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Very brief introduction

W H AT M A K E S A N A R T I S T
INTERESTED IN BACON
AND THE SCIENTIFIC
METHOD?

‘The universe must not be narrowed down to the limit of

our understanding, but our understanding must be
stretched and enlarged to take in the image of the universe
as it is discovered.’.
Image – Elena Cassidy-Smith
2019

Francis Bacon

When I was first invited to join the
Bacon forum back in July 2020, I
was unfamiliar with Francis Bacon,
English philosopher, and
statesman. I was acquainted with
some of his most notable quotes,
and this is possible the route by
which many people have access to
arguably one of the most erudite
thinkers of his or any time since.
Bacon is important because he

gives us so many tools by which
we can navigate an understanding
of the human condition and the
impact we have on this blue
planet spinning in the
immeasurable vastness of space.
Indeed, the quote that appears
on this slide points us in the
direction of seeking out and
acquiring limitless knowledge.

That very quest for knowledge and
an understanding of the wider issues
that impact on life is something I
have always sought. I am not
satisfied just to create work in
immediate response to my
surroundings (and there is nothing
wrong with this artistic approach). It
is personally not enough for me and
that is one reason why I choose to

undertake research as a PhD
student. I have a deeply rooted
interest in the sciences, and
physics particularly which I can
trace right back to my school
years. I have never really
abandoned physics. I just left it
to one side until the time came
to revisit some of its
peculiarities.

A PERSONAL
REFLECTION ON
PHYSICS.

When I was about 11 or 12 (and
growing up in Bristol) my mum took
me into town one day and she
parked close by to the physics
department at Bristol University. I
remember it as clearly as if it were
yesterday. I looked across the car
park to the faculty and watched the
students and lecturers come and go
with earnest looking expressions. I
was utterly struck by the magnitude
of the scene as I wanted to be
transported, as if by magic, into the

lecture rooms of the building.
By doing so I would absorb
some of the knowledge that I
was certain was radiating
throughout the building like a
mysterious vapour. There was
a solemnity in the picture I
painted in my mind that
equalled the magnitude of
the knowledge I was sure was
present within those walls. I
desperately wanted to be
part of that world.

Life, however, has a funny way of meandering in
directions that are not always obvious and coupled
with my love for physics was a deep relationship with
art that partially stemmed from my father and my
granny. So art became my career but science was
always there in the background (as we will see), a
singular practice gradually grew to become much
more interdisciplinary.

HOW DO ARTISTS
EXPERIMENT?

Image – Elena Cassidy-Smith
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In a presentation to the Bacon group
in December 2020 I explored the idea
of experimentation within the arts
and how the Baconian method could
be applied to an arts practice-based
study. The following extract comes
from that presentation I wrote.
How do artists experiment? My first
question in this exploration of
experiment, communication and
experience may seem obvious but dig

a little deeper and it becomes a
little less certain. When I was at
school learning all about
physics, I followed a process for
explaining experiments.
Diagram, method, results and
conclusion. This process was
drummed into me and was the
framework by which I explained
findings such as the specific
heat capacity of alcohol.

Do artists experiment in the
same way? If I applied this
model to making art then the
sketchpad becomes my
diagram, the method is my
research methodologies, the
results are the artifact itself
and the conclusion is arguably
the legacy of the piece of
work. The conclusion does not

always neatly tie in with the
preceding process and indeed may
be a totally unexpected outcome of
the overall aim. It may be an
abstraction of the original argument,
as the interplay between artist and
subject is influenced by so many
internal and external factors. Bacon’s
idols are at play.

In a very simplified model, my ‘experiment’ would look a little more like
this.
1. I ask myself a question. Something I am looking to discover or find
out more about.
2. I look for clues, examples, visual triggers, narratives, shared
memories…anything in fact that I feel links to my initial question.
3. I then start to experiment. I try things out, I tear things up and
discard them. I journal ideas, make maps and maquettes.
4. I begin to find links and patterns in my ideas.
5. My idea develops and expands upon the initial question

This idea was developed into a little thought experiment, and I
explored the inductive method, relational to artistic practice. What
came from this was a conclusion that some artists (myself included)
use of form of inductive reasoning (grounded theory) to discover a
truth or truths about something they are investigating. I concluded
that artists take a blended approach to experimentation. From an
epistemological perspective we question what we know and how
we can obtain that knowledge.

From an ontological perspective we ask what is real and how can
we understand the existence of reality.

HOW CAN ART AND
S C I E N C E H AV E A
C O N V E R S AT I O N ?

Why arts and science are better together
(theconversation.com)
Image – Elena Cassidy-Smith
2009

I have always thought that art and
science do the same thing. They look
for answers and try to present those
answers in a tangible way. In a recent
meeting of the Bacon 2020 group, it
was discussed that although they did
the same thing, science attempted to
close the answer down through
experimentation and methodological

synopsis, whereas art left
some trails of questioning
unanswered or ambiguous.
They are both, however,
looking to make sense of the
unfathomable phenonom that
arises in our empirical
encounters with the universe.

What is evident as a non-scientist trying
to understand scientific rhetoric is that
the language used by science can be
alien and inaccessible. But is this not the
same for art? Do non artists view the
vocabulary used by those immersed in
the arts as unnecessarily erudite and
abstract. I am not suggestion that we
have a shared vocabulary as that would
run the risk of losing subtleties of
meaning, expression and inference. This
thought does however raise a question
around transdisciplinary education.

In an article I came across in an
online publication called The
Conversation (2013), two
academics from the University
of Sydney, Benjamin Miller and
Fiona White suggest that ….
“Transdisciplinary approaches
offer a unique approach to
solving problems. They draw
information from diverse
sources and seek
collaborations to produce
“socially robust knowledge”.

The article discusses the
benefits of combined arts and
science degrees but also points
out the pitfalls as students
graduating with these double
degrees have learnt the skills
sets for both disciplines but not
learnt how to apply them in a
transdisciplinary way.
As Miller and White (2013)
comment, ‘…the combination of
degrees tends to create an

administrative rather than
pedagogical structure.’ It is one
thing to learn two separate skills
sets but quite another to know how
to apply those skills together to
solve problems. Perhaps more focus
needs to be on the practical
application of transdisciplinary
practice in the work environment.
This is just one view but one I felt
was worth raising as
transdisciplinary is not suitable for
all persons and situations.

WHAT ARE THE
HISTORICAL
PRECEDENTS?

Maria Sibylla Merian: metamorphosis unmasked
by art and science | Natural History Museum
(nhm.ac.uk)

Image – Elena Cassidy-Smith 2021

In a trip to Bath a couple of years
ago I came across the William
Herchal Museum and this
encounter with the home of two
extraordinary and visionary siblings
cemented in my mind the
relationship between the arts and
the sciences. Botanical illustration
has always been an interest to me.
Looking at the work of Maria Sibylla
Merian (born 1647), the

viewer is confronted with
paintings of such detailed
dexterity. She is attributed
with being one of the first
artists to record
metamorphosis and thus
pose a challenge to the notion
of ‘spontaneous generation’,
where animate life could be
born from inanimate organic
material.

WHAT DO I MEAN BY
TRANSDISCIPLINARY?

Image – Elena Cassidy-Smith 2021

The image you can see on the
presentation is the front piece to
very short zine I have recently
completed. In a story that touches
on ideas of feminine identity and
self-actualisation, the protagonist
plays second fiddle to an inanimate
object which operates under
different laws of nature to its
owner. The creation of the artwork
was a vessel by which the ideas

would be conveyed and was not
solely the art itself. I approached
this project as an artist wanting to
express scientific ideas and it is the
words that convey the most
significance for me, in this instance.

So what does transdisciplinary
actually mean. I am going to quote
myself once again from a lecture I
did to MA students at Wrexham
Glyndwr University earlier this year.

Transdisciplinary art transcends
individual disciplines to address
and explore wider issues
affecting and impacting upon
society. It can draw upon a
multitude of disciplines to create
work that responds to the given
situation and the research that
comes from it is goes beyond

the blending of seemingly
disparate disciplines to create
something new and impactful.
The term ‘stakeholders’ is often
used in relation to
transdisciplinary approaches as
ultimately these are the persons
or parts of society that benefit as
a result.

I feel that transdisciplinary practice operates outside of the
disciplines of individual skills sets and articulates itself in such a way
that it explores new territory. The following diagram attempts to
explain where transdisciplinary sits in terms of blended practice.

Image – Elena Cassidy-Smith 2021

Give short explanation of the slide.

W H AT A R T I S T S A R E
WORKING WITH
SCIENTISTS NOW?

https://arts.cern
https://semiconductorfilms.com

Image – Elena Cassidy-Smith 2018

The image in this slide is just one
manifestation of the repeated habit
I have had over the past decade of
donning a lab coat in performances.
The lab coat offers me a sense of
scientific pretence and it is
interesting (although not directly
related to this talk) how audiences
respond to someone in a white
coat.
The interplay between artists and

scientists now is something
that audiences are much more
accustomed to. There are many
I could mention today in this
talk but I have focused on one
example. CERN have an arts
strand that hosts international
artists and invites them to
respond to the facilities and
data collected by the large
hadron collider through a
programme of residencies.

Artist duo Semiconductor are one
such recipient of the CERN arts
programme and in a vision of
monumental data projection, they
created a piece called Halo
(2018). In a chapter called The
Entangled Practice, I am writing
for the book that will come from
the Bacon 2020 project I explore
the significance of this
artist/scientist collaboration.

Visitors to the installation are
confronted with raw immediate
data, something only possible if
we were witnessing the
supermassive charge and
exchange of energy that has
been deemed present at the big
bang. Halo (2018) resonates with
primal energy and has a womb
like aesthetic, reminding the view
of the darkness which we all
inhabit before and after life. The
boundary here, between art and
science is nebulous.

W H Y D O E S I T M AT T E R ?

Image – Elena Cassidy-Smith 2017

My final slide features another of
my performances, this time as
storyteller to an audience who are
invited to actively solve an Enid
Blyton style mystery related to the
industrial heritage of Ironbridge in
Shropshire. I have included this
image because it signifies for me, a
project that had no artistic traction
other than an experience in the
minds and memories of those
participating audiences.

For me transdisciplinary practice
matters because it has wider
impact than the sum of its parts.
In a world faced with significant
problems, collaboration is not
just necessary but vital in finding
unique solutions to what feels
like insurmountable issues. I do
not think science can do this
alone.

Art (and by this, I mean all art forms – eg: visual, theatre,
music) taps into our identity as humans and utilises an
expressive vocabulary that can communicate ideas and
messages. It is, however, not just a facilitator for those
messages. It has its own autonomy, and coupled with
science, can be a powerful voice in addressing the great
need for social equality and climate change, that we
currently face.

What does Transdisciplinarity look like?

A defence of Art and
Physics?

Panellist 1
Karen Heald
Senior Lecturer + Programme Leader
MA Art and Design Suite, Wrexham
Glyndŵr University, UK.

I would like to start my presentation by introducing an
extracted text from Professor Jonathan Power’s writing on
Transdisciplinarity for you to read:

TRANSDISCIPLINARITY
Karen Heald, Wrexham Glyndwr University
Increasing specialisation brings with it greater depth of
penetration into specific mysteries of Nature and the
development of very sophisticated technologies,
However there is great danger if the justification for
this is seen solely in instrumental terms – as the means
for achieving goals which might be set by anyone,
including those with malign or predatory interests. We
need to be conscious not just of means but of ends.

It is one thing to describe and dissect what lies
within these stories and the way in which they
shape the ends we desire, but to gain genuine
empathetic insight into the stories of others
(and hence to understand our own better) we
need the imaginative and creative arts. Only by
engaging our emotions can our attitudes and
behaviour become truly enlightened.

We make sense of our lives by inhabiting narratives.
These too are dangerous because while a story may
bind some of us together, by the very fact that it binds
it will also divide.

If this is true how can it best be achieved in
education and in professional practice?
Jonathan Powers (2021)

In order to understand the term
transdisciplinary I have included a
graph to connect and differentiate it
from other collaborative terms
often drawn upon. My definition of
these phrases are therefore as
follows:
Multidisciplinary draws on
knowledge from people from
different disciplines working
together, each drawing on their
disciplinary knowledge but staying
within their boundaries.

Interdisciplinary is applied within
education and training pedagogies
to describe studies that use
methods and insights of several
established disciplines or traditional
fields of study. Interdisciplinarity
involves researchers, students, and
teachers in the goals of connecting
and integrating several academic
schools of thought, professions, or
technologies - along with their
specific perspectives - in the pursuit
of a common task.

Transdisciplinary connotes
a research strategy that crosses
many disciplinary boundaries to
create a holistic approach. It
applies to research efforts
focused on problems that cross
the boundaries of two or more
disciplines, and can refer to

concepts or methods that
were originally developed by one
discipline, but are now used by
several others, such as
ethnography, a field research
method originally developed in
anthropology but now widely used
by other disciplines.

As a visual artist, filmmaker and
academic I have a multidisciplinary
and interdisciplinary practice which
explores the concepts of 'inbetween-ness’, time, creativity and
its relationship to video, sitespecificity, and the philosophical
complexities of arts and science
collaborations.
My artwork has evolved out of

working on international
residences in a variety of spaces
and places both within and
outside of academia. I have
engaged in a variety of
collaborations with diverse
practitioners such as artists,
dancers, musicians, scientists,
medical doctors and numerous
other academics.

Through a variety of media
primarily video, installation,
performance and photography, I
have evolved my own poetic visual
language that engages with the
differences and similarities between
painting, photography and film,
creating a language of 'painterly
reverie' that communicates difficult
social issues with oblique, visual
stanzas.

The six selected examples of my
collaborative practice shown here
include multiple disciplinary
approaches such as Golau (Light)
where I have worked on projects
but stayed within art and design
disciplines. Others such as
Visualising the Invisible and Inbetween-ness have involved more
complex interdisciplinary
approaches.

In receipt of the Stiwdio Safle award
(2009), Arts Council Wales, I was an
Artist-in-Residence for nine months in
an acute inpatient NHS adult
psychiatric unit based in Wales on
Visualising the Invisible. Using video

and mixed media I worked with
resident patients who were
affected by a variety of mental
health disorders and created nonlinear narrative artworks with
participants, and individually in
response to this experience.

This led onto a three year funded pilot
study by Arts Council Wales and the
North Wales Medical Institute called
In-between-ness. In this novel
collaboration between professional
artists, clinical researchers and people
suffering from depression, we were
keen to explore the role of preverbal
language and creativity for patients
navigating the ‘in-between-ness’ from
depression to recovery through the

creative use of video cameras.
Acting as artist researcher the
three way process between
artists, participants and
scientists became an Artistic
Collaborative Methodology with
the process changing from
facilitation, to participation and
then onto collaboration
between the three groups of
people.

This September (2021) sees the
intake of students on our new MA
Art and Design Suite which I am
Programme Leading: The Suite
consists of four new programmes
Art and Design Interdisciplinary
Practice, Arts in Health, and
Creative Production and
Curatorial Practice.

With this in mind I attended ELIA’s

online Biennale in 2020. ELIA is a
globally connected European network
that provides a dynamic platform for
exchange and development in higher
arts education. It is dedicated to
examining new crossovers and
collaborations between the most
diverse disciplines in art, science, and
society, both inside and outside the
walls of academies and universities.

I joined a workshop hosted by
Professor Florian Dombois from
Zurich University of the Arts,
Switzerland called Images of Air
and Light. A Transdisciplinary
Encounter. Dombois’ artistic
research focuses on time, models,
landforms, labilities, wind and
tectonic activity, scientific and
technical fictions, as well as on

their various representational and
media formats. Using the notion of
experimentation Dubois
transported the audience through
a variety of research projects on
wind tunnels from 2011 to date,
citing numerous transdisciplinary
research publications and
disseminations. And it got me
thinking!

I was reminded of the work of other
artists, past and present taking similar
innovative approaches, addressing
societal and global concerns.
For example from their early wrapped
objects to monumental outdoor
projects, Christo and Jeanne-Claude's
artwork transcended the traditional
bounds of painting, sculpture, and
architecture. Under the influence of a
progressive art scene that was busily

exploding all conventions, they
began to "appropriate" everyday
objects, to deprive them of their
function, and, by putting them
under wraps, to preserve them
permanently for posterity. Christo
and Jeanne-Claude never concealed
objects and buildings to the point
that they could no longer be
recognized. The packaging was
meant to stimulate the viewer's
imagination.

As with previous art projects,
Surrounded Islands and The
Umbrellas were entirely financed by
the artists, through the sale of
preparatory drawings, collages, and
early works. The artists did not accept
sponsorship of any kind.
More recently Anna Dumitriu and
Alex May’s underwater robotic
installation explored what ‘life’ might

mean in a post-singularity and
post-climate change future.
Based on new research on
archaea combined with the
latest innovations in artificial
intelligence and machine
learning, the artists have tried to
create the ‘ultimate’ species for
the end of the world. They have
developed this work through an
artistic residency at LABoral.

Artists Heather Ackroyd and Dan
Harvey are internationally
acclaimed for creating works that
intersect art, activism,
architecture, biology, ecology and
history. Referencing memory and
time, nature and culture, urban
political ecologies, the climate
emergency and degradation of
the living planet, their time-based
practice reveals an intrinsic bias

towards process and event. For
On The Shore Ackroyd & Harvey
collaborated with the poet,
novelist and activist Ben Okri to
address the climate and ecological
emergency in a large-scale
performative work in two acts in
the Turbine Hall, Tate Modern,
UK. The installation follows Tate’s
declaration of a climate
emergency in 2019.

Ackroyd & Harvey feature
processes of germination, growth
and decay (organic and inorganic)
in artworks that often evolve
through extended research in
response to people and place,
interfacing their profound interest
in local ecologies and global
planetary concerns. Working with
sound artist and composer Graeme
Miller, Ackroyd & Harvey
temporarily transformed the

unique site of Dilston Grove, a
de-consecrated and now derelict
church in Bermondsey, into a
verdant green chamber of living
grass. Using an image projector
to control how much light is cast
on a grass-seeded canvas, the
artists have also developed a
process that allows them to
grow massive, and breath
taking, photographs out of living
grass.

Strong visceral responses were
aroused in audiences
experiencing Stranded a 6m
long Minke whale skeleton
encrusted with ice-like alum
crystals. The piece centred on
human-induced changes in the
chemistry of the oceans and the
threat to marine food cycles.

In 2016, the artists were
commissioned by Cambridge
University to work on the new
museum entrance Slate Work
South, for the David Attenborough
Building, and in 2019, the artists
co-founded Culture Declares
Emergency in response to the
climate and ecological emergency.

By introducing a new module in
Transdisciplinary Practice to the
MA Art and Design
Interdisciplinary students this
year I will be encouraging and
supporting speculative
research and looking at
creating test beds for creative
collaborative spaces. I have

noted a few potential ideas and
themes and invite and encourage
dialogues and discourse this
evening with the audience on Art
and Physics ... I also welcome
discussions following the event
too.
Thank you

What does Transdisciplinarity look like?

A defence of Art and
Physics?

Panellist 2
Vincent Smith
Honorary Senior Research
Fellow, School of Physics,
University of Bristol, UK.

“Confessions of a Reformed Philistine”
Or: Transdisciplinarity: how Art and Science can work together.

Vincent Smith, University of Bristol

I am sure that physicists among the audience will
have met the following scenario: you are at a social
gathering with people you do not know (for example,
standing around at a drinks reception, as you do.)

In order to make conversation,
someone asks what you do for a living.
As soon as you mention “physicist” the
inevitable reply is: “Oh, I was no good
at physics when I was at school.” Of
course, this is the ideal opportunity to
suggest their school experience was
unfortunate and explain how much
more interesting physics can be. But it
is a little disappointing, of course.

But I have to confess that I
would have made much the
same reply if I were to meet
an Artist. My school
experience of art goes back
to primary school, where
the Art Mistress recognised
my talents from a very early
age.

While the rest of the class were
making vibrant watercolour paintings,
she assigned me to washing out the
jars in the sink, ready for her next
class! Actually, it wasn’t all bad: I
could admire the beautiful swirls of
colour as they flowed down the sink.
Nothing to do with 3-colour mixing, of
course: my experience was that most
colours when mixed together produce
muddy brown…

Later on, at university, one of my
friends was developing her
expertise at Art Therapy, to help
people unlock their emotions. She
invited some of us to a trial
session; we were each given a
large sheet of paper, with brushes
and watercolours, to express
ourselves. While the rest of the
group were making inspirational
pictures, my inexpert daubs only

succeeded in producing an ugly
mess: blobs of excess paint
dribbling down the page, paint over
paint before it had dried, a sort of
Jackson Pollock effort without the
corresponding talent. The session
left me frustrated, angry, and with
any self-worth I might have had,
completely destroyed.

Quite the opposite of what the
organiser had set out to do!
Some of you may know that I
am a qualified guide for public
visitors to CERN: taking parties
of up to 12 to visit interesting
parts of the site: accelerators,
detectors, etc.

The site has a fair number of art installations too; when asked
about these, I have to say: “I don’t understand it, therefore it
must be Art.”

OK, enough of the anecdotes. What can Art and Science achieve
together?

What can Art and Science achieve together?

What can Art and
Science achieve
together?

By Art I mean all the
different means of
representing ideas: pictorial
art, sculpture, performance
art, drama on stage, cinema
and TV, literature,
(including poetry), etc.

Science (including Engineering,
Technology, Mathematics and
Medicine) is the discovery,
cataloguing and development of
knowledge about the natural
world and its component parts
(including ourselves!)

This is actually a recent
distinction; ‘art’ used to cover
both groups and was closer to
‘skill’ or ‘craft’ in modern usage.
The first group is often referred
to as the ‘creative arts’, although
what is more creative than
producing a new scientific
theory, or designing, building,
operating and analysing
experiments to answer difficult
scientific questions?

The two disciplines are often seen as very
different, or even as opposites (‘left
brain’ vs ‘right brain’). An example from
Paul Dirac (Dirac was a Bristol-born
Nobel-prize-winning theoretical physicst)
was his contrast between scientific
writing and poetry. He said to a colleague
who wrote poetry alongside his scientific
work: “The aim of science is to make
difficult things understandable in a
simpler way; the aim of poetry is to state
simple things in an incomprehensible
way. The two are incompatible.”

Actually, I think the real difference is
that art is often purposely ‘incomplete’:
it is intended to provoke thoughts and
ideas in the reader/viewer/audience,
while science aims for as complete an
understanding as possible.

But there is a power in the
contrast, conjunction and
synthesis of the two
methods, to produce a
better understanding.

A few random examples of Science’s contributions to Art:
1. New materials for artistic expression: eg pigments (a famous example is
Prussian Blue, developed by Chemists in the 18th century) or brighter
phospors for TV screens and, more recently, LEDs for the whole colour
range.
2. New methods of expression, presentation, distribution (eg electronic
memory versus paper or canvas, 3-D printing, the flexibility that allows
deleting or overwriting part of an early attempt, the internet to exchange
ideas…)
3. Restoration of ‘old masters’.
I’m sure there are plenty more: that was just what I found in a few seconds’
thought.

Some random examples of Art’s contributions to Science:
1. Counterfactuals: “what if…” to stimulate new developments
(Science fiction of course, but also representational art is not restricted
to the real world…)
2. Illustration: “a picture is worth a thousand words”
(Where would our technological age be without technical drawings?)
3. Architecture and interior design for a productive environment.
Again, many more examples, of course…

I have deliberately not included
scientific installations as inspiration
for works of art, because I believe
they lose the ‘intention’ of the
original. The original often has both
what I would call ‘beauty of form’
and ‘beauty of function’. The
original is designed for a specific

purpose, although it may happen
to look visually stunning. But to
remove the details of why it has
to look the way it does, and just
leave the ‘beauty of form’, or
something inspired by that
alone, is to lose the whole point.

Over to you!

Well, that’s it. In the best traditions of Art, as I
mentioned above, I leave the audience to develop
these ideas further in their own minds…

What does Transdisciplinarity look like?

A defence of Art and
Physics?

Panellist 3
Jonathan Blackledge
Science Foundation Ireland
(Honorary) Stokes Professor,
Technological University Dublin,
Dublin, Republic of Ireland.

What Does Trans-disciplinarity Look Like:
A Defense of Art and Physics?

“The arts and sciences
are branches of the
same tree directed
toward lifting us from
the sphere of mere
physical existence”

Albert Einstein
on the fiddle

Of the many quotes concerning
trans-disciplinarity, I found the
following from a well-known
physicist: “The arts and sciences
are branches of the same tree
directed toward lifting us from
the sphere of mere physical
existence” – Albert Einstein.
In addition to being one of the

world’s greatest scientists,
Albert Einstein was also an
artist; he was a life-long fiddler.
His particular instrument is a
rather interesting example to
use in the defence of art and
physics. In this case, the art of
string playing and the physics of
acoustics. So let me first say
something about this.

Bowed stringed instruments were
first invented by a pagan people,
the Mongols, in the 13th
Century. This is because, just as we
British forged our empire on
building and sailing ships, the
Mongols unleashed their empire
through breeding and riding
horses, and horsehair, taken from

the tail of a horse, is the key to
scraping a stretched string to
produce a continuous note. This
is why in Russian, for example, a
violin is called a "Skripka", which
is an onomatopoeic word for the
scaping sound that a violin and
other bowed stringed
instruments make.

Thus, the Mongols were the
world’s first fiddlers and
influenced the musical heritage
of the middle east when they
started to convert to Islam.
Through the Ottoman empire,
the tradition of bowed stringed
instruments found its way to

Venice and on to northern Italy,
where, the great traditions of
violin making were perfected in
and around the Po valley. A case
of pagan technology influencing
Christian art through Islamic
culture. A good example of
trans-disciplinarity through
multiculturalism.

The Power of Imagination

Albert Einstein is a prime example
of the fact that science is not just
about inductive reasoning,
predicated on knowledge gained
from doing experiments alone, as
Francis Bacon advocated. It is
about allowing the mind to
imagine things that transcend that
which we perceive in everyday life.
And this is something that artists
attempt to portray all the time in
their music, painting and
sculpture, for example. Whether

it be art or science, the key is to
unleash the power of the
imagination given that, as Einstein
rightly stated “imagination is more
important than knowledge”. For it
was his visual imagination that led
to the development of his General
Theory of Relativity to explain the
nature of Gravity which has been
described thus: “As the creation of
a single mind, it is undoubtedly the
highest intellectual achievement of
humanity”.

Imagination, Art and Quantum Physics:
Ball-and-Stick Molecular Modelling with a “Spin”

Pairing of electrons requires us to image something
that is not possible – a Spinor Field. We imagine it
to be a quantisation of angular momentum – Spin.
But this is literally a figment of our imagination.

“It has not escaped our notice, that the specific
pairing we have postulated immediately suggests
a possible copying mechanism for the genetic
material” – Crick and Watson, Nature (1953).

Physics often relies on artistic
impressions in order to try and get an
understanding of things, especially in
the field of Quantum Mechanics.
This is because, as Richard Feynman
said, “if you think you understand
Quantum Mechanics, then you
don't”. Thus, the artistic imagination
for visualising the quantum world,
utterly naïve though it may be, has
been vitally important in chemistry,
for example. This is because
chemistry is based on an
understanding that it is the intrinsic

spin of an electron which
provides the bonds required to
produce the structure of a
molecule through “electron
pairing”. However, particle spin
is quite literally a figment of our
imagination; a very human and
intrinsically artistic attempt to
visualise a so-called spinor field
which was first conceived by Paul
Dirac in the 1920s through his
attempt to unify Quantum
Mechanics with Einstein’s Special
Theory of Relativity.

The need for the human mind to
imagine the quantum world,
includes the development of socalled ball-and-stick models to
represent a molecular structure
which is, in effect, an artist’s
impression of an unknowable
visualisation. One of the most
famous examples of using such
models led directly to an
understanding of the structure of
DNA.

In their 1953 seminal paper
published in “Nature”, Crick and
Watson state that “It has not
escaped our notice that the
specific pairing we have
postulated, immediately suggests a
possible copying mechanism for
genetic material”. Such is the
nature of life, quite literally, even
though we can never visualise the
physical reality of a DNA molecule.

The Medici Effect
• Exciting things happen at the interfaces
intersections of different disciplines.

• An Icon of this is

Leonardo da Vinci
• The ‘Medici Effect’ is based on a
problem-focused, rather than a
discipline-focused approach.
• It is the basis of the

Silo-killer

and

The examples that I have considered
highlight the value of transdisciplinarity in art and science as
discussed in Frans Johansson’s book
the ‘Medici Effect’. This is when
exciting things happen at the
intersections between different
disciplines. In this respect, a
problem-focused rather than a
discipline focused approach is
required which acts as a ‘Silo-killer’.
An icon of this is of course

Leonard da Vinci who was funded
by the Medici’s, an Italian banking
family and political dynasty during
Renaissance times.
To conclude my short defence of
Art and Physics, it is worth
remembering the views of Max
Born, who was Head of the
Department of Physics at
Gottingen University during the
1920s, where much of the basic

principles of Quantum Mechanics
were originally formulated. He stated
that “I am now convinced that
Theoretical Physics is actual
Philosophy”.
Albert Einstein had some interesting
philosophical ideas of his own. He
stated that “Only two things are

infinite: the universe and
human stupidity”. I wonder
whether, in the name of an art
form invented by the
Mongols, he would have
included the stupidity of
putting a strange looking
wooden box under his chin
and scaping it with horsehair.

What does Transdisciplinarity look like?

A defence of Art and
Physics?
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Jonathan Powers
Emeritus Professor, University of
Derby, formerly Senior Pro ViceChancellor.

RECOGNITION AND FUNDING FOR TRANSDISCIPLINARY WORK
A CAUTIONARY TALE
Being involved in catapulting a cluster of longestablished schools and colleges to a new level is
exciting as well as rewarding. A dramatic increasing
in overall size and the diversification of provision
brings a chance to make a very large number of new
appointments. This number alone generates a sense
of excitement about the new possibilities, and you
may find very able but frustrated individuals beating
a path to your door. If their research interests may
have been marginalised in their previous, wellestablished department especially if they trespass
outside traditional disciplinary boundaries, even
though they may actually be both intrinsically
interesting and potentially extremely fruitful.

I’d like to illustrate this with one example from
the cluster of interdisciplinary ventures initiated
at Derby in the 1990s. I hope I can persuade
you of the fascination and importance of the
work involved (with some of the outcomes of
which you will already be unwittingly familiar). I
then show how at a critical point the
mechanisms of the former Research
Assessment Exercise inevitably failed to do the
work justice. It is a matter of sadness to me
that after I took early retirement (having
fended off the blandishments of head-hunters
and hoping to do some academic work of my
own), the lack of adequate funding led to the
dismemberment of the group – though many of
them went on to help highly rated departments
elsewhere to enhance their profiles.

The specific field I am referring to is Colour Engineering – this may be a concept
which I foreign to you. You may feel ‘colour’ is something too ‘superficial’ to be an
engineering subject. But of course precisely because it is literally superficial, colour is
a ubiquitous feature of our experience. Research into colour appearance is not only
philosophically fascinating, but it is commercially very important – as the following
questions illustrate:
How can you ensure that the colour of your printed images matches those on
the screen?
How can you ensure that the colours of the paintwork, seat fabrics, and plastic
fittings continue to match when you take the car out of the showroom?
How can you ensure that company uniforms made on the other side of the
world match those made back home?
How can you predict the colours made by adding different pigments together?
How can you ensure that ceramic vases painted in ‘false colours’ always turn
out the same when they are fired ?

And there are theoretical questions which arise as well:

Why is it that nothing can be both Red and Green all over?
Why do the colours of an oil painting change when you alter the
colour of its mount and its frame?
Why do the colours of things change differently under different
conditions of illumination?
Why is the colour discrimination of birds more acute than our own ?
Do they experience ‘colours’ which we are unable to imagine?
How have evolutionary pressures shaped colour experience in
mammals, birds, and insects?

Such questions and any search for answers to them, will cross multiple disciplinary
boundaries. Which of these panels should assess the overall quality of the research?
Physics,
Chemistry,
Physiology,
Psychology,
Zoology,
Information Technology,
Art and Design,
Textiles,
Ceramics,
Chemical Engineering,
Manufacturing Engineering,
Philosophy.

Once upon a time, Derby’s
Institute was one of the three
leading research groups in the
world – without any UK
competitors - the main
international research
institutes were at Rochester in
the USA (funded by Kodak)
and Kyoto in Japan (funded by
Fuji). The latter connections
show how commercially
important this philosophically
curious subject actually is.

However in the UK, the attempt to ensure
careful and thorough-going evaluation of
research quality by specific disciplinary
panels, inevitably left the work in Derby in
an ‘extras’ box thanks to the a priori
determination of which research journals
were really important in each discipline.
Derby was able to field two of the six
winners of the international prize for
Colour Science, and those its Institute
scored highly relative to Derby’s other
nascent research groups. But the rules
made it impossible for it to break through
to the levels where its research would fully
funded - or nearly fully funded. So when
other pressures squeezed the institution’s
finances, the institute was disbanded.

I have exposed this story not by way of a complaint, but as a warning about the
difficulties of getting support to nurture promising new interdisciplinary fields. I
know attempts have been made to address this structural issue, but this problem
must always persist when asking practitioners in a particular specialist field to
evaluate the quality of something which transgresses its boundaries. If indeed I am
right about the fecundity and practical significance of such research, then it is vital
that is an imaginative way forward.
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Alison McMillan: Thoughts on Transdisciplinarity
I would like to raise two points:
First, specifically to the participation in a Transdisciplinary activity
Second, in regard to the value of having a Transdisciplinary outlook

Alison McMillan: Thoughts on Transdisciplinarity
Participation in a
Transdisciplinary
activity

There are always a lot of work priorities clamouring for our attention, and it is
tempting to view cross-discipline collaboration or discussion as a nice-to-have.
That would be a mistake. If nothing else, such cooperation provides a chance
to see one’s work through other eyes, and rehearse its motivations and
benefits in front of friendly critics.
But the real benefits can be deeper and harder to put into words.
For me, personally, in the Bacon2020 project, the turning point came when I
finally understood that the word “narrative” means the stories that individuals
tell themselves as they navigate through their lives. Further, that to be
persuasive, one must interact with an individual on the level of his or her
“narrative”.
Changing the beliefs and behaviours of a populace comes as a result of
wholesale manipulation of narratives. The real question we should be asking is
who is doing the manipulation, and for what purpose?

Alison McMillan: Thoughts on Transdisciplinarity
The value of
having a
Transdisciplinary
outlook

“All work and no play makes Jack a dull boy”
Perhaps this is a little trite, but when we encourage young people to engage in
the Arts (visual, music, dance, or drama) or even in Sports, we know that there
is value to be had, even if the youngster has but little aptitude.
We might encourage this on the basis that the activity promotes fine motor
control, strength, fitness, and many other physical advantages, including the
release of endorphins.
We might rehearse the other adage, “A change is as good as a rest”.
What has only become apparent fairly recently, is that such engagement has
the power to re-write the structure of the brain: neuroplasticity. For example,
a strong argument of the value of music in the school curriculum is the benefits
in IQ, verbal intelligence, improved attention, and working memory shown in
children who had received instrumental tuition compared with those who did
not (https://doi.org/10.3389/fpsyg.2013.00713).
If this is true for children, what does it mean for scientists?
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