image retrieved from https://www.architectureanddesign.com.au/news/five-vivid-sydneyinstallations-to-check-out-this# on 27 May 2021
37
Image retrieved from https://making-stuff-withmelletios.tumblr.com/post/147887565093/practice-led-research on 27 May 2021
38
Image retrieved from https://www.wehi.edu.au/people/drew-berry on 27 May 2021
39
VIVID Sydney is a festival of lights, ideas and music https://www.vividsydney.com/ website
accessed on 27 May 2021
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suggested that I should make the most of the contemporary architecture and interior forms.
I also consulted with biomedical animator Drew Berry who has successfully exhibited largescale projections related to DNA and biological molecules (Figure 3.4 d). He offered insights
related to adapting biomedical animations from a small screen to large projections. These
insights included firstly that small movements on a standard screen would look enormous
when large scale and to keep things slow. Secondly not spending too much time enhancing
the aesthetic or molecular detail with complicated rendering engines, as most of this detail
would be lost at such a large scale. This was a critical realisation, and resulted in my shift
from my usual render choice to the simpler, but more efficient hardware and software
rendering engines built in to Maya which was critical considering the time constraints for this
project.

Figure 3.5 – Testing and mapping projections for Garvan Galleria –
52
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The projectors and audio-visual support were provided by Prime AV. This was reassuring, as
I only needed to focus on the content production and artistic approach. I spent some time
testing and trouble-shooting the mapping of the spiral staircase using masks, 3D projection
scenarios I created in Maya and experimenting with different shapes and effects (Figure 3.5).
This was challenging and time consuming until I discovered the 3D mapping software
Millumin which allowed the animations to be tweaked and manipulated in real-time to fit
the architecture of the spiral staircase perfectly.
The context for this animation was unique for me in that it was live, and immersive. The
audience was also challenging to design for since they were so diverse and with different
levels of expectations. Instead of focusing on a detailed scientific story, I took a wider
viewpoint and thought about creating the animations so that they represented the
philosophical journey of a scientific hypothesis. First, a hypothesis is tested by scientific
experiments, with the results then undergoing several phases of interpretation, and the final
stage is implementation where the impact of these discoveries is felt by patients and loved
ones as it informs decisions related to health and disease. Specifically, these themes were
then designed as a four-act visual show, like moving wallpaper that wove its way throughout
the entire evening. Theme One was a holding theme that was used as a spacer between the
main animations and to allow for the audience to hear speeches and official ceremonies on
the night without being distracted by animated projections. Theme Two was a celebration of
scientific data, where raw and authentic scientific data was animated to form patterns and
representations. Theme Three represented scientific data after it had been passed through
a filter or interpreted through scientific storytelling. Theme Four adopted an aesthetic that
was characterised by traditional, hand drawn animation styles and where (unlike the
previous three themes, which were heavily generated by a computer with minimal human
interference) the animations were populated with clear evidence of human involvement. The
intention for Theme Four was to celebrate the scientists and also philanthropists who work
hard to make research impacts for patients.
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Figure 3.6 – Scanned page from my visual art diary. Here, the timing and organisation of the animations
and themes was planned using rough notes and lists of potential visual assets required. Image by Kate
Patterson 2016 (Visual Diary September 3 2016).

Figure 3.7 – Scanned reference image from my visual art diary. Here, the
organisation of the space including seating arrangements helped to visualise
how the animations would look from each perspective, and allowed me to
imagine the time, scale and narratives that might work in the space. Image:
Image by Kate Patterson 2016 (Visual Diary September 14 2016).
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Figure 3.8 – Scoping and planning of the animation projects. Following rough sketch notes in
my visual arts diary, a more detailed plan for each component was plotted. Here, each theme
was referred to as an act, a reflection of the way I considered the project as a live show. Image
by Kate Patterson 2016 (digital file created 12 September 2016).

CHAPTER THREE – Creative Works

55

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

Theme One
The Theme One animation was designed as holding imagery and as such, contained simple
imagery of DNA that experienced only subtle changes in hue over time (for the spiral stairs)
and a screenshot of DNA in the nucleus of a cell that experienced a very steady and slow
zoom and pan to create a very subtle effect.

Figure 3.9 – Screenshot from Theme One – Garvan Galleria – Molecular Wonderland. DNA
can be seen winding around and through pink coloured molecules, giving the impression of
chaos and density in the nucleus of a cell. This ‘holding’ theme had limited movement and
only displayed this scene. Image by Kate Patterson 2014.
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Theme Two
In Theme Two I wanted to represent scientific data – something not usually accessible to the
public but something that I felt could provide some insight into the scientific process. I sought
to show the data as it appears from the scientist’s perspective and prior to interpretation
and without biological context. I approached scientists within the Garvan Institute directly
for images of raw data and found the detail and variation in the types of data inspiring. From
the raw images, I used simple animation and transitions in Adobe After Effects to play with
patterns, tone and contrast, ultimately creating a celebration of scientific data. Having
trained as a scientist, I have a deep understanding of the scientific rigour and high integrity
with which scientists present their own data, and the perceived risks associated with allowing
others to present this data. Because of this, I took the time to explain how the images were
going to be manipulated and showcased. I felt like it was important to explain the artistic
ambition of the project rather than the scientific results deduced from the data.

Figure 3.10 – Representative screenshots from Theme Two animations. Top: Genomic data
visualised by Rondo plots. Bottom: Data visualised as a scatter plot. Right: Data visualised as a
heat map for the spiral staircase. Images by Kate Patterson 2016.
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Figure 3.11 – Representative screenshots from Theme Three animations. Top: A molecule
called p53 attaches to a DNA strand. Bottom: A molecule of DNA is being tagged by a chemical
represented here as a bright particle. Right: Rendering of DNA for projection on the spiral
staircase. Images by Kate Patterson 2016.

Theme Three
Theme Three represented the stage of the research journey where the scientific results are
interpreted beyond the raw numerical or graphical outputs. This was the theme I felt the
most comfortable with and thought posed the least risk for large scale projections as I had
seen these types of animations projected at large scale previously. Also, rendering molecular
shapes and placing them within the context of their natural biological environment is at the
core of my practice as a biomedical animator. This process requires the interpretation of
multiple sources of data, and then presenting them in a form that can be accessed by a broad
audience. This often means showing the molecular structures in a bright and appealing way,
and using the methods rooted in cinematography to evoke a sense of wonder and awe about
science. I use colour schemes that are often bright and fun to evoke a feeling of hope and
wonder, in contrast to the negative and depressing feelings associated with disease. Colour
is also used to differentiate structural elements in the animation so that the important
structures and key messages can be as clear as possible. These ideas are also discussed in
more detail in Chapter One within the description of my creative practice. In this theme, I
used DNA animations frequently for three reasons, because 1) genomics research is at the
heart of many research questions at the Garvan Institute, 2) it is a recognisable molecule for
a broad audience and finally, 3) I had the experience to animate it in interesting ways.
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Figure 3.12 – Representative screenshots from Theme Four animations. Top: Frame from a
time-lapse animation of a scientist working in a laboratory. Bottom: Red blood cells. Images
by Kate Patterson 2016.

Theme Four
Theme Four was the most experimental of all the themes and included a style of animation
that I had only experimented with, but not made public. The intention of this theme was to
represent the intimate involvement of people in scientific research. There is a relationship
between the scientist and the patients for whom the latest discoveries and new knowledge
may bring hope and significant change to their lives. There is also a relationship between the
scientists and the philanthropists who generously donate to allow research to continue.
However, often science is referred to as being separate from human interference, a thing
that needs to be completely objective. Personally, I find the most inspiring science stories to
be about the scientists, rather than the discovery itself. I wanted to use this final theme to
celebrate that idea. I sought to develop a simple style of animation that showed clear
evidence of the creator, using the presence of lines and marks. I experimented with different
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59

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

programs that could capture the process of drawing. I discarded options that utilised vector40
based drawings as I felt that the aesthetic could get closer to the organic textures and lines
created by hand, and by more tactile materials such as pencils. I settled on Adobe Photoshop
to manually draw images of scientists and patients, taking screenshots every few seconds to
capture the progress. These were then presented as time-lapse videos. Various after-effects
filters were also used on organic and familiar animations of blood cells to give the sense of
an illustrated aesthetic rather than being computer generated and artificial.
Reflection
A Creative Rivers Journey (Stevenson, 2013) was used to map the significant milestones and
critical moments that punctuated this project (Figure 3.14). This map helps to identify the
key tensions that I experienced throughout the process of creating the animations, and
through the use of arrows, numbering and lists, the relationships between these tensions. I
used the turns in the river to isolate three main stages in the project as 1. Defining the story,
2. Assimilating the materials and 3. Translating into a visual form. Within these regions, I
made short notes that identified relevant decisions and influences and, where relevant,
added arrows and labels that helped to situate these decisions with respect to other parts of
the process. One limitation I found with representing the tensions and decisions in this form
is that the turns in the river are fairly uniform and do not accurately represent the strength
of the tension or critical moment and its effect on the process of creating the biomedical
animations.
From a professional perspective, this project was successful overall, and fulfilled a long
personal ambition to illuminate the vast space within the Garvan Institute of Medical
Research Galleria. It was fantastic to be present at the time the animations were showcased
so that I could witness in person how individuals reacted to the different effects and
animations I had created. In retrospect, and if given the luxury of more time, I would have
played more with the architecture of the space and linked the animation areas together
more. I learned that in this context, the shape, movement and colour of the molecules is very
important, but deeper meaning and knowledge about scientific concepts cannot be
conveyed easily. In my opinion, the most successful pieces were the animations that I
choreographed as if it was a dance, balancing colour, movement and shape according to the
space in which the animation was constrained.
40

Vector drawings are artworks that are based upon mathematical equations, rather than coloured
square pixels.
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Figure 3.13 – Creative Rivers Journey for Garvan Galleria – Molecular Wonderland. Image by
Kate Patterson 2017.
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Figure 3.14 – Garvan Galleria – Molecular
62 Kate
Wonderland. Projected images by
Patterson, Photographs by Alex Craig 2016.
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Figure 3.15 – Screenshot from Cutting Cancer Loose animation by Kate
Patterson (Patterson, 2017a), originally created for viewing on a small screen
at resolution of 1280 x 720 and reproduced oversize here for effect.
Timestamp:2:11. Image by Kate Patterson 2017.
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3.3.2 Cutting Cancer Loose

https://medipicsandprose.com.au/cutting-cancer-loose/

Description
Cutting Cancer Loose is a biomedical animation that was created for scientists to use to
enhance their science communication and engagement endeavours and also in peer-to-peer
presentations. It is also intended for general viewing online by a broad audience. The
concepts illustrated in this animation centre around a new molecule and drug under
investigation by the primary stakeholder and scientist who commissioned the work. This
molecule (BOP) acts on other molecules in the bone matrix, and has been shown to reactivate cells that are hiding, or behaving in a sleeping state. This is particularly useful for
inactive cancer cells that are not sensitive to chemotherapy and that may ‘wake up’ years
later and initiate a relapse of cancer in the patient. The animation depicts the bone marrow
environment, a blood vessel, and details of the molecules at the interface of the bone matrix
and a stem cell.
Technical
TIMEFRAME:

September 2015 – December 2016 (15 months)

DURATION:

2:49 minutes

ROLE:

Animator, producer and director, narrator

SOUND:

Broken Yellow

SOFTWARE:

Autodesk Maya with Molecular Maya. Compositing was carried out in After
Effects with Red Giant Magic Looks suite.
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I created this animation in my role as biomedical animator at the Garvan Institute however
it was externally funded and commissioned by a scientist external to the Garvan Institute,
working at the Commonwealth Scientific and Industrial Research Organisation (CSIRO). It was
challenging to work on a project about a scientific concept that did not originate within the
institute that I am so familiar with. I had become used to having a deep understanding of the
intentions and motivations for an animation that comes from working within an organisation.
I did not expect the significant challenges and lack of understanding about how and why the
primary stakeholders would utilise the animation. This lack of knowledge also came from not
having direct and easy access to the scientists and research team working on this project. In
order to define the story and the key messages to be conveyed by the animation, I spoke
over the phone with this scientist about her work and used this time to develop the brief and
to ascertain how this animation might be used and by whom. I was able to get a clearer sense
of the specific areas of her work that were difficult to communicate, the messages that were
critical, and scientifically, the areas that represented new discoveries or had the potential for
broader applications. These are the specific aspects of scientific communication where
biomedical animation can be particularly valuable. I also made notes on the language used
by the scientists when talking about their work, as these authentic references often make
their way into the final narration.
The research and assimilation of scientific information for this animation was relatively
straightforward since the animation would adopt a traditional aesthetic that I was familiar
with, and it was designed for standard viewing on a 16:9 screen. My research was focussed
on understanding the structure of the main molecular players and sourcing appropriate
scientific reference material to support this phase. When reading the scientific literature, I
made notes on the key aspects that could be incorporated through animation to a visual
form. As I read the literature, a mini show played out in my imagination as I tried to
coordinate all the fragmented pieces of scientific knowledge. This type of process often helps
to identify gaps in knowledge and prompts me to seek further clarification from the scientists
involved.
In this next section, I will describe aspects of each of the scenes in this animation that
highlight particular areas of tension, constraints and resolutions that occurred as part of the
creative process.
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Figure 3.16 – Scanned image from my visual diary dated 13 March 2016 showing sketch notes
and the early development of a storyboard
Image by Kate Patterson 2016.
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Figure 3.17 – Scanned image from my visual diary dated 23 March 2016 showing the early
development of a storyboard establishing the point of view and special positioning of the
different cell types to be shown in the bone marrow scene. Image by Kate Patterson 2016.
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Figure 3.18 – Scanned image from my visual diary dated 23 March 2016 showing the early
development of a storyboard and mechanism to visually transport the audience from a
familiar image (radiograph) to the more abstract and unfamiliar environment (bone marrow).
Image by Kate Patterson 2016.
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Figure 3.19 – Scanned image from my visual diary dated 26 March 2016 showing sketches that
helped to establish the first scene within the bone marrow, and how the image would look as
the stem cells moved from the bone marrow into the blood vessel. Image by Kate Patterson
2016.
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A

B

C

D

Figure 3.20 – Screenshots taken from the completed animation Cutting Cancer Loose by Kate
Patterson (Patterson, 2017a), showing the transition from the familiar (jumping child) to the
unfamiliar (bone marrow). A) The opening scene showing footage of a child jumping in a
puddle. This image transitions into B) that features a radiograph, which then is magnified to
show the bone surface as imaged using scanning electron microscopy technique (C) and
finally, transitions to the animated bone environment with the plethora of cells within (D).
Images by Kate Patterson, 2016.

Scene 1 – Bone structure and stem cells within the bone marrow
I wanted to start the animation with a familiar image for a broad audience, rather than jump
straight into a molecular or cellular scene that may have been unfamiliar. This approach is
common to other biomedical animators and also speaks to the principles of multimedia
design that call for links to prior knowledge. I used stock footage of a child jumping in a
puddle, which then morphed into a corresponding X-ray and then used a zoom effect to
visually and smoothly take the viewer from the tangible and familiar X-ray image to the
animated and otherwise invisible dynamic environment of the bone marrow (Figure 3.20).
One of the technical challenges I had with this scene was populating the bone marrow with
sufficient cells to make it appear dynamic and ‘alive’ but not to completely obliterate the
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impression of the natural bone matrix structure. This was a compromise between artistry
and accuracy. I also needed to compromise on relative scale in this scene, and put a heavier
weighting to include recognisable bone texture at the base of the bone marrow cells. In
reality, this texture would not be visible like this at such as scale, however I felt that this was
an important compromise to make in a scene that could appear otherwise unfamiliar and
abstract.

Scene 2 – Bone-stem cell interface
The second scene was at a smaller scale, showing the detail of molecules rather than cells.
The intention of this scene was to show what it looks like at the interface of a stem cell with
the bony matrix. This is a critical location for the drug (BOP) that is being researched by the
primary stakeholder for this animation. My primary goal with this scene was to visually
differentiate the surface of the stem cell and the adjacent bony matrix. I chose to include
only the relevant molecules that were important to the research being carried out and to
omit many of the naturally occurring structures that I felt would crowd the scene and distract
from the messages. There were also technical and time constraints that prevented me from
including as much molecular detail as I originally set out to achieve. However, I also wanted
to provide a sense of chaos and a crowded space. I utilised structural models of relevant
molecules that had been uploaded to the protein databank (PDB) and highlighted these in
green (shown in Figure 3.22) to differentiate them as important players in the molecular
story. I chose to represent the underlying surface of the stem cell as an organic and dynamic
sea of lipid molecules. To illustrate the variation in the type of lipid molecules on the cell
surface, I gave the molecules a slight variation in colour (yellow to pink). I also used camera
angles and lighting to draw attention to specific areas and movements in this scene. The bone
matrix at this scale would not have the texture I included, however I felt that the visual
reference to the bone matrix would have been lost if this was not included, so I chose to
make this compromise to the scientific integrity to maintain narrative and visual flow.
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Individual scenes and screenshots from Cutting Cancer Loose have been utilised for internal
presentations to peers as well as for community education and publicity purposes through
mainstream media (Green, 2016).

Figure 3.21 – (Top) Header for the press release (Green, 2016) and accompanying image
showing a hematopoietic stem cell (HSC) being mobilised from the bone marrow
microenvironment into a blood vessel. image from the development of animation by Kate
Patterson: Cutting Cancer Loose. Images by Kate Patterson 201641.

41

Image retrieved from https://www.csiro.au/en/News/News-releases/2016/New-way-to-harveststem-cells-better-for-donors on 25 May 2021
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30-1-2016
Testing intra-molecular movement of osteopontin. This is
a screenshot of an animation showing three different
movements. I wanted to create some organic movement
of the molecules so I’m using particle systems however
when I see this, it looks too much. I dont need to add this
- i think it might add extra information that is confusing
and distracting for the viewer.

1-4-2016
Creating the lipid bilayer on the stem-cell surface.
Looking for an organic and natural feel using paint
effects and n-cloth. This version is fine, once the alpha
channel is back filled with another layer of render. I like
the variation in colour and spacing bacause there is a
natural variation in lipid composition naturally in biology,
and also the surface is a heterogeneous place with many
receptors. This seems like a nice compromise to get
variation without spending weeks on creating a 100%
scientifically accurate surface that is not the primary
point of this scene.

10-8-2016
Testing the cell to cell interface scene / environment:
here, I was trying to create drama and a sense that it is
really tiny and cramped at this scale, however this is too
dark, also barren - need some more molecules on the
bone surface. Also still contemplating how to represent
the cell surface on the bone - how to recognise that it is
actually bone - need to compromise the texture?

2-11-2016
Screenshot of the final stem-cell and bone matrix scene.
Final adjustments will include some additional fibreous /
collagenous material but I am happy with the membrane
and the way the molecules interract. The landscape is
compositionally fine and I feel that it tells the right story.
I’m not that happy with the population of molecules on
the bone matrix but will have to compromise and can
probably accept it with the view to come back if i have
more time. The main players are depicted, and the
messages seem to be clear which is the main challenge.

Figure 3.22 – Development of the scientific and visual considerations for the scene showing
the stem cell and bone matrix interface. Images are screenshots of the work in progress and
the written reflection on that stage of the production. Images by Kate Patterson 2016.
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Figure 3.23 – Creative Rivers Journey reflection for Cutting Cancer Loose. Image by Kate
Patterson 2017.
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Reflection
The Creative Rivers Journey reflection tool helped map the key moments and decisions that
helped to shape this project (Figure 3.23). The hand-written diagram is similar to the map I
created as a reflection tool for Garvan Galleria – Molecular Wonderland seen in Figure 3.13,
with the river naturally separated into three main stages that summarise the animation
process: 1. Defining the story, 2. Defining the environment and 3. Look development and
developing the visualisation. I used arrows to express my flow of through and to link related
ideas, and upper case lettering at times as a way to emphasise or delineate an important
point or realisation from the rest of the hand written notes. This reflective tool was the first
step in recognising design decisions and the impact that specific tensions had on the process.
I found this project challenging and at times isolating, because the advising scientist and
primary stakeholder was located off-site and not within the Garvan Institute. This was the
first animation I have created where I have not had a prior professional relationship with the
scientist, and had underestimated the value of having prior experience and exposure to the
scientist’s work to inform how the data and key messages are portrayed in the animation. I
did not feel confident for much of the production that the animation would be positively
reviewed. The lesson I learned from this is that in the future, I will seek recorded talks and
presentations by the scientist about the work to be visualised – from this I can ascertain
where the emphasis should be placed and the overall look and feel of the animation to suit
the communication style of the scientist. Technically, I also had trouble executing the cellular
behaviour for the bone marrow cells that I had envisioned. This was partly due to my
individual skill as an animator – my previous animations focussed on animating molecules
rather than cells, and partly due to my tendency to overload the processing capacity of my
computer by adding too many objects to each scene. As I described in Chapter One –
Introduction, my personal practice and preference is to represent biological scenery in a way
that gives a sense of the natural environment rather than just to isolate the specific
components that are the focus of the scene. I enjoyed creating the surface of the stem cell
and was happy with the final outcome, portraying a sense of disorder and organic variation
in both the appearance and movement of the individual lipid molecules on the surface. I also
am pleased with the final version of the molecular environment and the behaviours of the
molecules as the primary chemical in the story (BOP) binds to its target.
Overall, my opinion is that although there could have been significant aesthetic and technical
improvements to this animation, the overarching messages are clear and its utility as an
effective science communication tool has been achieved.
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Figure 3.24 – Screenshot from Heartbeats of Our Genome animation by Kate
Patterson (Patterson, 2017c), originally created for viewing on a small screen
at resolution of 1280 x 720 and reproduced oversize here for effect.
Timestamp:0:36. Image by Kate Patterson 2017.
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3.3.3

Heartbeats of Our Genome

https://medipicsandprose.com.au/heartbeats-of-our-genome/

Description
Heartbeats of Our Genome is a 360° 3D, stereoscopic computer-generated animation
designed for viewing in an immersive headset such as Google cardboard. It was intended to
show the fundamental process of gene transcription and how, despite each of our cells
containing the same DNA, only a subset of this is available at any one time.
The inception of this animation was a development of the brief with Professor Chris
Goodnow, Director of the Garvan Institute of Medical Research about ideas for using
animation(s) to explain complex scientific concepts relating to ‘single cell genomics’ which
was the primary focus of a new collaboration and research facility that was under
construction at the Garvan Institute at the time (the Garvan-Weizmann Centre for Cellular
Genomics). The animation was to accompany the formal launch of the facility, and to engage
stakeholders who included scientists, collaborators and philanthropists. It needed to provide
an impressive and tangible focus for the launch, and also to function as an enduring resource
for ongoing engagement in the institute and its important research endeavours.
In the initial consultation period, as I developed the brief, I gained an understanding of the
opportunity to create an immersive experience as a means of engaging people and
facilitating important conversations. To help define the messages and narrative, I started to
develop a proposal, with an equal focus on education and engagement. The primary
objective for this animation was to explain to a broad audience the concepts of single cell
genomics, however the animated content also needed to be delivered in an interesting way
that deeply engaged stakeholders, possibly via immersive visualisation. This aspect of the
project was exciting to consider but also slightly daunting, since I had learned in my previous
experience in creating 360 degree animations that technically this approach added significant
time and complexity to the production and execution of the content.
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Previously, I created ‘Genome Gazing’, a 360 degree stereoscopic animation about DNA and
some of its associated proteins (Patterson, 2017b). This project was designed to engage a
broad public audience in concepts related to genomics through immersive visualisation with
the use of widely accessible headsets such as Google Cardboard. Although this was a short,
proof of principle project and only with relatively simple concepts, it achieved a deep level
of engagement and received overwhelming positive feedback that gave me confidence to
explore this approach again for Heartbeats of Our Genome.

Figure 3.25 – Screenshot from Genome Gazing (Patterson, 2017b) showing DNA strands
around and beside molecule’s coloured purple called nucleosomes. Image by Kate Patterson
2017.

Technical
DURATION:

3:05 minutes

ROLE:

Animator, producer and director

MUSIC:

Matt Parrott

VOICE:

Mark Arrebola

SOFTWARE:

Autodesk Maya with Domemaster3D42 and Molecular Maya. Compositing
was carried out in After Effects with Mettle Skybox Studio243 and Red Giant
Magic Looks suite.

42

Domemaster 3D is a suite of full-dome stereo and LatLong stereo production lens shaders for
Mental Ray developed by Roberto Ziche and Andrew Hazelden. Website:
https://andrewhazelden.gitbooks.io/domemaster3d/content/ accessed July 12 2017
43
Mettle Skybox Studio for editing of 360 degree animations in Adobe After Effects. Website:
https://www.mettle.com/product/skybox-studio-v2/ accessed July 12 2017
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I experienced significant technical challenges with the production of Genome Gazing – my
previous 360 degree stereoscopic animation project. The main challenge was achieving a
comfortable distance from the virtual cameras for stereoscopic viewing, and balancing this
with the scale of the objects in the scene. For Heartbeats of Our Genome, I spent quite some
time testing, tweaking and rendering a scene populated with models of 3D numbers and lines
that I used as distance and scale indicators (Figure 3.26). These markers were then easily
recognisable when viewed using a head mounted display such as Google Cardboard and a
mobile device. The markers at the most comfortable viewing distance could be identified and
then the scene set up according to these parameters. This was a critical step at the start of
this project to manage time and focus energy on the right parts of the project.

Figure 3.26 – Image rendered from Autodesk Maya from both the Left and Right cameras used
to test size and distance of objects from the stereoscopic camera. Image by Kate Patterson
2017.
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To help define the messages to be conveyed by this animation, I worked directly with the
director of the Garvan institute Professor Chris Goodnow who was the main stakeholder and
advising scientist for this project about the science and technologies that characterised the
newly developed research facility. This collaborative approach allowed me to identify the
emphasis and ambitions described, to take detailed notes and to understand the key areas
of importance for the project and also the specific details that were the most critical to
convey to an audience, and also from a scientist’s perspective. From this, an outline of the
main messages and narrative was constructed (Figure 3.27).

Figure 3.27 – Summary of the main messages to be conveyed by the narrative. Screenshot
created from digital file, image by Kate Patterson 2017.

For this project, I was already familiar with many of the scientific concepts and information
available, and so did not need to spend a lot of time collating and assimilating various sources
of information. Instead, I quickly started to translate the information and messages into a
visual form. From the draft narrative and list of main messages, I constructed a series of
sketches that I then developed into annotated storyboard images. These images depicted
the main message to be conveyed in each of the scenes in the animation (Figure 3.29).
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Figure 3.28 – Concept sketch. created to capture the RNA polymerase molecule tracking along
the DNA, splitting the DNA double helix so that the RNA nucleotides can match up with the
corresponding letter in the DNA code. Arrows indicate the direction of the animation. Image
by Kate Patterson 2017.

Figure 3.29 – Annotated storyboard sketches. a) bone marrow environment with maturing
white blood cells entering the blood vessel and systemic circulation. b) blood vessel
environment packed with red and white blood cells, one rogue cell leaving the vessel into the
tissues. c) RNA transcription showing RNA polymerase (blue) tracking along DNA (red) with
RNA snaking out and the product (yellow) and d) the entire genome, showing RNA
transcription occurring thousands of times in parallel at different genes and parts of the DNA
code. Images by Kate Patterson 2017.
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Scene one – blood vessel
For the opening scene, I sought to include imagery that was easily recognisable by the
audience(s). The molecular and cellular landscape can appear abstract and unfamiliar and a
sense of scale is a notoriously difficult concept for people to understand (Jones, 2013). For
this reason, and compounded by the immersive and potentially unfamiliar platform via which
this animation is watched, I wanted to avoid abstract shapes and molecular structures in the
opening scene. I chose to place the viewer inside a blood vessel, with recognisable objects
(red blood cells) and to introduce the cellular scale in a fairly familiar environment.
Importantly, this familiar scene would allow the person to become more comfortable with
the head mounted display unit and the experience of immersive visualisation. The blood
vessel was a natural starting point since from here I could use animation to gently navigate
inside a white blood cell to explain and explore concepts relating to our genome and other
concepts at the molecular level.
I wanted to represent the blood flow and vessel aesthetics such that the audience felt like
they were physically present in the scene. I considered the relative abundance of cells within
a vessel, the laws of physics with respect to fluid dynamics and also the affect lighting and
colour had, since in reality it would be dark inside a vessel. I experimented with point of view
for some time, since most biomedical animations to date have been created as if the subject
is viewed as a cross section and from above rather than from within the cell. Immersive
visualisation adds a layer of complexity by inducing nausea or a sense of uneasiness if objects
flow at or into the camera at speed. Inspiration for the point of view and use of light, colour
and texture came from electron microscopy images of blood vessels and also from
animations by Drew Berry (Berry, 2003, 2009, 2016) and the vascular virtual reality
experience created by John Bailey and John McGhee at 3DVAL UNSW Art and Design (Bailey,
2016). Technical guidance came from a tutorial by Karyn Ho on simulating blood flow (Ho,
2014). In the finished scene, I placed the camera(s) in a bulge I engineered for this purpose
in the blood vessel wall that allowed for the blood flow to be seen clearly and comfortably
as it whizzed past the viewer, arranged so that the viewer was not ‘hit’ by the blood cells as
they flowed through the vessel. The final lighting was a happy accident in that as the blood
cells flowed past the light source I experimented with, they cast dramatic shadows on the
walls of the blood vessel which helped to give a sense of being inside the structure and also
enhanced the movement of the blood cells.
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I compromised on the scientific accuracy of the relative abundance of white blood cells and
platelets slightly by increasing their rate of appearance by two times, since otherwise in the
time frame for the scene, there would have been too few for the viewer to recognise them.
I was happy with the flow speed and subtle detail I achieved, such as the cells in the centre
of the vessel flowing slightly faster than those towards the periphery. I was also happy with
the balance between the high density and allowing the viewer space to see comfortably.

Figure 3.30 – Screenshot from final animation Heartbeats of Our Genome showing a
cacophony of RNA molecules that have been transcribed from DNA. Image by Kate Patterson
2018.
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Figure 3.31 – Screenshots from influencing biomedical animations showing different ways to
represent blood flow. a) Drew Berry placed the camera inside the vessel in Malaria (Part 1)44
and created a sense of presence through strong use of motion blur. The lighting was also
subtle and centralised, giving a sense that the vessel stretched in either direction. b45,c46,d47)
Most biomedical animations depict blood flow from above, as a cross section through the
tissue. In these examples from Drew Berry, the vessel is packed and the gentle rolling of blood
cells and relative abundance of the cell types is scientifically accurate. e) The virtual reality
experience created by John Bailey and John McGhee provided a strong reference and source
of inspiration of what the users would feel like and see if immersed within a blood vessel48.

44

Biomedical animation Malaria (Part One) by Drew Berry. Image retrieved from:
https://www.youtube.com/watch?v=1v55yg0RfoY on 25 May 2021. Timestamp 02:23
45
Biomedical animation Malaria (Part Two) by drew Berry. Image retrieved from:
youtube.com/watch?v=MxiWp8vkRFI on 25 May 2021. Timestamp 01:16
46
Biomedical animation Inflammation and Type II Diabetes by Drew Berry 2015. Image retrieved
from: https://www.youtube.com/watch?v=iyUoQ70ZmuQ on 25 May 2021. Timestamp 00:36
47
Biomedical animation Insulin Production and Type 1 Diabetes by Drew Berry. 2009 Image retrieved
from: https://www.youtube.com/watch?v=OYvav8aDGCc on 25 May 2021. Timestamp 00:59
48
3D MED-I – Visualising Personalised Stroke Data image by John Bailey. Image retrieved from:
https://www.artdesign.unsw.edu.au/3DVAL_MED-I on 25 May 2021
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Scene two – RNA transcription
The intention of this scene was to depict in a high amount of detail and to show using
stereoscopic 3D, how DNA gets copied into RNA within the nucleus of a cell. This process,
called transcription happens incredibly fast in reality, in a crowded molecular environment
and with astounding accuracy hundreds of thousands of times at different parts of the DNA
every second. It is impossible to capture this level of molecular frenzy in an animation, and
so I made the artistic choice for clarity to remove all the superfluous molecules that were not
critical to the transcription machinery. The process of transcription has been known for many
decades, but despite it being well described in the scientific literature, the visual depictions
are often made with cartoon representations of molecules or static diagrams. RNA
polymerase is a key enzyme in the process of transcription and was sourced from the PDB
resource with ID 1i6h.

Figure 3.32 – Scientific reference materials. (Left) A watercolour interpretation of the
transcription machinery is included in the PDB ‘Molecule of the Month’ section of the website,
created by scientist and molecular illustrator David Goodsell (Goodsell, 2003). (Right)
Information about the exact relationship between DNA, RNA and the inside of the RNA
polymerase molecule was drawn from the scientific literature (Yin & Steitz, 2002).

CHAPTER THREE – Creative Works

87

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

To develop the aesthetic, I looked for inspiration to pre-existing biomedical animations or
illustrations that showed RNA transcription. One of the first that I am aware of to be created
was by Drew Berry (DNA Dogma, Part 1) with screenshots in Figure 3.34 (Berry, 2003). This
animation was created in 2003 and so has a lower resolution than animations created with
more advanced technology that is readily available today. These show transcription from
various angles and distances from the camera, with attention paid to the speed of the
process. Most of the animation shows the RNA polymerase moving from right to left,
however I wanted to show the opposite since this is the conventional way to depict gene
transcription in scientific illustrations. I also wanted to show with greater clarity what was
going on inside the polymerase molecule, as since the scientific literature was well resolved
and informative about the process, it was therefore important to reveal the mechanism that
was otherwise invisible inside the molecules.

Figure 3.33 – Screenshots from DNA Dogma (Part1) by Drew Berry 2003 showing RNA being
transcribed from DNA49.

49

Biomedical animation DNA Dogma (Part 1) by Drew Berry 2003, image retrieved from:
https://www.artdesign.unsw.edu.au/3DVAL_MED-I on 25 May 2021. Timestamp 00:46 and 01:06
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Figure 3.34 – Screenshots from biomedical animation by Drew Berry Sunshine Vitamin 2016.
a) Motion blur was used freely to give the impression of speed as the DNA flowed through the
molecule. b) the inside of the molecule was revealed by using visual cues that swiped away
the outer layers. c) and d) the direction of the transcription moves from left to right and the
process is rendered at different points of view and distance from the camera50.

In 2016 Drew Berry created an updated version of DNA transcription which (Figure 3.34)
shows the process with greater resolution than his previous version in 2003 (Figure 3.33)
(Berry, 2016). I liked that the inside of the RNA polymerase molecule was revealed, and that
more details could be seen that showed the mechanism by which the DNA was copied into
RNA. The speed of the animation was slowed and the inside of the molecule was revealed
using a visual cue of a swipe to indicate that the outside of the molecule had been removed.
This is an effective and commonly used method to reveal the inside of an object in animation,
however I sought to create a version of transcription that was more organic, and that was
not so illustrative. I chose to gently move one portion of the protein down slightly so that the
viewer could see inside. The view was slightly obscured, and colour and sound were used in
the end to help punctuate the moments the yellow RNA molecule lined up with the DNA.
50

Biomedical animation Sunshine Vitamin by Drew Berry 2016 Image retrieved from:
https://www.youtube.com/watch?v=xoNzSVjQBos on 25 May 2021
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Making the view inside slightly obscured, and animating each of the RNA components by
hand rather than in a regular fashion, gave a sense that the system is not perfect and that
this is an organic and variable system. I also needed to consider the idea of presence. Since I
was designing my animation for viewing in 360 degrees, it was not possible to rely on multiple
scenes and different points of view as this could have broken the sense of presence.

Figure 3.35 – Biomedical Illustration of RNA Transcription by John Liebler showing the RNA
polymerase molecule with a high level of atomic detail and subtle variation in the hue applied
to different parts of the molecule. Image by John Liebler51.

I wanted to show the protein RNA polymerase with a high level of detail and with atomic
resolution, and so chose to render the structure using molecular Maya with ‘atomic view’
where each of the chemical elements that combine together to make the entire molecule
can be approximated by a sphere and plotted in 3D space, giving the molecule a detailed and
‘blobby’ appearance. There are multiple parts to the proteins in this animation and I took
inspiration from David Goodsell’s painting of RNA polymerase (Figure 3.32) and also John
Liebler (Figure 3.35) who both depict the parts of RNA polymerase with colour variations. In
order to show that it is the one, cohesive structure however I changed the hue only slightly
for each part, keeping the overall colour close to a blue-purple. I also liked the colour coded
DNA ladder in the image by John Liebler, which shows the specific pairing of nucleotides in
the DNA code. I chose to represent DNA with this colour coding, but ensured that the DNA
backbone was prominent and consistent in colour, as this is the part of the DNA strand that
gives it its characteristic and most recognised structure.
51

Scientific illustration of rendered RNA polymerase molecule by John Liebler 2014. Image retrieved
from https://www.artofthecell.com/rna-polymerase-transcription/ on 25 May 2021
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Figure 3.36 – Screenshots from the production of Heartbeats of Our Genome showing the
process of creating the transcription scene. a) Original proof of principle test showing DNA
strand in red and test RNA chain (small balls) emerging from the large ball. b) Replacing the
ball model with the real RNA polymerase structure and developing a method to tether it to
the animated DNA strand. Three cameras (green) can be seen at the grid in this image, which
demonstrates the stereoscopic camera rig. c) Testing colour and light options for rendering
the scene. The start of an RNA strand can also be seen snaking out from the RNA polymerase.
d) The final scene rendered with Maya and Mental Ray showing the moment where part of
the RNA polymerase molecule is removed to reveal the yellow RNA moving inside the
molecule on the split DNA strand. Images by Kate Patterson 2018.

Scene three – RNA library
The intention for this scene was to show the scale of RNA transcription that occurs within a
cell at any one time. Despite wanting to show depth and multiple DNA strands with repeating
transcription events, it became clear very early that developing such a scene would quickly
overload the program and would need computer power I did not have access to. Also, my
usual method of building up depth in a scene using layers at the compositing stage would not
work so well when considering 360 degrees and the stereoscopic nature of this project. These
technical and time constraints meant that I had to take a more artistic approach to the scene
and include free RNA molecules instead. I worked with the sound designer and made the
most of the 360 degrees to give a sense of depth and scale for this scene.
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The structure of the RNA molecule is not available as a PDB file, since it is a highly variable
and dynamic structure and as such, it is unable to be crystallised and captured by the
standard methods scientists use to document protein structures. However, the chemical and
atomic structure of each of the RNA components (nucleotides) is known and so I could model
each of these and manually construct a chain of RNA. I tested methods to animate this chain
to give it a fluid, organic feel but still maintaining its connections.

Figure 3.37 – Screenshots from the work in progress and development of RNA molecules in
Heartbeats of Our Genome. Images by Kate Patterson 2018.

Reflection
Heartbeats of Our Genome was a fun and rewarding project that presented many technical
challenges. The most significant of these was the learning curve associated with producing
360 degree animations. First, the way in which the story unfolds needs to be considered
differently as the audience has agency over where they are looking, the core of the action
needs to be obvious. One of the failings or areas for improvement for this project is at the
point where there are scenery changes, at times I lost the attention of the audience and they
sought help to know where to look to find the action. In retrospect, I should have focussed
more on the environment and ways to help direct the viewer to the right areas. Another
technical challenge related to the way that I sought to represent the DNA and its interactions
with the other molecules. I was able to build the animation rig and also learned some custom
coding for the animation that enabled me to overcome these challenges so that the final
outcome reached my ambition. I was pleased with how much the use of 360 degree
animations engaged the audience. Despite the opportunities for improvement and my
perceived failings in the storyline, the 360 degree immersion was deeply engaging and I
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observed many conversations about the science and the technology emerging from the use
of the head mounted displays and 360 degree animations.
I utilised the Creative Rivers Journey reflective tool (Stevenson, 2013) to map the key
milestones of this project and paid particular attention to the critical tensions and design
decisions that shaped the animation (Figure 3.38). This hand-written account of the critical
moments, represented as turns in the river was annotated with arrows and capitalised font
at times to emphasise sections, ideas and to highlight the flow of thought and connections
between ideas. I can recognise that throughout an animation project, decisions and ideas
occur frequently and most often not in a linear, organised or consecutive fashion. This
method for mapping the journey of the animation process is the first step in organising these
decisions and helped me to identify the strongest aspects, both visible and invisible that
influenced my process. These included constraints related to technical capacity and time, as
well as the balance of aesthetic ambition and my desire to match the soundscape to the
visualisations. This project also was influenced strongly by considerations relating to
audience and how they would engage with the 360 degree animation.

3.4 Summary
In this chapter, I described my personal practice as a biomedical animator, through three
creative works that were produced for this research project. These works were presented
with a focus on the tensions, design decisions and constraints experienced during the
production process. In Chapter One – Introduction I contextualised the practice of biomedical
animation as a transdisciplinary science-art endeavour that has emerged from a long history
of medical illustration and scientific visualisation, and that despite the rich literature in
science visualisation and communication, there is little published on the process of creating
biomedical animations from the perspective of the practitioner. The aim of this research
project is to characterise the visible and invisible aspects that contribute to my creative
process as a biomedical animator. In Chapter Two – Methodology, reflective practice and
mixed methods were justified as an effective approach to investigate this research question.
In the next chapter, Chapter Four - Data Analysis and Conclusion, the data captured as part
of this reflective practice will be presented and analysed using a thematic analysis. The
general themes that emerged from this analysis will be described but then unpacked and
elaborated on further in Chapter Five – Conclusions.
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Figure 3.38 – Creative Rivers Journey reflective diagram for Heartbeats of Our Genome. Image
by Kate Patterson 2018.
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Figure 4.1 – Screenshot from Garvan Galleria – Molecular
Wonderland project 2016. Image by Kate Patterson 2016.

4.1 Introduction
As described in Chapter One – Introduction, the aim of this research project is to identify and
characterise tacit dimensions of my creative practice as a biomedical animator. I
contextualised biomedical animation as an emerging field that bridges science and art and
shares theoretical principles with data visualisation and medical illustration. The process of
creating biomedical animations is not well documented in the literature and it is through a
mixed methods and reflective practice approach that I investigated my research question, as
described in Chapter Two – Methodology. In Chapter Three – Creative Works, I presented
the three animation projects produced for this research project. This Chapter will justify and
present the data obtained from the reflective practice approach. Systematic coding and
thematic analysis of this data is then presented. The emerging themes are described and
then expanded on in Chapter Five – Conclusions.
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4.2 Justification for data capture methods
This practice-based research project is driven by a motivation to expose and characterise the
visible and invisible factors that influence my process of creating biomedical animations. This
research problem exists due to the tacit dimensions of the creative process, a wider interest
in this emerging field, and my personal experiences as a practitioner operating both in, and
between science and art. As this research project is centred on my personal practice and the
process of creating as the product, there is a limit to what insights can be gained from
external documentations of the creative process and an analysis of the final creative works
cannot be relied on to communicate aspects of their inception or development (Rust, 2004).
It is the deeply personal tensions and motivations that shape the creative process that need
to be captured in order to uncover the factors that influence the creation of a biomedical
animation.
These tensions and motivations that influence design decisions can be captured by a
reflective practice approach. Reflective analysis as a research method has been criticised
previously as being difficult to achieve due to the fact that “…most studies of creativity draw
on retrospective accounts of the creative process…” (Edmonds, 2005) which relies on
memory and a retrospective account of the process. Edmonds et al comment that in order
to effectively research the creative process the approach needed is to “capture situations
and activities in circumstances as close as possible to the real thing.” This is best achieved
with a heightened self-awareness and sensitivity to the discipline of noticing. In these
situations, self-reflection has been shown to provide a deeply insightful research tool for
uncovering invisible aspects of a practitioner’s creative process (Barnes, 2013).
Documentation is particularly important because it is the tool that “…renders the implicit
artistic experience accessible and discussable in the context of disciplined inquiry”
(Nimkulrat, 2007).
In his own design-led research project, Owain Pedgley applies a “three-stage process well
suited to achieving the methodological transparency needed for capturing own design
activity” (Pedgley, 2007) that is based on previous reviews of design activity (Bayazit, 2004).
Pedgley’s research is centred on the design of a guitar and although the media differs greatly
from my own, his way of working and application of self-reflection as a research approach
resonates closely with my own, and seems appropriate to extrapolate in part and to adopt
his general approach to capturing and documenting my own creative process.
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Pedgley’s broad approach to research using self-reflection includes:
1. Knowledge elicitation. Collect data on designers’ thinking and archive this in an
unstructured and unanalysed form.
2. Interpretation of knowledge - analyse data by a procedure.
3. Structuring of knowledge. Present findings and discuss their wider validity and
implications.
Pedgley also provides a Matrix of compliance of potential tools for capturing own design
activity and suggests that in order to meet rigorous criteria for self-inquiry the tools must: be
executable as a solo effort; be compatible with a longitudinal design project spanning months
or years; be carefully directed at the specialist subject of research; and, be carried out in
multiple locations associated with the practitioner’s natural way of working. Pedgley
discussed in detail the utility of a visual diary as a tool for self-reflection, ideas that resonate
with my own use of a visual diary and its use as a tool for self-reflection. Similarly, Bianca
Camper-Brewer reviews self-reflection tools including journals, critical incident reporting,
blogs and role-play before developing her own approach for self-reflection in her design-led
Masters project. Importantly she develops an approach that reflects her own practice and
reflects not only on the project but also on how the reflection tools are serving her goals for
reflection, in order to prevent the reflection interfering with the design process itself
(Ciampa-Brewer, 2011).
In her PhD project in 2004 in which autoethnography is employed as a methodology, Margot
Duncan discusses the use of notebooks and writing as a tool for reflective practice. Writing,
in the form of informal notes as well as more structured reflections have similarly provided
me with a natural and comfortable way to quickly capture moments of importance and also
to articulate these moments with honesty and completeness. Duncan reports: “The
notebooks served four main purposes. First, the process of taking notes externalized
assumptions and reactions to people and events that might otherwise have remained
unacknowledged. Second, the writing served to crystallize ideas and promote design
thinking, capturing the inner dialogue of the creative process. Third, the writing process
helped to define and resolve inner conflicts, and fourth, the notebooks provided a record of
turning points in the evolution of understandings and concepts, contributing to the
maturation of ideas and the eventual emergence of a theory of design” (Duncan, 2004)
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According to Makela and Nimkulrat, “…documentation makes reflection explicitly articulated
in a form available for the practitioner-researcher to revisit and analyse in order to develop
and construct design knowledge” (Makela, 2011). The methods of capture and
documentation of practice in this research project are based on Scrivener’s suggested basic
structure to the creative project report that includes first a pre-project reflection on practice
followed by cycles of summary of a work episode with a focus on moments of surprise and
reflection in action that is supported by records of working. This is then followed by a postproject reflection which aligns with Scrivener who states: “The focus should be on moments
of reflection-in-action and-practice. Each surprise during working, together with its
associated frame, refuted theory of action, surfaced tacit knowledge, revised theory of
action, revised frame and subsequent action, should be reflected on both with regard to its
contribution to the project and its implications for future action and practice” (Scrivener,
2000).
The literature supports a wide variety of documentation for effective self-reflective practice.
The focus is on the discipline of noticing and on choosing methods of documentation and
reflection that are as close to the creative practice as possible and as such, do not interfere
with that process. This research project employs multiple methods of data collection that are
detailed below.

4.3 The data
The data for this practice-based research consists of a collection of self-reflection documents
that were produced and captured by me as the practitioner over three years, throughout the
creation of the three animation projects described in Chapter Three:
1.

Garvan Galleria (August 2016-October 2016)

2.

Cutting Cancer Loose (September 2015 – December 2016)

3.

Heartbeats of Our Genome (February 2017 – August 2017)

The data collected for each of these biomedical animation projects represent a disciplined
and conscious documentation of the creative process. The three data sets differ for each
project as they align with the specific idiosyncrasies of each project and are a reflection of
the natural variations in creative practice and processes employed. Here I explain the
different types of data captured through the self-reflection and creative process. The data
for each project is presented in the Appendix.
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Visual diary entries
A visual diary was used during each project and served mainly as a tool for transforming ideas
and mental images to rough sketches in order to test visual solutions to parts of the project
that were challenging to communicate clearly. The visual diary was also used to lay out flow
diagrams and for planning a project timeline. These documents capture incomplete thoughts
and ideas that might not be fully formed, but that feel important at the time. With retrospect,
these visual diary entries can provide insight into the decision making process as some ideas
are rejected while others are explored. As part of the discipline of noticing and sensitivity to
self-awareness, these visual diary entries are, at times peppered with notes that provide a
broader context to the specific process being documented, such as the philosophical
representation of molecules, or an awareness of the theoretical underpinnings or my
personal experiences that contribute to my decision making as a designer.

Figure 4.2 – Photograph taken of my visual diary, demonstrating the annotated sketches and
written notes that were created during the production of Cutting Cancer Loose. These are
also presented as scanned images in Chapter Three – Creative Works. Image by Kate
Patterson 2016.
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In Figure 4.2, the left panel shows the beginnings of a draft script. The key messages and
information intended for the audience is noted, along with a rough sketch to represent
aspects of the scene or scientific models that will accompany the specific messages. The right
panel shows a series of sketches that explore the composition of specific scenes. These have
labels and arrows to explore how animated elements will behave. The sketches focus on the
details within each scene that represent the most critical aspects to communicate. These
examples are also presented as part of the creative process in the previous chapter; Chapter
Three – Creative Works.
Reflections on interactions with stakeholders, audiences and colleagues
As part of the standard process of creating a biomedical animation, it is necessary to interact
with stakeholders, audiences and colleagues in order to develop a collaborative brief, to
clarify scientific information and to gain feedback on progress and accuracy. As a biomedical
animator in the context of a medical research institution, I am fortunate to be able to directly
interact with scientist and stakeholders. At other times, email offers an accessible method of
interaction, as a means to broadcast information to geographically disparate stakeholders,
or groups of people for whom it would be impractical to meet in person. They also can act as
an information resource, a common platform for sharing and a method for knowledge
exchange as scientific papers, links to online resources and project updates can be easily
shared. Many of these interactions contain exchanges of information that are critical to the
design process, that inform the content and also give context to the project.
It is the interactions with scientists, stakeholders and audiences that I rely on to develop the
overarching purpose and intention of the project and the establishment of expectations and
potential utility of the animations. These interactions are nuanced with meanings that may
not be noticed by others, but through which I can gain meaning, identify potential tensions
and start to formulate ideas relating to the production of the animation. For this Masters
Research Project, I reflected on these interactions by writing notes and creating visual
annotations that served as an enduring resource throughout the production of the
animations, and that also helped to identify critical moments for deeper reflection as part of
the disciplined approach to self-reflection that informs much of this research project.
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Capture and documentation of critical moments.
The creative process for each project was punctuated by defining or critical moments that
led to a design decision. These critical incidents define moments of understanding that
changed the course of or affected the outcome of the project. Due to a heightened selfawareness and sensitivity to the discipline of noticing, these moments were identified and
captured as close as possible to the time the moment occurred. Most were captured as
screenshots and work-in-progress images, which were then used as a cue to reflect on. These
are also summarised for each project diagrammatically in the creative rivers journey images
presented in Chapter Three – Creative Works.

Figure 4.3 – Screenshots captured at critical moments. Example of four work in progress
screenshots captured while working on Cutting Cancer Loose. Associated notes and reflections
on these moments were written as close to the time as possible. This image is repeated to
illustrate an example of data collection. Higher resolution images and text can be seen in
Figure 3.22 on page 74. Images by Kate Patterson 2016.

Audio recordings and transcripts documenting stream of consciousness
At times, where I did not have the opportunity to record written reflections, audio recordings
were made that captured self-reflections. These were made in order to capture ideas and
critical processes as close as possible to the time of an incident. These audio recordings were
transcribed and archived for future reference and analysis.
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Written reflections following completion and execution of the works
After the completion of the creative works, and following execution to its intended audience,
a written self-reflection was carried out which commented on the overall process and
outcome of each of the projects. These reflections focus on the quality of the animations,
how the scientific concepts were ‘storified’ and the inevitable tensions and compromises that
occur throughout a project relating to artistry and accuracy, limit of scientific knowledge,
aesthetic preference, audience centric design decisions and technical and time constraints.
These reflections are summarised in Chapter Three – Creative Works following each of the
description sections for the creative works.

4.4 Justification for analysis approach
For the analysis of the self-reflection data in this project, I sought to pay attention to both
the visible (directly observable) and invisible (latent or unobservable) components of the
process. Thematic analysis has been shown to be an appropriate method for achieving similar
ambitions across varied fields of research and data types (Neuendorf, 2019). The modified
thematic analysis used to analyse the data in this research project was broadly structured
according to the six-phase process presented by Braun, Clarke and Terry (V. Braun, Clarke,
V., & Terry, G. , 2015):
1. Familiarising oneself with the data (text; may also be transcriptions) and identifying
items of potential interest.
2.

Generating initial codes that identify important features of the data relevant to
answering the research question(s); applying codes to the dataset (segmenting and
“tagging”) consistently; collating codes across segments of the dataset.

3. Searching for themes; examining the codes and collated data to identify broader
patterns of meaning.
4. Reviewing themes; applying the potential themes to the dataset to determine if they
tell a convincing story that answers the research question(s); themes may be refined,
split, combined, or discarded.
5. Defining and naming themes; developing a detailed analysis of each theme.
6. Producing a report; weaving together the analytic narrative and data segments,
relating the analysis to extant literature.
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Thematic analysis assumes that the practitioner, who is also the researcher, develops both
the data and the codes. It is recommended that the researcher / practitioner engages deeply
with the content via ‘immersion’ within the data (V. Braun, Clarke, V., & Terry, G. , 2015;
Neuendorf, 2019). And while a set of a priori codes may be developed at the start of the
analysis, the epistemological roots of the technique dictate that these codes need to be
flexible, able to be modified as the analysis progresses (King, 2004). However, it is also
important to not discard codes in the early stages of analysis and to keep track of the
evolution of the analysis as it develops into the final themes and reports in order to maintain
perspective, to not disregard emerging themes, and yet conversely to not pay
disproportionate attention to those themes that align with the predefined questions (V.
Braun, Clarke, V., 2006; King, 2004).
Thematic analysis is considered to be an advantageous method of analysing large
heterogeneous datasets because of its flexible nature and structured approach to the
development of an organised final report (King, 2004). There are disadvantages however,
such as the potential to allow for too much flexibility that can lead to inconsistency, and a
risk that while too few codes can lead to the researcher being overwhelmed and facing highly
complex data, too many codes can prevent the consideration of conflicts to pre-conceived
ideas (V. Braun, Clarke, V., 2006; King, 2004; Lorelli S. Nowell, 2017).
As a practitioner, a common temptation when analysing one’s own design process is to focus
on the weaknesses of the design process and shortcomings of the final product. To avoid this,
my approach to organisation and analysis was as objective and impartial as possible. As
Pedgley explains, “Impartiality and transparency of method were striven for in the data
preparation and analysis. Self-analysis inevitably draws attention to one’s weaknesses and
reservations over how tasks have been completed… introspection in this manner had to be
strictly avoided” (Pedgley, 2007).
In order to mitigate the risks and potential shortcomings of thematic analysis as a qualitative
research analysis method, the thematic analysis employed to analyse this research project
has been carried out with close consideration to the procedure presented by Lorelli et al for
conducting thematic analysis that aims to meet the trustworthiness criteria outlined by
Lincoln and Guba (1985) (Lorelli S. Nowell, 2017). These trustworthiness criteria include
credibility, transferability, dependability, and confirmability to parallel the conventional
CHAPTER Four – Data Analysis

104

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

quantitative assessment criteria of validity and reliability (Lincoln, 1985).

4.5 Data analysis
Initial review
A thorough audit of all forms of communication and documentation was carried out for each
project and archived in an unstructured way. This included digital scanning of hand written
notes and visual diary entries, compiling of interactions with stakeholders and personal
audio-recordings of my own thoughts, and collation of relevant work in progress screenshots
and loose pieces of paper. At this stage, the data was not considered in detail and fairly loose
criteria were used to include a document as evidence of the creative process in order to
ensure there were no gaps in the documentation. Any written, visual or oral document that
was created during the timeframe for creation of each of the works was included.
Organisation of the data
The next stage was to organise and archive the data in a structured way. First, I systematically
named and dated the files such that they could easily be identified and retrieved and
organised them digitally according to the data type. I then began experimenting with how to
arrange the documents in a way such that I could make both detailed assessments on each
individual document, piece of writing or image, yet maintain a broad perspective and an
appreciation of the relationship of each document to another and also to the entire process.
I was drawn to the charting of critical moments into a coherent narrative via the Creative
Rivers Journey tool (Stevenson, 2013) and also by Owain Pedgley’s representation of
influences throughout a project on a timeline (Pedgley, 2007). Similarly, I created a linear and
chronological representation of the workflow of a project by using the program Adobe
Illustrator52 to visually arrange the data. I introduced an overarching structure that I term the
‘anatomy of a project’ in order to achieve a sense of order to the data and to map the data
along this in chronological structure. Arranging the documents as images in this way allowed
for perspective, and patterns could be more easily identified, but it also provided an
opportunity to zoom in and focus on specific documents and data. This anatomy of a project
aligns with traditional design models from academic theory and professional practice (Bobbe,
2016). The anatomy of a project document for each of the projects with annotations and

52

Graphic design software Adobe Illustrator website:
https://www.adobe.com/au/products/illustrator.html accessed 26 May 2021
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coding can be accessed in the Appendix.

Figure 4.4 – ‘Anatomy of a project’ chronological structure used to organise the data for each
project. Image by Kate Patterson 2020.

Encoding
In order to develop initial a priori codes that were likely to elicit themes that gave insight to
the overarching research question, pre-conceived ideas and questions were considered that
were derived from both my creative practice and the literature:
A. From the personal - creative practice:
-

What are the tacit dimensions that contribute to my personal practice as a
biomedical animator?

-

What are the influencers / influences that contribute to decision making in the design
process?

B. From the literature:
-

What are the main decisions that need to be made throughout the process of
creating a biomedical animation?

-

What characterises the practice of biomedical animation?

These codes were treated as iterative - to be flexible and to be modified as needed
throughout the coding and analysis process. They were created according to published
recommendations to choose codes that are “essence-capturing, and/or evocative” (Saldana,
2016).
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Code
CM

Short Description
Critical Moment

Conv-s

Conversations
with self

Conv-p

Conversations
with practice

Conv-a

Conversations
with audience

AvsA

Artistry vs
Accuracy

pov

Point of view

story

Storytelling

tech

Technical
constraints

time

Time constraints

sci

Limit of scientific
knowledge

Long description
Used to describe a moment that significantly influenced or
changed the course of the project and/or changed the way I view
/ approach the practice
Used to describe reflections or tensions where an internal
dialogue related to my personal experience or reaction,
management of a situation or recognisable knowledge was had.
Used when a tension was noticed or dialogue existed between
the practice, history, approach, conventions, aesthetic of the
work etc.
Times where an internal dialogue occurred where the audience
was at the front of the discussion. This also included reflections
on interactions with the primary stakeholder.
Design decisions related to the balance of artistry and accuracy
for example where to use colour at a scale that has no colour, or
how to represent structures in the absence of scientific models.
Decisions related to how the audience should perceive or view
the subjects in the animations for example how to position the
camera, how to move it, and what molecular players are in the
scene.
Times when decisions were made with storytelling as the main
driver.
Noticeable moments where the constraints of the technology
have affected the progression of the project, or where changes
to the design have been made on account of technical
constraints.
Occasions where decisions have been made that have been
driven by the time allowed for each project.
Occasions when the level of scientific knowledge or information
in the literature is limited so compromises are made on
representing such data.

Figure 4.5 – Description of the coding scheme.
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Figure 4.6 – Screenshot taken from Adobe Illustrator file showing an example of coding of the
data captured for Garvan Galleria – Molecular Wonderland. The complete data set with coding
is presented in the Appendix. Image by Kate Patterson 2020.

CHAPTER Four – Data Analysis

108

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

Analysis
With the data for each project organised according to the chronological structure explained
above and termed ‘anatomy of a project’, I could carefully and systematically apply the
relevant codes to each data source. While many data points were assigned only one code,
the majority were assigned more than one code. Where relevant, an explanation was
recorded of why the code was applied, and this explanation was marked with red text.
Particular attention was paid to the invisible aspects of the process that contributed to the
creation of the biomedical animation. At times, there were apparent gaps in the flow of the
project, for example when moving from an interaction with the primary stakeholder or
scientist to a sketch, then to a storyboard. I spent considerable time unpacking these periods
in the creative process, in order to adequately code and make sense of the tacit dimensions
that contributed to it. Influenced by the thematic analysis carried out in Owain Pedgley’s
design research project (Pedgley, 2007) as well as guides on coding and thematic analysis (V.
Braun, Clarke, V., & Terry, G. , 2015; Saldana, 2016), reasoned and logical argument was used
to describe and explain the captured design activity code-by-code, showing awareness to
criteria such as durations, expectations, frequencies, sequences, surprises and trends.
Critical Moments (CM) - The coding of critical moments (CM) was separated into those that
(CM1) were related to an individual project such as the initiation of a project, at a production
milestone, or overcoming a technical challenge and (CM2), those that had relevance or
application that was broader than one specific project such as insight into a previously
unrecognised way of working or a new understanding of my personal context as a biomedical
animator within a medical research institute or in the field more broadly.
Conversation with self (Conv-s) – Conversations with myself were mainly categorised by
comments about confidence and self-efficacy. In each of the projects, this code was most
frequently used in the early stages of the creative process when the brief may have been
poorly resolved and the production plan was incomplete. There was also a concentration of
this code in the post-project reflections, which would be anticipated since each of these
made reference to my personal approach and perceived evaluation of the process and final
animation product.
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Figure 4.7 – Screenshot from the Adobe Illustrator file used to organise the data for Garvan
Galleria – Molecular Wonderland showing examples of the ‘Conv-s’ code used to tag written
reflections following (top) the reflection on a telephone conversation and (bottom) an audiorecording that captures self-reflection on working within the context of a medical research
institute. The complete data set with coding is presented in the Appendix. Image by Kate
Patterson 2020.

Conversation with practice (Conv-p) – this code was peppered throughout the project
timelines and most of the time tagged a moment or reflection that was concerned with either
challenging or reinforcing my perceived understanding of ‘standards’ that exist in the field of
biomedical animation. In the Garvan Galleria project, I used this code to tag a reflection I
wrote following the initiation meeting of the project where I wrote about my internal conflict,
as I wanted to explore the artistic side of biomedical animation but I felt reluctant to deviate
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from my usual approach which was to create a scientifically accurate biomedical animation.
I felt compelled, as a representative in the field to adhere to what I perceived to be its primary
driver - to represent the molecular world as accurately as possible. Following on from this, I
also used this code to tag a reflection I wrote following a conversation with biomedical
animator Drew Berry about this reluctance to step away from the science towards the art.
In the Cutting Cancer Loose project, this code was used to tag a written reflection following
an email correspondence with the primary scientific stakeholders who had requested images
to accompany media releases related to their research. I reflected on the large investment
required to create each animation and that these additional resources should be available,
as part of a suite of resources produced from each project and not just the final animation
file. In addition, this code was used to tag a reflection that was written following another
interaction with Drew Berry about the value of focussing on the molecular scale rather than
the cellular scale. It reinforced my personal perception that this is where the insights and
interest lie, in animating macro-molecular events that cannot be visualised by any other
means.
Conversation with audiences (Conv-a) – this code was used to identify moments where I had
reflected on an interaction with the intended audience, or where I was influenced by the
expectations of the intended audience. Reflections on interactions with the primary
stakeholder were also incorporated into the conversations with audience code, as it became
clear that my reflections about the specific audience were often related to reflections
regarding the primary stakeholder. The primary stakeholder was the person with whom I
liaised most closely for each project. This person was the initiator of each of the projects and
often acted as the ‘connector’ between me and the audience. This code was frequently
tagged together with story, since the animations were designed with the audience(s) in mind.
Artistry versus Accuracy (AvsA) – This code was predominantly found in the production
phase of the projects, which was expected since it refers primarily to the design decisions
and compromises that need to be made when using artistic representations of scientific
information. However, it was also used to tag reflections at the initiation of the projects and
in the developing the brief phases of the projects. These identified a more macro question
about the intention of the animations with respect to what the audience(s) gained from
experiencing them.
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Figure 4.8 – Screenshot of a storyboard sketch for Heartbeats of Our Genome and associated
reflection and coding (AvsA) added in Adobe Illustrator. The representation of the RNA
polymerase molecule (blue) is a specific example where scientific accuracy is compromised in
order to explain another phenomenon that is more critical that the audience can see. Image
by Kate Patterson 2019.

Point of view (pov) – I anticipated that point of view would be a frequent code and relevant
to a large number of reflections, however surprisingly it was relatively under represented. In
each of the projects, pov was used during the planning and production phase as the story
was being developed. It was often used alongside the story code and Conv-a since the point
of view needed to be considered from the audience(s) perspective. Extended attention was
paid to pov in the Heartbeats of Our Genome project since this was a 360 degree animation
where the audience has agency over their own point of view at any moment. The design
process around this flexibility was expanded to include multiple scenarios and linked closely
to storytelling such that the point of view could be largely predicted and controlled.
Storytelling (Story) – Story was the most frequently used code in each of the projects and
was represented in each phase of the pipeline. However, the story was rarely without a
second code. Instead, it emerged as a backbone on which to hang many of the design
decisions.
Technical constraints (Tech) – This code was used in two main areas of the project timeline,
and the process of coding these highlighted two subcategories technical constraints. The first
subcategory I termed Tech-platform and the second I termed Tech-software. The Techplatform code occurred frequently in the initiating stages of both the Garvan Galleria –
Molecular Wonderland project and in the Heartbeats of Our Genome project but not the
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Cutting Cancer Loose project. This was predictable, due to the nature of the latter project as
a standard animation designed for viewing on a 16:9 screen. Technically, this project is
familiar to me and utilises a standard platform for preparing and delivering the animations
to an audience. Conversely, the Garvan Galleria – Molecular Wonderland and Heartbeats of
Our Genome projects were designed for alternative platforms that each introduced unique
challenges (large scale 3D projection and immersive, 360 degree animation respectively).
The Tech-software code was concentrated in the production phase of the pipeline, as I
anticipated. It was used to tag reflections and work-in-progress images that represented a
compromise in my original plan or ambition due to technical constraints. It was commonly
accompanied by the code Time, which was understandable since the technical constraints
could likely be overcome with the luxury of more time. These codes have provided insight to
the design decisions and thought processes that accompany these compromises. In Cutting
Cancer Loose, I tagged a work in progress image and written reflection that explained the
compromises made with respect to the variation and density of cells on the bone matrix. Due
to technical limitations and prohibitive rendering times, I was unable to include all the
scientific detail and depth to the scene. Instead, I utilised an animated texture to represent
movement and variation in the environment.
Time constraints (Time) – Time was used to code reflections that referenced a desire to have
more time to explore a solution, more time to render high quality images and more time to
research and test alternative solutions to visualisations. This was a predictable code, in its
frequency and distribution along the production pipeline. As a biomedical animator in the
context of a medical research institute, my work sits outside the core business of the institute
which is to advance knowledge in biomedical science and to improve our future health and
wellbeing through medical research. As such, there is an understandable lack of insight to
the processes and time required to produce an effective biomedical animation. This means
there are opportunities throughout the production of an animation to inform the primary
stakeholder of the time required to achieve each of the ambitions of the project. My personal
drive as a transdisciplinary researcher also means I have a tendency and preference to
research and experiment with each of the design decisions throughout the process. This
characteristic likely contributes to the frequency with which I used the code Time, since I
commonly feel that there is not enough time to do the research justice.
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Figure 4.9 – Screenshot from Adobe Illustrator file used to organise the data for Cutting
Cancer Loose. This image shows an example of a written reflection and the use of Time, Tech
and Story codes. Image by Kate Patterson 2020.

Limit of scientific knowledge (Sci) One of the main characteristics of biomedical animation is that they are derived from
authentic scientific data. This data can come in different forms and at multiple resolutions
that includes (among others) microscopy data, crystal structures of molecules that provide
the x,y,z co-ordinates of every atom in a molecule, temporal data regarding the speed of
events that occur at the molecular scale, and spatial information that informs the distribution
of molecules and the distance between them within a cell. Biomedical animations can
provide the greatest value and insight when they depict molecular and macro-molecular
events that are not able to be visualised in any other way, and as such this multi-resolution
data needs to be assimilated into one visual package. There are inevitably pieces missing
from the scientific data that is used to inform the animations. Molecules that are highly
mobile and dynamic in nature for example are not easily crystallised and as such have limited
data on their physical structure and the speed at which molecules move and interact with
each other is often not resolved. In addition, animations can be used to illustrate a hypothesis
or speculation made by scientists to better communicate their research endeavours.
In the animations that were part of this research project, the sci code was most frequently
located within the production phase of the pipeline, which was to be expected. The details
of how molecules move, and their shape and relationships are often not questioned until one
has to physically create that environment. In these circumstances, sci was often co-located
with the Conv-s and Conv-p codes. This highlighted a previously unrecognised characteristic,
a tacit dimension of my own way of working that relies on having a high sense of self-efficacy
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– to have the confidence to negotiate these tensions and to be able to blend highly resolved
and accurate scientific data with the unknown in order to deliver a comprehensive and
compelling story. Although Sci was a code used to highlight situations where decisions were
made due to the absence of scientific information, conversely there were numerous
situations with an excess of scientific information. In these situations, including all the
available information in the animation would be unfeasible. It would increase the technical
challenges and computer capacity, and also risk cognitive overload in the audience. Informed
decisions are also made about what to leave out of the animations. These were commonly
associated with the story code, because by focussing on the story and intention of the
animation project with respect to the audience, decisions could be made regarding what to
exclude in the animations. In analysing these codes and reflections, I noticed the extent to
which I am guided by a theoretical framework formed from the principles of multimedia
learning and visual communication (Bättig-Frey, Jäger, & Treichler Bratschi, 2018; Foss, 2005;
Ken Smith, 2005).

Figure 4.10 – Screenshot from the Adobe Illustrator file used to organise the data from Cutting
Cancer Loose animation project. In this example of written reflection, compromises were
made to the scientific accuracy due to; (top) incomplete scientific data or (bottom) excess
scientific information. Images by Kate Patterson 2020.
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As I read, coded and re-read the documentation and reflected on the completed projects,
patterns and themes started to emerge. By persistent closeness to the data and detailed
consideration of each tiny step in the process of creating these animations, I recognised some
patterns that were unique to each of the projects but others that were consistent across all
of the projects. Similarly, some of the patterns were predictable and align with the approach
to a standard design project, however others were surprising, surfacing only because of the
combination of the idiosyncrasies of biomedical animation and the personal experiences and
knowledge of myself as the researcher and practitioner.

4.5 Conclusions
In this practice-based research project, documentation of the creative process and critical
self-reflection was followed by hierarchical organisation of the data and thematic analysis.
This approach has reinforced some pre-conceived ideas and perceptions I had regarding the
practice, however, it has also uncovered some new insights that can be categorised into three
main themes:

Self-efficacy
The creative process is peppered with situations of doubt. This is a characteristic not unique
to the production of biomedical animation, but an aspect that I had not formally recognised
previously. The primary aim of biomedical animations is to show a scientific concept, or a
series of events that cannot be seen in any other way. It deals with uncertainty and at times,
incomplete information. The practitioner must negotiate tensions and make compromises
throughout the process, justify and become comfortable with each of these. The confidence
to make appropriate decisions requires a degree of self-efficacy I had not previously
appreciated and resulted in seeking reassurances from a combination of sources that
included theoretical underpinnings and experiential knowledge. These were then combined
into a hierarchical decision making approach where different levels of authority are placed
on the tensions influencing the decision.
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Theoretical underpinnings
The critical reflection of my process revealed an unexpected dependence on my own
experiential knowledge and understanding of theoretical frameworks to help navigate
tensions and design decisions. This was particularly evident in the production phase of the
pipeline, and in deciding what information to leave out of the visualisations and how to
accurately weave storytelling with the available scientific data.

Line of best fit – shaping the animation project
A line of best fit refers to a line through a scatter plot of data points that best expresses the
relationship between those points. My process of creating a biomedical animation can be
represented as this line, with the scattered data points representing competing tensions,
considerations and constraints that are exposed throughout each animation project. This
process also involves a series of reflections on the decisions that helped to shape the story
and final animation. These reflections occur on conversations that are both overt, carried out
directly with the stakeholders and also covert, silent and internal – occurring with my practice
and myself. These conversations perform the function of information gathering, then
interpretation and testing of potential solutions to the problem. I had previously
underappreciated the importance of this phase of the pipeline and the key role played by me
as the practitioner to contextualise the problem and then to shape the solution. Each of those
considerations and design decisions are made in the context of the entire project and are a
balance of stakeholder expectations, visual communication strategy, aesthetic quality and
scientific accuracy. It is the tacit understandings of the practitioner that allows for this line of
best fit to be created.
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4.6 Summary
Biomedical animation as a field is maturing, yet there is little documented on the processes
involved in creating the animations or how biomedical animators make critical decisions
when faced with various tensions and constraints. The field is contextualised in Chapter One
– Introduction as emerging from a long history relating to medical illustration and scientific
visualisation. In order to uncover and characterise the tacit dimensions that influence the
production of my practice as a biomedical animator, a multi method and reflective practice
approach was utilised for this research project. In Chapter Two – Methodology, this
underlying approach was described and justified. In Chapter Three – Creative Works, the
animation projects created as part of this research project were described and in this
chapter, Chapter Four – Data Analysis, the data for this practice-based research project was
presented and analysed. The methods for capture and documentation of the data were
discussed and justified in Chapter Two – Methodology, and here, the data is analysed using
a thematic analysis following hierarchical organisation of the materials. Three themes have
emerged from this analysis which will be explored further in Chapter Five – Conclusions, and
explained within the context of the broader field of biomedical animation and scientific
visualisation.

CHAPTER Four – Data Analysis

118

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

CHAPTER FIVE - Conclusions

CHAPTER Five - Conclusions

119

Patterson z3151533 MPhil
Process: a practice-based exploration of the tacit dimension of a 3D computer biomedical animator

Figure 5.1 – Screenshot from Garvan Galleria – Molecular
Wonderland project 2016. Image by Kate Patterson 2016.

5.1 Introduction
The aim of this research project was to expose and characterise the visible and invisible
aspects that contribute to my personal process as a biomedical animator. In Chapter One –
Introduction I first explained the motivation for this research as both a desire to understand
more about my own practice and that of the field more broadly, and second, despite there
being a rich discourse in the fields of science visualisation and also in science communication,
the academic literature in the field of biomedical animation that examines the tacit
dimensions of the creative process is limited. I have been working as a biomedical animator
in the context of a medical research institute – the Garvan Institute of Medical Research for
over ten years and despite gaining experiential knowledge, well-practiced skills, and a
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passion for practice as a biomedical animator, I have not been formally educated in art and
design, and felt frustration associated with not being able to confidently describe my practice
using relevant terms and to advocate for the intangible and often undervalued aspects of my
creative practice. I could acknowledge that my personal approach and philosophical positions
were not likely to be unique, but since my creative process has evolved organically over time,
rather than being informed by formal training programs, it is only now, on account of this
research project that I can articulate and contextualise these aspects of my personal practice.
This work represents an extension to the existing knowledge in the field more broadly, and
has also led to an increased sensitivity to self-awareness and more confidence in my practice.

5.2 Research summary
In Chapter One – Introduction I described biomedical animations as computer-generated 3D
images of biological structures that are composited together to create moving images. The
animations are underpinned by authentic scientific data and depict molecular and cellular
structures and biological processes that are unable to be visualised by any other means due
to scale, resolution or complexity. Biomedical animations are often narrative driven and
employ a highly detailed three-dimensional aesthetic that is designed to engage and inform
broad audiences. I contextualised the practice of biomedical animation as a field emerging
from a long history of scientific visualisation and medical illustration. Biomedical animation
is part of the broader field of visual science communication, which encompasses a plethora
of science-art endeavours. In Chapter One – Introduction I discussed the concept that the
practice of biomedical animation could be situated near the centre of a continuum with raw
data visualisation and interpretive art inspired by science at the extremities. In reality, the
practice of biomedical animation oscillates around the centre of this continuum, even within
one animation as the balance of artistry and accuracy for each scene, biological structure and
intended message is navigated by the biomedical animator. I expanded the continuum of
practice to also incorporate the practitioner and the purpose, as critical components that
also characterise the field of biomedical animation. These similarly oscillate around the
centre of a continuum. I have repeated the Figure 1.5 here for reference as Figure 5.2.
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Figure 5.2 – (Duplicated from Figure 1.5) Science visualisation continuum. Biomedical
animation lies at the centre of a continuum of science visualisation endeavours. Biomedical
animators contextualise scientific data, interpreting and representing science for seeing and
understanding in new ways. Image by Kate Patterson 2020.

My personal position as a biomedical animator sits slightly to the left of the middle of the
continuum. Throughout the process of creating a biomedical animation I identify more
strongly as a scientist than artist, however, I can now recognise moments where I exhibit
behaviour and characteristics in my approach that shifts my position along the continuum
towards that of an artist. I anticipate that this concept would resonate with others in the field
who could also position themselves along this fluid continuum. The purpose of the
biomedical animation oscillates between being in the service of science and offering
audiences a new way of seeing. Specific points in time within each animation could also be
unpacked and positioned on this continuum. At times, a single biomedical animation can
transcend the entire continuum, and serve multiple purposes for various audiences. It is my
ambition to achieve this outcome with every biomedical animation project as I strive to
maximise the utility of each animation. In Chapter One – Introduction, I discussed three main
contexts in which biomedical animators are utilised as: informal education, formal education,
and science communication purposes, and I discussed the theoretical underpinnings for each
of these contexts.
My practice has been influenced by several key practitioners in the broader field of science
visualisation, and I summarised these in Chapter One – Introduction. I also compared and
contrasted the work of the two biomedical animators who have influenced my personal
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practice the most - Drew Berry and Janet Iwasa. In Chapter Two – Methodology, I described
and justified the approach to research as being practice-based and using mixed methods and
self-reflection to capture and document my creative process. This approach may have been
strengthened and the results corroborated by triangulating the data with observations made
by an observer. However, the potential weaknesses of a self-reflective approach were
mitigated through close consideration of Scrivener’s guidelines for self-reflective practice
(Scrivener, 2000) that I described in Chapter Two – Methodology, and also by justifying this
research project beyond mere personal gain. I also provided evidence from the literature of
a call for more research to be presented from the perspective of the practitioner.
In Chapter Three – Creative Works I showcased the three biomedical animation projects that
were created as part of this research. These were: 1) Garvan Galleria – Molecular
Wonderland, a large-scale projection project at the Garvan Institute of Medical Research, 2)
Cutting Cancer Loose, a biomedical animation designed for awareness and communication
of a scientific discovery and 3) Heartbeats of Our Genome, a 360 degree stereoscopic
animation designed for immersive viewing in Google Cardboard head-mounted displays.
These projects demonstrated the breadth of work and opportunities available to biomedical
animators, and despite each having a unique purpose and approach, each of these exhibited
similar underlying principles and creative processes. For these particular projects, the
primary intended audiences included scientists, public audiences, and philanthropic
supporters of medical research. The primary purpose for each of the animation projects was
also varied and included peer to peer science communication, public awareness of scientific
concepts and discovery, entertainment, and deep engagement in medical research
endeavours at the Garvan Institute of Medical Research. In Chapter One – Introduction, I
described the field of biomedical animation and summarised the plethora of contexts and
intentions for the animations. The breadth of situations where biomedical animations can be
utilised is ripe for exploring more deeply. I explained that often, the ways in which biomedical
animations are utilised are not predicted at the inception of the project. This has implications
for how animations are created and this should also be highlighted in order for practitioners
to maintain an open mind and sensitivity to the potential opportunities for utilising their
animations in innovative ways. In Chapter Four – Data Analysis, I explained and justified the
methods used for self-reflection that led to the capture and documentation of my personal
process. The data was coded and a thematic analysis was used to identify the tacit
dimensions of my process. The three main themes identified were 1) Self-efficacy, 2)
Reference to theoretical underpinnings and 3) Line of best fit.
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5.3 Integration and future work
Although these were the three clear themes that emerged from the data, it is the third
theme, the line of best fit that offers the deepest insight into the research question which
sought to identify and characterise the tacit dimensions of my creative practice. The line of
best fit is a term I am familiar with as a scientist and refers to a line through a scatter plot of
data points that best expresses the relationship between those points. In the process of
creating a biomedical animation, these data points represent critical moments that influence
the process such as the need to balance artistry and accuracy, technical or time constraints,
audience and stakeholder expectations, and balancing visual conventions versus creative
ambition, amongst others. I have represented this concept visually in Figure 5.3 in the context
of the anatomy of a project structure that I presented in Figure 4.5. The line of best fit can
serve as a conceptual reference on which to hang the creative tensions, constraints, and
opportunities that present throughout the creative process. The remaining two themes I
termed self-efficacy and theoretical underpinnings are important elements in the decision
making process, and could be considered as contributing factors regarding how the tensions
in practice are navigated in order to shape the line of best fit.

Figure 5.3 – Conceptual diagram that represents the process of creating a biomedical
animation. The line of best fit courses through a scatter diagram, with the different tensions,
opportunities and orchestrated design choices that exist throughout the process of creating a
biomedical animation represented as the data points. The distance of the data points from
the central line indicates the strength of influence of that component to the decision making
process. Image by Kate Patterson 2021.
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The creative process as a biomedical animator is peppered with situations of uncertainty,
where the practitioner must make a design decision despite being presented with incomplete
scientific information and while experiencing the pressures of time and technical constraints.
In the preface I explained my personal preference for the unfamiliar. This inherent quality
likely contributes to my comfort and sense of self-efficacy in making appropriate decisions in
uncertain situations. However, self-efficacy may also develop over time, secondary to
learned knowledge and development of skills through formal training, and through
professional experience. In biomedical animation, practitioners with a well-developed
aesthetic sensitivity, strong storytelling skills and an understanding of the theoretical
underpinnings that contribute to an effective animation (including the principles of design
and also specifically, multimedia design for learning) may be more confident to make design
decisions in situations of uncertainty.
Through this research project, I have developed a well-practiced approach to the discipline
of noticing, and I have developed a deeper understanding of my creative process. I recognise
that the process is shaped by a series of critical moments that require consideration and
orchestrated decisions. I am now aware that my personal approach to these decisions can
be described as a hierarchical decision matrix that considers multiple inputs. Hierarchical
decision making is a style not unique to this situation, but is also the focus of a large body of
research in multiple contexts including design (Haupt, 2018). It is the biomedical animator
who places a value or weighting on each of the tensions that are presented throughout the
creative process in order to help make design decisions. When considering the balance of
artistry and accuracy for example, my personal approach is to consider the weighting of
maintaining accuracy versus artistic expression. Multiple inputs may inform that weighting
such as availability of scientific information, how critical it is to the message or story, what
the intention and audience is for this animation and if there are technical or time constraints
that may impact the ability to maintain accuracy. This process of making hierarchical
decisions often occurs silently, and tacitly. Through this research project, I can now recognise
and have a clearer understanding of how and why I make decisions in my personal process. I
and others recognise the often invisible and at times lost value of the process of creating a
biomedical animation (Gates-Stuart E, 2016; Goodsell, 2021; McGill, 2011).
This extension of knowledge has allowed me to develop a confidence in both my practice and
my philosophical position. It influenced my approach and creative process for a recently
completed animation project related to osteoporosis, that was outside the scope for this
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research project. This particular project presented significant challenges and complexities. It
was government funded and involved multiple stakeholders with different, yet overlapping
expectations and included medical practitioners, scientists, teachers and pharmacists. The
project focussed on two different stories relating to osteoporosis, for two specific audiences
and with each of the animations developed for viewing on both a standard screen and also
as a stereoscopic animation in 360 degrees. A screenshot from these animations can be seen
in Figure 5.4.
Osteoporosis Awareness animation designed for standard screen viewing:
https://www.youtube.com/watch?v=pkGX_RJ_sXA

Osteoporosis Awareness animation designed for viewing as a stereoscopic 360 degree
animation using a mobile device and head mounted display:
https://www.youtube.com/watch?v=TeCXhin4koE

These complexities were challenging to navigate, however I could now more easily identify
where the line of best fit might sit from the outset, and having this insight early meant that I
could interrogate every step, challenge and opportunity according to this shape / line of best
fit, and could manage more easily and quickly how or where it might put tension on the
process, and subsequently to then mitigate any risks. I anticipate that this conscious
knowledge will continue to significantly influence the creation of my future animations in a
similar way.
Further, I have more confidence and ability to describe and advocate for new animations
when speaking with stakeholders. My ambition for a future animation project is to create a
series of biomedical animations that offer a rich resource to scientists and stakeholders at
the Garvan Institute of Medical Research, that touch on information that has relevance to
every research project. My aim is to create animations and visual assets that can be utilised,
at least in part by every scientist in the Institute. This is a challenging ambition with a
complicated line of best fit profile. When pitching this project, I recognise that I can now
better articulate the reasons for my ambition, and more confidently advocate for the
suggested approach.
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Figure 5.4 – Screenshots from Osteoporosis Awareness animation showing (top) osteoclast
cells resorbing the bone surface (timestamp: 02:01) and (bottom) a representation of bone
affected by osteoporosis (timestamp: 03:03). Images by Kate Patterson 202153.
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Screenshots from Osteoporosis Awareness animations by Kate Patterson 2021. Retrieved from:
https://www.youtube.com/watch?v=pkGX_RJ_sXA on 18 August 2021
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In the Preface, I wrote “I alternatively identify as a veterinarian, a scientist, a designer, and
as an educator, and as such I need to be able to draw on a broad repertoire of languages to
communicate effectively within and between these spaces.” Prior to this research project, I
felt as though I operated between these fields, dipping in and out when necessary and not
completely associating with any. I felt different to those in each of these fields. However, I
now realise that I’m not ‘different to everyone’, but rather, ‘similar to many’ and that this is
not a weakness but a strength, a view that could be adopted by anyone who operates in a
transdisciplinary field. I can recognise that having formal scientific training contributes to a
sense of self-efficacy and an awareness of which scientific concepts lend themselves well to
being visualised. I have a tacit understanding of when a concept has been thoroughly
researched and in turn, well represented visually. In addition, my scientific training helps to
facilitate meaningful conversations with scientists and stakeholders about the projects. If the
scientist misses a detail or two or does not share information that could enhance a
visualisation of a concept, as a scientifically-trained biomedical animator, I can identify these
details and either fill in the gaps or know how and where to seek the appropriate information.
I am in a privileged position where I am able to draw on the knowledge and experience from
multiple fields. Because of this, I feel gratitude and also an obligation to use this knowledge
to lead by example, to advocate for the field and to create visualisations that communicate
critical scientific discoveries and concepts so that they are accessible by a broad audience. A
recent example where I was able to put this into practice was the creation of an image of the
SARS-CoV2 virus which caused the COVID-19 global pandemic (Figure 5.5). This image was
created to accompany information about the virus in communications created by the Garvan
Institute of Medical Research.
The self-reflective approach to this research presents a deeply personal insight to practice
and as a consequence, publishing this thesis makes me feel exposed and vulnerable.
However, I realise that by uncovering and articulating my creative process, the things that I
previously dismissed as my own inconsequential idiosyncrasies are actually the strongest
contributors that characterise my creative process. These aspects should be further exposed
as a way to invite others to be involved more in the process which may offer nuance and
deeper meaning beyond just the final product. Future work will explore how animations, and
the process of creating the animations could be better utilised by specific audiences,
specifically teachers and scientists.
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Figure 5.5 – Computer generated image of coronavirus particles showing the characteristic
spike protein in blue and neutralising antibodies in yellow. Image by Kate Patterson 2020.

This practice-based research project has allowed me to identify and contextualise some of
the tacit dimensions of my creative process both in terms of my philosophical and
professional positions, as well as within the field more broadly. This deeper understanding
will influence my approach to future animation projects and help to strengthen stakeholder
relationships. I am now able to better articulate the value of the invisible components of the
creative process and have a heightened sensitivity to noticing that will continue to evolve in
the future. The insights gained in this research project may also be relevant to others in the
field of biomedical animation and design more broadly, who may gain a deeper insight into
their own ways of working and creative practice.
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Appendix
The appendix contains the data and coding for each of the creative works. As described in
Chapter Four – Data Analysis, my creative practice was captured and documented using
multiple methods. These documented moments were organised visually and chronologically
according to the anatomy of a project structure I introduced in Chapter Four – Data Analysis.
Documents that contain personal information in emails and transcripts are blurred to protect
the privacy of the people involved. It is the reflections on these documents, that represent
milestones in the creative process that are relevant to this research. The following pages
present the coded data for the following projects:
1. Garvan Galleria – Molecular Wonderland project data and coding.
2. Cutting Cancer Loose project data and coding.
3. Heartbeats of Our Genome project data and coding.
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Galleria - Molecular Wonderland data and coding
Understanding
the brief/problem

Inception
CM
story
AvsA
Conv-p

1. Written reflection on initiating phone
call from primary stakeholder - 6-9-2016

1

3

I remember answering the call from the Garvan Foundation about an idea to transform the
galleria into a molecular wonderland for a formal sit-down dinner.
The Galleria at Garvan is the foyer area with a 20m long cavernous space, 13m to the ceiling
with the DNA-inspired spiral staircase being framed at the internal end as a functional
sculpture. The opportunity to fill this space with molecular animations has been a dream of
mine since soon after I started my PhD at Garvan over 12 years ago. I was nervous and excited
about the opportunity.
The other thing that was particularly enticing about this opportunity was that the specific
audience for this event was different to the usual. The animations needed to be more
entertaining than informative. I wasn’t restricted as much by respecting the scientific
integrity. Also, and the material would be designed for one night, rather than as an enduring
resource. In some way this made me feel that I had permission to experiment more. I felt like
the risk of the experiments failing was reduced because of the transient nature of the event.
In the back of my mind I was concerned about the fact that my animations would be exposed
on such a large scale, and material that was just mine. No other practitioners to soften the
impact, to share the load. This was concerning, however the thrill of being given creative
freedom to explore and experiment with my own practice out weighed the nervousness I was
feeling.

Conv-a
Conv-s

My previous work consisted of 3D CGI fully rendered polished animations that were narrative
driven and based on scientific concepts that were fairly concrete. In this project however, I
wanted to explore the idea of process as product and to inject some more ‘human’ elements
into my animations.

Conv-p

It seems like in the initiating moment for a new project I go
over all the pressure points quickly as a way to scope the
project, and check it off against my own known skill,
ambition and time frame.
It’s almost like I look at the shape of the project ‘from the
outside’ and try to understand the size of the package and
what elements need to go into it to make it a success. The
specific details of how the elements will look dont matter
at this stage, only the feasibility and intention. I try to
understand the shape before moving to the more detailed
understanding of the elements.

time

tech

8. 27.9.2016 Conversations with AV team and
engineers at garvan about techs

tech
time

These emails were important at the start of the conversation and project so I could understand the technical
requirements of the project - the logistical details such as
how big the proections should be and how long the
animations should go for. The number of animations was
more than I expected and also the realisation that it is for a
3 hour event made me think carefully about the design of
the animations and think of them as ‘moving wallpaper’
rather than educational animations.

3. First face to face meeting - written reflection

This meeting was the ﬁrst face to face meeting to discuss plans for the project. The feeling was that
the main purpose was to conﬁrm the discussions so far and to talk with prime AV about budgets and
technical constraints. This was also criticalfor me to hear as they mayimpact my production.

previous projects have
come from my own
identificaion of the
institute’s mission and
need - this was one of
the first that came
from an external
source soI felt like I
needed to find out
more about the intention and expectations.

Conv-p

Conv-s

8

9. 27.9.2016 Email Conversations with
metallios - knowledge on projections

this is something
I wish I had done
more of, in
retrospect. but...
time.

I was nervous about embarking on a project where the stakes were
high but I did not have expertise in the type of execution. I sought
industry support from recommended experts. The ﬁrst was in the
form od Q and A with projection designer Melletios Kyriakidis. It was
interesting that he was most interested in the story, whereas I was
interested in the pitfalls and potential risks. I was worried about
warping of the material and how to create the animations in 3D. He
suggested that you can get away with a lot, and to make the most of
the natural architecture to bring it to life.

9

10

Each time I imagined being one of the stakeholder groups I would shift the shape of the overarching show to best ﬁt that
group, as well as those who’s feet I’d walked in previously. Bit by bit a plan and concept was developed that embraced
each of the audiences and their idiosyncraticies. This process is mostly an invisible one, and I would walk and re-walk in
the shoes of the aidience(s) as the plan / production for the animations played out in my head. When I hit a point of
friction, I’d try to mentally unpack this and ﬁnd what the detail was that was causing the friction - iot is like a movie
playing and if the audience reacts in a way that is not predicted, I stop and ﬁnd out why, re-design that part of the movie
and then start again and replay. I;d go through this process until the point of friction was passed.

This meeting was critical to develop the working relationship with the stakeholders and to also
establish that my initial impression and understanding was correct.

I used handwritten notes to outline the plan when it became too unweidly to manage in my head. Key times / points /
themes would punctuate the thought process. I could also use this set of notes to build on, then reﬁne at the next
iteration.

story

I would then extract these hand written notes into a more comprehensive plan to share with the primary stakeholders
and also iuse these to buildout timelines and speciﬁc production plans and pipelines.

tech
Email conversations with engineering and AV to test projections / set up etc.

Conv-a CM2

work in such a unique way, and oﬀered excellent advice on the technical aspects of
the experience.

He was ﬁrm that thewre should be external support in the form of AV and was also
reassured that there was. He said the main thing to be aware of is that the amount of
movement at a large scale should be reduced greatly, as it becomes too muchfor the
viewer to see and cope with.

Conv-p
I felt nervous to stray too far from the
traditional approach to biomedical
animation, to respect the field and to
strive to create everything as close to
science and as derived from scientific
data as possible.

This wording and the scale of the project was different to anything I had made before.
However aspects are the same - demonstration of the utility of molecular animationt to
‘transfom complex scientific concepts for a general audience’ and to show them what the
genome looks like.
I question my interpretation of the brief and wonder how much permission Ihave to
explore visuals that are closer to the entertainment end of the spectrum than the scientific
data end. My impression from the discourse in the field is that biomedical animators tend
to defend their practice as being as close to ‘truth’ as it can be.
Deviations from this, from authentic scientific data may be judged as less credible, or as an
aeshtetic art display rather than as a scientific exploration or representation. My worry was
that by compromising on the quality and story, credibility underlyig this project that I
would do myself and my practice a mis-service.

Conv-s

here I question my own
interpretation - could I have
gotten it wrong? am i going
down the wrong path? there
is some self doubt and fear of
failure driving these questions. This makes me want to
be super sure that I am on
the right track. Also for this
particular project, the stakes
are high.

story

Conv-p
Conv-s
tech

6

6-9-2016 - initial brief provided about the project
This brief was provided as a run-sheet for the night, with a strong focus on the logistics rather
than how the visuals and animations would ﬁt into the night. This is not an unusual scenario,
where the initiating stakeholder knows that they like the animations and would like to use one
or have one made, but dont really know how this will happen.
Most often it is up to the animator to scope out the visual side of the brief and to ascertain
how much of the peripheral creative work they are seeking. Do they just want an animation or
do they also want the additional components that contribute to a fuller story (like accompanying still images, perhaps a take-home souvenir)?
I am aware of the investment in a molecular animation both time and cost - so always looking
for opportunities to leverage a project and make the most of the process ans assets that can
be extracted from the project to boost its value.

CM

part of the story for the
audience needs to trickle
over onto print material
(almost in a transmedia
fashion) .
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It was helpful to visualise how the area
would be arranged, and allowed me to give
insight as to how the audience might
interract with the animations. Although I
had not made such projections before, my
previous experience at festival events and
understanding of how people like to
consume molecular animations gave me an
understanding of what might happen on
the night. Also, this is driven a little by
understanding the theories of visual communication
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Creative freedom

High exposure

Convention
Novel platform

Uncertain scope

Tight timeframe Technical constraints
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AvsA

representing DNA

AvsA

Conv-s
story
recognisable image represented here - need to emphasise the human component fo
for theme 4, so having recognisabel images is important. Little has to be done to change the
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Deep engagement

High ambition

11.477 mm

Software rendering ok

14-9-16 - layout of the area to execute

Melletios Kyriakidis Customs House, Sydney
Drew Berry White ngiht 2014
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Uncertain scope

Warping not so much of a concern

Mechanised Colour Assemblage, a Danny Rose digital art installation at VIVID SYDNEY 2015
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This was a critical
moment in terms of
understanding the
client-animator relationship. It is up to the
animator to often complete or write the brief
after the initiating
conversation.

story
Conv-a
Conv-s
Conv-p

Creative freedom

High exposure

I felt reassured after this conversation and
felt comfortable to explore the
Written reflection on phone conversation with animator Drew Berry
entertainment end of the spectrum for
I spoke with Drew on the phone about the projections project, as a biomedical
showcasing science and that it was not
animator in the ﬁeld who has exhibited at multiple similar events and navigated
doing a disservice to the practice.
various platforms for execution. He was excited about the opportunity to present the

I also had a realisation that audiences and stakeholders often need educating about the topic in the early times of the project,
and in this case it was about cellular rather than molecular imagery. I realised that my speciﬁc practice is much mroe concerned
with the depiction of molecules and their relationships

Words like ‘wonderland’ and transform I interpreted as an opportunity to create a new
world, rather than to just represent the real, scientifically derived molecular landscape.

tech
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Convention

Uncertain scope

Conv-s

This made me more comfortable with my intention to deviate a little from scientiﬁc data being the primary driver for the
imagery on the night.

Conv-s
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Novel platform
opportunity to experiment
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CM1 Conv-p

Proudly Supported By:

My concwerns around compromising scientiﬁc integrity for the sake of entertainment and also to meet technical and time
constraints were alleviated when the stakeholders chose a speciﬁc screenshot for use as the invitation to the event.
This particular image is from a previous animation created using an image mapped to a tube for DNA, which at the time I was
not happy about, but comes up time and time again as being a favourite amongst non-scientiﬁc audiences.

story

CM
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Novel platform
technical constraints

1. managed the capture better
2. the effect was influenced by last minute change to seating
3.made better use of the architecture
4. Animations themselves did thejob
5. If I had more time / could do it again how would I change the
animations? more testing and experimenting with ‘dancing’ animations and clever overlays etc.
6. Music to match animations would have been excellent,
7. Written descriptions of the animations for the audience, or another way for them to access the sotry.
8. i would have expanded the middle section - the interpretation of the science section.
9. The human part didnt hit the mark as i wouldhave liked - it was an experiemnt and it is clear that the
traditional style was the most successful.

CM
story
Conv-p

Creative ambition

Convention

Kate is a pioneer of Biodata Visualisation which uses
visual language to transform complex scientific
concepts for lay audiences.

Image: Cancer DNA – Dr Kate Patterson, Visual Science Communicator and Biomedical Animator at Garvan Institute of Medical Research & Senior Lecturer, UNSW Australia Art and Design

My impression from this was that the intimacy / wonderland
was important but not the opnly thing to consider. Needed
to be balanced with cost and feasibility. I understood from
this that the intimate part of the story - being inside a cell
itself would not be as important as the wow factor.

CM
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After becoming comfortable with the shift
away from a focus on scientific education
and accuracy to inspiration and wonder
was a critical moment and allowed me to
move forward confidently.

Kate is a trans-disciplinary researcher working at the
interface of art and science, using storytelling to
bring together the historically segregated fields of
technology, art and science.
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She responded with excitement but reservation. She did not
think this was a deal breaker and that the effect could be
achieved without the sails - likel;y the sailswould be too
expensive and technical constraints existed with hanging the
sails etc.

Tight timeframe

Creative freedom

Understanding the technical requirements of this project, allowed me to
focus on an efficient production
plan, and to refine the story / atmosphere / purpose of each of the
animations.

This special event will showcase the remarkable
imagery and animation of Garvan’s Dr Kate Patterson.

CM

+

Deep engagement

I thought of some suspended sails that stratech across the
galleria and found examples of this at the Australian
Museum. I took these to a meeting / sent via email to test if
this could be a similar vision to the stakeholder.

-

Novel platform

I found some relevant examples of large scale projections
that I thought could work well in the Galleria. A previous
conversation we had referred to the galleria being enclosed
and more intimate than it currently feels.

Conv-s
story
AvsA
Conv-p
time
tech
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CM1
story

AvsA
Conv-p

AvsA
tech

When reviewing this collection of reflective
documents and visual diary entries, I can recognise
that I use an approach to the development of the
overarching story and project structure that involves
‘walking in the shoes’ of the intended audience(s) and
‘watching’ the animation unfold as I imagine it might
play. If the animation or imagined scenario stops, or
does not feel natural and smooth, that particular part
is revised and the scenario is ‘played’ again until it
flows uninterrupted.

Technical constraints

story

CM

Reflection

Personal connections

7. 13-9-2016 Example exhibition used to test the developing brief with the stakeholders
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Execution

Tight timeframe

4. Molecular vs cellular wording

I remember feeling
relieved that there was
external support for the
tech side of the project
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tech
Conv-s
story

Conv-s
Conv-p
4 story

quick check off of how much I needed to
worry about - was it high tech and I was
responsible or was that instead going to
offer a support for my role as animator?

This is a critical paragraph written by the primary stakeholder, descriping the purpose of
the project.

As I imagined being each of the audiences or stakeholders that would see the animations, I imagined what would
impress / satisfy or irritate them. I started with one scenario, and then tested that scenario as I imagined what it would
be like as the next version of the audience walked into that scene. I imaged being the real peopleand asked a series of
questions about the animations. Would they react well, indiﬀerent? What information would they get and woudl there
be any negative or downsides from reprewenting it in this way?

I needed to know things to conﬁrm their expectations. I learned about techical aspects of the space
and timing for the evening, which gave me a good idea about the length of the animations.

It was mentioned that
they would be working with an AV company to arrange the
projections. This was
great as I only had to
focus on the creative
side and could trust
that there was someone else to monitor
the tech.

2

I used handwritten notes initially as I went through a series of thought processes, putting myself in the feet of the
audience, the stakeholders, the scientists, the biomedical animation ﬁeld as they walked into the event and saw the
animations. I did not want to have the main animations showing at the beginning, as there would need to be a typical
storyline of building to the highlights and natural ebbs and ﬂows in the show.

At this meeting, I was listening for comments or hesitations from stakeholders that might alert me to
challengesor deviations from my current understanding of the brief. I did not hear any hesitations,
only excitement and trust, giving me the conﬁdence to ask questions about the night.

as a biomedical
animator, I am used
to starting a project
without knowing
how i am going to
complete it. Over
time, there has
developed a strong
sense of self efficacy
soI am confident
that the project can
tweak and shape, I
can learn and adapt
to the needs of the
brief and there will
be a successful
outcome.

2. Initiating email 6-9-2016

I felt that I had enough information both technical, and understanding of the concept and intention to now go ahead and
conﬁdently create the detailed production plan and timeline. Some testing would need to occur with respect to
howmuch time I would need for each of the elements to complete, and to also test the animations in situ, however the
plan was hatched.

10. 28.9.2016 Email Conversations with
Av and engineering on specs

Production

13

13. 1.10.2016 Series of visual diary entries and written plans
that outlined the production plan and timelines.

I was not sure how to produce and execute the project at that stage, as this was the ﬁrst time I had to
consider such a large scale and long time frame. Also, the time frame for developing the project was
tight. I learned about the audience and understood from the discussion why and what thestakeholders wanted them to gain from the experience.

tech

7

Research
and
concept
dev
tech time

Description
Critical Moment
Conversations with self
Conversations with practice
Conversations with audience
Artistry vs Accuracy
Point of view
Storytelling
Technical constraints
Time constraints
Limit of scientific knowledge

representing data

CM

This special event will showcase the remarkable
imagery and animation of Garvan’s Dr Kate Patterson.
Kate is a trans-disciplinary researcher working at the
interface of art and science, using storytelling to
bring together the historically segregated fields of
technology, art and science.
Kate is a pioneer of Biodata Visualisation which uses
visual language to transform complex scientific
concepts for lay audiences.

Proudly Supported By:

Image: Cancer DNA – Dr Kate Patterson, Visual Science Communicator and Biomedical Animator at Garvan Institute of Medical Research & Senior Lecturer, UNSW Australia Art and Design
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pov

CM

Conv-a Conv-p Conv-s story AvsA
Conv-s
Conv-a
Order of events:
1.What do you want the audiences to know/ do
2. atmosphere, look and feel
3. What do I have to work with and who?
4. What is the science and what data can I use
5. How to compromise artistry and accuracy
6. How to deliver / execute

emerging themes:
1. Developing the brief from the inside - leveraging and
identifying opportunities
2. developing confidence with representing the unknown
or with creating something from nothing.
3. Manipulating the shape of the project to best fit the
competing criteria and constraints as defined in the brief

information gathering
- what information is needed?
Concept formation
- concept testing
Plan forproduction
- navigate compromises with science, technical feasibility and time constraints

Cutting Cancer Loose project data and coding
Inception
CM

Developing the brief and
understanding the problem
story
sci

1. 2-3-2016
Cutting Cancer Loose was an animation project initiated by Sean O’Donohue at
CSIRO and a researcher in Melbourne Susie Nilsson. It was for a short animation
that described a new treatment for acute lumphoblastic leukaemia.

Conv-a
At this early stage, I find myself wanting to know how the invitation to
make an animation came about. This knowledge helps me navigate the
relationship and knowledge exchange with the scientist.
Is it a scientist driven brief or did the project get identified by another
person - the person who identifies that a visual problem exosts gives a lot
of information about how and why the animation should be developed.

At times I would also sketch a
quick diagram to illustrate
somethig they are saying.
Sometimes I find it easier to
draw a diagram rather than to
write out an explanation.
These short sketches are the
beginnings of a storyboard.

I also felt a little nervous because it was a first hire for service project rather than
coming from me identifying a communication need. I was aware that I would
need to understand the intention / problem from the scientists well.
Here I had a sense that this was not going to be a project that was the
same as the previous.
There were also potential conflict of interest issues to reconcile since I was
working ina nother Medical research institute at the time.

Conv-s

i think this was a tacit feeling and awareness that I would have to pay
close attention tot he stakeholder management and tightening of the
brief.

2. 15-11-2015 Phone call notes with scientific
advisors
This was a critical phone call in which I was able to ask questions about the science but
emerging themes and insights - what are the tacit dimensions? :
1. Developing the brief from the inside - leveraging and identifying opportunities
- Important to understand who initiated the project. Is it scientist driven or marketing
driven? who is the audience is important to understand here. It separates the ones that
are wanted just because it looks cool from the ones where there is a true need. The ones
that are driven by a need to communicate something from a scientist to an audience are
the ones that have the greatest focus and the areas that should be emphasised are clear.

story

These drawings are the first
toime I consider the point of
view and scale of the animations. I walk in the shoes of the
potential audience members
and imagine what I would find
amazing, interesting and
informative to see. Something
that I can not see any other
way but to have it animated.

also about the audience and intended use of the animations. I wanted to hear the scientists talk about their work and through active, whole body listening I could identify where
they placed the emphasis of their explanations and the specific challenges they faced in
communicating their work.
I was able to use hand written notes to extract the key messages that were important to
them but also the ones that I could SHOW with an animation. There has to be a match
between the problem / message and the visual.

In this case, it is the inside of
bone. I wantedto show at the
molecular level how each cell
talks to the next.

CM

AUDIO RECORDING (TRANSCRIPT) ABOUT STORYBOARDING

pov

Speaker 1:
The other thing that I was working on yesterday was a storyboard for the animation. And
the approach to this story board is actually slightly different approach to the store, to the whole
animation inside a different, usually I would write a script and I have a specific story that I wanted to tell
this point in time. I'm actually exploring what that story is. And so I've spent some time shortly in the
website, Garvin for [00:00:30] keywords and I'm going through and coding the research group so that I
know whether they do new Euro, you mean ology cancer genomics or both. They're kind of the main
themes that people work on. And the idea for that you said, I'm trying to find an order of presenting the
animation so that it's, there's a molecule that takes [00:01:00] you through each of the stories. So, um,
that was, I guess a moment when I realized that could actually be a really interesting treatment.
Speaker 1:
When I was doing the story boarding and I was thinking that they're, one of the key
themes that they had been talking about is that it's not the individual projects that have the strength of
Darwin. It's how we all work together and [00:01:30] I realized that there are a lot of cross comparisons or
a lot of inter division projects often centered around a particular molecule or approach and so I thought
that potentially how I could lead to them is having, for example, I've seen where we've got an environment in the nucleus and we've got a couple of molecules working on the DNA to link that to the next
research [00:02:00] group. One of those molecules will become more prevalent, the rest will be blacked
out or at least grayed out or become less obvious and then that molecule will be taken through to the
next scene and interacting with different environments and that will take you through to perhaps a
bone environment where we'll zoom out and we'll see the micro structure of bone cells there that are
moving [00:02:30] into the blood vessels or cells that are just resting in the bone marrow.
Speaker 1:
Those cells may then become isolated and the rest of us locked down and we'll see that
those films are actually becoming cancerous cancer cell make and move into the pancreas. You might
see me again and at the molecular level something else that's happening and so the plan for today, now
I've got that idea, I'm going to walk, run with that for now. The idea will be noun too. Make [00:03:00]
sure that I've got specific stories that cover all of the groups that in one particular area in the animation
that everyone can relate to and then the reporter. So making sure that there is a, a common player
character that flows from each of the scenes into the mix and it'd be an obvious link [00:03:30] for each
of the research group. So is that is first of all an interesting story storyline and then it will help the viewer
flow through the scene but also really speaks to so that same all is not just the individual projects but
how they're all linked together. That is really critical, and I'm just thinking now the actually that could
become a loop, a looping animation, because [00:04:00] at the end, the final molecule will then come
back and interact with the, with the first one. Yes.

24-1-2017
I was very happy to have a
discussion with the scientific
stakeholders about using some
of the animation scenes to
accompany media releases and
also for a pitch for the cover of
the journal they plan to sibmit
to.

sci

sci

AvsA
story
sci

There is a lot of time invested in
an animation and these scenes
and still images are not used to
their full potential.

Conv-p

25-9-2015
My conversation with Drew was
productive today. I spoke about
the animation project and his
main message was to focus on
the molecular scenes as this is
where the value for scientific
animation comes. 3D artists can
make great cells but the
movement, environment and
interacrions odf molecules is
harder.

CM

Subtelties of language and
scientific writing are critical at
the VO stage.
here I discuss how we refer to
the cancer type depicted in the
animation. It needs o be
concise yet accurate for a
broad audience. Inclusion of
the word ‘some’ and ‘may’ etc
makes a big difference.

CM2
Conv-p
Conv-s

This was interesting to me
because it is the cellular scale
that I am less comfortable with. I
feel like it relies more on
animation skills rather than
molecular understanding or
molecular modelling skills.

Conv-p

This reflective entry made me
aware of the importance of
scientific training as a biomedical
animator - there is a fine line to
walk between correct and
misleading. Also the visual that is
presented is enduring and needs
to show accuracy, or at least a
scenario that could happen and
is likely to happen with some
frequency in biology. A scientific
training provides one with the
skills to navigate contentious
scenarios and to ensure the
infirmation is not incorrect or
misleading.

story

CM

This initial background reading fills in my knowledge gaps with details, but
also serves as a source of inspiration. At times I read about interesting
phenomenae that would be fiun to watch / cool to see. For example, the BM
niche - a secluded safe zone where cells can be sequestered.
Scientific training allows the animator to use the primary source of knowledge as a source of inspiration rather than after rounds of interpretation.
This means that even if the researcher misses a detail or two, or does not
share information that lends itself well to visualisation, they are picked up
when the animator does a literature review.

I chose to leave out the details about
thrombin cleaving the OPN, as the hero
is the BOP molecule.
Similarly, I did notinclude the details of
the metal ions attaching to the integrin
molecules.

What to leave out of the animation

AvsA

And...I used a crystal structure from a
similar integrin molecule that is similar
to the ones researched.

30-1-2016
Testing intra-molecular movement of osteopontin. This is
a screenshot of an animation showing three different
movements. I wanted to create some organic movement
of the molecules so I’m using particle systems however
when I see this, it looks too much. I dont need to add this
- i think it might add extra information that is confusing
and distracting for the viewer.

story

Comment about developing a script - going from
the words to the pictures,
not the other way
around. This was a
pre-conceived Idea that
has come out in the
reflections.

BOP is a modified dipeptide (see attached structure) and potently inhibits a4b1 and a9b1 integrin dependent adhesion to VCAM-1 and thrombin-cleaved osteopontin (tcOPN). BOP binding to these two integrins requires the presence of divalent metal cations such as Ca2+, Mg2+ or Mn2+ and
its affinity for a4b1 and a9b1 integrins drastically changes depending on the nature of the cations present for e.g. in the presence of Mn2+ the binding
affinities are much greater compared to that observed in the presence of Ca2+ and/or Mg2+ (see Pepinsky et al 2002). Cross-linking studies using a
photo-affinity labelled BOP analogue was used to show that BOP bound the a4 unit (linkage site was between residues 181-264 of mature a4
sequence) and the a9 unit. It’s also speculated that BOP may contact at or near the MIDAS site in the A-domain of the b1 chain which would be
facilitated by a divalent metal cation – without co-crystal structures it’s difficult to say for sure but based on what’s known about integrin ligand
binding it’s probably likely. You could use the published crystal structure of alphavbeta3 as a generic representation of a4b1 and a9b1 integrins too.
We’ve also synthesised a fluorescent analogue of BOP (called R-BC154/r-BOP – see attached figure), which we’ve used to show effectively binds bone
marrow HSC through both a4b1 and a9b1 integrins but only in the presence of divalent metal cations Ca2+,Mg2+.
Osteopontin: The generic/hypothetical structure of osteopontin in that review you sent looks ok to me. What is most important though is the thrombin
cleavage site that is depicted in the figure. It’s only when osteopontin is cleaved with thrombin that the SVVYGLR sequence is exposed from the
N-terminal end. It is this sequence in thrombin-cleaved osteopontin (tcOPN) that binds a4b1 and a9b1. While a4b1 can bind OPN through an alternate
sequence (see Grassinger 2009, fig 1c for more details on the cleavage sites and ligand binding sites), a9b1 can only bind tcOPN. It is the interaction
between tcOPN and a4b1/a9b1 integrins that has been demonstrated to regulate HSC function in the BM. In terms of graphically depicting or
animating osteopontin you will need to distinguish full length (in the review you sent) from tcOPN.

Apologies for the slow response it is grant writing season, so crazy busy!!
To clarify, after BOP is injected, it will rapidly circulate through the blood stream and diffuse into the bone marrow niche via blood vessels. It is a small
molecule and has no issues passively diffusing through the blood vessel walls and typically enters the marrow within minutes. Similarly, the chemo
drugs are also capable of entering the marrow niche via the blood stream. The chemo drugs do not break the OPN/integrin interactions, instead they
simply target the rapidly dividing cells within the marrow, which include both leukaemic cells as well as other marrow cells – in the majority of cases
the leukaemic burden can be significantly reduced using chemotherapy alone. However, the non-dividing leukaemic cells that reside nearest the
bone/BM interface (endosteal region) are not killed because these particular leukaemic cells are not rapidly dividing – they are in a state of quiescence,
which is mediated by the OPN/integrin interaction. It is these residual leukaemic cells within marrow that have escaped chemotherapy treatment that
then lead to relapse.

We can’t actually tell you exactly how OPN interacts with integrins to be able to give you a clear image except that the SVVYGLR sequence exposed
upon thrombin cleavage of osteopontin is required for integrin binding. BOP binds within the alpha and beta subunits of the integrin, and will
supposedly change the confirmation of the integrin thus inhibiting and preventing further interaction with OPN. In addition, BOP binding also requires
the integrin contains divalent metal cations (Ca2+, Mg2+, Mn2+) occupying several sites within the alpha/beta chains.

Conv-s

This was one of the first projects I have made where the focus is on the cellular
scale rather than the molecular scale. I felt poorly experienced in creating textures
and modelling, and so although I have learned a lot I think the quality f this animationcould be a lot better. I relied on post-production quite a lot to address some of
the storytelling aspects thatI could not achieve within maya itself. Some of these
worked well but others could be imporved (the dying cell for example)

time

sci

2-11-2016
Screenshot of the final stem-cell and bone matrix scene.
Final adjustments will include some additional fibreous /
collagenous material but I am happy with the membrane
and the way the molecules interract. The landscape is
compositionally fine and I feel that it tells the right story.
I’m not that happy with the population of molecules on
the bone matrix but will have to compromise and can
probably accept it with the view to come back if i have
more time. The main players are depicted, and the
messages seem to be clear which is the main challenge.

time
20-2-2016 - written reﬂection on work in progress screenshots
My original plan was to have the bone matrix peppered with
accurate representations of cells in approximately the correct
frequency. This ambition became unweildly and time
consuming.

Pov

These storyboards help to ascertain the point of view for the story.
They also help me visualise the storyline - forces me to re-create what I can
see and visualise when I read the science. It makes me question my personal approach.

There were some aspects of thsi project that I was not at all happy with and these
tainted my confidence in releasing it publicly. In particular, I do not like the way the
cells look in the bone marrow scene. They are clunky and jagged. The animated
texture didnt work very well.

10-8-2016
Testing the cell to cell interface scene / environment:
here, I was trying to create drama and a sense that it is
really tiny and cramped at this scale, however this is too
dark, also barren - need some more molecules on the
bone surface. Also still contemplating how to represent
the cell surface on the bone - how to recognise that it is
actually bone - need to compromise the texture?

BOP is not a chemo drug nor is it cytotoxic and will not itself kill cells. The way BOP works is by breaking apart the interaction between OPN (secreted
within the BM) and integrins (expressed by the residual leukaemic cells that survived chemotherapy treatment). Once this OPN/integrin interaction is
broken, the hypothesis is that the once dormant leukaemic cells will now enter cell cycle thereby rendering them susceptible to killing by the chemotherapy. In this context, BOP is used to induce cell cycle of non-dividing leukaemic cells and the chemotherapy will now be able to clear them. The
figure attached summarizes this hypothesis.

This is an important reference to
the way a story is chosen or
molecule is chosen within the
context of a medical research
institute and feeds back to the
finding a brief section - its
beneficial to be working within
an institute so that a specific
story can be toldm but that also
can be relatable for others in the
institute and hence add to the
utility of the animation.

I was a little frustrated that this project did not receive the traction of others. This
was a combination of me being outside the institute in which It was created and
also I recognise that I could be better at self promotion.

1-4-2016
Creating the lipid bilayer on the stem-cell surface.
Looking for an organic and natural feel using paint
effects and n-cloth. This version is fine, once the alpha
channel is back filled with another layer of render. I like
the variation in colour and spacing bacause there is a
natural variation in lipid composition naturally in biology,
and also the surface is a heterogeneous place with many
receptors. This seems like a nice compromise to get
variation without spending weeks on creating a 100%
scientifically accurate surface that is not the primary
point of this scene.

tech

story

CM

They wanted to give a
sense of the normal situation - that there are always
stem cells, but that this can
go wrong in leukaemia.

2. developing confidence with representing the unknown or with creating something
from nothing.
- biomedical animators need to have a high sense of self efficacy - projects are usually
peppered with unknowns and challenging negotiations.
- Trust in one’s scientific training to execute an accurate and rich animation that effectively navigates and negotiates contentious information.

AvsA
story
sci
tech
sci
time

I needed to compromise on this and use a creative approach,
being animated textures to represent variation in the cellular
environment rather than individual modelsand molecules
themselves.

time
tech
story

On one hand I wanted to represent the scene with as much
accuracy as possible but on the other hand, needed to focus on
the main story that was hapenning in the foreground I felt that
there was a risk of spending too much time on aspects of this
scene that would not be noticed, at the expense of the main
players and events.

sci

18-7-2016
Confirming scientific details about OPN

sci

4. Manipulating the shape of the project to best fit the competing criteria and constraints as defined in the brief

CM
Conv-s
Conv-p
Conv-a
AvsA
pov
story
tech
time
sci

hdd/E'EZ>KK^
dŚŝƐĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚďǇƌ<ĂƚĞWĂƩĞƌƐŽŶƚŽĞǆƉůĂŝŶƐŽŵĞŽĨƚŚĞƌĞƐĞĂƌĐŚ
ďĞŝŶŐĐĂƌƌŝĞĚŽƵƚďǇ^/ZKƌĞƐĞĂƌĐŚĞƌƐƐƐŽĐŝĂƚĞWƌŽĨĞƐƐŽƌ^ƵƐŝĞEŝůƐƐŽŶĂŶĚƌ
ĞŶĂŽ͘
/ƚĞǆƉůĂŝŶƐŚŽǁĂŶŽǀĞůƚŚĞƌĂƉǇĐĂůůĞĚKWŝƐŶŽǁďĞŝŶŐƵƐĞĚƚŽŵŽďŝůŝƐĞĚŽƌŵĂŶƚ
ĐĂŶĐĞƌĐĞůůƐĨƌŽŵďŽŶĞŵĂƌƌŽǁ͕ƐŽƚŚĂƚƚŚĞǇĂƌĞƐƵƐĐĞƉƟďůĞƚŽĐŚĞŵŽƚŚĞƌĂƉǇĂŶĚ
ĚĞĐƌĞĂƐŝŶŐƚŚĞĐŚĂŶĐĞƚŚĂƚƉĂƟĞŶƚƐǁŝůůƌĞůĂƉƐĞĨŽůůŽǁŝŶŐƚƌĞĂƚŵĞŶƚ͘
dŚĞĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚƵƐŝŶŐƐĐŝĞŶƟĮĐĚĂƚĂĚĞƌŝǀĞĚĨƌŽŵƚŚĞWƌŽƚĞŝŶĂƚĂĂŶŬ
ĂŶĚŝŶĨŽƌŵĂƟŽŶĨƌŽŵƚŚĞƐĐŝĞŶƟĮĐůŝƚĞƌĂƚƵƌĞ͘dŚĞĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚƵƐŝŶŐ
ƵƚŽĚĞƐŬDĂǇĂǁŝƚŚƉůƵŐŝŶDŽůĞĐƵůĂƌDĂǇĂ;ŵDĂǇĂͿďǇůĂƌĂĮĂŶĚĐŽŵƉŽƐŝƟŶŐ
ǁŝƚŚĚŽďĞŌĞƌīĞĐƚƐ͘

hdd/E'EZ>KK^
dŚŝƐĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚďǇƌ<ĂƚĞWĂƩĞƌƐŽŶƚŽĞǆƉůĂŝŶƐŽŵĞŽĨƚŚĞƌĞƐĞĂƌĐŚ
ďĞŝŶŐĐĂƌƌŝĞĚŽƵƚďǇ^/ZKƌĞƐĞĂƌĐŚĞƌƐƐƐŽĐŝĂƚĞWƌŽĨĞƐƐŽƌ^ƵƐŝĞEŝůƐƐŽŶĂŶĚƌ
ĞŶĂŽ͘

ŽŶĞƐĂƌĞŵĂĚĞƵƉŽĨĂĐĂůĐŝĮĞĚŵĂƚƌŝǆ͕ĂƐǁĞůůĂƐŵĂŶǇĚŝīĞƌĞŶƚƚǇƉĞƐŽĨĐĞůůƐ͘
dŚĞŵŝĚĚůĞŽĨŽƵƌďŽŶĞƐ͕ƚŚĞďŽŶĞŵĂƌƌŽǁŝƐŚŽŵĞƚŽĂƐƉĞĐŝĂůƚǇƉĞŽĨĐĞůůĐĂůůĞĚĂ
ŚĂĞŵĂƚŽƉŽŝĞƟĐƐƚĞŵĐĞůů͘dŚĞƐĞƐƚĞŵĐĞůůƐĚŝǀŝĚĞĂŶĚŵĂƚƵƌĞǁŚĞŶŶĞĞĚĞĚ͕ĂŶĚ
ƚŚĞŶĞŶƚĞƌƚŚĞďůŽŽĚƐƚƌĞĂŵ͕ĚĞƐƟŶĞĚƚŽďĞĐŽŵĞŶĞǁĐŝƌĐƵůĂƟŶŐďůŽŽĚĐĞůůƐ͘

/ƚĞǆƉůĂŝŶƐŚŽǁĂŶŽǀĞůƚŚĞƌĂƉǇĐĂůůĞĚKWŝƐŶŽǁďĞŝŶŐƵƐĞĚƚŽŵŽďŝůŝƐĞĚŽƌŵĂŶƚ
ĐĂŶĐĞƌĐĞůůƐĨƌŽŵďŽŶĞŵĂƌƌŽǁ͕ƐŽƚŚĂƚƚŚĞǇĂƌĞƐƵƐĐĞƉƟďůĞƚŽĐŚĞŵŽƚŚĞƌĂƉǇĂŶĚ
ĚĞĐƌĞĂƐŝŶŐƚŚĞĐŚĂŶĐĞƚŚĂƚƉĂƟĞŶƚƐǁŝůůƌĞůĂƉƐĞĨŽůůŽǁŝŶŐƚƌĞĂƚŵĞŶƚ͘

/ŶƉĂƟĞŶƚƐǁŝƚŚƐŽŵĞďůŽŽĚĐĂŶĐĞƌƐ͕ƚŚĞƐĞƐƚĞŵĐĞůůƐƐƚĂƌƚƚŽĚŝǀŝĚĞŽƵƚŽĨĐŽŶƚƌŽů͕
ĨŽƌŵŝŶŐĂŐƌŽǁŝŶŐŵĂƐƐŝŶƐŝĚĞƚŚĞďŽŶĞŵĂƌƌŽǁĂŶĚĐĂƵƐŝŶŐŵŽƌĞĂŶĚŵŽƌĞ
ĂďŶŽƌŵĂůĐĞůůƐƚŽĞŶƚĞƌƚŚĞďůŽŽĚƐƚƌĞĂŵ͘

dŚĞĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚƵƐŝŶŐƐĐŝĞŶƟĮĐĚĂƚĂĚĞƌŝǀĞĚĨƌŽŵƚŚĞWƌŽƚĞŝŶĂƚĂĂŶŬ
ĂŶĚŝŶĨŽƌŵĂƟŽŶĨƌŽŵƚŚĞƐĐŝĞŶƟĮĐůŝƚĞƌĂƚƵƌĞ͘dŚĞĂŶŝŵĂƟŽŶǁĂƐĐƌĞĂƚĞĚƵƐŝŶŐ
ƵƚŽĚĞƐŬDĂǇĂǁŝƚŚƉůƵŐŝŶDŽůĞĐƵůĂƌDĂǇĂ;ŵDĂǇĂͿďǇůĂƌĂĮĂŶĚĐŽŵƉŽƐŝƟŶŐ
ǁŝƚŚĚŽďĞŌĞƌīĞĐƚƐ͘

ŚĞŵŽƚŚĞƌĂƉǇŝƐƵƐĞĚƚŽŬŝůůŵŽƐƚŽĨƚŚĞƐĞĐĞůůƐ͕ƐŚŽǁŶŚĞƌĞĂƐďƌŝŐŚƚƉĂƌƟĐůĞƐ͕
ƐƉƌĞĂĚŝŶŐŝŶƚŽƚŚĞďŽŶĞŵĂƌƌŽǁĂŶĚŬŝůůŝŶŐƚŚĞĚŝǀŝĚŝŶŐĐĞůůƐ͘

ŽŶĞƐĂƌĞŵĂĚĞƵƉŽĨĂĐĂůĐŝĮĞĚŵĂƚƌŝǆ͕ĂƐǁĞůůĂƐŵĂŶǇĚŝīĞƌĞŶƚƚǇƉĞƐŽĨĐĞůůƐ͘
dŚĞŵŝĚĚůĞŽĨŽƵƌďŽŶĞƐ͕ƚŚĞďŽŶĞŵĂƌƌŽǁŝƐŚŽŵĞƚŽĂƐƉĞĐŝĂůƚǇƉĞŽĨĐĞůůĐĂůůĞĚĂ
ŚĂĞŵĂƚŽƉŽŝĞƟĐƐƚĞŵĐĞůů͘dŚĞƐĞƐƚĞŵĐĞůůƐĚŝǀŝĚĞĂŶĚŵĂƚƵƌĞǁŚĞŶŶĞĞĚĞĚ͕ĂŶĚ
ƚŚĞŶĞŶƚĞƌƚŚĞďůŽŽĚƐƚƌĞĂŵ͕ĚĞƐƟŶĞĚƚŽďĞĐŽŵĞŶĞǁĐŝƌĐƵůĂƟŶŐďůŽŽĚĐĞůůƐ͘

AvsA

/ŶƉĂƟĞŶƚƐǁŝƚŚƐŽŵĞďůŽŽĚĐĂŶĐĞƌƐ͕ƚŚĞƐĞƐƚĞŵĐĞůůƐƐƚĂƌƚƚŽĚŝǀŝĚĞŽƵƚŽĨĐŽŶƚƌŽů͕
ĨŽƌŵŝŶŐĂŐƌŽǁŝŶŐŵĂƐƐŝŶƐŝĚĞƚŚĞďŽŶĞŵĂƌƌŽǁĂŶĚĐĂƵƐŝŶŐŵŽƌĞĂŶĚŵŽƌĞ
ĂďŶŽƌŵĂůĐĞůůƐƚŽĞŶƚĞƌƚŚĞďůŽŽĚƐƚƌĞĂŵ͘
ŚĞŵŽƚŚĞƌĂƉǇŝƐƵƐĞĚƚŽŬŝůůŵŽƐƚŽĨƚŚĞƐĞĐĞůůƐ͕ƐŚŽǁŶŚĞƌĞĂƐďƌŝŐŚƚƉĂƌƟĐůĞƐ͕
ƐƉƌĞĂĚŝŶŐŝŶƚŽƚŚĞďŽŶĞŵĂƌƌŽǁĂŶĚŬŝůůŝŶŐƚŚĞĚŝǀŝĚŝŶŐĐĞůůƐ͘

ƵƚƐŽŵĞĐĂŶĐĞƌĐĞůůƐƌĞŵĂŝŶĚŽƌŵĂŶƚŽƌĂƐůĞĞƉĂŶĚǁĂŝƚĨŽƌƚŚĞĐŚĞŵŽƚŚĞƌĂƉǇƚŽ
ƉĂƐƐ͘dŚĞƐĞĐĞůůƐŝŶƚĞƌĂĐƚǁŝƚŚƚŚĞďŽŶĞŵĂƚƌŝǆǀŝĂĂƟŶǇŵŽůĞĐƵůĂƌďƌŝĚŐĞ͘dŚĞ
ŵŽůĞĐƵůĂƌďƌŝĚŐĞĨŽƌŵƐďĞƚǁĞĞŶŝŶƚĞŐƌŝŶŵŽůĞĐƵůĞƐŽŶƚŚĞƐƵƌĨĂĐĞŽĨƚŚĞĐĞůůĂŶĚ
ŽƐƚĞŽƉŽŶƟŶŵŽůĞĐƵůĞƐǁŚŝĐŚŝƐĂĐŽŵƉŽŶĞŶƚŽĨƚŚĞďŽŶĞŵĂƚƌŝǆ͘>ŽŶŐĂŌĞƌƚŚĞ
ĐŚĞŵŽƚŚĞƌĂƉǇŚĂƐƉĂƐƐĞĚ͕ƐŽŵĞŽĨƚŚĞƐĞĚƌƵŐƌĞƐŝƐƚĂŶƚĐĞůůƐƐƚĂƌƚƚŽĚŝǀŝĚĞĂŐĂŝŶ͕
ĐĂƵƐŝŶŐƚŚĞĐĂŶĐĞƌƚŽƌĞůĂƉƐĞ͘

Pov

ŶĞǆĐŝƟŶŐŶĞǁƚŚĞƌĂƉǇŝƐŶŽǁďĞŝŶŐƵƐĞĚƚŽƐĞĞŬŽƵƚƚŚĞƐĞĚŽƌŵĂŶƚĐĞůůƐ͘KWŝƐ
ĂƟŶǇĐŚĞŵŝĐĂůƚŚĂƚĐĂŶďƌĞĂŬƚŚĞŵŽůĞĐƵůĂƌďƌŝĚŐĞƐŽŽŶĐĞƚŚĞĐĂŶĐĞƌĐĞůůƐĂƌĞ
ǁŽŬĞŶĨƌŽŵƚŚĞŝƌŝŶĂĐƟǀĞƐƚĂƚĞ͕ĐŚĞŵŽƚŚĞƌĂƉǇĐĂŶŶŽǁƚĂƌŐĞƚŵŽƌĞŽĨƚŚĞƐĞ
ĐĂŶĐĞƌĐĞůůƐĂŶĚŐƌĞĂƚůǇƌĞĚƵĐĞƚŚĞĐŚĂŶĐĞƚŚĂƚƉĂƟĞŶƚƐǁŝůůƌĞůĂƉƐĞĨŽůůŽǁŝŶŐ
ƚƌĞĂƚŵĞŶƚ͘

/ŶƚĞŐƌŝŶDŽůĞĐƵůĞŝŶW
ŚƩƉƐ͗ͬͬƉĚďϭϬϭ͘ƌĐƐď͘ŽƌŐͬŵŽƚŵͬϭϯϰ

ƵƚƐŽŵĞĐĂŶĐĞƌĐĞůůƐƌĞŵĂŝŶĚŽƌŵĂŶƚŽƌĂƐůĞĞƉĂŶĚǁĂŝƚĨŽƌƚŚĞĐŚĞŵŽƚŚĞƌĂƉǇƚŽ
ƉĂƐƐ͘dŚĞƐĞĐĞůůƐŝŶƚĞƌĂĐƚǁŝƚŚƚŚĞďŽŶĞŵĂƚƌŝǆǀŝĂĂƟŶǇŵŽůĞĐƵůĂƌďƌŝĚŐĞ͘dŚĞ
ŵŽůĞĐƵůĂƌďƌŝĚŐĞĨŽƌŵƐďĞƚǁĞĞŶŝŶƚĞŐƌŝŶŵŽůĞĐƵůĞƐŽŶƚŚĞƐƵƌĨĂĐĞŽĨƚŚĞĐĞůůĂŶĚ
ŽƐƚĞŽƉŽŶƟŶŵŽůĞĐƵůĞƐǁŚŝĐŚŝƐĂĐŽŵƉŽŶĞŶƚŽĨƚŚĞďŽŶĞŵĂƚƌŝǆ͘>ŽŶŐĂŌĞƌƚŚĞ
ĐŚĞŵŽƚŚĞƌĂƉǇŚĂƐƉĂƐƐĞĚ͕ƐŽŵĞŽĨƚŚĞƐĞĚƌƵŐƌĞƐŝƐƚĂŶƚĐĞůůƐƐƚĂƌƚƚŽĚŝǀŝĚĞĂŐĂŝŶ͕
ĐĂƵƐŝŶŐƚŚĞĐĂŶĐĞƌƚŽƌĞůĂƉƐĞ͘

COPIED FROM DIGITAL FILE
Jan2017
REFLECTIONS about getting to know the problem

ŶĞǆĐŝƟŶŐŶĞǁƚŚĞƌĂƉǇŝƐŶŽǁďĞŝŶŐƵƐĞĚƚŽƐĞĞŬŽƵƚƚŚĞƐĞĚŽƌŵĂŶƚĐĞůůƐ͘KWŝƐ
ĂƟŶǇĐŚĞŵŝĐĂůƚŚĂƚĐĂŶďƌĞĂŬƚŚĞŵŽůĞĐƵůĂƌďƌŝĚŐĞƐŽŽŶĐĞƚŚĞĐĂŶĐĞƌĐĞůůƐĂƌĞ
ǁŽŬĞŶĨƌŽŵƚŚĞŝƌŝŶĂĐƟǀĞƐƚĂƚĞ͕ĐŚĞŵŽƚŚĞƌĂƉǇĐĂŶŶŽǁƚĂƌŐĞƚŵŽƌĞŽĨƚŚĞƐĞ
ĐĂŶĐĞƌĐĞůůƐĂŶĚŐƌĞĂƚůǇƌĞĚƵĐĞƚŚĞĐŚĂŶĐĞƚŚĂƚƉĂƟĞŶƚƐǁŝůůƌĞůĂƉƐĞĨŽůůŽǁŝŶŐ
ƚƌĞĂƚŵĞŶƚ͘

Conv-s

/ŶƚĞŐƌŝŶDŽůĞĐƵůĞŝŶW
ŚƩƉƐ͗ͬͬƉĚďϭϬϭ͘ƌĐƐď͘ŽƌŐͬŵŽƚŵͬϭϯϰ

1. Not knowing how the animations would be used by the researcher was a challenge - I was
not able to develop a full brief and project plan, but instead had to focus on the animation itself
and get the science right, and the aesthetic working well. It wasnt just a matter of asking how
they would be used - I knew that they would be used for presentations and also for putting on
YouTube.
I realise that by seeing how individuals present, how media releases are prepared and the type
of voicepeople put to an image or animation -this matters.
This is an important realisation and tacit understanding of how to present the animations so
that they are best packaged and used to their potential. It is only when the animator has the
luxury of working very closely with a scientist or communications team, or ideally both when
employed in-house that they can see opportunities and make the most use of the animations.
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sci
Conv-p

Would this be rectified if I had more phone contact with the scientists? I don’t think so because
the information Iascertain through direct questions is orchestrated. It doesnt allow for the natiral behaviour and normal ways ofoperating to be observed.

Example of how to
navigate artistry vs
accuracy and alsofinding
a suitable solution when
the information is not
known.
Knowledge of how others
in the field, scientific
understanding and being
driven by the story
contributes to me being
comfortable on this
compromise on accuracy

Conv-p
Conv-s
AvsA
story
sci

a

It allows me to be comfortable with the uncertainty and the variation of where to pitch the
project.

AvsA

Working with a scientist in house also brings a sense of confidence and trust, also a knowledge
that the work is not superseeding or doubling up on previously generated content. There’s a
small barrier to physically going to an office and discussing challenges or progress with a scientist versus phoning and sharing online content with a less well known and familiar person.

In these diagrams I was trying to picture, or represent the process and role fo biomedical
animation.
In one example i could see parallels with the scientific endeavour - comparign the inception
fo an idea, the testins, peer review and rejection and re-working of teh idea with my own
process. There are some parallels, but only with certain aspects. I think the idea of data
being manipulated is interestign - scin=entists talk about purity of the data, but in reality it
is always interpreted. This interpretation is actually the main role of a scientist - along sde
knowing what questions to ask.
I also reflected here about the constraints of tech and that te best outcome to a project is
one where there are no constraints.
This was written early on in the process of this research project - Sept 2015. Now, as I write
this following the project in 2020, I can recognise that the constraints are actually critical for
shaping the project and that without constraints, the key decisions would sometimes not
be made well. Having constraints makes one focus on the elements that are the most
important and really finesse these.

CM2

Description

ůĞĂǀĞĚKWEƉƌĞĚŝĐƚĞĚŵŽĚĞů

ŚƩƉƐ͗ͬͬǁǁǁ͘ĐƐŝƌŽ͘ĂƵͬĞŶͬEĞǁƐͬEĞǁƐͲƌĞůĞĂƐĞƐͬϮϬϭ
ϲͬEĞǁͲǁĂǇͲƚŽͲŚĂƌǀĞƐƚͲƐƚĞŵͲĐĞůůƐͲďĞƩĞƌͲĨŽƌͲĚŽŶŽƌƐ

emerging themes:
1. Developing the brief from the inside - leveraging and
identifying opportunities
2. developing confidence with representing the unknown
or with creating something from nothing.
3. Manipulating the shape of the project to best fit the
competing criteria and constraints as defined in the brief

time
tech

When I’m creating an animation for use in my own institution, I know, because of the internal
structures and relationships which scenes and images, which key pieces of information are the
pivot points that hold an animation together for that specific purpose. There may be an underlying thread about DNA, or a molecule that another teamis also working on that I will spend
more time researching, to bring richness to the knowledge and useability.

EĞǁƐZĞůĞĂƐĞĨƌŽŵ^/ZK͗

Code

Critical Moment
Conversations with self
Conversations with practice
Conversations with audience
Artistry vs Accuracy
Point of view
Storytelling
Technical constraints
Time constraints
Limit of scientific knowledge

Order of events:
1.What do you want the audiences to know/ do
2. atmosphere, look and feel
3. What do I have to work with and who?
4. What is the science and what data can I use
5. How to compromise artistry and accuracy
6. How to deliver / execute

In this part of the production, I am playing with how to represent the scenes. This stage is a series of tweak-render sessions
that try not to crash maya. I Try to create a mood and a layout
of the molecules such that the main elements can be seen for
the story, the emotive aspects and also the accuracy. This happens with a series of renders and tweaks. This process serves a
few different purposes. First, It tests the complexity of the
scene and hwo long the effects / textures / physics will take to
render and checks along the way that the technical constraints
are not too great. Second it is only by seeing the render that I
can check on things like lighting, texturing, details that you can
not see just with test renders. I can render a large image and
display it on a larger screen so that I can see how it looks when
enlarged and tweak the effects to match my desired outcome.
Most often during this phase I realise that the scenes are quite
thin. I then work on adding layers and a sense of reality and
depth to the detail that gives the imporssion of the organised
chaos that is in the cells and every environent. I realise that I
like to represent the molecules in their natural environment
and to focus on how it would feel in this environment.

This particular example has attracted a
lot of the codes - it illuminates a
situation where a key part of the story
needed to be navigated. I could
carefully unpack the tensions and all
the inputs - outputs to work out how
best to represent this eature of the
animation.

A conclusion from this reflection is that knowing
the motivation for the animation and knowing
the primary stakeholder is important for confidently moving forward.

b
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time

tech
tech

Conv-s

Pov

Conv-p

AvsA
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I have made notes about the audience, and
also used the word important a fair amoint
to identify the key points that the scientists
have spoken about.

3. Artistry vs accuracy

Conv-a Conv-s

Execution and reflection

These reflections document design decisions that involve knowing what to
leave out of the animtaion, and also the overall aesthetic.

Thanks for the update – hopefully I’ll be able to answer some of your questions.

I did not know much about bone at the time, but was excited tohave the opportunity to work on something that was not related to DNA , which had been the
focus of my previous animations.
I anticipated that this animation would be different as it was the first one I had
done where the ‘client’ was not within my own institution and where I did no
thave the luxury of knowing how and why the animation would be packaged for
use after its creation.

Production

Hi Kate,

Some of the words I used in the first notes come from the explanations of the scientists
- these are the words that also end up in the animation VO. By repeating the language
they use, I hope to retain some credibility andcloseness to the scientific origins. It feels
like I would deviate less from the source if I repeat as much as possible.

Sean O’donohue connected me with the scientist via email. I knew from the
beginning that the animation was about bone and the niche within the bone
marrow.

Research and concept dev

AvsA

Conv-s
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story
story

AvsA

story

AvsA

AvsA
AvsA
AvsA

sci
sci

time

time
time

tech
tech

time
Pov

Conv-p

CM2

Conv-p

Heartbeats of Our Genome project - reﬂective data and coding
Developing the brief and
understanding the problem
Conv-a

otes and diagrams obtained from Chris Goodnow about the
project. These notes were critical for developing the story. I
also had to interpret these notes together with his spoken
conversations. Chris is deeply knowledgeable, the challenge
withtthis animation is to capture the critical moments and
those in particular that can be animated well. Key moments
that will help to illuminate processes for te right audience.
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This project brings challenges related to wider stakeholder engagement, new technologies and abstract messages that need to reach
multiple audiences. I spent some time thinking about the purpose of
this animation and the intended use for it longer term. This allowed me
to mentally measure each of the risks and tensions related to production and ambition for the creative components of the animation. This
time taken to measure the risks and to understand the brief is critical to
creating an successful product.

20 Feb 2017
Transcript from audio-recording reflecting on
working within a medical research institute.

Conv-s

On the constraints of working
within a medical research institute these constraints are at times
restrictive, but also help to focus
the production of an animation
such that it can be used to its
potential. This relates back to the
comments and reflections made for
Cutting Cancer Loose.
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The technical constraints for this project were critical
from the outset and important for developing the well
defined brief. I had previously created a 360 animation
for a public event that was successful. This made me
confident, because I felt like the quality of the animation
in the previous project was extremely poor. I had learned
a lot technically for producing 360 animations, and I was
comforted that even this low quality product was well
received because f the innovation aspect and engagement aspect of the immersion.

This project came about following a collaboration with
the weizmann institute of science in idrael. The important aspects were to create an animation that could
celebrate the connection and to help develop relationships. There was a MOU to focus on visualisation and
education. his project was to have an extra layer of
innovation, and so was associated with a 360 degree
version as well as the production fo the visual for showing in the immersive visualisation dome.
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Residues Arg756 and Gln754 from the specificity loop, as well as Asn171 and Lys172 on the
subdomain H, are all within hydrogen-bonding
distance of phosphates at the 5’ end of the
single-stranded mRNA (Fig. 3D).
The processivity of the elongation complex,
in contrast to the initiation complex, could be
explained by the appearance of the mRNA exit
tunnel, which topologically surrounds transcripts longer than 8 to 12 nt. Its effect on
processivity is entirely analogous to that of the
sliding clamp on DNA replication (35). Further,
the stability of the elongation complex, as compared to the abortive phase complex, is enhanced by the extensive interaction between the
7 bp of heteroduplex and its binding site. That
proteolytic cleavage of residues between 173
and 180 results in reduced elongation efficiency
(19, 20) may be a consequence of a reduced
integrity of subdomain H and a reduced stability of the tunnel in the elongation phase. Complete proteolytic digestion of the NH2-terminal
180 residues results in a T7 RNAP capable of
abortive synthesis and incapable of elongating
transcripts beyond 8 nt (18, 19). Because this
enzyme would be missing helices D to G and
subdomain H, it may be incapable of destroying
the promoter binding site, which is required for
clearance, and may be unable to form the RNA
exit tunnel required for processive synthesis.
During the transition from initiation to elongation, T7 RNAP relinquishes its sequencespecific grasp of the promoter and begins translocation along DNA, a process often referred to
as promoter clearance, which is achieved by the
destruction of the promoter binding site and
movement of the six helices by 30 Å into the
position formerly occupied by the promoter
DNA (Fig. 2). Upstream DNA now binds in a
sequence-independent manner to a newly created cleft that is formed in part by the thumb
domain and helix C2 (Figs. 2B and 4B). These
two upstream DNA binding sites are separated
by at least 40 Å and cannot be occupied simultaneously by upstream DNA because formation
of one binding site dismantles the other. The
DNA that is upstream of the transcription bubble and visible in our complex is not basepaired due to the noncomplementarity of the
designed sequence. Presumably, the upstream
DNA of complementary sequence would form
a duplex that would lie in the upstream channel.
What causes the T7 RNAP to undergo
such conformational change and what stabilizes the elongation phase structure? Because
the apoenzyme has essentially the same structure as the initiation complex structure (13,
14), it seems likely that the formation of the
longer RNA:DNA heteroduplex is playing a
critical role. We previously noted that it was
not possible to elongate the heteroduplex
beyond 3 bp in the initiation complex because of a steric clash with helices F and G
(14 ). Here, we observe that the 3-bp heteroduplex in the initiation complex and the

7-bp heteroduplex in the elongation complex are bound and oriented identically on
the polymerase active site (Fig. 3B). When
the C backbone atoms of the palm domains of the initiation and elongation complexes are superimposed, the first 2 bp of
the initiation and elongation complexes superimpose with an root means squared
(rms) deviation of 0.34 Å (Fig. 3B). Thus,
it seems likely that incorporation of a
fourth nt into the transcript would result in

a steric clash and a destabilization of the
initiation complex structure. Indeed, our
attempts to elongate the 3-nt transcript by 1
nt destroyed transcribing crystals of the
initiation complex. However, DNA protection experiments suggest that T7 RNAP is
still bound to the promoter in the presence
of a 6-nt transcript (5), which is inconsistent with the complete conversion of T7
RNAP to the elongation complex structure
seen here. Taken together, the structural

Pov

CM2

Fig. 4. Formation of the RNA exit tunnel and upstream DNA binding site in the elongation complex.
The solvent contact surface for the initiation complex conformation of T7 RNAP (A) with the
observed upstream promoter DNA and heteroduplex along with the downstream DNA modeled
from the elongation complex. The thumb domain has been removed from both (A) and (B) to allow
a view into the heteroduplex binding site. The elongation complex (B) shows the disappearance of
the promoter DNA binding site, the formation of a new channel that binds to heteroduplex and
upstream DNA nonspecifically and a tunnel through which the transcript (red) exits. (C) and (D) are
rotated by 180° about a vertical axis. The appearance of the tunnel that contains the 5 end of an
RNA transcript (red) in the elongation complex (D). The positive electrostatic potential is blue and
the negative is red. The two complexes have been oriented identically by superposition of their
palm domains.

1391

www.sciencemag.org SCIENCE VOL 298 15 NOVEMBER 2002

Reflections on how I fid the story - the videos
that play / options that play out. This links back
to the comments I made also in the galleria project

Tihis project had a lot of technical and time constraints
and also a lot of unknown elements. The project were
technically challenging and there was limited time.

CM2

March 2018
Speaker 1: Today is 1st of March. And I'm driving along thinking about my process. I'm imagining what the animation will
look like and I realize why, what shot Charlotte also who fades [inaudible] [00:00:30] Charlotte, Charlotte too. Why should
somebody else said that the creative book, if you're writing a book, is she fine? She doesn't write it as so much seed, helps
with it like an Eileen friend hoping it will get better. And she also talked about the creative process and looking to the walk,
waiting to the mall and that being the [00:01:00] point where you're able to [inaudible]. You never think what's actually
going to make a difference in the storyline. Let's see what's going to make it to the final cut. And I realize that my process of
imagining, um, or the design process of creating an animation is very similar, but it all happened initially in my head. So I'll
start with a point of reference that I keep coming back [00:01:30] to, for example, try Jake.
Speaker 1: I'm thinking about the situation being inside a park. This opened and red blood cells spinning and every down
there doesn't watch the top. And then the next sequence, somehow we have to get inside itself. And I'm not sure yet
whether the focus should be on the idea of how to say what happened inside oneself or we're trying to [00:02:00] also
communicate the idea of being able to ask, say one oneself, measure one oneself or just happening to see one cell 82 different things. So the idea of looking for the wall connects with what Charlotte would would say because although I keep
coming back to the idea of being able to fairly clearly see in my, in my mind the [00:02:30] situation of what the animation
will look like when we're inside the blood vessel. The next phase of that is always fuzzy and it feels like it's there, but I just
can't quite crystallized.
Speaker 1: It's blurry, it's behind the trends screen and the process of thinking about it over and over again. Sometimes
changes that screen in a little bit of the curtain will open and I'll be able to visualize what it might look like [00:03:00] with
that option. And then the closes to summarize because it's not working, um, visually or does not working because there's a
technical reason. Um, and so then next time I come to it, maybe a different part of the screen will I can off say a different
option of what it might look like. And then finally, eventually what will happen is one of those screens will open and it will
click open permanently. And then every time I come back to the ID, that phase of the animation will be crystal clear and I'll
[00:03:30] be able to repeat that in my head. And then another section, the section beyond that will become blurry.
Speaker 1: And that's what I mean by looking for the mall, looking for the thing that I keep coming back to in my head
because I feel like if I can recreate it in my mind over and over again, then I'm going to be able to make, create it in the
computer. Sometimes that plan, the mind plan when I go to sketch it or storyboarded [00:04:00] and I realize that the critical
aspect of the three days space or the way it interacts that I've not been able to been able to visualize. And then I have to re
assess and I go back to the messages and I go back to the whole concept of what it is we're trying to communicate to make
sure that what it is, Missy is in fact critical. Or is it something that doesn't really matter and we can skip over it full [00:04:30]
stop.
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story
These discussions are a flow of consciousness and deloberate reflective moment.
They capture some important concepts: this
is a key moment where creative input is
clear, but it is woven into the scientific story
in an intricate fashion. To do this, the POV,
Story and Sci is taken into consideration.
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This process was a really lovely evolution of skils development and process documentation. Each stage represents a new learning
and through focussing on one process, I could unpack it well.
I sought other representations in the literature that showed this concept. I was nervous about repeating ehat is already existing
but remembered that the added value of this project is that it is in 360 and stereoscopic. the first time I saw the stereo version I
really was blown away with the effect it has over the standard video.
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...So the idea of navigating the politics around creating an animation is actually
really important. And something that I probably need to reflect on a little bit
more. It feels like it’s about risk management as well as having the insider information that is necessary to support an animation that is widely embraced by a
variety of people internal to the institute. My approach to creating an animation
as an independent designer, or artist would be different to creating the animation
within the context of a medical research institute where there is a reputation to
uphold and brand to maintain. My approach when creating an animation that
represents an institute is to be conservative and risk-averse. As the practitioner,
[00:01:30] having the knowledge of all the different aspects of how the Institute
works is important for creating and implementing an effective animation that
achieves this. Creating an animation for an institute but not being embedded in
its culture could mean there is deviation from the brand and the animations may
not be a best fit scenario.

Research and concept dev
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Inception

I experimented with different renders from this animation and am realising the value of creating a suite
of assets that fgo with each topic. This is good for
teachers as well as axientists.

Moving the part of the protein out of the way
still resonates not so well with me. It’s really
manipulating the science and I dont know
whether it is obvious enough that it is a
manipulation rather than reality.
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Comparison of different
representations of transcription to inform my
unique depiction
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https://www.youtube.com/watch?v=xSQybiea2AA

Conv-p

The main reflections relating to this project
were that in order to create different versions of the animation, and using emerging
technologies, I had to compromise on the
depth of the story and the animation
length.

https://www.youtube.com/watch?v=xoNzSVjQBos&feature=emb_logo
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I wanted to demonstrate the internal operations of this
molecule as it copied RNA from DNA. I tried various
methods to reveal the inside, without misleading the
audience regarding its behaviour.
I chose to physically move a section of the molecule for a
period of time to show the detailed activity from within. This
choice was made because I felt that seeing the unobscured
RNA molecule and nucleotides as they progressed through
the molecule was critical to this part of the story. There is a
risk that the audience will think that the molecule moves
like this for biological reasons, however it does not impact
the overarching messages, and this approach maintained
the flow of the animation without being distracting or
introducing additional explanations.
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Speaker 1: Second reflective entry for today, the sec, the 1st of March, I wanted to talk about the process of designing how the RNA would go in the animation. And yesterday I was talking about the fact that perhaps at the resolution that I'm going to be making the visuals that including variation in the color wouldn't matter. Or [00:00:30] yesterday I played with the day and going to be done RNA a little bit more and realized that it actually will mess up. It
looked very plastic and boring and it won't match up with the DNA strand and the various colors that I'm going to
incorporate there if I don't include the variation in color. So then I played around a little bit more with particles and I
looked up how to incorporate instant thing, a variation in color [00:01:00] would they get stuck? Um, and it just, it
wasn't going so well. And then late last night I experimented with illuminating the top portion of the base pairs
with an individual light, which I wanted to avoid it to some degree because I know that when the [inaudible] could
become larger scale, scale [00:01:30] it up, and then I have to add an individual lines to each base.
Speaker 1: It's going to take a lot longer than I anticipated. But I think it's a nice compromise because I want to
keep the instance on a curve model as opposed to a particle model. And I think what I could do to streamline the
process is to create a few different versions of [00:02:00] the RNA so that is long and fairly straight to can be manipulated, uh, to any kind of shape that you want.
Speaker 1: Um, but then I only have to attach the lights a couple of times to a long [00:02:30] stretch of DNA. So
each of the four different colored lights and they will be placed randomly along the DNA RNA bases to represent
the different mixes. The breakthrough came when I realized that I was able to parents one of the lights to an individual instance. Oh, the gun. [00:03:00] Mmm. But when I found out that I could do that, it actually made that checkmate possible, which is great. Uh, the other thing that I did yesterday discovered was that I went back to the structure of DNA and RNA. So I wait to ever get dry the program and I made the longest friend of RNA [00:03:30] signal
set up day and night just to see how the actual, how the plane of the base pair was oriented because I'm finding
that they're very close together and very fenceline and it just didn't look quite right.
Speaker 1: Um, the backbone part of it didn't seem to be connecting well. So I experimented with that and I had a
look and I realized that the back, the RNA base pair was, should actually [00:04:00] be rotated slightly so that the
long part of the RN of the DNA backbone was, yeah, that makes sense. Uh, was actually, uh, connecting a bit better.
And it also makes [inaudible]. Yeah, the site itself doesn't look so fence like any more, there'll be more spread out.
You can see the individual structures and the variation that I incorporated with the trends license. [00:04:30] So the
excellence and the rotations here that the rotation of it actually looks much better. So I was really happy with that.
Ariana up now, um, updated colleagues via social media, uh, about the, what the structure will be. I've had positive
feedback, which is good, uh, for the soft launch via Twitter and Instagram. [00:05:00] And the feedback indicates
that that's probably not a bad scenario, that everyone seems to like the overall visual Meredith test or the image
similar image to be included in the optics of the current. How about Russia? Which is great. So I'm going to go
ahead and nighttime that RNA a model [00:05:30] and that's it. They gave to us.
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I made a series of renders with ballsand lines to check where / how I
could place objects to obtain the best
stereo effect without being awkward.

a

CM1

It is not just a matter of setting up another
camera to capture a plain view or a 360.
The whole scene and POV needs to be reconsidered.

Testing renders to tweak and check on
visual representations was made more
complex by the 360 nature of this project.
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Conv-a

I am comfortable with this copromise bit
will take this as alesson for next tie that I
need to increase the production timeframes and expectations accordingly.
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