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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 evobhe 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 researdlnis is whafhe Centre for Imagination in
Research, Culture and Education CIRC[sur-see] seeks to change.

Are yau an advocate for imagination®o you believe, as we do, that
imaginationis as important for learning in the Sciences as it theénArts? 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
SRdzOF GA2y a AG Aa G2 2yfAySictbrSHatNy Ay 3
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 worlddAwe 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 thé'@&intury. We welcome
collaboration and partnerships with researchers and educatorsratdhe globe who
share these interests and are committed to expanding our understanding of imagination
in research, culture and education, both practical and theoretgalwelcome to CIRCE!

It has been a great pleasure working with Dr. Jailson Lineutch the CIRCE
STEAM community and tm-producethis special CIRCE STEAM Magazine. | hope you
enjoy this inspiring collection of STEAM at work in research, culture, and classrooms. If
@2dz KI Sy Qi R 2the EIREERIEAMLEAGS lget iBspidd adital get
involved! (http://www.circesfu.ca/practice/steam)

Yours in imagination,

Gillhian

Gillian Judson, PhD
Executive DirectoiCentre br Imaginationm Research, Culture & Education
(www.circesfu.ca
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Science is highly conceptual, and learning it effectively requires interconnégting
concepts such as atoms, forces, molecules, DNAtreldields, 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 catgloed 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/imaginativeducation)) for over a decade, | had
the pleasure of meeting Dr. Gillian Judson and the Imaginative Education Research
Group(http://ier g.ca)) at Simon Fraser University2016. Lasyear, when Gillian
invited me to join CIRCE, | immediately knew that | wanted to contribute to this
initiative by working with STEAM. It has been a fantastic experience. We have contacted
educatorsartists, scientists, and STEAM policy makers who are passionate about the
subject. This STEAM issue of CIRCE Magazine reflects the cohesive efforts of all
participants. | have learned so much during the process.

Despite the current inherent problems ihe world, we are living in exciting
times to imagine, explore, and create. | hope this is just the beginning of a new era
where STEAM will become mainstream.

Sincerely,
Jailson LimaPhD
Vanier College, Montreal
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FEATURH:he Art of Science
By RoberRootBernstein

GwS. A2DSyS{&&a¢ ! RI'Y 2-BernstdBt@grollGyllBry, &eh doSelNi
CA, 2015 (photo by Robert ReBérnstein). An art installation/performance piece that
doubles as a functional origitd-life experiment.

When larrived at the Salk Institute for Biological Studies in La Jolla as-@lqcisiral

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
dismvery 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 faatarslecules

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 bfice 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, bothe 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 naetheless 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

w2 2 I
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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,lthe to
me, was one of théhings that motivated both his art and hisience.

| 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 aestheticpgpeal 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 electronianedia becoming one of the recognized founders of that medium.)

| also knew from reding broadly in the history ofcgence that Louis Pasteur
(inventor of the germ theory of disease) had been an extraordinary painter, as had
Joseph Lord Lister (the invemtof antisepsis), Santiago Ramon y Cajal (perhaps the
greatest neuroanatomist of the past century), Frederick Banting (the Nobel prizewinning
discoverer of insulin), Wilhelm Ostwald (the Miobel prizewinner inteemistry and the
inventor of a stilpopular 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 pianistz. B. Wilson, one of America's most important tofrthe-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 careennolecular 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 playedusic but made her own violins and 'cellos!

| began to wonder if there exists a significant connection between scientific
achievement and an artistic bent.

My appraach to the question of whether arts andisnces have any fruitful
connections has taketwo tacks. The first was anecdotal and basically historical.
Through extensive reading of biographies and autobiographies, and by means of
interviews, | have explored the incidence of combined scientific eminence and artistic
talent. | have paid particulattention to what people who practiced both sciences and
arts had to say about possible connections between their a@witPractical
applications of arts to thecgences were high on the list of rationales for combining the
two. Nobel laureate Alexisarel took lessons in lacemaking and embroidery in order to
develop the manipulative skills and invent the suturing techniques that make possible
opentheart surgeries and organ transplants. Art lessons explored the principles of
symmetry necessary for Noligt Dorothy Hodgkin to succeed in her field afay
crystallography. Mary Leakey, whose discoveries of primitive hominid skulls and
footprints revolutionized anthropology had no formal training beyond archeological
illustration, which taught her to obsee much more acutely than her colleagues.

More generally, scientists often found the arts inextricable from their identities
Fa aOASyidAradaod 9AyalSAy &alARX aL GKAY]l Ay Yd
problems at the piano keyboard. Entomgilst and Pulitzer Prize winner Bert Holdobbler
wrote to me: "After high school | was first undecided whether | should study art or
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biology. | have chosen biology and art became my hobby, only to realize during my
university career that | can fulfill my #stic 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 imagueand the analytical artist

and scientist to be both at oncé' 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 | also wanted to know whether such collaborations
were rareor 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 longerm study of the psychology of 40 young male scientists in 1955. When
she died in 1988, mmother, Maurine Bernstein (who had been her research associate)
and | 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 witteir 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 recognimy 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 @l 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 noatsgal
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 largeale 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 Roya},Zoaldb 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 wasioutputs 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 twasaand 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 antikelsto 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 writhewve the skills to become

the pundits of science. Seriously!

The importance of these resulismanifold. First, they suggest that effective
scientific thinking requires a complex mixture of many of what my ,viifiehele Root
Bernsteinand | call in oubook Sparks of Geniu$ools 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 astrepancy 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 int@ formal language that can be communicated relatively
unambiguously (e.g. words and/or mathematics).

{ SO2yRfesxs 6SQ@S F2dzy R KIG &a2YS GUKAY|AYy?:Z
AO0ASyGAald 0SOldzaS GKS& FFNBE O2putheRBNER (2 0S5
4dz00SaaFdZ &aOASyiGArAada FyR SyaiaAySSNa 2F0Sy dz
scientists emulate artists in empathizing with their subjects. Nobel laureate Barbara
McClintock often talked about having a "feeling for the organism” whkilew laureate
and physicist Hans Alfven says he "becomes" electrons in order to understand their
OSKIF@A2NBE® 9AYAGSAY AAYAfFNI&@ ao0SOIYSe | fAZ
himself to be the animals whose behavior he wanted to understand. Nogatjdhese
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 insightsnto 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, the, 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 nererbal, nonmathematical modes of thought or the
importance of percefual 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 nommathematical forms of thought, the maijty of scientists appear to have
developed facility with such intuitive "tools for thinking" through artistic and musical
endeavors, mechanical hobbies, or other ptisges. An unrecognized dependence of
scientific education upon noescientific skills matherefore 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 thenchdo 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 artd are the disciplines
that best train that kind of experience.

Another point we have been able to demonstrate is that these-werbal, non
mathematical tools of thought can be taught. Einstein recounted the impact on his
research of his highchool traning in visual and kinesthetic thinking techniques (based
on a curriculum developed by the great Swiss educator Pestalozzi). Nobelprizag
physicist Luis Alvarez wrote about how his father, an eminent physiologist, purposefully
enrolled Luis in a tédmical 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 biagist 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 Rosoe 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 | have learnglarough 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 integratimqyactices 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 innoua. We could do worse than to emulate the best of the
best and they tell us that arts and sciences belong together!

Robert RootBernstein, Professor of Physiology,
Michigan State University, East Lansing, M| 48824 USA;
rootbern@msu.edu
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Picturing Science: Ads aWindow to the Invisible
By Jailen Lima
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Art does not reproduce the visible;
rather, it makes visible.
Paul Klee

After finishing my undergraduate studies in 1986, | worked as an industrial chemist
improving the quality of organic pigments for plastics. Due to the poibrerence and
shabby color of a red diazo pigment from the production line, our research group
RSOARSR (2 AyOfdzRS adaNFIFOGlFyda Ay GKS a
dish detergent, surfactants, whose basic structure is seen in Figare Inolecules that
contain both polar and nopolar 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 ardracts 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.

e A
7

Figurel: Basic structure of surfactants: The head is hydrophilic and the tail is hydrophobic.

N
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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 reecolored plastic. However, the experiment had the opposite result: The
pigment did not spread evenly in the plastic, whose appearance became even shabbier.
| was flabbergasted: It did not make sense at all! After spending weeks trying to wrap
my head around this unexpected outcome, | triedriaginehow 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?

Byimaginingthe pigment and the surfactant interacting in water, | had an
epiphany: Since the pigment was synthesized in water, the hydrophilic heads of the
surfactant would naturally bind to water while the hydrophobidgavould be inserted
into the pigment. Because plastic is nonpolar, it would not interact with the polar heads
GKFG ¢6SNBE adAOlAy3a 2dzid ¢KIFIiQa ¢Keé | RRAYy3I (K
speculated that synthesizing the pigment in a polar solvent liaeemvas the origin of
the problem. Since replacing water was not an option, | decided to add a tiny amount
(1% of the total volume) of xylemea nonpolar solvertt before adding the surfactant.

The result was astonishing: the pigment spread evenly in thesprarent 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 | came up with
the proposal. The explanation was too simple: Polagfinents 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 | started thinking about
the shortcomings bmy own schooling. Although scientific knowledge relies heavily on
mental models and their visual representations, traditional approaches to teaching
scienceare based mostly on algorithmic problem solving and procedural knowldtdge
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often neglect the wicial role of imagination in the learning process. | was taught in this
traditional way and despite believing in the power of imagination in learnminigund it
difficult to think outside the box to reinvent my teaching practice.
Decades later, | stumbldd ONR & & Y A S Ndn ¥nadnative/iicatiolh RS I &
Egan and hisolleagues & { AY2y CNJ} ASNJ ! YyABSNBAGEQA LYl 3AA
Group fow the Centre for Imagination in Research, Culture and Education, or)CIRCE
emphasize the crucial role of thé NNJ G A @S Ay LINRBGARAY3 Sy3Il ISYS
narrative is a continuous account of a series of events or facts that shapes them into an
SY20Az2ylftfte alraAaFTrOuz2NE ¢K2f Sé-nmivE | vy Hanp:2
revolutionary idea: Insteadfestarting with what studentslreadyknow, we should start
with what they carimagine 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.
9 3| y Qs(Egan? 97; Egan, Stout, & Takaya, 20@ve 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@werful link with my past experiences with surfactants. | 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 thraigh 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 expé¢btagritte, 2016, p. 121)

The opportunity to explore imaginative approachegeachingarose in 2009, the first

time | taughtHistory and Methodology of Scien@ecourse for Liberal Arts students at
Vanier College. | proposed a major assignment in wstiatients used the visual arts to
portray some of the scientific concepts studied in the course (Lima & ‘Bottos,

2018). Over the years, | have tweaked the format by including asynchronous dialogues
outside the classroom to flesh out ideas and bring emts to the expected level of
complexity (Lima, 2016). | also felt the need to include art(gimsa, 2017) and sought

the participation of art teachers in the process. After a couple of years working with
Liberal Arts cohorts, | proposed a similar assignt 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 explang the links between the course content and

the visual representations in their final procts. Examples of their artwodan be seen

in Figures 2 and 3.
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Figure2: Taste the Science! (by Jacklyn Di Genova, 2!

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 § inferior to rational, Cartesian thought.
[S—— oo Instead of starting with the iconic level, traditional
Figure3: The Wonder of Science approaches overemphasize symbolic representation,
(by Kristina Esposto, 2010) 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:

2 KFG aSSya ONHzOAIIE AaXGKS | OGAGS AyaSNIA?z
G2NI RX ¢2 LI2YRSNIGKAA Aa G2 0S02YS O2y dAy
know it is an education of forgetfulness. Distracting the young from their own

perceived landscapes amsthapes, 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

havebeen enmeshed.
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Asking students to portray abstradh@mical 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 fronthe abstrect 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 gictures that do not arise spontaneously in the
everyday experiences of learnefis reflects the necessity of academic concepts to be
linked with spontaneous concepts as showrhe grassroots works of Vygotsky
(Connery, Johisteiner, & MarjanoviShare, 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 narrativeskthi. 02y ySOG 2y SQa AYIFIAAYyLFGAZ2Y YR A
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 wagsd enlarge their intellectual profile (Gardner,

2006) beyond the prevalent logiealathematical and verbdlnguistic domains that are
commonly explored in science courses.

There is a misconception that creativity in school is only about artistic expness
(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
(Eisier, 1998). The process of artistic creation requires active engagement, imagination,
trial-and-error, the ability to integrate concepts, and the use of higleel cognitive
domains. Those skills are useful as illustrated by the story at the beginninig afticle:

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 isme
allocated to explain the role of imagination in developing groundbreaking theories such
a4 CINIRIFéQa StSOUNRYIF3AYySGAAY YR St SO0{NROKS
the paramount importance of imagery in developing scientific models, schetdsate
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 emphasging th
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 arethut 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; Keln@016; Lemons, 2017; Miller, 2000;

Parkinson, 2008) and science and imagination (James & Brookfield, 2014; Kandel, 2012;
Rocke, 2010; Rod@ernstein & RoeBernstein, 1999; Vignale, 2011) have received a
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great deal of attention as attestet by the graving 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
21stcentury students with a world in flux as theonstruct knowledge in a meaningful
way.

9y 3aF3aSYSyid Ay (GKS FNI&a X asSSyvya G2 LXIFOS
1 SAGKSGAO @nhable\aipdrdodid las? § senséof distance and time;

one seems to occupy a spaceless and timeless universithatrospect 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 s trend that has been observed worldwide and has become a
ASNA2dza GKNBFG (G2 1SSLAY3I dzlJ 6 AGK GKS yS0OSaa
world. At a time when creativity is needed more than ever before, it is worthwhile to
explore the multiple facetsf the STEAM curriculum to enhance the quality of
instruction by providing more interactive, engaging, and rewarding lessons.

: Mk Jailson Lima teaches Chemistry at Vanier Colkege
- . Montreal, Canada. He has been involved with curriculum
development with tle 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 CuttingEdge Science is Redefining

Contemporary Art(Preface)
By Arthur I Miller

Prefacereprinted with permissiorfrom Miller, A (2014) Colliding Worlds: How Cutting
Edge Sciemds Redefining Contemporary ANew YorkW.W. Norton)
(https://amzn.to/20SENpf
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Art and Science in a Transdisciplinary Curriculum
Brett Wilson and Barbara Hawkins

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

TheWt N2 2SO0 5AFf23dz2SQ | LIWINRI OK (2 LISRI 32 3¢
CKS OGN} YARAAOALE Ayl NBE (Mbvipbiechifddguearildkae) Wt N2 2SO
website currently under reonstruction was established in 2006 in the faenDepartment of

Art & Design at the University of the West of England (UK), where one of the authors (BH) was

head of the Postgraduate Schoét longterm collaborators, the founder members (Barbara

Hawking arts educator, Brett Wilsanscientist, Stuartiit philosopher and lain Biggs
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