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cientists frequently encounter ill-
S structured problems that can have mul-
tiple paths to multiple solutions (/).
“To approach such problems, “higher-order”
mental operations such as analysis, synthe-
sis, and abstraction are ey Bu, in addition,
creative thinking —the most complex and
abstract of the higher-order cognitive <k1!|s
according to Bloom’s taxonomy of learni
kill (2).—can allaw restrugturing of pob
lems and produce solutions through uncx-
pected insights (3). Creativity is the root of
the innovative thinking that leads to solutions
or products that are novel, useful (4), and
critical to economic success (3, 6). I discuss
elow how students might be taught to think
more ereatively in the context of science, and
how instructors can focus more on students’
creative thinking, in addition to scientific rea-
soning and subject-matter content (7).

It is unfortunate that, in the classroom,
we often teach as if creativity is not impor-
tant, as if science deals only with well-struc-
tured problems with known answers and a
single way 10 find the “correct” solution (5).
Notonly is no attention paid to creativity but
also—with some exceptions (9, /0)—there
is lttle teaching of any of the higher-order
enitive skills. Tn a U.S. national sample of
77 undergraduate life science courses taught
by 50 different instructors, fewer than 1% of
the items on tests and quizzes required stu-
dents (0 use any of these higher-level skills
(I1). Little wonder that only about one-

cations of the active learning instruction that
is most effective for teaching abstraction and
problem-solving (15).

Frameworks for Creativity
Creativity has been defined within two dif-
ferent theoretical frameworks. In one, a
novel idea or solution to a problem oceurs in
the mind of an individual as a creative insight
" experience (3, /3). In the other,
creativity is a social phenomenon that relics
on interaction among knowledgeable indi-
viduals (/4). To produce a creative insight
in an individual mind, two broad categori
0(’ ‘mental operations are to be required

3, 4): associative (divergent) thinking, in
whicl\ thoughts are defocused, intuitive, and
receptive to a broad range of associations to
a given stimulus, and analytical (convergent)
thinking, the capacity to analyze, synthe-
size, and focus. One of numerous examples
of a creative insight in scicnce was reported
recently by Francois Jacob on the discovery
of the operon (/6).

Neuroscience experiments show that
associative thinking is cognitively quite di
ferent from analytical problem-solving.
Brain regions such as the right superior tem-
poral gyrus are activated to a greater degree
in subjects solving remote association prob-
lems by insight (e.g.. find a word that forms
a compound word or phrase with cach of
the following three words: tooth, potato,
heart; solution: sweet) in a functional mag-

i than in sub-

oran “a

V|

Students’ creative insights can be nurtured
by promoting peer-peer learning and
increasing associative thinking.

new relation not previously scen (19, 20).
Such creative insights often follow conceptual
reorganization or a new, non-obvious restruc-
turing of a problem situation (3, 27). The
mechanism whereby two ideas are blended
(22) or convoluted (20) by insight-like mech-
anisms into a third novel idea by a process
termed “conceptual integration” (23) is an
area of active researc

In contrast to the process of associative
thinking in an individual brain, cthnographic
analyses of interactions of scientists during
lab meetings in highly productive laboratorics
show that new hypotheses or models are most
often generated through discussions among
knowledgeable peers (74, 24). Faced with a
series of unexpected results, a group of collab-
orating scientists suggest alternative hypoth-
eses or models 10 test during lab discussions
through a process termed “distibuted reason-
\g” (24). This is most effective when the lab
s scietiss Fom dverso backgrounds who
have worked with a range of different organ-
isms and techniques. How formation of novel
ideas through associative thinking in an indi-
vidual is related to the production of new
experimental designs or hypotheses through
social interactions among a group of scientists
is, again, an area for future research,

Cognitive studies of architects and
industrial designers have shown that, to
€ creativity of their design solu-
tions, experts in these fields use strategies
1o increase peer-peer interactions (as with

fourth of US. college students ha
soning skills necessary 10 solve conceptual
problems (72).

An extensive literature is replete with
instructional strategies to help students be
more creative (13). Creativity is a complex,
multicomponent construct and, therefore,
not casy to define or assess,
especially in the context of

jets solving problems by analytical reason-
ing (17). Associative thinking increases the
probability of accessing weakly associated
ideas (18).

A creative insight, then, is a sudden, uncx-
pected recognition of concepts or facts in a

and to prolong associative
thinking. Faced with a design problem, they
decompose and rearrange components in dif-
forent contexts, striving to increase the range
of associations they apply (25)

Associative thinking has been used as a
proxy to test for creativity (15), and there are
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