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Aesthetic cognition and synosia

Thursday, June 08, 2006

Over many years, I have come to the conclusion that aesthetic considerations are in and of themselves ways
of thinking about scientific ideas and that sensual experience is the basis of the intuition we bring to our
work. I have recently introduced the concept of ‘aesthetic cognition’ as a way to talk about such sensual and
aesthetic thinking (Root-Bernstein 2002). Following in the footsteps of physical chemist Michael Polanyi, I
firmly believe that we each develop a kind of ‘personal knowledge’, or intuition, about how nature works that
comes from our own, sensual and intimate interactions with it (Polanyi 1958). The result is that we each
develop two types of understanding: formal knowledge of things that we learn through books, lectures,
conversations, and other forms of communication; and equally important, intuitions that we develop through
our sensory interactions with materials in experiments and other forms of play. In addition, we bring to
everything we do a sense of aesthetics that we develop in part through our professional activities (what is an
elegant experiment) and our hobbies (why is this painting or poem or song more beautiful than another?).
Combine the intellect, the senses, and aesthetics and one gets what I call ‘synosia’, from the root words
‘synaesthesia’ (using all one’s senses interactively) and ‘gnosis’ (Greek for knowledge). Synosia, in short,
means ‘synthetic knowing’ that melds objective and subjective ways of knowing. One knows what one feels
and feels that one knows (Root-Bernstein & Root-Bernstein 1999). Aesthetic cognition results from the fact
that there is a ‘meta-logic’ to the intuitive responses that is embedded in what we call scientific aesthetics.
From the examples given above, it must be clear that aesthetic cognition precedes and is distinct from formal
logic, nonetheless yielding insights that are amenable to logical development and analysis. In sum, aesthetic
cognition combines knowledge and feeling into synosic intuition that is the basis for creative scientific
thinking. 

The concepts of aesthetic cognition and synosia unexpectedly integrate two outstanding problems in the
philosophy of science. One problem is the division made by Karl Popper and many other philosophers of
science between the ‘logic of research’ and ‘psychology of research’. Logic, in this formulation of the
philosophy of science, is applicable only to well-formulated ideas that have already been expressed in
mathematical or verbal formulations by scientists. How such well-formulated ideas come into being is
relegated to the realm of ‘psychology of research’, which most philosophers have placed beyond the
consideration of their field. The other problem that aesthetic cognition and synosia bring into the fold of the
philosophy of science is the consideration of aesthetics itself. While there is a very strong tradition of
philosophical discussion about aesthetics in the arts that can be traced at least to the ancient Greeks, the role
of aesthetic considerations in science is a relatively new and undeveloped field. My contention is that
understanding the role of aesthetics in science requires consideration of sensual and emotional responses to
nature similar, if not identical, to those involved in considerations of aesthetics in the arts (McAllister 1996).
Understanding how these individual and subjective sensual and emotional responses underlie the urge to do
science – that is to understand nature itself – gets us directly, via philosophical considerations, into novel
areas of cognition. Thus synaesthesia, as a basic concept within aesthetics, turns out to be a form of cognition
– hence, aesthetic cognition. 

The view that sensual and aesthetic considerations are a way of thinking about science should not, for all the
reasons I have summarized above, be a surprising conclusion, but I suspect that for many people it will be.
Science is often described in textbook formulations of the scientific method as being distinguished from the
arts by being objective, intellectual, analytical, unemotional, and verifiable. The arts, in contrast, are
supposedly subjective, sensual, synthetic, emotional, and idiosyncratic. Recognizing that all scientific
insights originate in highly subjective, sensual, and aesthetic ways suggests that this science-art distinction
does not hold water. The interesting philosophical issue becomes the problem of how emotional, sensual, and
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idiosyncratic intuitions can form the basis of objectively verifiable analytical results. The connection
involves how scientists perceive problems and patterns. What is an hypothesis or theory but a pattern that we
recognize within diverse sets of data; and what is a problem but the breaking of a pattern or our inability to
perceive how some data fit into any known pattern? 

The fact is that we feel what is right and wrong about scientific ideas. Thus, the importance of aesthetic
cognition is that it makes intuitional understanding comprehensible and useful by showing us how sensual
ways of knowing are connected to rational ways of knowing. Our feelings tell us whether what we are
learning or observing or theorizing fits with the somatic and sensual understanding of nature that we call
intuition. 

Thus, I have found that the bodily feelings, emotional responses, and visual images that I had when I looked
at the drawings of the DNA double helix and imagined unwinding it like a rope are not uncommon among
creative chemists. Some, indeed, go much further than I did, actually imagining themselves to be the objects
of their study (Root-Bernstein 1990). Thus, Peter Debye (Nobel prize, 1936) said that the key to his insights
was, "to use your feelings – what does the carbon atom want to do? You had to […] get a picture of what is
happening. I can only think in pictures" (Debye 1966, p. 81). Cram was similarly visual: "I have always felt
that I understood a phenomenon only to the extent that I could visualize it. Much of the charm organic
chemical research has for me derives from structural formulas." (Cram 1990, p. 122) For Cyril Smith,
chemistry involved all of his senses: "In the long gone days when I was developing alloys I certainly came to
have a very strong feeling of natural understanding, a feeling of how I would behave if I were a certain alloy,
a sense of hardness and softness and conductivity and fusibility and deformability and brittleness – all in a
curiously internal and quite literally sensual way, even before I had a sensual contact with the alloy itself."
(Smith, 1981, 353) He goes on to say similarly, that his later work, "on interfaces really began with a
combination of an aesthetic feeling for a balanced structure and a muscular feeling of the interfaces pulling
against each other!" (Ibid.) The mathematical physicist Wolfgang Pauli (Nobel Prize, physics, 1945) also
maintained that scientific thinking begins within the "unconscious region of the human soul," where, "the
place of clear concepts is taken by images of powerful emotional content, which are not thought, but are seen
pictorially, as it were, before the mind’s eye" (Heisenberg 1974, pp. 179-180; Chandrasekhar 1987, p. 146).
Karl Popper has gone so far as to actually recommend such empathetic thinking as the basis of creative
scientific thought. "I think the most helpful suggestion that can be made […] as to how one may get new
ideas in general [is …] ‘sympathetic intuition’ or ‘empathy’ […]. You should enter into your problem
situation in such a way that you almost become part of it" (Krebs & Shelley 1975, p. 18).

Intuition developed through careful attention to feelings, sensual and aesthetic, are therefore at the basis of
chemical knowing, not the antithesis of rational thought. When Mulliken wrote that he "smell[ed] various
compounds […] to look for resemblances or differences in the odors of similar or related compounds,"
(Mulliken 1989, p. 20) this was a process that differed in no way from the chemist who examines tables of
data or chromatographic charts in search of patterns of properties. Each approach yields information useful
for thinking about chemical properties. The fact that one is sensual and the others analytical does not alter
their utility as ways of thinking about chemistry. Thus feelings are a way of thinking just as intrinsic to
science as logical analysis. 

A necessary corollary to my concept of aesthetic cognition is that ideas arise in individual minds in private
terms that must be translated in an explicitly secondary process for communication with other people
(Root-Bernstein & Root-Bernstein 1999, chap. 1). We discover in very personal ways using private ‘mental
languages’ such as emotional feelings and sensual images that only we understand. These need to be
transformed into publicly traded forms. Lipscomb, who like Debye is very visual, has addressed this
translation process directly: "My language is my visualization of what molecules are doing either in their
structure, their transformations, or their reactions, and I translate that either into chemical language or into
mathematics, but not into English. It’s surprising how little one uses English in the actual working out of
science. Most people who are not scientists believe that they think in terms of language. I’m not quite sure
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that they do. I know that I don’t. I later put it in English, but it’s the third stage of the process." (Curtin 1982,
pp. 134-135) Smith has written similarly that, "before publishing anything I tried to put it in respectable
scientific terminology and it was fun to do so, but the stage of discovery was entirely sensual and the
mathematics was only necessary to be able to communicate with other people" (Smith 1981, p. 353). Perhaps
it is the fact that insights are always developed through such private forms of thinking that has hidden the
crucial roles that sensual images and aesthetics play in discovery processes in favor of the public forms of
discourse that scientists employ between one another. In any event, it seems to me that this translation
process is another aspect of the ‘scientific method’ that is badly in need to formal study and instruction
(Root-Bernstein 2002). 
 

Sensual Chemistry
Aesthetics as a Motivation for Research

 

Robert Root-Bernstein*

Robert Root-Bernstein:
Department of Physiology, Michigan State University, East Lansing, MI 48824 USA;
rootbern@msu.edu

Copyright Ó 2003 by HYLE and Robert Root-Bernstein
http://www.hyle.org/journal/issues/9-1/root-bernstein.htm#ad
 

References

Alyea, H.N.: 1968, TOPS. Tested Overhead Projection Series, Microchemistry Projected, Princeton 
University, Princeton. 

Barton, D.H.R.: 1991, Some Recollections of Gap Jumping, American Chemical Society, Washington, DC.

Birren, Faber (ed.): 1969, The Color Primer. A Basic Treatise on the Color System of Wilhelm Ostwald, Van 
Nostrand Reinhold, New York. 

Chandrasekhar, S.: 1987, Truth and Beauty. Aesthetics and Motivations in Science, Chicago University Press,
Chicago. 

Cram, D.J.: 1990, From Design to Discovery, American Chemical Society, Washington, DC.

Crick, F.H.C.: 1988, What Mad Pursuit. A Personal View of Scientific Discovery, Basic Books, New York. 

Curtin, D.W. (ed.): 1982, The Aesthetic Dimension of Science, Philosophical Library, New York.

Davy, H.: 1840, ‘Parallels between art and science’, in: John Davy (ed.), The Collected Works of Sir
Humphrey Davy, Smith and Cornhill, London, vol. 8, pp. 306-308.



Aesthetic cognition and synosia file:///C:/Docs/html/Aesthetic%20cognition%20and%20synosia.htm

4 of 6 12/2/2006 6:11 PM

Debye, P.: 1966, ‘Peter J. W. Debye’, in: The Way of the Scientist. Interviews from the World of Science and
Technology, Simon and Schuster, New York, pp. 77-86.

Eisner, T.: 1999, ‘Seventy-five reasons to become a scientist’, American Scientist, 76, 451. 

Farago, P.: 1977, ‘Interview with Dorothy Crowfoot Hodgkin’, Journal of Chemical Education, 54, 214-215. 

Ferry, G.: 1998, Dorothy Hodgkin. A Life, Granta, London. 

Gilbert, G.N.; Mulkay, M.: 1984, Opening Pandora’s Box. A Sociological Analysis of Scientists’ Discourse, 
Cambridge University Press, Cambridge. 

Heisenberg, W.: 1974, Across Frontiers, trans. by P. Heath, Harper and Row, New York.

Hoffmann, R.: 1989, ‘Molecular beauty IV: Toward an aesthetic theory of six-coordinate carbon’, American 
Scientist, 77, 330-332. 

Holton, G.; Chang, H.; Jurkowitz, E.: 1996, ‘How a scientific discovery is made: a case history’, American 
Scientist, 84, 364-375. 

Horgan, J.: 1991, ‘Profile: Thomas Eisner’, Scientific American, Dec., 60-61.

Hunter, N.W.: 1993, ‘Dorothy Hodgkin’, in: L.K. Jones (ed.), Nobel Laureates in Chemistry, 1901-1992, 
American Chemical Society and Chemical Heritage Foundation, Washington DC, pp. 456-461.

Ihde, A.J.: 1971, ‘Euler-Chelpin, Hans von’, in: C.C. Gillispie (ed.), Dictionary of Scientific Biography,
Scribner’s, New York, vol 4, pp. 485-486.

Johnson, W.S.: 1998, A Fifty-Year Love Affair with Organic Chemistry, American Chemical Society,
Washington DC. 

Krebs, H.; Shelley, J.H. (eds.): 1975, The Creative Process in Science and Medicine, Excerpta Medica, 
Amsterdam. 

Langridge, R.; Ferrin T.E.; Kuntz, I.D.; Connolly, M.L.: 1981, ‘Real-time color graphics in studies of
molecular interactions’, Science, 211, 661-666.

Levi, P.; Regge, T.: 1989, Dialogo, trans. by R. Rosenthal, Princeton University Press, Princeton.

McAllister, J.W.: 1996, Beauty and Revolution in Science, Cornell University Press, Ithaca.

Mulliken, R.S.: 1989, Life of a Scientist, Springer-Verlag, Berlin. 

Ostwald, W.: 1926-7, Lebenslinien: Eine Selbstbiographie, Klasing, Berlin, 3 vols.

Pauling, L.: 1963, ‘The genesis of ideas’ Proceedings of the Third World Congress of Psychiatry, 1961, 
University of Toronto Press and McGill University Press, Toronto, vol. 1, pp. 44-47.

Planck, M.: 1949, Scientific Autobiography and Other Papers, trans. by F. Gaynor, Philosophical Library,
New York. 

Pohl, W.F.; Roberts, G.W.: 1978, ‘Topological considerations in the theory of replication of DNA’, Journal 
of Mathematical Biology, 6, 383-402.



Aesthetic cognition and synosia file:///C:/Docs/html/Aesthetic%20cognition%20and%20synosia.htm

5 of 6 12/2/2006 6:11 PM

Poincaré, H.: 1946, The Foundations of Science, trans. by G. Halsted, Science Press, Lancaster, PA.

Polanyi, M.: 1958, Personal Knowledge: Towards a Post-Critical Philosophy, University of Chicago Press,
Chicago. 

Rayleigh, Lord: 1942, The Life of Sir J. J. Thomson., O. M., Cambridge University Press, Cambridge.

Rodley, G.A.; Scobie, R.S.; Bates, R.H.T.; Lewitt, R.M.: 1976. ‘A possible conformation for double-stranded
polynucleotides’, Proceedings of the National Academy of Sciences, U.S.A., 73, 2959-2963. 

Root-Bernstein, R.S.: 1984, ‘On paradigms and revolutions in science and art’, Art Journal, Summer, 
109-118. 

Root-Bernstein, R.S.: 1987, ‘Harmony and beauty in biomedical research’, Journal of Molecular and
Cellular Cardiology, 19, 1-9. 

Root-Bernstein, R.S.: 1989, Discovering, Harvard University Press, Cambridge MA.

Root-Bernstein, R.S.: 1990, ‘Sensual science’, The Sciences, Sep.-Oct., 12-14.

Root-Bernstein, R.S.: 1996a, ‘Do we have the structure of DNA right? An essay on science, aesthetic
preconceptions, visual conventions, and unsolved problems’ Art Journal, 55, 47-55. 

Root-Bernstein, R.S.: 1996b, ‘The science and arts share a common creative aesthetic’, in: A.I. Tauber (ed.),
The Elusive Synthesis: Aesthetics and Science, Kluwer, Dordrecht, pp. 49-82. 

Root-Bernstein, R.S.: 1997, ‘Art, imagination and the scientist’, American Scientist, 85, 6-9. 

Root-Bernstein R.S.: Root-Bernstein, M.M.: 1999, Sparks of Genius, Houghton Mifflin, Boston.

Root-Bernstein, R.S.: 2002, ‘Aesthetic cognition’, International Journal of the Philosophy of Science, 16, 
61-77. 

Russo, E.: 2000, ‘Nobel impact’, The Scientist, 11 December, p. 10. 

Sasisekharan, V.; Pattabiraman, N.: 1978, ‘Structure of DNA predicted from sterochemistry of nucleoside
derivatives’, Nature, 275, 159-162. 

Smith, C.S.: 1978, ‘Structural hierarchy in science, art, and history’, in: J. Wechsler (ed.), On Aesthetics in 
Science, MIT Press, Cambridge MA, pp. 8-53.

Smith, C.S.: 1981, A Search For Structure, MIT Press, Cambridge MA. 

Stokes, T.D.: 1982, ‘The double helix and the warped zipper – an exemplary tale’ Social Studies of Science, 
12, 207-240. 

Szent-Gyorgyi, A.: 1966, ‘In search of simplicity and generalizations (50 years of poaching in science)’, in:
N.O. Kaplan & E.P. Kennedy (eds.), Current Aspects of Biochemical Energetics, Academic Press, New 
York, pp. 63-76. 

Van’t Hoff, J.H.: 1878, De verbeeldingskracht in de wetenschap, P.M. Bazenkijk, Rotterdam, 1878 (German
translation ‘Die Phantasie in der Wissenschaft’ by E. Cohen in Jacobus Henricus van’t Hoff, sein Leben und
Wirken, Akademische Verlagsgesellschaft, Leipzig, 1912, pp. 150-165; English translation ‘Imagination in
Science’ by G.F. Springer, Molecular Biology, Biochemistry, and Biophysics, 1967, 1, 1-18). 



Aesthetic cognition and synosia file:///C:/Docs/html/Aesthetic%20cognition%20and%20synosia.htm

6 of 6 12/2/2006 6:11 PM

Van’t Hoff, J.H.: 1887, ‘Die Rolle des osmotischen Drucks in der Analogie zwischen Lösungen und Gasen,’
Zeitschrift fur physikalische Chemie, 1, 481-508 (English translation by James Walker in The Foundations of 
the Theory of Dilute Solutions, Alembic Club, London, 1929, no. 19, pp. 5-42). 

Watson, J.D.: 1968, The Double Helix, Atheneum, New York. 

Watson, J.D.; Crick, F.H.C.: 1953, ‘The structure of DNA’, Cold Spring Harbor Symposia on Quantitative
Biology, 18, 123-131. 

Willstaetter, R.: 1965, From My Life. The Memoirs of Richard Willstaetter, trans. by L.S. Hornig, W. A.
Benjamin, New York (originally published in German, Verlag Chemie, 1949).

Woodward, C.E.: 1984, ‘Art and elegance in the synthesis of organic compounds: Robert Burns Woodward’,
in: D.B. Wallace & H.E. Gruber (eds.), Creative People at Work, Oxford University Press, New York. 
  
 

 


