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Messages from the Editors 

Welcome to CIRCE! 
Imagination is central to human culture. Without it, no culture would look the way it 
does today, and no learner would be able to participate in and contribute to that 
culture. Nor would cultures change and evolve the way they do, in response to our ideas 
and our ideals, our ethical insights and technological innovations, were it not for 
imagination. And yet this essential human capacity is extraordinarily neglected in 
educational thinking, practice and research. This is what The Centre for Imagination in 
Research, Culture and Education, or CIRCE [sur-see], seeks to change.  

Are you an advocate for imagination? Do you believe, as we do, that 
imagination is as important for learning in the Sciences as it is in the Arts? At CIRCE we 
believe that the imaginative engagement of students is as important at the post-
secondary level as it is in primary classrooms, and as central to adult and community 
ŜŘǳŎŀǘƛƻƴ ŀǎ ƛǘ ƛǎ ǘƻ ƻƴƭƛƴŜ ƭŜŀǊƴƛƴƎΦ ²Ŝ ǎƘŀǊŜ aŀȄƛƴŜ DǊŜŜƴŜΩǎ ŎƻƴǾiction that 
imaginative development is crucial to the building of societies characterized by empathy 
and solidarity, societies genuinely inclusive of people from different backgrounds, of 
different abilities, and with different ways of seeing the world. And we also see 
imagination as deeply interwoven in the relationships between human beings and the 
rest of the living world. 

These are issues of vital importance in the 21stcentury. We welcome 
collaboration and partnerships with researchers and educators around the globe who 
share these interests and are committed to expanding our understanding of imagination 
in research, culture and education, both practical and theoretical. So welcome to CIRCE!  

It has been a great pleasure working with Dr. Jailson Lima to launch the CIRCE 
STEAM community and to co-produce this special CIRCE STEAM Magazine. I hope you 
enjoy this inspiring collection of STEAM at work in research, culture, and classrooms. If 
ȅƻǳ ƘŀǾŜƴΩǘ ŘƻƴŜ ǎƻΣ ǇƭŜŀǎŜ Ǿƛǎƛǘ the CIRCE STEAM page to get inspired and to get 
involved! (http://www.circesfu.ca/practice/steam/)  
 
Yours in imagination, 

Gillian 
Gillian Judson, PhD 
Executive Director, Centre for Imagination in Research, Culture & Education 
(www.circesfu.ca) 
 

 

http://www.circesfu.ca/
http://www.circesfu.ca/practice/steam/
http://www.circesfu.ca/practice/steam/
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Science is highly conceptual, and learning it effectively requires interconnecting fuzzy 
concepts such as atoms, forces, molecules, DNA, electric fields, ions, electromagnetic 
radiation, radicals, electrons, and photons. Although brilliant minds have undoubtedly 
used their artistic talents and been inspired by art over the centuries to create scientific 
knowledge, until recently we have catalogued its ramifications simply as STEM. In the 
last decades, movement has been made to rectify this limited worldview by expanding 
the acronym to STEAM.  

As an educator who has been an enthusiast of Imaginative Education 
(http://www.educationthatinspires.ca/imaginative-education/) for over a decade, I had 
the pleasure of meeting Dr. Gillian Judson and the Imaginative Education Research 
Group (http://ier g.ca/) at Simon Fraser University in 2016. Last year, when Gillian 
invited me to join CIRCE, I immediately knew that I wanted to contribute to this 
initiative by working with STEAM. It has been a fantastic experience. We have contacted 
educators, artists, scientists, and STEAM policy makers who are passionate about the 
subject. This STEAM issue of CIRCE Magazine reflects the cohesive efforts of all 
participants. I have learned so much during the process. 
  Despite the current inherent problems in the world, we are living in exciting 
times to imagine, explore, and create. I hope this is just the beginning of a new era 
where STEAM will become mainstream. 
 
Sincerely, 
Jailson Lima, PhD 
Vanier College, Montreal 
 

 

  

http://www.circesfu.ca/
http://www.educationthatinspires.ca/imaginative-education/
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FEATURE: The Art of Science 
By Robert Root-Bernstein 
 
 

 
άwŜ.ƛƻDŜƴŜ{ȅǎέ !ŘŀƳ ²Φ .Ǌƻǿƴ ŀƴŘ wƻōŜǊǘ wƻƻǘ-Bernstein at Zero1 Gallery, San Jose, 
CA, 2015 (photo by Robert Root-Bernstein). An art installation/performance piece that 

doubles as a functional origins-of-life experiment. 
 
When I arrived at the Salk Institute for Biological Studies in La Jolla as a post-doctoral 
fellow in 1981, all sorts of rumors were circulating regarding Bob Holley. Holley was one 
of three men who had been honored a decade earlier with a Nobel Prize for the 
discovery and elucidation of the function of transfer RNA, the molecule that allows all 
living things to translate the genetic code into protein. Holley had since explored several 
other biological fields, and was currently working on growth factorsτmolecules 
involved in differentiation and cancers. 
 It was not Holley's laboratory work that was giving rise to the rumors, however; 
it was his extracurricular activities. Every Friday around lunch time a beautiful woman 
(not always the same one) would arrive at his office and Holley would accompany her 
into the private study which is one of the special perquisites of Fellows of the Institute. 
Holley and his guest would then spend most of the afternoon in seclusion. The way in 
which the Salk Institute is laid out, both the arrival of these beautiful women and the 
short trip to and from Holley's study were made in plain view of at least half of the 
Institute staff. Tongues wagged. 
 Holley's extracurricular activity was not what most people thought, but its nature 
was nonetheless surprising. The women were models posing for Holley's avocation of 
sculpting. Throughout the decade of the '80s, Holley turned out a series of lovely, 
sometimes lyrical, sculptures of ballerinas. He also began exploring sculpture as a form 
of portraiture. (My wife was one of his first subjects for these explorations). Worked in 

http://www.circesfu.ca/
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clay, his sculptures were then cast in bronze, and some began to appear in his office, 
where the true nature of his activities became apparent. The pursuit of beauty, he told 
me, was one of the things that motivated both his art and his science. 
 I soon realized that Holley was not unique. My undergraduate advisor at 
Princeton, Bob Langridge (now retired from U.C. San Francisco) published an article 
comparing the aesthetic appeal of DNA structure to that of a rose window in a medieval 
cathedral. Roger Guillemin, an endocrinologist at the Institute and yet another recipient 
of a Nobel Prize, had a number of his water colors displayed on his office wall. (He 
moved to electronic media becoming one of the recognized founders of that medium.) 
 I also knew from reading broadly in the history of science that Louis Pasteur 
(inventor of the germ theory of disease) had been an extraordinary painter, as had 
Joseph Lord Lister (the inventor of antisepsis), Santiago Ramon y Cajal (perhaps the 
greatest neuroanatomist of the past century), Frederick Banting (the Nobel prizewinning 
discoverer of insulin), Wilhelm Ostwald (the 7th Nobel prizewinner in chemistry and the 
inventor of a still-popular color theory for artists), and Albert Michelson (the man who 
measured the speed of light and the United States' first Nobel laureate). Albert Einstein 
had played violin, of course; Max Planck had seriously considered a career as a 
professional pianist; E. B. Wilson, one of America's most important turn-of-the-century 
embryologists, was considered the best amateur cellist in New York; Martin Kamen, the 
man who had made carbon 14 dating possible, played viola at a professional level 
throughout his career; molecular biologist and Nobelist Jacques Monod had nearly 
ruined his scientific career by spending so much time playing and conducting music. 
Virginia Apgar, for whom the Apgar score used to evaluate the health of newborn 
infants is named, not only played music but made her own violins and  'cellos!  
 I began to wonder if there exists a significant connection between scientific 
achievement and an artistic bent. 

My approach to the question of whether arts and sciences have any fruitful 
connections has taken two tacks. The first was anecdotal and basically historical. 
Through extensive reading of biographies and autobiographies, and by means of 
interviews, I have explored the incidence of combined scientific eminence and artistic 
talent. I have paid particular attention to what people who practiced both sciences and 
arts had to say about possible connections between their activities. Practical 
applications of arts to the sciences were high on the list of rationales for combining the 
two. Nobel laureate Alexis Carrel took lessons in lacemaking and embroidery in order to 
develop the manipulative skills and invent the suturing techniques that make possible 
open-heart surgeries and organ transplants. Art lessons explored the principles of 
symmetry necessary for Nobelist Dorothy Hodgkin to succeed in her field of x-ray 
crystallography. Mary Leakey, whose discoveries of primitive hominid skulls and 
footprints revolutionized anthropology had no formal training beyond archeological 
illustration, which taught her to observe much more acutely than her colleagues.  

More generally, scientists often found the arts inextricable from their identities 
ŀǎ ǎŎƛŜƴǘƛǎǘǎΦ 9ƛƴǎǘŜƛƴ ǎŀƛŘΣ άL ǘƘƛƴƪ ƛƴ ƳǳǎƛŎέ ŀƴŘ ƻŦǘŜƴ ŦƻǳƴŘ ǎƻƭǳǘƛƻƴǎ ǘƻ Ƙƛǎ ǇƘȅǎƛŎǎ 
problems at the piano keyboard. Entomologist and Pulitzer Prize winner Bert Holdobbler 
wrote to me: "After high school I was first undecided whether I should study art or 
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biology. I have chosen biology and art became my hobby, only to realize during my 
university career that I can fulfill my artistic desires also in biology... A scientific 
publication should be a piece of art."  Ethologist and surrealist painter Desmond Morris 
has written that his goal has been to combine "the imaginative and the analyticalτartist 
and scientistτto be both at once." For, as Max Planck once wrote, "the scientist needs 
an artistic imagination." 
 Case studies are useful, of course, for demonstrating how the arts and sciences 
can work fruitfully together, but I also wanted to know whether such collaborations 
were rare or common. So my second approach to studying the subject has been 
psychological and statistical. The late Bernice Eiduson, a psychologist at UCLA, had 
begun a long-term study of the psychology of 40 young male scientists in 1955. When 
she died in 1988, my mother, Maurine Bernstein (who had been her research associate) 
and I took over the study. We examined the prevalence of various artistic hobbies 
among the group and, with the help of statistician Helen Garnier, correlated their 
success as scientists with their hobbies. We also explored with the scientists through 
interviews and a questionnaire whether there were connections between the ways in 
which they think about things mentally (e.g., visually, kinesthetically, abstractly, etc.), 
their success recognizing and solving problems, and their hobbies. Four of the scientists 
were eventually awarded Nobel Prizes; two others were nominated for Nobels; these six 
and another five became members of the National Academy of Sciences. We also had 
four scientists who did not obtain tenure and a reasonable pool of people who had 
undistinguished careers.  
 We found statistically significant correlations between the success of scientists 
(evaluated in terms of the ratio of citations of their work to their total number of 
published papers, on the one hand, and in terms of the number of high impact papers 
receiving more than 100 citations per year, on the other) and having one or more active 
artistic hobbies as adults. Success was also correlated with the diversity of mental tools 
these scientists employed. Scientists who used visual images, "acoustic images", 
kinesthetic feelings, and other unusual forms of thought were more likely to be 
successful than those who limited themselves to verbal, logical, and mathematical 
formulations of problems. Finally, the nature of the mental tools used by the scientists 
was statistically significantly correlated to their avocations and interviews showed that 
the successful scientists were aware of the connections and sometimes used them 
knowledgeably.  

We followed up this original study with two very large-scale statistical studies. In 
one, we compared the incidence and types of avocations of all Nobel Prizewinners to 
those of members of the U. S. National Academy of Sciences and Royal Society, and to a 
non-selective group of scientists as well as to the U. S. general public. Overall, the more 
eminent the scientist, the greater the probability that she or he had an arts or crafts 
avocation. In the other study, we correlated avocations to various outputs such as 
numbers of papers, patents, companies founded, books published, etc. among a group 
of 237 successful scientists and engineers. Inventors and entrepreneurs were 
significantly more likely than their colleagues to have arts and crafts avocations and to 
be able to explain how their arts and crafts improved their scientific or engineering 
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work. We also found in this study that inventors and entrepreneurs were more likely 
than their colleagues to use visual thinking and modeling skills and less likely to rely on 
mathematical or verbal formulations of ideas. We have summed up our results by saying 
that artistic scientists have more image in their imagination; musical ones can duet (do 
it) better; craftsmen are more handy; and the creative writers have the skills to become 
the pundits of science. Seriously! 
 The importance of these results is manifold. First, they suggest that effective 
scientific thinking requires a complex mixture of many of what my wife, Michele Root-
Bernstein, and I call in our book Sparks of Genius "tools of thinking." These consist 
essentially of observing, imaging, abstracting, patterning, analogizing, empathizing, 
dimensional thinking, modeling, playing, transforming and synthesizing. For example, a 
scientist may observe a discrepancy between theory and data, visualize a model of what 
that discrepancy means physically, imagine herself as part of that model to determine 
what parts of it are critical, and then convert the complex of visual images, models, and 
feelings back into a formal language that can be communicated relatively 
unambiguously (e.g. words and/or mathematics).  

{ŜŎƻƴŘƭȅΣ ǿŜΩǾŜ ŦƻǳƴŘ ǘƘŀǘ ǎƻƳŜ άǘƘƛƴƪƛƴƎ ǘƻƻƭǎέ ŀǊŜ ǊŀǊŜƭȅ ǳǎŜŘ ōȅ ǘƘŜ ŀǾŜǊŀƎŜ 
ǎŎƛŜƴǘƛǎǘ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άǘƻƻ ǎǳōƧŜŎǘƛǾŜέ ƻǊ άŀǊǘǎȅέΣ but the most 
ǎǳŎŎŜǎǎŦǳƭ ǎŎƛŜƴǘƛǎǘǎ ŀƴŘ ŜƴƎƛƴŜŜǊǎ ƻŦǘŜƴ ǳǎŜ ǘƘŜǎŜ άǘƻƻƭǎέ ŀƴȅǿŀȅΦ CƻǊ ŜȄŀƳǇƭŜΣ Ƴŀƴȅ 
scientists emulate artists in empathizing with their subjects. Nobel laureate Barbara 
McClintock often talked about having a "feeling for the organism" while fellow laureate 
and physicist Hans Alfven says he "becomes" electrons in order to understand their 
ōŜƘŀǾƛƻǊǎΦ 9ƛƴǎǘŜƛƴ ǎƛƳƛƭŀǊƭȅ άōŜŎŀƳŜέ ŀ ƭƛƎƘǘ ǿŀǾŜ ǿƘƛƭŜ 5ŜǎƳƻƴŘ aƻǊǊƛǎ ƛƳŀƎƛƴŜŘ 
himself to be the animals whose behavior he wanted to understand. Novel ideas, these 
scientists say, do not come from logic, but rather from imagination, and at the level of 
imagination, scientists and artists think alike.  

The difficulty that scientists (and artists!) face is how to translate their personal, 
non-verbal insights into forms communicable to other people, a process that they speak 
of as being an explicitly secondary stage in the process of discovery, after, as Nobel 
Prizewinner Richard Feynman once said, the visual images have been sufficiently 
developed. Oddly, then, our studies reveal that most scientific teaching occurs only in 
these secondary languages of words and equations, with little or no mention, and often 
less training, in the use of non-verbal, non-mathematical modes of thought or the 
importance of perceptual thinking tools, intuition and emotion. These are exactly the 
kinds of tools that artists have excelled at developing.  
 Indeed, our studies suggest that since most scientific education ignores non-
verbal and non-mathematical forms of thought, the majority of scientists appear to have 
developed facility with such intuitive "tools for thinking" through artistic and musical 
endeavors, mechanical hobbies, or other pass-times. An unrecognized dependence of 
scientific education upon non-scientific skills may therefore exist that is being 
undermined as arts, crafts, and shop classes are eliminated from more and more 
schools. As one of my colleagues has asked rhetorically, "How are students in the future 
going to understand mechanisms if they never have the chance to take apart a spring-
wound watch and try to put it together again?" Hand and body knowledge is as 
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important as mental knowledge as any experimenter knows. Intuition, both physical and 
mental, is developed only through experience with the world and arts are the disciplines 
that best train that kind of experience. 
 Another point we have been able to demonstrate is that these non-verbal, non-
mathematical tools of thought can be taught. Einstein recounted the impact on his 
research of his high-school training in visual and kinesthetic thinking techniques (based 
on a curriculum developed by the great Swiss educator Pestalozzi). Nobel prize-winning 
physicist Luis Alvarez wrote about how his father, an eminent physiologist, purposefully 
enrolled Luis in a technical high school instead of the academic one, in order to train his 
hands as well as his mind. Alvarez claimed that his knowledge of how to think with tools 
was as important as his ability to use equations. And, as one final example, James 
Bonner, a biologist at Caltech who participated in the Eiduson study mentioned above, 
told about how he began college unable to "see" anything in his mind, but was taught to 
visualize and to physically model what was going on inside chemical reactions by his 
mentor Roscoe Dickerson. Such manipulation and visualization courses, which are now 
formal parts of the curriculum at M. I. T., Stanford and some other universities, are not 
uncommon components in the training of engineers as well. 
 The one thing that I have learned through all my studies is that all important 
discoveries, whether in the sciences or the arts, are synthetic. It should come as no 
surprise, then, that the thinking that creates innovations is also synthetic, transcending 
disciplinary ideas and integrating practices across perceived boundaries. Training 
scientists, technologists, engineers and mathematicians how to make such integrative, 
transdisciplinary leaps of imagination by training them in and with the arts is the first 
step in training them to innovate. We could do worse than to emulate the best of the 
best and they tell us that arts and sciences belong together! 
 

Robert Root-Bernstein, Professor of Physiology, 
Michigan State University, East Lansing, MI 48824 USA; 
rootbern@msu.edu 
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Picturing Science: Art as a Window to the Invisible 
By Jailson Lima 
 

 
 

Art does not reproduce the visible;  
rather, it makes visible. 

Paul Klee 
 
After finishing my undergraduate studies in 1986, I worked as an industrial chemist 
improving the quality of organic pigments for plastics. Due to the poor adherence and 
shabby color of a red diazo pigment from the production line, our research group 
ŘŜŎƛŘŜŘ ǘƻ ƛƴŎƭǳŘŜ ǎǳǊŦŀŎǘŀƴǘǎ ƛƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǇƛƎƳŜƴǘΩǎ ǇǊƻǇŜǊǘƛŜǎΦ [ƛƪŜ 
dish detergent, surfactants, whose basic structure is seen in Figure 1, are molecules that 
contain both polar and non-polar fragments. The head of the surfactant molecule is 
polar and interacts well with water but not with grease (i.e., it is hydrophilic and 
lipophobic). On the other hand, the tail fragment is nonpolar and interacts well with 
grease but not with water (i.e., it is lipophilic and hydrophobic). The two parts coexisting 
in the molecular structure of the detergent enables grease and water to mix, resulting in 
spotless, clean dishes. 

 
Figure 1: Basic structure of surfactants: The head is hydrophilic and the tail is hydrophobic. 
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Since plastics are nonpolar, the expectation was that the interaction between 
the surfactant and the organic red pigment would improve its adherence and result in a 
uniform shiny red-colored plastic. However, the experiment had the opposite result: The 
pigment did not spread evenly in the plastic, whose appearance became even shabbier. 
I was flabbergasted: It did not make sense at all! After spending weeks trying to wrap 
my head around this unexpected outcome, I tried to imagine how these molecules 
interacted during the synthesis of the pigment. The surfactant was added after the 
pigment formed in water, and then the mixture was filtered and dried. Later, the dried 
powder was mixed with the plastic resin. But why, contrary to our prediction, did adding 
the surfactant make things worse? 
 

 
 

By imagining the pigment and the surfactant interacting in water, I had an 
epiphany: Since the pigment was synthesized in water, the hydrophilic heads of the 
surfactant would naturally bind to water while the hydrophobic tails would be inserted 
into the pigment. Because plastic is nonpolar, it would not interact with the polar heads 
ǘƘŀǘ ǿŜǊŜ ǎǘƛŎƪƛƴƎ ƻǳǘΦ ¢ƘŀǘΩǎ ǿƘȅ ŀŘŘƛƴƎ ǘƘŜ ǎǳǊŦŀŎǘŀƴǘ ƳŀŘŜ ǘƘƛƴƎǎ ǿƻǊǎŜΗ L 
speculated that synthesizing the pigment in a polar solvent like water was the origin of 
the problem. Since replacing water was not an option, I decided to add a tiny amount 
(1% of the total volume) of xyleneτa nonpolar solventτbefore adding the surfactant. 
The result was astonishing: the pigment spread evenly in the transparent plastic giving a 
bright, homogeneous, red color as was originally expected. Perhaps the rationale was so 
obvious that no one in the whole research group had thought of it before I came up with 
the proposal. The explanation was too simple: Polar fragments interact well with polar 
compounds but not with nonpolar ones. 

Experiencing the power of imagery associated with imagination to solve complex 
problems like this was a transformative experience for me, and I started thinking about 
the shortcomings of my own schooling. Although scientific knowledge relies heavily on 
mental models and their visual representations, traditional approaches to teaching 
science are based mostly on algorithmic problem solving and procedural knowledge that 
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often neglect the crucial role of imagination in the learning process. I was taught in this 
traditional way andτdespite believing in the power of imagination in learningτfound it 
difficult to think outside the box to reinvent my teaching practice.  

Decades later, I stumbled ŀŎǊƻǎǎ YƛŜǊŀƴ 9ƎŀƴΩǎ ƛŘŜŀǎ on Imaginative Education. 
Egan and his colleagues ŀǘ {ƛƳƻƴ CǊŀǎŜǊ ¦ƴƛǾŜǊǎƛǘȅΩǎ LƳŀƎƛƴŀǘƛǾŜ 9ŘǳŎŀǘƛƻƴ wŜǎŜŀǊŎƘ 
Group (now the Centre for Imagination in Research, Culture and Education, or CIRCE) 
emphasize the crucial role of the nŀǊǊŀǘƛǾŜ ƛƴ ǇǊƻǾƛŘƛƴƎ ŜƴƎŀƎŜƳŜƴǘ ǘƻ ƪƴƻǿƭŜŘƎŜΦ ά! 
narrative is a continuous account of a series of events or facts that shapes them into an 
ŜƳƻǘƛƻƴŀƭƭȅ ǎŀǘƛǎŦŀŎǘƻǊȅ ǿƘƻƭŜέ ό9ƎŀƴΣ нллрΣ ǇΦ ффύΦ ¢ƘŜȅ ǇǊƻǇƻǎŜ ŀ ŎƻǳƴǘŜǊ-intuitive, 
revolutionary idea: Instead of starting with what students already know, we should start 
with what they can imagine. The idea that imagination can open the doors of perception 
so that creativity and effective learning can occur spoke volumes and resonated well 
with my own beliefs and past experiences as a science student, professional chemist, 
and teacher.  

9ƎŀƴΩǎ ōƻƻƪs (Egan, 1997; Egan, Stout, & Takaya, 2007) gave me direction on 
how to develop both the curriculum and the instructional strategies employed in my 
science courses. Because of my interest in painting, the mention that artmaking fosters 
imagination made a powerful link with my past experiences with surfactants. I was able 
to solve the puzzle by creating an abstract painting of those molecules in my mind. 

 
The art of painting aims to perfect vision, thanks to a pure visual perception of 
the outside world through the sense of sight alone. When a picture is conceived 
with this aim in mind, it is a means of replacing natural scenes where the eyes 
function mechanically, because of habit, which masks these sights which are 
always the same or always what we expect. (Magritte, 2016, p. 121) 
 

The opportunity to explore imaginative approaches to teaching arose in 2009, the first 
time I taught History and Methodology of Science, a course for Liberal Arts students at 
Vanier College. I proposed a major assignment in which students used the visual arts to 
portray some of the scientific concepts studied in the course (Lima & Timm-Bottos, 
2018). Over the years, I have tweaked the format by including asynchronous dialogues 

outside the classroom to flesh out ideas and bring concepts to the expected level of 
complexity (Lima, 2016). I also felt the need to include art labs (Lima, 2017) and sought 
the participation of art teachers in the process. After a couple of years working with 
Liberal Arts cohorts, I proposed a similar assignment in my General Chemistry, Solution 
Chemistry, and Organic Chemistry courses. Science students were asked to express the 
big ideas (Lima, 2016) and threshold concepts in Chemistry through visual arts, and they 
were required to write a rationale explaining the links between the course content and 
the visual representations in their final products. Examples of their artwork can be seen 
in Figures 2 and 3. 
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Figure 3: The Wonder of Science  
(by Kristina Esposto, 2010) 

 
The conceptual framework of this project was 

also inspired by the collaborative developmental 
studies conducted by Jerome Bruner (Efland, 2002; 
Gardner, 2006). Bruner outlined three ordered ways 
in which children represent the world: the enactive 
level (through action), the iconic level (through 
mental imagery), and the symbolic level (through the 
manipulation of symbols). Although early childhood 
education curricula intertwine a variety of learning 
strategies from these three ordered levels, similar 
approaches are not available in the teaching of 
science at the college level. It seems that teachers 
(especially those in the natural sciences) have been 
trained to look down on imaginative approaches for 
students who are older than toddlers, as if 
imagination is inferior to rational, Cartesian thought. 
Instead of starting with the iconic level, traditional 
approaches overemphasize symbolic representation, 
which leads to rote learning. In the traditional 
teaching of science, it is way too common to mistake 

the ideas for their symbolism: Being able to read the symbols has no direct correlation 
with reaching the knowledge they represent. As Greene (1995, p. 74) points out:  
 

²Ƙŀǘ ǎŜŜƳǎ ŎǊǳŎƛŀƭ ƛǎΧǘƘŜ ŀŎǘƛǾŜ ƛƴǎŜǊǘƛƻƴ ƻŦ ƻƴŜΩǎ ǇŜǊŎŜǇǘƛƻƴ ƛƴǘƻ ǘƘŜ ƭƛǾŜŘ 
ǿƻǊƭŘΧ ¢ƻ ǇƻƴŘŜǊ ǘƘƛǎ ƛǎ ǘƻ ōŜŎƻƳŜ ŎƻƴǾƛƴŎŜŘ ǘƘŀǘ ƳǳŎƘ ƻŦ ŜŘǳŎŀǘƛƻƴ ŀǎ ǿŜ 
know it is an education of forgetfulness. Distracting the young from their own 
perceived landscapes and shapes, we teachers insist on the givenness of 
predetermined explanatory frames. We loosen the connections between the 
young and the objects, images, articulations, and other people with which they 
have been enmeshed. 
 

Figure 2: Taste the Science! (by Jacklyn Di Genova, 2010) 
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Asking students to portray abstract chemical concepts such atomic models, 
energy, or chemical bonding using visual representations nurtures their imagination and 
creative thinking skills. Representing scientific knowledge at the iconic level might help 
them make the transition from the abstract to the concrete. The abstract character of 
the visual arts has the potential to open a window onto the invisible world of chemistry 
by providing new insights and shedding light on counterintuitive scientific concepts that 
stem from formal, conceptual structures that do not arise spontaneously in the 
everyday experiences of learners. This reflects the necessity of academic concepts to be 
linked with spontaneous concepts as shown in the grassroots works of Vygotsky 
(Connery, John-Steiner, & Marjanovic-Shane, 2010), Dewey (Jackson, 1998; Taber, 
2009), and Freire (1998).  

By envisioning learning as an interpretive, recursive, nonlinear building process 
accessed through physical and social interactions, the STEAM curriculum can combine 
images and narratives thŀǘ ŎƻƴƴŜŎǘ ƻƴŜΩǎ ƛƳŀƎƛƴŀǘƛƻƴ ŀƴŘ ƛŘŜƴǘƛǘȅ ǘƻ ǘƘŜ ŎƻǳǊǎŜ 
material. This might be especially useful for learners who are struggling to form a 
cohesive map of science in their minds. Including art in STEM might help science 
students see the world in new ways and enlarge their intellectual profile (Gardner, 
2006) beyond the prevalent logical-mathematical and verbal-linguistic domains that are 
commonly explored in science courses.  

There is a misconception that creativity in school is only about artistic expression 
(Resnick, 2017). The inclusion of art in STEM entails more than seeing and creating 
objects that appeal aesthetically. Instead, art informs the world in unique ways by 
developing creative thinking while refining perception to enhance understanding 
(Eisner, 1998). The process of artistic creation requires active engagement, imagination, 
trial-and-error, the ability to integrate concepts, and the use of higher-level cognitive 
domains. Those skills are useful as illustrated by the story at the beginning of this article: 
Job markets are constantly expressing their need for creative workers who can think 
outside the box and propose innovative approaches to grapple with new challenges.  

Due to the stringent character of the science curriculum, not enough time is 
allocated to explain the role of imagination in developing groundbreaking theories such 
ŀǎ CŀǊŀŘŀȅΩǎ ŜƭŜŎǘǊƻƳŀƎƴŜǘƛǎƳ ŀƴŘ ŜƭŜŎǘǊƻŎƘŜƳƛǎǘǊȅ ƻǊ 9ƛƴǎǘŜƛƴΩǎ wŜƭŀǘƛǾƛǘȅΦ .ȅ ƻƳƛǘǘƛƴƎ 
the paramount importance of imagery in developing scientific models, schools reiterate 
the false dichotomies that science and art as well as imagination and reason lie in 
opposition to each other. These misconceptions also reinforce the dualistic view of 
knowledge possessed by most college students since, instead of emphasizing the 
intrinsic limitations of models, teachers often present the scientific method as an almost 
infallible way of knowing. At this level, students tend to believe that scientific 
knowledge represents an absolute truth and that scientific discoveries are the result of a 
mere flash of insight of extremely gifted individuals (Resnick, 2017) rather than being 
part of a slow and meticulous process.  

Luckily, in the last decades, the connections between art and science (Castel & 
Sismondo, 2008; Henderson, 2008; Kandel, 2016; Lemons, 2017; Miller, 2000; 
Parkinson, 2008) and science and imagination (James & Brookfield, 2014; Kandel, 2012; 
Rocke, 2010; Root-Bernstein & Root-Bernstein, 1999; Vignale, 2011) have received a 
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great deal of attention as attested to by the growing number of publications on the 
topic. The ambition of developing a STEAM curriculum that nurtures imagination and 
creative thinking on a national scale is achievable. It can be a powerful tool to engage 
21st-century students with a world in flux as they construct knowledge in a meaningful 
way.  

 
9ƴƎŀƎŜƳŜƴǘ ƛƴ ǘƘŜ ŀǊǘǎ Χ ǎŜŜƳǎ ǘƻ ǇƭŀŎŜ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƛƴ ŀƴƻǘƘŜǊ ǿƻǊƭŘΦ 
!ŜǎǘƘŜǘƛŎ ǎŀǘƛǎŦŀŎǘƛƻƴǎ Χ enable a person to lose a sense of distance and time; 
one seems to occupy a spaceless and timeless universe that in retrospect yields 
high degrees of satisfaction. (Eisner, 2002, p. 202) 
 
We need creative individuals to find solutions to the serious societal and 

environmental problems that humans are currently facing. The inability to attract 
students to science is a trend that has been observed worldwide and has become a 
ǎŜǊƛƻǳǎ ǘƘǊŜŀǘ ǘƻ ƪŜŜǇƛƴƎ ǳǇ ǿƛǘƘ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƴƴƻǾŀǘƛƻƴǎ ƻŦ ǘƻŘŀȅΩǎ 
world. At a time when creativity is needed more than ever before, it is worthwhile to 
explore the multiple facets of the STEAM curriculum to enhance the quality of 
instruction by providing more interactive, engaging, and rewarding lessons.  
 

Jailson Lima teaches Chemistry at Vanier College in 
Montreal, Canada. He has been involved with curriculum 
development with the aim of exploring the visual arts to 
enhance the learning of scientific concepts. He is the 
recipient of the Beaumier Award from the Chemical 
Institute of Canada. 
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Colliding Worlds: How Cutting-Edge Science is Redefining 
Contemporary Art (Preface) 
By Arthur I. Miller 
 
 
Preface reprinted with permission from Miller, A. (2014). Colliding Worlds: How Cutting-
Edge Science is Redefining Contemporary Art (New York: W.W. Norton) 
(https://amzn.to/2OSENpf)  
 

 
 
hƴ hŎǘƻōŜǊ моΣ мфссΣ ǘƘŜ bŜǿ ¸ƻǊƪ ƎƭƛǘǘŜǊŀǘƛ ŀƴŘ ŀƭƭ ǘƘƻǎŜ ǿƘƻ ōŀǎƪŜŘ ƛƴ ǘƘŜƛǊ Ǝƭƻǿ 
ŘŜǎŎŜƴŘŜŘ ƻƴ ǘƘŜ ŎŀǾŜǊƴƻǳǎ сфǘƘ wŜƎƛƳŜƴǘ !ǊƳƻǊȅ ƻƴ [ŜȄƛƴƎǘƻƴ !ǾŜƴǳŜ ǘƻ ŎŜƭŜōǊŀǘŜ 
ǘƘŜ ƻǇŜƴƛƴƎ ƴƛƎƘǘ ƻŦ ф 9ǾŜƴƛƴƎǎΥ ¢ƘŜŀǘŜǊ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎΣ ǘƘŜ ŦƛǊǎǘ ŜǾŜǊ ƭŀǊƎŜ-ǎŎŀƭŜ 
ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ ŀǊǘƛǎǘǎΣ ŜƴƎƛƴŜŜǊǎΣ ŀƴŘ ǎŎƛŜƴǘƛǎǘǎΦ ¢Ŝƴ ŀǊǘƛǎǘǎ ŀƴŘ ǘƘƛǊǘȅ ŜƴƎƛƴŜŜǊǎ 
ǘƻƻƪ ǇŀǊǘ ŀƴŘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǘƘŜȅ ǳǎŜŘ ǿŀǎ ǎǇŜŎǘŀŎǳƭŀǊƭȅ ƴŜǿ ŀǘ ǘƘŜ ǘƛƳŜΦ 

bŀǘǳǊŀƭƭȅ !ƴŘȅ ²ŀǊƘƻƭΣ ƛƴ ǎǳƴƎƭŀǎǎŜǎ ŀƴŘ ƭŜŀǘƘŜǊ ƧŀŎƪŜǘΣ ǿŀǎ ǘƘŜǊŜΣ ǎǳǊǊƻǳƴŘŜŘ 
ōȅ Ƙƛǎ ŜƴǘƻǳǊŀƎŜΦ IŜ ǿŀǎ ƘŜŀǊŘ ǘƻ ŘŜŎƭŀǊŜΣ άLǘΩǎ Ƨǳǎǘ ƎǊŜŀǘΦέ ¢ƘŜ .Ŝŀǘ ǇƻŜǘ !ƭƭŜƴ DƛƴǎōŜǊƎ 
ǿŀǎ ŀǇǇǊƻŀŎƘŜŘ ōȅ ŀ ȅƻǳƴƎ ǿƻƳŀƴ ǿƘƻ ǿƘƛǎǇŜǊŜŘ ƛƴ Ƙƛǎ ŜŀǊΣ ά̧ ƻǳ ǇǊƻōŀōƭȅ ŘƻƴΩǘ 
ǊŜƳŜƳōŜǊ ƳŜΣ ōǳǘ LΩƳ {ǳǎŀƴ {ƻƴǘŀƎΦέ aŀǊŎŜƭ 5ǳŎƘŀƳǇΣ ǿƘƻ ƘŀŘ ƪƛŎƪ-ǎǘŀǊǘŜŘ ǘƘŜ ŜƴǘƛǊŜ 

http://www.circesfu.ca/
https://amzn.to/2OSENpf


CIRCE: The Centre for Imagination in Research, Culture & Education http://www.circesfu.ca 

 

 

24 

ƳƻŘŜǊƴ ƳƻǾŜƳŜƴǘ ƛƴ ŀǊǘΣ ǿŀǎ ǘƘŜǊŜ ǘƻƻΣ ƴƻ Řƻǳōǘ ǊŜƳŜƳōŜǊƛƴƎ ǘƘŜ ƳƻƳŜƴǘ ŦƛŦǘȅ ȅŜŀǊǎ 
ŜŀǊƭƛŜǊ ŀǘ ǘƘŜ мфмо !ǊƳƻǊȅ ǎƘƻǿ ǿƘŜƴ Ƙƛǎ bǳŘŜ 5ŜǎŎŜƴŘƛƴƎ ŀ {ǘŀƛǊŎŀǎŜ ƘŀŘ ǎŎŀƴŘŀƭƛȊŜŘ 
bŜǿ ¸ƻǊƪΦ ¢ƘŜ ǳǇ-ŀƴŘ-ŎƻƳƛƴƎ ŀǊǘƛǎǘ /ƘǳŎƪ /ƭƻǎŜ ǎŀǘ ƴŜȄǘ ǘƻ 5ǳŎƘŀƳǇΦ ¢ƘŜ ŦŀǎƘƛƻƴ 
ŘŜǎƛƎƴŜǊ ¢ƛƎŜǊ aƻǊǎŜ ǿƻǊŜ ŀ ōŀǊŜ ƳƛŘǊƛŦŦ ƻǳǘŦƛǘ ƻŦ ǿƘƛǘŜ Ǿƛƴȅƭ ǿƛǘƘ ŀ ǇƻǊǘŀōƭŜ ƭŀƳǇ 
ǿƘƛŎƘ ōŀǘƘŜŘ ƘŜǊ ƛƴ ŀ ǾƛƻƭŜǘ ƎƭƻǿΦ 

9ǾŜǊȅƻƴŜ ƛƴǾƻƭǾŜŘ ŀƎǊŜŜŘ ǘƘŀǘ wƻōŜǊǘ wŀǳǎŎƘŜƴōŜǊƎ ǿŀǎ ǘƘŜ ƛƴǎǇƛǊŀǘƛƻƴ ōǳǘ WƻƘƴ 
/ŀƎŜ ǿŀǎ ǳƴŘƻǳōǘŜŘƭȅ ǘƘŜ ǎǘŀǊΦ /ŀƎŜΣ ǘƘŜ ŎƻƳǇƻǎŜǊ ŦŀƳƻǳǎ ŦƻǊ Ƙƛǎ пΩооέτŦƻǳǊ ƳƛƴǳǘŜǎ 
ŀƴŘ ǘƘƛǊǘȅ-ǘƘǊŜŜ ǎŜŎƻƴŘǎ ƻŦ ƛƴǘŜƴǎŜ ǎƛƭŜƴŎŜτǇǊƻŘǳŎŜŘ ŀ ŎƻƭƭŀƎŜ ƻŦ ǎƻǳƴŘǎ ǊŀƴŘƻƳƭȅ 
ŎƻƭƭŜŎǘŜŘ ŀǘ ǘƘŀǘ ƳƻƳŜƴǘ ōȅ ǘŜƭŜǇƘƻƴŜǎ ŀǊƻǳƴŘ ǘƘŜ Ŏƛǘȅ ŀƴŘ ǘƘŜ !ǊƳƻǊȅΦ !ǎ ǘƘŜ 
ǇŜǊŦƻǊƳŀƴŎŜ ǿŜƴǘ ƻƴΣ ƻƴŜ ōȅ ƻƴŜ ƳŜƳōŜǊǎ ƻŦ ǘƘŜ ŀǳŘƛŜƴŎŜ ǎǘŜǇǇŜŘ ƻƴǎǘŀƎŜ ǘƻ ŀŘŘ ǘƻ 
ǘƘŜ ŎŀŎƻǇƘƻƴȅΣ ǇƭŀȅƛƴƎ ǿƛǘƘ ƧǳƛŎŜǊǎ ŀƴŘ ƳƛȄŜǊǎ ƛƴǎǘŀƭƭŜŘ ǘƘŜǊŜΦ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ƴƛƎƘǘΣ wŀǳǎŎƘŜƴōŜǊƎΣ ǘƘŜ ŎŜƭŜōǊŀǘŜŘ ƛŎƻƴƻŎƭŀǎǘ ŀƴŘ ŀǊǘƛǎǘΣ ǎƘƻǿŜŘ 
ŀ ǇƛŜŎŜ ŎŀƭƭŜŘ hǇŜƴ {ŎƻǊŜΣ ōŀǎƛŎŀƭƭȅ ŀ ƎŀƳŜ ƻŦ ǘŜƴƴƛǎ ǿƛǘƘ ǘƘŜ ǊŀŎƪŜǘǎ ǿƛǊŜŘ ǘƻ ǘǊŀƴǎƳƛǘ 
ǎƻǳƴŘΦ 9ǾŜǊȅ ǘƛƳŜ ŀ ǊŀŎƪŜǘ Ƙƛǘ ŀ ōŀƭƭΣ ŀƴ ŀƳǇƭƛŦƛŜŘ άōƻƛƴƎέ ǊŜǎƻǳƴŘŜŘ ŀǊƻǳƴŘ ǘƘŜ 
ōǳƛƭŘƛƴƎ ŀƴŘ ƻƴŜ ƻŦ ǘƘŜ ŦƻǊǘȅ-ŜƛƎƘǘ ƭƛƎƘǘǎ ǿŜƴǘ ƻǳǘΣ ǳƴǘƛƭ ǘƘŜ ŀǳŘƛŜƴŎŜ ǿŀǎ ƛƴ ǘƻǘŀƭ 
ŘŀǊƪƴŜǎǎΦ 

¢ƘŜ ǇŜǊŦƻǊƳŀƴŎŜǎ ǿŜǊŜ ōȅ ǘǳǊƴǎ ƳŀƎƛŎŀƭ ŀƴŘ ŎƘŀƻǘƛŎΦ Lǘ ǿŀǎ ŀƴ !ƴŘȅ ²ŀǊƘƻƭ 
ƳƻƳŜƴǘΣ ŀƭǘƘƻǳƎƘ ǾŜǊȅ ƳǳŎƘ ƛƴǎǇƛǊŜŘ ōȅ 5ǳŎƘŀƳǇΦ ¢ƘŜ ǘǿƻ ǎŜǊǾŜŘΣ ǎƻ ǘƻ ǎǇŜŀƪΣ ŀǎ 
ōƻƻƪŜƴŘǎΣ ²ŀǊƘƻƭ ŀǎ ǘƘŜ ƭƻƎƛŎŀƭ ŎƻƴŎƭǳǎƛƻƴ ƻŦ 5ǳŎƘŀƳǇτŦǊƻƳ ǘƘŜ ǊŜŀŘȅ-ƳŀŘŜ ǘƻ ǘƘŜ 
/ŀƳǇōŜƭƭΩǎ ǎƻǳǇ ŎŀƴΦ 9ǾŜǊȅƻƴŜ ǿŀǎ ǎǳǊŜ ǿƘŀǘ ǘƘŜȅ ǿŜǊŜ ǎŜŜƛƴƎ ǿŀǎ ŀ ōǊŀƴŘ ƴŜǿ ŀǊǘ 
ƳƻǾŜƳŜƴǘ ǘƘŀǘ ǿŀǎ ƎƻƛƴƎ ǘƻ ōƭƻǿ ŀ ƘƻƭŜ ǊƛƎƘǘ ǘƘǊƻǳƎƘ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŀǊǘ 
ǎŎŜƴŜτŀƴŘ ǘƘŜȅ ǿŀƴǘŜŘ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜȅ ǿŜǊŜ ƛƴ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎΦ ¢ƘŜ ƻǇŜƴƛƴƎ ƴƛƎƘǘ 
ǿŀǎ ŀ ǎŜƭƭƻǳǘΣ ǿƛǘƘ мΣтнт ǘƛŎƪŜǘǎ ǎƻƭŘΤ мΣрлл ǇŜƻǇƭŜ ƘŀŘ ǘƻ ōŜ ǘǳǊƴŜŘ ŀǿŀȅΦ Lƴ ŀƭƭΣ ммΣллл 
ǇŜƻǇƭŜ ŀǘǘŜƴŘŜŘΣ ǿƛǘƘ ǎŜƭƭƻǳǘǎ ƻƴ ǘƘǊŜŜ ƻŦ ǘƘŜ ƴƛƴŜ ŜǾŜƴƛƴƎǎΦ 9ǾŜǊȅōƻŘȅ ǿƘƻ ǿŀǎ 
ŀƴȅōƻŘȅΣ ƻǊ ƘŀŘ ŘǊŜŀƳǎ ƻŦ ōŜƛƴƎ ǎƻƳŜōƻŘȅΣ ǿŀǎ ǘƘŜǊŜ ǘƻ ōŀǎƪ ƛƴ ǘƘŜ Ǝƭƻǿ ƻŦ ǘƘŜ ŀƭǊŜŀŘȅ 
ŦŀƳƻǳǎΦ ! bŜǿ ¸ƻǊƪ ¢ƛƳŜǎ ǊŜǇƻǊǘŜǊ ǿǊƻǘŜ ƻŦ ŀ ǎƻƭŘ-ƻǳǘ ǇŜǊŦƻǊƳŀƴŎŜΣ ά! ōƻƳō ŘǊƻǇǇŜŘ 
ƘŜǊŜ ǿƻǳƭŘ ǘǳǊƴ ƻŦŦ ǘƘŜ ǿƘƻƭŜ bŜǿ ¸ƻǊƪ ŀǊǘ ǎŎŜƴŜΦέ 

Lƴ ǘƘŜ ƴŜŀǊƭȅ ƘŀƭŦ ŎŜƴǘǳǊȅ ǘƘŀǘ Ƙŀǎ ǇŀǎǎŜŘ ǎƛƴŎŜ ǘƘŀǘ ŦƛǊǎǘ ŜȄǇƭƻǎƛƻƴ ƻŦ ŜȄŎƛǘŜƳŜƴǘΣ 
ŀǊǘΣ ǎŎƛŜƴŎŜΣ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƘŀǾŜ ǊǳōōŜŘ ǳǇ ŀƎŀƛƴǎǘ ƻƴŜ ŀƴƻǘƘŜǊ ƛƴ ƳȅǊƛŀŘ ǿŀȅǎΦ ¢ƘŜ 
ǊŜǎǳƭǘƛƴƎ ŀǊǘǿƻǊƪǎ ƘŀǾŜ ōŜŜƴ ǎƻƳŜǘƛƳŜǎ ōŜŀǳǘƛŦǳƭΣ ǎƻƳŜǘƛƳŜǎ ŘƛǎǘǳǊōƛƴƎΣ ǎƻƳŜǘƛƳŜǎ 
ǎǳōǾŜǊǎƛǾŜΣ ǎƻƳŜǘƛƳŜǎ ŘƻǿƴǊƛƎƘǘ ŎǊŀȊȅΣ ōǳǘ ŀƭǿŀȅǎ ƛƴǘŜǊŜǎǘƛƴƎΣ ƴŜǿΣ ŀƴŘ ǇǳǎƘƛƴƎ ǘƘŜ 
ōƻǳƴŘŀǊƛŜǎΦ 

/ƻƭƭƛŘƛƴƎ ²ƻǊƭŘǎ ōŜƎƛƴǎ ōȅ ǘŀƪƛƴƎ ǘƘŜ ǎǘƻǊȅ ōŀŎƪ ǘƻ ǘƘŜ ŜŀǊƭȅ Řŀȅǎ ƻŦ ǘƘŜ 
ǘǿŜƴǘƛŜǘƘ ŎŜƴǘǳǊȅΣ ǿƘŜƴ ƛƴǾŜƴǘƛƻƴǎ ǎǳŎƘ ŀǎ Ȅ-Ǌŀȅǎ ŀƴŘ ǇƘƻǘƻƎǊŀǇƘȅ ǘǊŀƴǎŦƻǊƳŜŘ ǘƘŜ 
ǿŀȅ ǿŜ ǎŜŜ ǘƘŜ ǿƻǊƭŘΦ !Ǌǘƛǎǘǎ ǎǳŎƘ ŀǎ tƛŎŀǎǎƻ ŀƴŘ YŀƴŘƛƴǎƪȅ ǘƻƻƪ ƻƴ ōƻŀǊŘ ǘƘŜ ƭŀǘŜǎǘ 
ǎŎƛŜƴǘƛŦƛŎ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ǿƘƛƭŜ ǎŎƛŜƴǘƛǎǘǎ ŦƻǳƴŘ ǘƘŜƳǎŜƭǾŜǎ ŘǊƛǾŜƴ ōȅ ǉǳŜǎǘƛƻƴǎ ƭƛƪŜ ǘƘŜ 
ǊŜƭŜǾŀƴŎŜ ƻŦ ŀŜǎǘƘŜǘƛŎǎ ǘƻ ǎŎƛŜƴŎŜ ŀƴŘ ǿƘŀǘ ƳŀƪŜǎ ŀ ǎŎƛŜƴǘƛŦƛŎ ǘƘŜƻǊȅ ōŜŀǳǘƛŦǳƭΦ .ǳǘ ƛǘ 
ǿŀǎ ƴƻǘ ǳƴǘƛƭ ǘƘŜ ǎŜŎƻƴŘ ƘŀƭŦ ƻŦ ǘƘŜ ƭŀǎǘ ŎŜƴǘǳǊȅ ǘƘŀǘ ǘƘŜ ƴŜǿ ƳƻǾŜƳŜƴǘΣ ǿƘƛŎƘ Ƙŀǎ 
ŎƻƳŜ ǘƻ ŘŜŦƛƴŜ ǘƘŜ ǘǿŜƴǘȅ-ŦƛǊǎǘ ŎŜƴǘǳǊȅΣ ǊŜŀƭƭȅ ŦƭƻǿŜǊŜŘΣ ŀƴŘ ƛǘ ƛǎ ǘƘƛǎ ŦƭƻǿŜǊƛƴƎ ǘƘŀǘ 
ŦƻǊƳǎ ǘƘŜ ōǳƭƪ ƻŦ Ƴȅ ǎǘƻǊȅΦ Lǘǎ ŎǊŜŀǘƻǊǎ ŀǊŜ ŀǊǘƛǎǘǎ ŀƴŘ ǎŎƛŜƴǘƛǎǘǎ ǿƻǊƪƛƴƎ ǘƻƎŜǘƘŜǊ ǘƻ 
ŎǊŜŀǘŜ ƛƳŀƎŜǎ ŀƴŘ ƻōƧŜŎǘǎ ƻŦ ǎǘǳƴƴƛƴƎ ōŜŀǳǘȅΣ ŀƭƻƴƎ ǘƘŜ ǿŀȅ ǊŜŘŜŦƛƴƛƴƎ ǘƘŜ ǾŜǊȅ ŎƻƴŎŜǇǘ 
ƻŦ άŀŜǎǘƘŜǘƛŎέτƻŦ ǿƘŀǘ ǿŜ ƳŜŀƴ ōȅ άŀǊǘέ ŀƴŘΣ ŜǾŜƴǘǳŀƭƭȅΣ ōȅ άǎŎƛŜƴŎŜΦέ 

L ǎǘŀǊǘŜŘ ǘƻ ǿǊƛǘŜ ŀōƻǳǘ Ƙƻǿ ŀǊǘ ƛƴǘŜǊŀŎǘǎ ǿƛǘƘ ǎŎƛŜƴŎŜ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǘƘŜ 
мфулǎΣ ǿƘŜƴ ŦŜǿ ǇŜƻǇƭŜ ƻǘƘŜǊ ǘƘŀƴ ǘƘŜ ŀǊǘƛǎǘǎ ŀƴŘ ǎŎƛŜƴǘƛǎǘǎ ǘƘŜƳǎŜƭǾŜǎ ǿŜǊŜ ǘŀƪƛƴƎ 
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ƴƻǘŜΦ hǾŜǊ ǘƘŜ ȅŜŀǊǎ L ǿŀǘŎƘŜŘ ŀǎ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ŀǊǘƛǎǘǎ ŜƳŜǊƎŜŘΣ ŀƭƻƴƎ ǿƛǘƘ ƳƻǊŜ ŀƴŘ 
ƳƻǊŜ ŀǊǘ ŦŀƛǊǎ ŀƴŘ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ŎƻƴŦŜǊŜƴŎŜǎΦ L ǿŀǘŎƘŜŘ ŀǎ ǘƘŜ ƳƻǾŜƳŜƴǘ ƎǊŜǿ ŦǊƻƳ 
ǎƻƳŜǘƘƛƴƎ ǳƴŘŜǊƎǊƻǳƴŘ ǘƻ ǎƻƳŜǘƘƛƴƎ ŦŀǊ ƳƻǊŜ ƳŀƛƴǎǘǊŜŀƳ ǘƘŀǘ ƛƳǇƛƴƎŜǎ ƻƴ ƻǳǊ Řŀƛƭȅ 
ƭƛŦŜΣ ǘƘŜ ǊŜŀƭƳ ƻŦ ǿƘŀǘ ǿŜ ŀƭƭ ǘŀƪŜ ŦƻǊ ƎǊŀƴǘŜŘΦ 

Cǳƭƭ ƻŦ ŎǳǊƛƻǎƛǘȅΣ L ōŜƎŀƴ ǘƻ ǘǊŀŎƪ Řƻǿƴ ŀƴŘ ǘŀƭƪ ǘƻ ǘƘƻǎŜ ƛƴǾƻƭǾŜŘΦ L ƭŜŀǊƴŜŘ ǿƘƻ 
ǘƘŜǎŜ ŀǊǘƛǎǘǎ ŀǊŜΣ ǿƘȅ ǘƘŜȅ ŘŜŎƛŘŜŘ ǘƻ ōŜŎƻƳŜ ŀǊǘƛǎǘǎΣ ǿƘŀǘ ƛǘ ƳŜŀƴǘ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ 
ǎŎƛŜƴǘƛǎǘǎΣ ŀƴŘ ǿƘŀǘ ǘƘŜƛǊ ƴƻǘƛƻƴǎ ƻŦ ŀŜǎǘƘŜǘƛŎǎ ŀƴŘ ōŜŀǳǘȅ ǿŜǊŜ ƛƴ ǘƘƛǎ ǎǘǊŀƴƎŜ ŀƴŘ 
Ŏƻƴǎǘŀƴǘƭȅ ŜǾƻƭǾƛƴƎ ǘŜǊǊŀƛƴτǘƘŜ ŀǾŀƴǘ-ƎŀǊŘŜ ƻŦ ǘƘŜ ǘǿŜƴǘȅ-ŦƛǊǎǘ ŎŜƴǘǳǊȅτŀƴŘ ōŜƎŀƴ ǘƻ 
Ǉǳǘ ǘƻƎŜǘƘŜǊ ǘƘŜǎŜ ŘƛǎǇŀǘŎƘŜǎ ŦǊƻƳ ǘƘŜ ŜŘƎŜ ƻŦ ŀǊǘ ŀƴŘ ǎŎƛŜƴŎŜΦ L ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ǘƘŜ 
ŀǊǘƛǎǘǎ L ǎǇƻƪŜ ǘƻ ŀǊŜ ŀƭƭ ŜƴƎŀƎŜŘ ƛƴ ǘƘŜ ǎŀƳŜ ǉǳŜǎǘΥ ǘƻ ŦƛƴŘ ŀ ǿŀȅ ǘƻ ǳƴƛǘŜ ŀǊǘΣ ǎŎƛŜƴŎŜΣ 
ŀƴŘ ǘŜŎƘƴƻƭƻƎȅΦ 

L ƭƻƻƪŜŘ ŦƻǊ ƭŜŀŘƛƴƎ ŀǊǘƛǎǘǎ ǿƻǊƪƛƴƎ ƛƴ ŀƭƭ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ŀǊŜŀǎ ƻŦ ǘƘŜ ƴŜǿ 
ƳƻǾŜƳŜƴǘΦ LΩǾŜ ƭƛƳƛǘŜŘ ƳȅǎŜƭŦ ǘƻ ŀǊǘƛǎǘǎ ǿƘƻǎŜ ǿƻǊƪǎ ƛƭƭǳƳƛƴŀǘŜ ǎŎƛŜƴŎŜ ŀƴŘ ƳƛƎƘǘ ŜǾŜƴ 
ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎŎƛŜƴǘƛŦƛŎ ŀŘǾŀƴŎŜǎΦ L ŀƳ ƭŜǎǎ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘƻǎŜ ǿƘƻ ǎƛƳǇƭȅ ǳǎŜ ǎŎƛŜƴŎŜ ǘƻ 
ƛƭƭǳǎǘǊŀǘŜ ǘƘŜƛǊ ǘƘŜƳŜǎΦ !ƭǘƘƻǳƎƘ ǘƘŜ ǊŜǎǳƭǘǎ Ŏŀƴ ōŜ ŘŀȊȊƭƛƴƎΣ ǘƘŜȅ ŘƻƴΩǘ ǊŜŦƭŜŎǘ ōŀŎƪ ƻƴǘƻ 
ǎŎƛŜƴŎŜ ƻǊ ǘŜŎƘƴƻƭƻƎȅΦ {ƻƳŜ ƻŦ ǘƘŜ ŀǊǘƛǎǘǎ L ǎǇƻƪŜ ǘƻ ŎƻƭƭŀōƻǊŀǘŜ ǿƛǘƘ ǎŎƛŜƴǘƛǎǘǎΣ ƻǘƘŜǊǎ 
ƘŀǾŜ ƭŜŀǊƴŜŘ ŀǘ ƭŜŀǎǘ ǎƻƳŜ ǊŜƭŜǾŀƴǘ ǎŎƛŜƴǘƛŦƛŎ ŎƻƴŎŜǇǘǎΣ ǿƘƛƭŜ ƻǘƘŜǊǎ ŀǊŜ ōƻǘƘ ŀǊǘƛǎǘǎ ŀƴŘ 
ǎŎƛŜƴǘƛǎǘǎτŀǊǘƛǎǘǎ ǿƘƻ ŀǊŜ ŀƭǎƻ ǊŜǎŜŀǊŎƘŜǊǎΦ 

¢ƻ Ƴȅ ǎǳǊǇǊƛǎŜΣ ŎƻƭƭŀōƻǊŀǘƛƻƴ ōŜǘǿŜŜƴ ŀǊǘƛǎǘǎ ŀƴŘ ǎŎƛŜƴǘƛǎǘǎ ǘǳǊƴŜŘ ƻǳǘ ǘƻ ōŜ ŀ 
ƳƛƴŜŦƛŜƭŘΦ Lǎ ƛǘ ŀƭǿŀȅǎ ǘƘŜ ŀǊǘƛǎǘ ǿƘƻ ōŜƴŜŦƛǘǎΣ ŀƴŘ ƴƻǘ ǘƘŜ ǎŎƛŜƴǘƛǎǘΚ 5ƻŜǎ ŀ ǎŎƛŜƴǘƛǎǘΩǎ 
ŜǾŜǊȅŘŀȅ ǊŜǎŜŀǊŎƘ ōŜƴŜŦƛǘ ŦǊƻƳ ǎǳŎƘ ŎƻƭƭŀōƻǊŀǘƛƻƴǎΚ ¢ƘŜǎŜ ŀǊŜ ǘƻǇƛŎǎ ǘƘŀǘ ŎŀƳŜ ǳǇ 
ŀƎŀƛƴ ŀƴŘ ŀƎŀƛƴ ƛƴ ǘƘŜ ŎƻǳǊǎŜ ƻŦ Ƴȅ ǊŜǎŜŀǊŎƘΦ 

Lƴƛǘƛŀƭƭȅ L ǎƻǳƎƘǘ ƻǳǘ ǘƘŜǎŜ ƴŜǿ-ǿŀǾŜ ŀǊǘƛǎǘǎ Ǿƛŀ ƎŀƭƭŜǊƛŜǎ ŀƴŘ ƳǳǎŜǳƳǎΦ .ǳǘ ǘƘŜ 
ŀǾŀƴǘ-ƎŀǊŘŜ Ƙŀǎ ƴŜǾŜǊ ōŜŜƴ ǿŜƭŎƻƳŜ ƛƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŀǊǘ ǿƻǊƭŘΦ LƴǎǘŜŀŘΣ ǘƘŜǎŜ ŀǊǘƛǎǘǎ 
ƘŀǾŜ ŎǊŜŀǘŜŘ ǎǳǇǇƻǊǘ ƴŜǘǿƻǊƪǎ ƻŦ ǘƘŜƛǊ ƻǿƴΦ ¢ƘŜȅ ƳŜŜǘ ŀǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōƛŜƴƴŀƭŜǎ ŀƴŘ 
ǊŜƎǳƭŀǊ ƎŀǘƘŜǊƛƴƎǎ ŘŜǾƻǘŜŘ ǘƻ ŎŜƭŜōǊŀǘƛƴƎ ŀƴŘ ŜȄƘƛōƛǘƛƴƎ ǘƘŜ ƭŀǘŜǎǘ ŎǊŜŀǘƛƻƴǎ ƛƴ ǎŎƛŜƴŎŜ-
ƛƴŦƭǳŜƴŎŜŘ ŀǊǘΦ CƻǊŜƳƻǎǘ ŀƳƻƴƎ ǘƘŜǎŜ ŀǊŜ !Ǌǎ 9ƭŜŎǘǊƻƴƛŎŀ ƛƴ [ƛƴȊΣ !ǳǎǘǊƛŀΣ ½ŜƴǘǊǳƳ ŦǸǊ 
Yǳƴǎǘ ǳƴŘ aŜŘƛŜƴǘŜŎƘƴƻ-ƭƻƎƛŜ ό½Yaύ ƛƴ YŀǊƭǎǊǳƘŜ ŀƴŘ 5ƻŎǳƳŜƴǘŀ ƛƴ YŀǎǎŜƭΣ ōƻǘƘ ƛƴ 
DŜǊƳŀƴȅΣ ǘƘŜ {ŎƛŜƴŎŜ DŀƭƭŜǊȅ ƛƴ 5ǳōƭƛƴΣ [Ŝ [ŀōƻǊŀǘƻƛǊŜ ƛƴ tŀǊƛǎΣ /9wb ƛƴ DŜƴŜǾŀΣ ŀƴŘ 
ǘƘŜ ²ŜƭƭŎƻƳŜ /ƻƭƭŜŎǘƛƻƴ ŀƴŘ D± !Ǌǘ ƛƴ [ƻƴŘƻƴΦ ¢ƘŜ {ŎƘƻƻƭ ƻŦ ±ƛǎǳŀƭ !Ǌǘǎ ό{±!ύ ƛƴ bŜǿ 
¸ƻǊƪ ŦƻŎǳǎŜǎ ƻƴ ǎŎƛŜƴŎŜτƛƴŦƭǳŜƴŎŜŘ ŀǊǘΣ ŀǎ Řƻ ǘƘŜ aL¢ ŀƴŘ b¸¦ ƳŜŘƛŀ ƭŀōǎΣ ŀƴŘ ǘƘŜǊŜ 
ŀǊŜ ŘŜǇŀǊǘƳŜƴǘǎ ŘŜǾƻǘŜŘ ǘƻ ƛǘ ŀǘ ǘƘŜ {ƭŀŘŜ {ŎƘƻƻƭ ƻŦ CƛƴŜ !Ǌǘ ŀƴŘ /ŜƴǘǊŀƭ {ŀƛƴǘ aŀǊǘƛƴǎ 
ƛƴ [ƻƴŘƻƴΣ ŀƳƻƴƎ ƻǘƘŜǊǎΦ 

L ŀƭǎƻ ǎŎƻǳǊŜŘ ǎŎƘƻƭŀǊƭȅ ǇŀǇŜǊǎ ŀƴŘ ƴŜǿǎǇŀǇŜǊ ŀƴŘ ƳŀƎŀȊƛƴŜ ŀǊǘƛŎƭŜǎ ŀƴŘ ōƻƻƪǎ 
ǎǳŎƘ ŀǎ 9ŘǿŀǊŘ {ƘŀƴƪŜƴΩǎ !Ǌǘ ŀƴŘ 9ƭŜŎǘǊƻƴƛŎ aŜŘƛŀΣ .ǊǳŎŜ ²ŀƴŘǎΩǎ !Ǌǘ ƻŦ ǘƘŜ 5ƛƎƛǘŀƭ 
!ƎŜΣ ŀƴŘ {ǘŜǇƘŜƴ ²ƛƭǎƻƴΩǎ !Ǌǘ Ҍ {ŎƛŜƴŎŜ bƻǿΥ Iƻǿ {ŎƛŜƴǘƛŦƛŎ wŜǎŜŀǊŎƘ ŀƴŘ ¢ŜŎƘƴƻƭƻƎƛŎŀƭ 
LƴƴƻǾŀǘƛƻƴ !ǊŜ .ŜŎƻƳƛƴƎ YŜȅ ǘƻ нмǎǘ-/ŜƴǘǳǊȅ !ŜǎǘƘŜǘƛŎǎΦ ¢ƘŜȅ ŀƭƭ ǇǊƻǾƛŘŜŘ ƛƴǘŜǊŜǎǘƛƴƎ 
ƻǾŜǊǾƛŜǿǎ ƻŦ ǘƘŜ ǎǳōƧŜŎǘ ōǳǘ ƳŀŘŜ ƴƻ ŀǘǘŜƳǇǘ ǘƻ ŎƻƴǾŜȅ ǘƘŜ ǇŜƻǇƭŜ ōŜƘƛƴŘ ǘƘŜ ŀǊǘΥ 
ǘƘŜƛǊ ŎǊŜŀǘƛǾƛǘȅ ŀƴŘ ǿƘŀǘ ŘǊƛǾŜǎ ǘƘŜƳΣ ǘƘŜƛǊ ŘǊŜŀƳǎΣ ǘƘŜƛǊ ǎǘǊǳƎƎƭŜǎΣ ǘƘŜ ŘǊŀƳŀ ƻŦ 
ŘŜǾŜƭƻǇƛƴƎ ŀ ƴŜǿ ŀǊǘ ƳƻǾŜƳŜƴǘ ŀƴŘ ǿƘŀǘ ƛǘ ƛǎ ǳǇ ŀƎŀƛƴǎǘΦ ¢ƻ ƭƻƻƪ ŘŜŜǇŜǊ ƛƴǘƻ ŀƭƭ ǘƘŜǎŜ 
ǘƻǇƛŎǎ LΩǾŜ ŎƘƻǎŜƴ ǘƻ ƛƴǘŜǊǾƛŜǿ ǎƻƳŜ ƻŦ ǘƘŜ ŀǊǘƛǎǘǎΣ ǎŎƛŜƴǘƛǎǘǎΣ ŀƴŘ ŜƴƎƛƴŜŜǊǎ ǿƘƻ ŀǊŜ 
ŀŎǘǳŀƭƭȅ ƛƴǾƻƭǾŜŘΦ 

hƴŜ ƭŀǎǘ ǇǊƻōƭŜƳ ƛǎ ǿƘŀǘ ǘƻ Ŏŀƭƭ ǘƘƛǎ ŀǊǘ ŦƻǊƳ ǘƘŀǘ ƛǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǎŎƛŜƴŎŜ ƻǊ 
ǘŜŎƘƴƻƭƻƎȅΦ ¢ŜǊƳǎ ǎǳŎƘ ŀǎ άŀǊǘǎŎƛΣέ άǎŎƛŀǊǘΣέ ŀƴŘ άŀǊǘ-ǎŎƛέ ǎŜŜƳ ƛƴŀŘŜǉǳŀǘŜ ǘƻ ŎƻƴǾŜȅ ƛǘǎ 
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ōŜŀǳǘȅ ŀƴŘ ǎǳōǘƭŜǘƛŜǎΣ ǘƘƻǳƎƘ LΩǾŜ ƻǇǘŜŘ ŦƻǊ ǘƘŜ ŦƛǊǎǘΦ L ƘŀǾŜ ƴƻ Řƻǳōǘ ǘƘŀǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜ 
ǘƘŜǎŜ ǿƻǊƪǎ ǿƛƭƭ ōŜŎƻƳŜ ƪƴƻǿƴ ǎƛƳǇƭȅ ŀǎ άŀǊǘΦέ ώtǊŜŦŀŎŜ ŦǊƻƳΥ aƛƭƭŜǊΣ !Φ όнлмпύΦ 
/ƻƭƭƛŘƛƴƎ ²ƻǊƭŘǎΥ Iƻǿ /ǳǘǘƛƴƎ-9ŘƎŜ {ŎƛŜƴŎŜ ƛǎ wŜŘŜŦƛƴƛƴƎ /ƻƴǘŜƳǇƻǊŀǊȅ !Ǌǘ ό²Φ²Φ 
bƻǊǘƻƴύΦϐ 

 
!ǊǘƘǳǊ LΦ aƛƭƭŜǊ ƛǎ ǘƘŜ ŀǳǘƘƻǊ ƻŦ Ƴŀƴȅ ŎǊƛǘƛŎŀƭƭȅ 
ŀŎŎƭŀƛƳŜŘ ōƻƻƪǎ ƻƴ ŎǊŜŀǘƛǾƛǘȅ ƛƴ ŀǊǘ ŀƴŘ ǎŎƛŜƴŎŜΣ ǿƛǘƘ 
ŀ ƴŜǿ ōƻƻƪ ƻƴ !L ŀƴŘ ŎǊŜŀǘƛǾƛǘȅ ƛƴ ŀǊǘΣ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ 
ƳǳǎƛŎ ǘƻ ōŜ ǇǳōƭƛǎƘŜŘ ōȅ aL¢ tǊŜǎǎ ƛƴ Ŧŀƭƭ нлмфΦ CƻǊ 
ƳƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ǎŜŜ ǿǿǿΦŀǊǘƘǳǊƛƳƛƭƭŜǊΦŎƻƳ ŀƴŘ 
ƘǘǘǇΥκκǿǿǿΦŎƻƭƭƛŘƛƴƎǿƻǊƭŘǎΦƻǊƎ 
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Art and Science in a Transdisciplinary Curriculum 
Brett Wilson and Barbara Hawkins 

 
 

 
 

I am enough of an artist to draw freely upon my imagination. Imagination is more important 
than knowledge. (Einstein, 1929) 

 

The ΨtǊƻƧŜŎǘ 5ƛŀƭƻƎǳŜΩ ŀǇǇǊƻŀŎƘ ǘƻ ǇŜŘŀƎƻƎȅ 
¢ƘŜ ǘǊŀƴǎŘƛǎŎƛǇƭƛƴŀǊȅ ǊŜǎŜŀǊŎƘ ƎǊƻǳǇ ΨtǊƻƧŜŎǘ 5ƛŀƭƻƎǳŜΩ (www.projectdialogue.org.uk note: 
website currently under re-construction) was established in 2006 in the former Department of 
Art & Design at the University of the West of England (UK), where one of the authors (BH) was 
head of the Postgraduate School. As long-term collaborators, the founder members (Barbara 
Hawkinsτarts educator, Brett Wilsonτscientist, Stuart Simτphilosopher and Iain Biggsτ
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