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Teaching Creative Science Thinking

Robert L. DeHaan

cientists frequently encounter ill-

structured problems that can have mul-

tiple paths to multiple solutions (7).
To approach such problems, “higher-order”
mental operations such as analysis, synthe-
sis, and abstraction are key. But, in addition,
creative thinking—the most complex and
abstract of the higher-order cognitive skills
according to Bloom’s taxonomy of learning
skills (2)—can allow restructuring of prob-
lems and produce solutions through unex-
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
below how students might be taught to think
more creatively 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 to find the “correct” solution (8).
Not only is no attention paid to creativity but
also—with some exceptions (9, /0)—there
is little teaching of any of the higher-order
cognitive skills. In 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 to use any of these higher-level skills
(11). Little wonder that only about one-
fourth of U.S. college students have the rea-
soning skills necessary to solve conceptual
problems (12).

An extensive literature is replete with
instructional strategies to help students be
more creative (/3). Creativity is a complex,
multicomponent construct and, therefore, is
not easy to define or assess,
especially in the context of
science (13, 14). Nonethe-
less, there is evidence that the
cognitive operations that are
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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 occurs in
the mind of an individual as a creative insight
or an “aha” experience (3, 13). In the other,
creativity is a social phenomenon that relies
on interaction among knowledgeable indi-
viduals (/4). To produce a creative insight
in an individual mind, two broad categories
of mental operations are said to be required
(3, 4): associative (divergent) thinking, in
which 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 science was reported
recently by Francois Jacob on the discovery
of the operon (16).

Neuroscience experiments show that
associative thinking is cognitively quite dif-
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 each of
the following three words: tooth, potato,
heart; solution: sweet) in a functional mag-
netic resonance imaging scanner than in sub-
jects 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, unex-
pected recognition of concepts or facts in a
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Students’ creative insights can be nurtured
by promoting peer-peer learning and
increasing associative thinking.

new relation not previously seen (79, 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 research.

In contrast to the process of associative
thinking in an individual brain, ethnographic
analyses of interactions of scientists during
lab meetings in highly productive laboratories
show that new hypotheses or models are most
often generated through discussions among
knowledgeable peers (/4, 24). Faced with a
series of unexpected results, a group of collab-
orating scientists suggest alternative hypoth-
eses or models to test during lab discussions
through a process termed “distributed reason-
ing” (24). This is most effective when the lab
has scientists from diverse 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
increase the creativity of their design solu-
tions, experts in these fields use strategies
to increase peer-peer interactions (as with
brainstorming) and to prolong associative
thinking. Faced with a design problem, they
decompose and rearrange components in dif-
ferent contexts, striving to increase the range
of associations they apply (25).

Associative thinking has been used as a
proxy to test for creativity (/5), and there are
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well-established validated tests that can be
adapted to the science classroom (26, 27).
I argue that science students, no less than
design students, need assistance in enhancing
peer-peer learning interactions and prolong-
ing associative thinking when dealing with ill-
structured problems.

Scientific Teaching

Scientific teaching refers to a group of instruc-
tional approaches intended to bring students
into an active rather than passive learning
mode (28—30)—strategies such as self-testing
from memory (37) and peer-peer instruction,
designed to promote active, engaged learn-
ing on the part of the student rather than rote
memorization (29). But even in newer courses
where active learning instruction with peer-
peer interactions is employed, the emphasis
has been limited to analysis, synthesis, and
critical reasoning, the higher-order cognitive
skills that are less abstract than creative think-
ing on Bloom’s scale (2). We expect science
students to solve problems, but we rarely refer
to the creative aspects of the scientific discov-
eries that we teach (32). We do not routinely
ask students to discuss problems together with
peers (33) or to search for novel problem solu-
tions through the extended exercise of asso-
ciative thought. Students need to be reminded
that there may be other ways to view a prob-
lem than the way it is presented; to list the
problem features and then try to rearrange
or restructure them or look at them from dif-
ferent angles (3); and to generate many ideas
about possible solutions before beginning to
evaluate which of them may be best (3, §).

A meta-analysis of 70 creativity training
studies revealed that the number and diversity
of associations could be increased by teach-
ing students specific techniques to increase
associative thinking (/5). An example of a
test to measure scientific creativity for high
school students (26) has questions related
to the “unusual uses” test found in the Tor-
rance Test of Creative Thinking (27) (exam-
ple: “If you can take a spaceship to travel...
to another planet, what scientific questions
do you want to research? List as many as you
can.”). These questions are scored in terms of
the three accepted indicators of associative
thinking (13, 15): fluency (number of relevant
responses), cognitive flexibility (number of
different categories of responses), and origi-
nality (degree of novelty within a given popu-
lation). A scoring rubric (34) defines levels of
proficiency in these indicators within the pop-
ulation being tested (see the figure). This test,
or a modified version, can be used to deter-
mine the effectiveness of efforts to teach stu-
dents how to think more creatively, providing

the feedback needed to drive further instruc-
tional innovations.

Below are some specific strategies that are
thought to increase students’ access to cre-
ative insights by promoting peer-peer learn-
ing and increasing associative thinking. With
practice, each strategy should take no more
than 4 min when inserted into a standard
50-min lecture (35).

Think-pair-share-create. This variation
(306) of the classic think-pair-share strategy
(37) is especially useful for fostering peer-
peer reasoning and associative thinking in
ill-structured problem-solving. Part-way into
a lecture, the instructor poses an open-ended
question or problem; gives students 1 min to
think individually about an answer; asks them
to pair with a neighbor to briefly discuss and
reconcile their responses; reminds students to
list the features of the problem, try to restruc-
ture or reframe their ideas, and think of as
many solutions as they can; and finally, calls
on several individuals or pairs (not volunteers)
to share responses.

Peer instruction. The instructor poses
a question and asks students first to find as
many answers as possible on their own, again
by feature-listing and reframing. They then
attempt to justify their best answer to one or
more of their peers, and finally they record a
consensus response (33).

Think-aloud-pair—problem-solving.
Retrieving information from memory (self-
testing) is a better learning strategy for stu-
dents than restudying the same information
(31). In this maneuver (35), modified to pro-
mote associative thinking, the instructor poses
a problem from previous readings for the class
and has students form pairs, with one member
serving as the “explainer” and the other as the
“questioner.” The explainers are given 2 min
to recombine from memory components of
the original problem into a new configuration
with a different solution, and the questioner
asks for clarifications or gives hints when nec-
essary. This is repeated with a different prob-
lem at another point in the lecture, with the
students in reversed roles. After the allotted
time, the instructor calls on several explainers
to report new solutions.

New research is needed on the roles asso-
ciative thinking and distributed reasoning
play in science and in creativity, as well as to
test the hypothesis that teaching students to
increase their associative thinking and their
peer-peer interactions while problem-solving
will improve the originality and novelty of
the solutions they pose to ill-structured prob-
lems in science. A small but growing number
of science instructors are already engaged in
active learning pedagogies aimed at improv-

ing students’ scientific reasoning skills (10).
For them and their more reluctant colleagues,
some of the strategies described above may be
worth trying. If more students learn to think
like creative scientists, it will be well worth
the effort.
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