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Abstract: Researchers studying the creative process have been faced with the issue of how to
study the thought processes of individuals at the highest levels of accomplishment. Much research
in this area uses qualitative case studies. The present chapter uses what can be called quasi-
experimental quantitative methods to examine case studies, which make possible rigorous testing
of hypotheses concerning the creative process. Examples discussed include Picasso’s develop-
ment of his painting Guernica and Edison’s electric light. Results from the case studies serve as
the basis for conclusions concerning the thought processes underlying innovation at the highest
levels.
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Introduction
In my work, I use the term ‘creative’ to refer to the
production of goal-directed novelty (Weisberg, 1993,
chap. 8). Thus, the creative process consists of the
cognitive processes that result in production of goal-
directed novelty, a creative individual is one who
intentionally produces such, and a creative work is a
novel product produced intentionally by some individ-
ual. In this chapter I will use innovation as
synonymous with creative product. This definition
differs from that used by most researchers who study
creativity, who usually include as a criterion for calling
something creative that it be of value (see chapters in
this volume). That is, a proposed solution to a problem
must actually solve the problem in order to be called
creative; an invention must carry out the task for which
it was designed; a work of art must find an audience.
For reasons discussed elsewhere (Weisberg, 1993,
chap. 8), I believe that including value in the definition
of creative and related concepts significantly clouds
several important issues. However, in the present
context the specifics of the definition are irrelevant,
since all the innovations to be discussed in this chapter
are undoubtedly of the highest value. Therefore, no one
would argue that the conclusions drawn are irrelevant
because they are drawn from analyses of products
which are not creative.

Methods for Studying Creative Thinking

Laboratory Investigations and Their Limitations
Researchers who study creative thinking usually have
approached the subject matter from one of two
directions. On the one hand, investigators have carried
out experimental studies, typically centering on the
study of undergraduates working on laboratory prob-
lems (e.g. Gick & Holyoak, 1980; Glucksberg &
Weisberg, 1966; Weisberg, 1995, 1999; Weisberg &
Alba, 1981; Weisberg & Suls, 1973). Successful
problem solving, per se, requires creative thinking, so
such investigations have face validity as studies of
creative processes. However, one can raise a question
concerning their external validity: To what population
can one generalize conclusions drawn from such
studies? On the basis of controlled investigations of
undergraduates working on small-scale laboratory
problems, one may not be able to make inferences
about such individuals as Picasso, Mozart, Edison, and
Einstein, who are also part of the population of creative
thinkers one wishes to understand. Indeed, it could be
argued that those latter individuals, and others like
them, are the most important component of that
population. If we wish to be able to claim at some point
that we truly understand creative thinking, we will have
to be able to explain how innovations at the highest
level are produced. Examining undergraduates working
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on laboratory exercises may not provide an under-
standing of the thought processes underlying the
achievements of the most eminent among us. Of
course, one could simply assume that laboratory
investigations can illuminate aspects of the creative
process that are relevant to all creative thinkers.
However, such an assumption, if made without empiri-
cal support, seems to beg a basic question which
motivates the study of creative thinking: What are the
thought processes which bring about the greatest
advances?

Studying High-Level Creativity
Thus, there is a potential limitation in our under-
standing of the creative process if we rely solely on
results from experimental studies of undergraduates.
Researchers have therefore also attempted to inves-
tigate directly the creative process in individuals of the
first rank. First, researchers have observed such
individuals at work (e.g. Dunbar, 2001). Second,
researchers have collected autobiographical reports
concerning how individuals of great accomplishment
carried out their work (e.g. Ghiselin, 1952). A third
method has been to carry out biographical studies of
eminent creators, hoping thereby to illuminate the
creative process (e.g. Gardner, 1993). Fourth, research-
ers have used archival information to try to reconstruct
the processes underlying significant creative advances
(e.g. Gruber, 1981). Finally, researchers have used
historiometric methods to carry out quantitative analy-
sis of historical data (e.g. Martindale, 1990; Simonton,
this volume). After a brief review of these various
methods, I will describe another method, which I call
the ‘quantitative historical case study’. This method
centers on quantitative analysis of the work of
individuals, based on archival records, and in some
circumstances allows us to carry out rigorous tests of
predictions concerning the creative process in eminent
individuals for whom laboratory data are not available
(Ramey & Weisberg, 2002; Weisberg, 1994, 1999,
2002; Weisberg & Buonanno, 2002).

Studying High-Level Creativity in Real Time: ‘In
Vivo’ Investigations
One way to overcome the limitations inherent in using
results from studies of undergraduates to draw conclu-
sions concerning creative thinking in people of the
highest rank is to try to observe such people directly.
Dunbar (e.g. 1995, 2001) over several years observed
the ongoing activities in four high-level research
laboratories in molecular biology. He was given
complete access to the laboratory activities by the
directors, who in each case was a scientist of high
repute, with numerous publications and grants, and
who had been awarded prizes based on the quality of
the research carried out in his or her laboratory. Dunbar
regularly attended and recorded laboratory meetings,
discussed ongoing work with the scientists involved,

and was given copies of research papers in various
stages of completion. He became so integral a part of
those various laboratories that he was informed several
times when discoveries were imminent, so that he
could be present.

These observations enabled Dunbar to make several
discoveries concerning the processes underlying crea-
tive work in those laboratories (2001). As one example,
he found that scientists’ use of analogies in theorizing
is relatively limited, and that a scientist may not move
far afield when trying to think of a situation analogous
to some poorly understood phenomenon that he or she
is facing. Any analogies produced will usually come
from domains closely related to the one in which the
scientist is working. This finding indicates that creative
scientists do not rely on far-ranging leaps of thought,
based on remote analogies, when trying to understand
a recalcitrant phenomenon. Also, Dunbar (1995) has
found that a scientist’s conception of his or her own
work is sometimes changed radically as the result of
input from colleagues during laboratory meetings in
which data and analyses are discussed. The scientist
alone is less likely to try to deal with recalcitrant data.
Thus, the scientist may not experience a sudden insight
into some phenomenon, based on a concomitant
restructuring of understanding, without help from
people who may be reluctant to accept the scientist’s
perspective on the phenomenon. Dunbar has also found
that, perhaps surprisingly, senior scientists are more
likely than their junior colleagues to change their
analysis of some phenomenon in light of disconfirming
data. One might have thought that senior scientists,
being more set in their ways, would be more likely to
cling to old ways of looking at things, but this was not
the case in the laboratories studied by Dunbar. It seems
that senior scientists, because of experience with being
mistaken, are less likely to hold strongly to a
hypothesis when it is contradicted by data.

In sum, Dunbar’s research has shown how scientific
research can be studied in vivo, and has produced a
number of important results. However, although the
laboratories studied by Dunbar are directed by scien-
tists of strong reputation, those individuals and their
research groups are as yet nowhere near the sig-
nificance of Einstein, Darwin, and the like, and so there
is still the issue of how the conclusions from Dunbar’s
research would illuminate the latter. In addition, taking
Dunbar’s tack leaves us without a way of gaining an
understanding of historically significant figures who
are not available to provide access to their laboratories.
Thus we are led to other options, which deal with
historically significant individuals per se.

Subjective Reports of the Creative Process
A number of investigators have used personal reports
of individuals of extraordinary accomplishment to
provide entrée into the creative process (e.g. Ghiselin,
1952). These reports, coming from individuals from
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across the spectrum of creative fields, including poetry,
literature, music, visual arts, and the sciences, are in the
form of letters, addresses before scientific societies or
other groups, responses to questionnaires, and in-depth
interviews. Ghiselin made clear the motivation for use
of such reports as the basis for theorizing concerning
creativity.

(A) large amount of comment and description of
individual processes and insights has accumulated,
most of it fragmentary, some of it not perfectly
reliable. Among these materials the most illuminat-
ing and entertaining are the more full and systematic
descriptions of invention and the reflections upon it
made by the men and women most in position to
observe and understand, the thinkers and artists
themselves (1952, p. 11).

Ghiselin’s enthusiasm notwithstanding, first-hand
reports concerning the creative process suffer from
several shortcomings. They are usually made long after
the fact, which raises questions about their accuracy
(Perkins, 1981; Weisberg, 1986, 1993). For example,
the well-known report by Poincaré (excerpted in
Ghiselin, 1952, pp. 33–42), concerning how several of
his most important mathematical discoveries came
about, was made many years after the fact (Miller,
1996). Similarly Kekulé’s often-cited report of his
‘dream’ of a snake grasping its tail and dancing before
his eyes, which served as the basis for his formulation
of the circular structure of the benzene ring, was
presented some 25 years after it occurred, as part of an
address he gave at a Festschrift commemorating his
discovery (Rocke, 1985). Long lags between an event
and the report of that event raise questions about the
accuracy of the report. Dunbar (2001) has found that
the investigators in the laboratories that he studied were
likely to forget how advances in their thinking came
about. Because Dunbar had taped laboratory meetings,
he was able to check the accuracy of the investigators’
recollections of events in the meeting that had resulted
in changes in conceptions of some phenomenon. Even
after as short a period as 6 months, people were able to
remember the outcome of the lab meeting—e.g. a new
way of conceptualizing some phenomenon—but were
not able to remember how that change had been
brought about. Thus, subjective reports given years
after the fact are of questionable value as data for
theories of creative thinking.

Even if the subjective report were given very soon
after the events in question, which might reduce
potential memory problems, in most cases we have no
way of verifying the accuracy of the report, because
usually there is no objective evidence to support it.
Indeed, given the subject matter of many of these
autobiographical reports—they are presented to give us
insight into what the isolated person was thinking when
he or she made some creative advance—it is not clear
that there could be information that could serve to

verify them. The difficulty verifying subjective reports
is particularly troubling in the face of evidence that
some often-cited published reports are not true,
including ‘Mozart’s letter’ (in Ghiselin, 1952, pp. 44–
45) concerning his process of musical composition,
and Coleridge’s description of how the poem ‘Kubla
Kahn’ came to be (in Ghiselin, 1952, pp. 84–85; see
Weisberg, 1986, for further discussion).

Furthermore, the individuals providing those reports,
although of undeniable eminence in their fields, have
no training as behavioral scientists, which may limit
their ability to provide valuable data, even if such are
available. That is, contrary to Ghiselin’s belief quoted
above, the creative individual—painter, poet, or phys-
icist—may not be in the best position to observe and
understand the processes underlying his or her achieve-
ments. The position taken in this chapter is that the
cognitive scientist, equipped with tools to analyze
objective data, is the individual most likely to make
valid observations about the creative process. Finally,
subjective reports describe autobiographical events and
as such provide no information directly amenable to
quantitative analysis. This limits their usefulness as the
basis for development of scientific theories, the goal of
which is to understand creative thinking.

Biographical Case Studies
In a move away from the problems inherent in using
autobiographical reports as the basis for theories of
creative thinking, Gardner (1993) carried out biograph-
ical studies of seven of the most eminent creative
individuals of the 20th century, Freud, Einstein,
Picasso, Stravinsky, Martha Graham, T. S. Eliot, and
Gandhi, each of whom exemplifies one of Gardner’s
proposed multiple intelligences. He used these biogra-
phies to derive a number of conclusions concerning
how each individual brought about his or her ground-
breaking work. For example, Gardner emphasizes the
role of a support group in providing a sympathetic
arena in which the individual can introduce radical
ideas. Gardner’s approach is a significant step toward
an objective basis for a theory of creative thinking,
because it relies on historical data. However, a
quantitatively oriented psychologist is left unsatisfied
with biographies as the basis for an analysis of creative
thinking, because there is very little in the way of a
unique psychological contribution to the analysis. As
one example of this lack, biographies, although
undoubtedly informative, provide little in the way of
quantitative data to serve as the basis for scientific
theorizing; e.g. there are no data tables or graphs in the
400-plus pages of Gardner’s book.

Historical Case Studies: Archival Data and
Reconstruction of Process
A number of investigators have examined individual
cases of the highest level of creative achievement, such
as Gruber’s (1981) analysis of Darwin’s development
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of the theory of evolution through natural selection (see
also Holmes (1980) and Tweney (1989)). Gruber’s
ground-breaking study was based on archival data, i.e.
Darwin’s notebooks, and his work stimulated interest
in case studies of creative thinking (e.g. Perkins, 1981;
Weisberg, 1986). One difference between Gruber’s
case study of Darwin and Gardner’s (1993) biograph-
ical case studies is Gruber’s concentration on Darwin’s
development of his theory. That is, one could contrast
Gruber’s and Gardner’s perspectives by saying that
Gruber presented a biography, not of Darwin, but of the
theory of natural selection. In the case-study per-
spective, the emphasis is less on the creator than on the
work. Inferences about the creative process are made
on the basis of changes that occurred in the work, as
evidenced by objective data in notebooks, laboratory
records, and the like.

Gruber (1981) has proposed on the basis of his
analysis of Darwin that the creative process may be
unique in each individual, and that there may be no
generalizations to be made about the creative process
or the creative person, because each creative accom-
plishment is carried out by a unique individual in a
unique set of circumstances. Such a conclusion,
however intriguing it may be, must be supported or
rejected through the analysis of other case studies.
Furthermore, Gruber’s method of analysis may make it
difficult to discover generalizations about the creative
process, even the generalization that no generalizations
can be made about the creative process, because the
qualitative and descriptive slant of his method provides
little in the way of data to be analyzed in the search for
generalizations. As in Gardner’s (1993) biographical
studies, there are no data tables in Gruber’s study of
Darwin. Gruber may be correct in his claim that no
strong generalizations will come out of case studies of
creative thinking, but the only way to know is to carry
out more of them, in a form which allows latent
generalizations to become manifest.

A sub-genre of case studies has centered on
computer modeling of the creative processes that led to
significant innovations (e.g. Kulkarni & Simon, 1988;
Langley, Simon, Bradshaw & Zytkow, 1987). In these
studies, computer programs are given data comparable
to those presumed available to the investigator whose
case study is being analyzed. The computer program is
usually minimally structured, so that the only methods
available to it are general-purpose heuristics, and the
question of main interest is whether a program so
structured will produce the discovery that the
researcher produced. It has been concluded by a
number of investigators that such programs have been
successful, which supports the claim that a number of
innovations in science have been brought about using
very general methods (Klahr & Simon, 1999; Langley
et al., 1987). The case studies to be discussed in the
present chapter can be seen as being influenced by the
overall conception behind the computer-simulation

studies, that is, the idea that it is possible to analyze in
relatively straightforward terms the cognitive processes
that produced innovations of the highest order. One
basic difference between the present chapter and
computer simulation studies is that I have made no
attempt to model any case studies using computers.

Historiometric Methods
Simonton (e.g. this volume) and Martindale (e.g. 1990)
have applied quantitative methods to historical data in
order to formulate and test hypotheses concerning
creative thinking. For example, Simonton has investi-
gated the influence of war and other social upheaval on
creativity, by breaking the last two millennia into
20-year ‘epochs’, and determining for each the fre-
quency of social unrest and of creative
accomplishment, based on such measures as years in
which active war was carried out, and numbers of
creative individuals who flourished. Using methods
such as time-lagged coefficients of correlation, Simon-
ton has attempted to distill causal relations from
historical data, and has concluded, for example, that
occurrence of war involving a nation results in a
decrease in creative accomplishment in that nation in
the following epoch. Also, the occurrence of a
significant number of individuals of high levels of
accomplishment during one epoch is positively related
to the level of accomplishment in the next generation,
which Simonton takes as supporting the idea that one
generation serves as role models for the next. These
methods have thus produced sometimes striking find-
ings, but they have usually been applied to the analysis
of groups of individuals, over relatively long periods of
time. This method does not preclude the study of the
creative process in individuals, however, and the
studies I will discuss can be looked upon as based on
the philosophy behind these historiometric methods.

Quantitative Historical Case Studies
Methods used heretofore to attempt to come to grips
with the production of innovation have not for the most
part provided quantifiable data concerning the creative
process in individuals of great renown. In an attempt to
apply quantitative analyses to data from individual
cases of creativity at the highest level, I and my
students have recently carried out a number of what
could be called quantitative historical case studies
(Ramey & Weisberg, 2002; Weisberg, 1994, 1999,
2002; Weisberg & Buonanno, 2002). The specific
antecedent for those studies was the work of Hayes
(1981, 1989), who examined the role of experience—
what Hayes called ‘preparation’—in the production of
creative masterpieces. Hayes measured the amount of
time that elapsed between an individual’s beginning a
career in the fields of musical composition, painting,
and poetry, and the production of that individual’s first
‘masterpiece’. Hayes defined a masterpiece in objec-
tive terms as, e.g. a musical composition that had been
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recorded at least five times, a painting that was cited in
reference works, or a poem that was included in
compendia. There was a regular relationship between
time in a career and production of the first masterpiece:
all of the individuals in all of the domains required
significant periods of time—approximately 10 years—
before production of their first masterpiece. Thus,
Hayes provided quantitative evidence for the claim that
immersion in a discipline is necessary before an
individual can produce world-class work (see Weisberg
(1999) for further discussion).

Several of the case studies that I will discuss in this
chapter have been carried out using methods similar to
those of Hayes. Although the ‘data’ from case studies
of innovations are not always amenable to rigorous
quantitative analysis, we will see that bringing a
quantitative orientation to case studies sometimes
results in discoveries that would not have been
apparent using only qualitative presentations of histor-
ical information. I will now examine the question of
whether ordinary processes could serve as the basis for
innovation, and whenever possible, case studies will be
presented as evidence. Before discussing ordinary
processes in innovative thinking, it is first necessary to
briefly examine the opposite view, which has a long
history in psychology, i.e. the idea that great innovative
advances are the result of extraordinary thought
processes.

Innovation and Extraordinary Thinking
Because creative thinking brings about innovations that
most of us are not capable of producing, many
researchers who study creativity have assumed that
there is something extraordinary about the creative
process. That is, extraordinary outcomes must be the
result of extraordinary processes. Two examples of
such processes are the Gestalt psychologists’ notion of
productive—as opposed to reproductive—thinking
(e.g. Scheerer, 1963; Wertheimer, 1982) and Guilford’s
notion of divergent—as opposed to convergent—
thinking (e.g. Guilford, 1950).

Extraordinary Processes
According to the Gestalt psychologists, true creative
advances require that the person use productive
thinking to go beyond what had been done before
(staying with what had been done before was mere
reproductive thinking). Furthermore, if one relied on
the past and ‘mechanically’ reproduced habitual
responses, one would not be able to deal with the
particular demands of the novel situation that one
faced, and would therefore be doomed to failure.
Similarly, Guilford (1950) reasoned that the first step in
the creative process must be a breaking away from the
past, which is the function of divergent thinking. As the
name implies, this type of thinking diverged from the
old, and produced numerous novel ideas, which could
serve as the basis for a creative product. The highly

creative individual is assumed to be high in divergent-
thinking ability (e.g. Csikszentmihalyi, 1996). Once
divergent thinking has served to produce multiple new
ideas, then convergent thinking can be used to narrow
down the alternatives to the best one. Current theoret-
ical analyses of creative thinking sometimes assume
that it is based on divergent thinking, even if that term
is not explicitly used. As an example, Simonton (1999,
p. 26) proposes that the creative process must begin
with “the production of many diverse ideational
variants”. These multiple and varied ideas, produced
presumably as a result of divergent thinking, provide
the basis for the thinker’s ability to deal with the new
situation that he or she is facing.

Although there are differences between the concepts
of productive/reproductive thinking and divergent/
convergent thinking, there is a basic underlying
similarity: the first step in the creative process is
breaking away from the past, and there is a special kind
of thought process that brings this about (see Weisberg
(1999) for further discussion). This idea has become
part of our culture, as evidenced in the often-heard
comment about the need for ‘out-of-the-box’ thinking
in situations demanding creativity. This instruction is a
direct extension of the Gestalt idea that true creativity
requires productive thinking, and the related idea that
reliance on experience can interfere with dealing with
the demands of the present. The well-known work by
Luchins and Luchins (e.g. 1959) on problem-solving
set is often brought forth as a graphic example of the
dangers that can arise from a too-strong (and unthink-
ing) reliance on the past.

Innovation as the Expression of Ordinary Processes
The view to be presented in this chapter, in contrast to
those just discussed, assumes that innovation comes
about through the use of ordinary thinking processes;
creative thinking is simply ordinary thinking that has
produced an extraordinary outcome—ordinary think-
ing writ large (Weisburg, 1986, 1993, 1999). Variations
of this view have been presented by Simon and
colleagues (e.g. Simon, 1976, pp. 144–174; Simon,
1986) and Perkins (1981). When one says of someone
that he or she is ‘thinking creatively’, one is comment-
ing on the outcome of the process, not on the process
itself. Although the impact of innovations can be
profound—as when a scientific theory changes the way
we conceive the world, or when an invention produces
changes in the way we live, or when an artistic product
can arouse a strong emotional response in all of us—
the mechanism though which the innovation comes
about, as I will show, can be very ordinary.

The view that ordinary thought processes serve in
creative endeavors has several facets. The most striking
aspect of ordinary thinking is that it is based strongly
on experience: ordinary thinking is based on continuity
with the past. We build on the old to produce the new.
Ordinary thinking is also structured: we are usually
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able to understand why one thought follows another in
our consciousness. Third, ordinary thinking consists of
a family of related activities (Perkins, 1981). We use
the term thinking to refer to a number of specific
activities, such as remembering, imagining, reasoning,
and so forth. Finally, ordinary thinking is sensitive to
environmental events. All these components of ordi-
nary thinking are important in innovative thinking as
well.

Continuity in Thinking

Consider the processes involved in an activity that
would not be labeled creative, such as preparing dinner
from a recipe. Perhaps the most striking aspect of this
activity is that the more we carry it out, the better we
get; we take it for granted that we will show learning.
If you watched the first time I followed that recipe, and
then came back and watched me do it a tenth time,
presumably I would be better at it. I would not have to
check the directions in the cookbook, I could do it from
memory; I would carry out each of the components
faster; and there would be less wasted effort. Thus, the
basic component of thinking as expressed in our day-
to-day activities is that it builds on what has come
before; it is based on continuity with the past.

If creative thinking is ordinary thinking, then it too
should demonstrate continuity with the past. Several
different sorts of evidence would demonstrate continu-
ity in creative thinking. First, there should be a learning
curve in creative disciplines: people who work in
creative disciplines should require a significant amount
of time to become good at what they do. Specific data
that would demonstrate the development of skill within
a discipline would be increasing productivity and
increasing quality of a person’s work. We have already
seen some evidence to support this general perspective
from Hayes’s (1989) study of preparation in creative
fields—10 years are needed before a masterwork is
produced—and additional evidence will be adduced
shortly. A second aspect of continuity with the past is
that we build on our experiences. If creative work also
builds on the past, then it should be possible to discern
connections between innovations and what came
before. That is, there should be antecedents for creative
works (Weisberg, 1986, 1993). Another way of
expressing this aspect of continuity—antecedents for
creative works—is to say that we move incrementally
away from the past as we go on to something new; we
do not reject the past, we use it. If innovations are
based on continuity with the past, rather than rejection
of it, we should see incremental movement beyond
what has been done before.

Structure in Thinking

As has been argued for millennia, at least from
Aristotle, our ordinary thinking is structured: one
thought follows another in a comprehensible manner as

we carry out our ordinary activities. There are several
components to the structure of our ordinary thinking
activities. Sometimes our thoughts are linked through
associative bonds, which are the result of links between
events in our past. This is expressed in Hobbes’s
familiar statement concerning the stream of associa-
tions in ordinary thinking (reprinted in Humphrey,
1963, p. 2).

The cause of the coherence or consequence of one
conception to another is their first coherence or
consequence at that time when they are produced by
sense: as for example, from St. Andrew the mind
runneth to St. Peter, because their names are read
together; from St. Peter to a stone for the same
cause; from stone to foundation, because we see
them together; and for the same cause from founda-
tion to church, from church to people, and from
people to tumult: and according to this example the
mind may run from almost anything to anything
(emphases in original).

A second basis for one thought following another is
similarity; as Aristotle noted, common content will
tend to make one thought call forth another (Hum-
phrey, 1963, pp. 3–4). So, for example, thinking about
your team’s last game may bring to mind earlier games
you attended. Similarly, an environmental event can
remind one of a similar event from one’s past.

Ordinary thinking also possesses structure because
sometimes we use reasoning processes of various sorts
in our ordinary activities, and this provides a basis for
moving from one thought to the next. As an example,
a friend says to you: ‘If it rains tomorrow morning, I
am not coming’. The next morning, you look out the
window, see that it is raining, and think ‘She is not
coming’. That thought arises from the logic of what
your friend said. If innovative thinking depends on
ordinary thinking, it too should possess structure of
these sorts; we should be able to understand the
succession of thoughts as a creator brings a product
into existence.

Thinking is a Family of Activities

Ordinary thinking is made up of a family of cognitive
activities. The phrase ‘I’m thinking’, can refer to any of
a large group of activities, some of which are the
following: trying to remember something; imagining
some event that you witnessed; planning how to carry
out some activity before doing it; anticipating the
outcome of some action; judging whether the outcome
of an anticipated action will be acceptable; deciding
between two alternative plans of action; determining
the consequences of some events that have occurred
(through deductive reasoning); perceiving a general
pattern in a set of specific experiences (through
inductive reasoning); comprehending a message; deter-
mining if two statements are contradictory. Creative
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thinking should also be constructed from these sorts of
basic cognitive activities (Perkins, 1981).

Creative Thinking and Environmental Events
Ordinary thinking is sensitive to environmental events,
which often change the direction of thought and action.
For example, you might change your beliefs about
someone by witnessing their behavior in some situa-
tion. You might observe someone, who you thought
was kind, behaving cruelly toward someone without
any reason that you can see. That might change your
opinion of the person’s character. Creative thinking
also should be sensitive to external events.

We now turn to an examination of evidence
supporting the hypothesis that each of these facets of
ordinary thinking is also seen in creative thinking. In
each of these areas, much of the evidence will be drawn
from case studies.

Continuity in Creative Thinking
Several sorts of evidence would support the idea that
creative thinking depends on continuity with the past.
First, if individuals must learn to be creative, there
should be a significant amount of time before an
individual puts a distinctive stamp on his or her work.
Second, during this time period, one should see an
increase in an individual’s productivity, as he or she
learns the skills relevant to the domain; and in the
quality of that individual’s work, as he or she begins to
put a distinctive stamp on the work. Third, one should
be able to find antecedents for creative works, which is
another way of saying that creative works should be the
result of small-scale, or incremental, advances beyond
the past, rather than being the result of wholesale
rejection of the past.

Learning to be Creative: The 10-Year Rule
The work of Hayes (1981, chap. 10; 1989), already
briefly reviewed, provides evidence that creative work
requires a significant period of development. If produc-
tion of a masterpiece in Hayes’s terms can be taken as
evidence for having mastered the discipline, then a
significant period of time is required before this level
of accomplishment is reached. Hayes’s work was based
on earlier research on what has become known as the
‘10-Year Rule’ in the development of expertise in
problem solving. The 10-Year Rule was postulated by
Chase and Simon (1973) on the basis of their study of
chess-masters’ skills. In an extension of work by de
Groot (1965), Chase and Simon examined, among
other things, the ability of chess masters to recall
almost perfectly, after an exposure of only 5 seconds,
the positions of the 25–30 pieces from the middle of a
typical master-level game. They concluded that the
basis for this skill was a database of familiar groups of
pieces, or ‘chunks’, acquired through years of intensive
study and play, which are applied to any new board
position which the master faces. The master uses this

database to perceive the board position upon initial
exposure, choose the next move from that position, and
remember the position at a later time. Thus, the
memory for the board position was based on the same
information that served in the master’s choice of the
next move in the game, which can be considered a
component in a creative act at the highest level (i.e.
playing master-level chess). In estimating how many
chunks had to be available in order for the master to be
able to recall 25–30 pieces from a brief exposure,
Chase and Simon concluded that approximately 50,000
chunks of 3–6 pieces each were needed, and that 10
years or so of intense study of chess was required to
store these chunks in memory (hence, the ‘10-Year
Rule’).

As we have already seen, Hayes (1981, Chapter 10;
1989) extended Chase & Simon’s analysis to creative
production in the domains of musical composition,
painting, and poetry, and provided quantitative evi-
dence to support the need for immersion in the
discipline as a necessary condition for the production
of world-class work. In addition, this relationship was
seen for even the most extraordinarily precocious
individuals, such as Mozart. Mozart began his musical
career at age six, under the tutelage of his father, a
professional musician of some renown. His first
masterpiece by Hayes’s criterion was the Piano Con-
certo #9 (K. 271), written in 1786, when Mozart was
21, some 15 years into his career. Gardner’s (1993)
biographical studies of seven eminent 20th-century
individuals also supported the 10-Year Rule: each of
those individuals needed a significant amount of time
before carrying out his or her first major accomplish-
ment. Furthermore, those of Gardner’s subjects who
produced more than one major work required sig-
nificant amounts of time before each of them.

In conclusion, research on the 10-Year Rule supports
the idea that even great individuals need a significant
period of time to gradually perfect their skills (Weis-
berg, 1999). However, the research discussed so far
does not tell us in any detail what happens during the
period of time when the individual is developing.
Based on the notion of continuity in thinking, one
would expect that there would be increases in an
individual’s productivity and in the quality of his or her
work during that time.

Learning to Write Great Music. 1: Mozart

Productivity
As we just saw, Mozart’s first masterwork was
composed some 15 years into his career. There were, of
course, compositions produced during Mozart’s earlier
years, as shown in Fig. 1A, and those data support the
hypothesis that Mozart’s production would increase
with his experience as a composer. Over the first few
years of his career, production gradually increased,
until after about 12 years it more or less leveled off,
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Figure 1A. Number of compositions per year of Mozart’s career.
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Figure 1B. Mozart’s productivity—three-year running averages.
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Figure 1C. Productivity of fifths of Mozart’s career.
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although there is considerable variability in productiv-
ity from year to year. The increase in Mozart’s
productivity can be seen more clearly in Figs 1B and C,
which present, respectively, the average numbers of his
compositions grouped over three-year segments (a
three-year running average of his productivity), and
grouped by fifths of his career. Here we see relatively
clearly that the number of compositions increased over
the first 12 years or so. The increase over the first three
fifths of Mozart’s career in Fig. 1C is significant.

Quality
Based on the notion of continuity in creative thinking,
one would also expect an increase in the quality of
Mozart’s compositions over time. Possible changes in
the quality of Mozart’s early compositions can be seen
if we use the number of recordings of each of his
compositions as a continuous measure of quality,
which allows one to include ‘pre-masterworks’ in the
analysis. This measure differs from Hayes’s 5-record-
ing criterion for masterworks, which is an all-or-none
measure. Figure 2A presents the average number of
recordings for each of the compositions for each year
of Mozart’s career, and three interesting points emerge.
First, similarly to Mozart’s productivity, there is much
variability in quality from year to year. Second,
consistent with the notion of continuity, there is an
overall increase in the quality of compositions over
time; compositions later in Mozart’s career are
recorded on average more than early compositions.
However, in contrast with productivity (Fig. 1), the
increase in the quality of Mozart’s compositions as
indexed by the average number of recordings is much
less gradual. This is seen more clearly in Figs 2B and
C, which present three-year running averages and
average numbers of recordings per composition for the
fifths of Mozart’s career, respectively, and the contrast
with Mozart’s productivity is striking. The data in Fig.
2 indicate that Mozart seems to have languished in
what one could call mediocrity until he moved up to a
new level of quality, approximately 10 years into his
career. The overall difference in numbers of recordings
for the fifths of Mozart’s career shown in Fig. 2C is
significant, with the first and second fifths being
significantly lower than the others. The first and second
fifths do not differ, nor do the last three fifths.

This analysis of Mozart’s development as a com-
poser has provided support for two aspects of the
notion of continuity in creative thinking: we have seen
an increase in Mozart’s productivity and in the quality
of his compositions over the first portion of his career.
However, we have also seen possible differences in the
pattern of development of these two aspects of
Mozart’s production, with quantity increasing grad-
ually over time, and quality increasing more suddenly.
One interesting point to be taken away from the
quantitative analysis in Figs 1 and 2 is that one may
become aware of patterns in a creator’s work that are

not apparent when one simply presents a qualitative
discussion of the same phenomenon.

The Question of Originality
The finding that Mozart’s earliest compositions are of
lower quality than his later ones leads to the question of
what differences between early vs. late compositions
might account for the differences in quality. Assume
that at least part of the process of becoming a ‘world-
class’ composer involves developing a distinctive voice
or style—producing music that leads listeners to say
‘That is by Mozart’. In general terms, reaching world-
class level in any artistic field requires development of
some originality, i.e. one’s own style, so that one’s
work is recognizable. One might extend this view to
creative work in the sciences and technology, where
one also must establish a ‘distinctive voice’ before
one’s work can be considered innovative. There are at
least two possibilities concerning how this distinctive
voice might develop. On the one hand, the young
person might produce distinctive work from the
beginning of his or her career, but the quality of those
early innovations might be low, so they make no
impression, or even a negative impression, and are not
acknowledged as masterworks. On the other hand, the
young artist might not be particularly innovative in his
or her early works, and that is why modern-day
audiences find them of less interest than later works.
Coming back to Mozart, his earliest works might not
be ‘Mozartian’.

Evidence to support the latter view comes from
examination of some of Mozart’s earliest composi-
tions, which turn out to be little more than reworkings
of compositions of other composers (Weisberg, 1999).
Table 1A summarizes Mozart’s first seven works in the
genre of the piano concerto, and one sees that those
works contain almost nothing original: the music was
composed by others. Mozart arranged it for piano and
other instruments. So Mozart seems to have begun
learning his skill through study and small-scale
modification of the works of others; Mozart’s earliest
works, which perhaps should not even be labeled as
being by Mozart, contained little that was original and
have been of little lasting musical interest.

Even when Mozart began to write music of his own,
those pieces seem to have been based relatively closely
on works by other composers, as can be seen in his
production of symphonies (Zaslaw, 1989; see Table
1B). Mozart’s final three symphonies (#39–41), usually
acknowledged as his greatest, are those with which
listeners are most familiar. They comprise four large-
scale movements, and require approximately 30–40
minutes to perform. In addition, each contains innova-
tive elements, which places it on a high plane of artistic
achievement in the history of music. As one example,
the final movement of Mozart’s last symphony (K. 551,
the Jupiter) is structured to a degree of complexity
never before seen in a symphonic work. Mozart’s early
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Figure 2A. Mozart’s development—mean recordings/composition over the years of Mozart’s career.
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Figure 2B. Mean recordings per composition per year—three-year running average.
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Figure 2C. Mean recordings per composition by fifths of Mozart’s career.
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symphonies are very different from the later ones in
structure, emotional scale, and innovation. His first
symphony (K. 16) was produced in London in 1764,
when he was eight; several others were produced in the
next two years. All those very early symphonies were
composed when Mozart and his father were visiting
London and Holland, as part of a ‘grand tour’ of
Europe, which afforded the young composer opportu-
nities to meet important musical figures and members
of the nobility.

While the Mozarts were in London, young Wolfgang
became close to Johann Christian Bach (youngest son
of J. S. Bach), who had established himself in England
as a composer. Bach had composed a number of
symphonies for use in concerts which he promoted in
London in partnership with W. F. Abel, another
German composer who had also written symphonies
for their concerts. Those early symphonies almost
always were composed of three short movements,
usually in tempos of fast, slow, fast, and were built with

a simple harmonic structure. Mozart’s first symphonies
closely parallel those of Bach and Abel in structure and
substance (see Table 1B). They consist of three short
movements, usually in tempos of fast, slow, fast. In
addition, the harmonic structure of Mozart’s early
symphonies does not go beyond the structure of those
models. Thus, Mozart’s earliest works are not very
original, which supports the hypothesis that the ten
years of ‘apprenticeship’ provide the basis for later
originality.

Mozart’s Development: Conclusions
The analysis of Mozart’s career development supports
the notion of continuity in creative innovation, as we
found the developmental sequence expected on the
basis of continuity. A significant amount of time passed
before a unique contribution was made, and there was
evidence for the development of Mozart’s skill as a
composer during this time: his productivity increased
with experience, as did the quality of his compositions.

Table 1. Mozart’s early compositions.

A. Piano Concertos

# (K.#) Sources

– (K. 107, 1–3) J. C. Bach Op. 5 #2, 3, 4
1 (K.37) H. F. Raupach, [composer not known], L. Honauer
2 (K.39) H. F. Raupach, J. Schobert, H. F. Raupach
3 (K.40) L. Honauer, J. G. Eckard, C. P. E. Bach
4 (K.41) L. Honauer, H. F. Raupach, L. Honauer

B. Symphonies

Performance
# Date, Location Movements Tempos duration

J. C. Bach Op. 3, #1 1765, London 3 Fast, Slow, Fast 10�
Op. 3, #2 1765, London 3 F, S, F 10�
Op. 3, #3 1765, London 3 F, S, F 10�
Op. 3, #4 1765, London 3 F, S, Menuetto 15�
Op. 3, #5 1765, London 3 F, S, F 10�
Op. 3, #6 1765, London 3 F, S, F 9�

Abel Op. 7, #1 1764, London 3 F, S, F 10�
Op. 7, #2 1764, London 3 F, S, F 8�
Op. 7, #3 1764, London 3 F, S, F 11�
Op. 7, #4 1764, London 3 F, S, Menuetto 9�
Op. 7, #5 1764, London 3 F, S, F 8�
Op. 7, #6 1764, London 3 F, S, F 14�

Mozart 1 (K16) 1764, London 3 F, S, F 10�
– (K19a) 1765, London 3 F, S, F 12�
4 (K19) 1765/6, Holland 3 F, S, F 12�
5 (K22) 1765, Holland 3 F, S, F 7�
– (K45a) 1765/6, Holland 3 F, S, F 11�

39 (K543) 1788, Vienna 4 (S intro) F, S, Men., F 33�
40 (K550) 1788, Vienna 4 F, S, Men., F 33�
41 (K551) 1788, Vienna 4 F, S, Men, F 38�

218

Robert W. Weisberg Part II



In addition, there was evidence that his early works
were based relatively directly on those of others.

Learning to Write Great Music. 2: The Beatles

Further evidence for this developmental sequence—
immersion in the works of others before producing
innovations of one’s own, with early works being of
lower quality than later ones—can be seen in the career
of the Beatles, specifically, the Lennon–McCartney
songwriting team (Weisberg, 1999). I analyzed the
development of the Lennon–McCartney songwriting
team to examine the hypotheses that: (1) Lennon and
McCartney developed their skill as songwriters through
long-term immersion in the works of others; and (2)
their skill as songwriters improved over their years
together. The first step in the analysis was to demon-
strate a long period of immersion in the works of others
before the production of significant works of their own.
I used records of the Beatles’ performances (Lewisohn,
1992) to determine how often they played together
before they became world-famous in 1964. As shown
in Fig. 3, before becoming well known, the Beatles had
spent more than five years performing, and were on
stage on average more than once a day during those
years. The results in Fig. 3 are evidence for a long
period of development, but we also have to consider the
content of those performances, in order to show that
they involved immersion in the works of others. As
expected, during those early performances, the Beatles
were mainly playing songs written by others. Table 2A
presents, for each year of the Beatles’ performing
career, the proportion of new songs in their perform-
ance repertoire that were Lennon–McCartney songs.
Only in the last three years of their career did they add
significant numbers of their own works to their
repertoire. Thus, Lennon and McCartney began their
careers as composers with a long apprenticeship of
immersion in the works of others; at the very least, they
were playing the works of others much more than they
were playing their own.

The fact that the Beatles were playing few Lennon–
McCartney songs early in their careers says nothing
directly about the relative quality of those early songs.
Those early Lennon–McCartney works, in contrast to
Mozart’s early works, might have been high in quality.
Table 2B displays the proportion of early and late
Beatles’ compositions from their performance reper-
toire that were released on records at any time during
their time together (which extended beyond their
performing career). Assuming again that probability of
recording is a measure of a song’s quality, then it is
clear that early Beatles’ songs were of a lower quality,
because many of them were not released while the
Beatles were together. Many of those early songs were
released on recordings in significant numbers only
relatively recently, when numerous anthologies of early
Beatles’ material have been produced. Similar conclu-

sions can be drawn concerning the development of
originality in the music of Lennon and McCartney.
Critics are in agreement that their originality became
manifest most strongly in such works as Rubber Soul,
Revolver, and Sergeant Pepper’s Lonely Hearts Club
Band (e.g. Kozinn, 1995; Lewisohn, 1992). These
works were produced several years into their career.

Development of Musical Creativity: Conclusions

Analysis of the development of musical creativity in
two cases from very different domains—18th-century
classical music and 20th-century popular music—
supports the same conclusions: composers begin by
getting to know well the works of other composers. It
is only after a significant period of immersion in
others’ music that the composer’s own identity begins
to emerge. At the beginning of a composer’s career, the
music of others seems to serve relatively directly as the
basis for new compositions. Over a period of time, the
composer’s distinctive voice develops. Later works are
of higher quality than early works according to
objective measures, such as the number of recordings
made of each composition; they are more original as
well, according to the opinions of critics. We can now
examine the generality of this view, looking beyond the
domain of music to two examples of scientific
innovation.

Continuity in Scientific Innovation

One aspect of continuity of thought that is particularly
clear in scientific innovation is the presence of
antecedents to many ground-breaking works. Ante-
cedents to a seminal scientific innovation can be seen
in the development of Darwin’s theory of evolution
(Gruber, 1981). One can analyze Darwin’s work into
two stages: his theory based on natural selection with
which we are all familiar is the second of those stages.
The first stage in Darwin’s theorizing was based very
directly on Lamarckian evolution (i.e. the idea that
evolution of species depended on the transmission of
acquired characteristics from one generation to the
next) and on the concept of the monad (the idea that
each species sprang from a single living form—the
monad—that appeared spontaneously from nonliving
matter and then evolved in response to environmental
conditions). These two ideas had been advocated
earlier by other theorists, one of whom was Darwin’s
grandfather, Erasmus Darwin, who had, independently
of Lamarck, proposed a theory of evolution based on
acquired characteristics. Darwin went on to reject those
earlier views and develop the theory which revolution-
ized scientific thinking about the development of
species, but he began with his feet firmly planted in
the work that came before him. Furthermore, it is
interesting to note that at least part of the basis for
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Figure 3. Beatles’ cumulative performances until the advent of Beatlemania (1964). From Weisburg, R. W. (1999). Creativity and knowledge: A challenge to theories.
In: R. J. Sternberg (Ed.), Handbook of Creativity (pp. 226–250). Cambridge: Cambridge University Press. Reprinted with permission.
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Darwin’s rejection of previous work was his acquisi-
tion of new pieces of information, which raised
problems for his first theory. This sensitivity to
environmental events, already noted as a characteristic
of ordinary thinking, will be discussed in more detail
later.

Another example of antecedents in scientific innova-
tion is seen in the development of Watson and Crick’s
double-helix model of DNA. Watson and Crick’s work
can also be divided into two phases, with the double
helix being the second phase. Their initial work
centered on the possibility that DNA was a three-
stranded or triple helix. Their general orientation, that
is, the working assumption that DNA was probably
helical in shape, was based on then-recent work by
Pauling, who had proposed a helical model for the
structure of the protein alpha-keratin (Olby, 1994;
Watson, 1968; Weisberg, 1993). As with Darwin,
Watson and Crick’s final product went considerably
beyond the earlier work, but that work was crucial in
setting the direction that ultimately proved successful.
Watson and Crick were pushed to reject their earlier
work and to go beyond it at least in part by new pieces
of information that became available to them, in a
further example of sensitivity to environmental events
in innovative thinking.

We see here examples from science of two aspects of
continuity in innovation, specifically, the use of the
past as the foundation for the development of the new,
and the role of environmental events in pushing the
thinker to go beyond the past. In neither of these cases

did the innovation come about through a leap away
from the past.

Hidden Continuities in Apparent Discontinuities
When examining case studies of innovation, one
sometimes finds radical breaks—what seem to be
discontinuities—in thinking; i.e. a shift in thinking
leads to the development of a new line of work. A
central thesis of the present viewpoint is that such
radical breaks are more apparent than real, and that
they are still based on the processes that underlie
ordinary thinking. Sometimes what seems to an
observer to be a discontinuity occurs because the
individual’s database is not known in detail. Therefore,
the individual in actuality produces an innovation that
is built on the past, but the ignorance of the observer
results in the mistaken belief that the innovation has
come out of nothing. An example of such a ‘hidden
antecedent’ can be seen in the development of Jackson
Pollock’s ‘poured paintings’, which were critical in
making New York City the capital of the art world
around 1950 (Landau, 1989). Pollock’s works, with
their swirls of paint and a complete lack of recogniz-
able objects, were totally different from anything he or
anyone else in American painting had produced until
that time (see Weisberg, 1993). Perhaps the singular
revolutionary aspect of Pollock’s technique was his
complete rejection of traditional methods of applying
paint to canvas. Rather than using a brush or palette-
knife to apply paint, Pollock poured the paint directly
from a can, or used a stick to fling the paint on the

Table 2. Development of Lennon–McCartney songwriting team.

A. Proportion of Lennon & McCartney Songs in Beatles’ Performance Repertoire

Year

1957 1958 1959 1960 1961 1962 1963 1964 1965/1966

Number of new songs in repertoire 53 20 20 98 50 46 15 11 10
Proportion of Lennon & McCartney songs 0.23 0.10 0.05 0.02 0.06 0.17 0.67 1.00 0.80

B. Proportion of Lennon & McCartney Songs Released on Records During Performance Career

First Half of Career
(1957–1961)

Second Half of Career
(1962–1966)

Number of songs written 20 37
Proportion recorded 0.16 0.92

C. Proportion of Lennon & McCartney Songs Released on Records During Performance Career

Thirds of Performance Career

1957–1959 1960–1962 1963–1966

Number of songs written 15 13 29
Proportion recorded 0.13 0.54 1.00
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canvas, which was laid out on the floor, rather than
hung on an easel.

Although many people today are still struck by the
seeming radicalness of Pollock’s innovative technique
and subject matter, if we examine Pollock’s back-
ground, we can find a likely source for his
developments (Landau, 1989, pp. 94–96). In 1935, as
part of the WPA, a number of artist’s workshops were
organized in New York. One of these workshops was
directed by David Alfaro Siqueiros, an avant-garde
painter from Mexico who, along with his compatriots
Diego Rivera and José Clemente Orozco, had estab-
lished a presence in the New York art scene. These
painters had as part of their agenda a bringing down of
art from what they saw as its elitist position in society,
and making it more accessible to the masses. One
aspect of that agenda was incorporating modern
materials and techniques into painting, including
industrial paints, available in cans, in place of tradi-
tional tubes of oil paint. There was also experimen-
tation with new ways of applying paint, such as air-
brushing, rather than the traditional brush. In the
Siqueiros workshop, there also was experimentation
with such techniques as throwing paint directly on the
canvas, thereby avoiding use of the brush, which one of
Pollock’s friends who attended the workshop derided
as “the stick with hair on its end”. In 1936, Siqueiros
himself created a painting, Collective Suicide, for
which he poured paint directly from a can on the
painting, which was flat on the floor, and he also flicked
paint on it with a stick. Although Siqueiros did not
create that painting at the workshop, it is reasonable to
assume that similar techniques were demonstrated
there. The attendees of the workshop collaborated on
projects involving these new materials and methods,
and one of those attendees was Pollock, who worked
on a project with two other young artists involving
applying paint using pouring and spilling, among other
methods. In addition, there is evidence that in the early
1940s, several years before his ‘breakthrough’ works,
Pollock had produced at least one painting in which
paint is used in a nonrepresentational manner. Inter-
estingly, in the context of the earlier discussion of the
10-Year Rule, the structural complexity of that painting
and of Pollock’s technique are very primitive compared
to his mature works.

Thus, Pollock’s advances, when placed in context,
are seen to have come out of his experiences. We (and
artists and critics in the late 1940s) were surprised by
Pollock’s work because we (and they) were not
familiar with his history. This is not to say that
Pollock’s work was not highly innovative and of
singular importance in the history of mid-20th century
art; rather, it is simply to point out that even what seem
to be the most radical innovations in any domain may
have direct antecedents within the experience of the
creator. Simply because some innovation appears as if
it came out of nowhere, one must not assume that that

is how it came about. Looking below the surface can
sometimes reveal direct sources for what seem to be
the most radical of innovations.

Continuity in Innovative Thinking: Conclusions
We have examined evidence that supports several
expectations arising from the idea that creative thinking
is based on continuity. First, there is a learning curve in
creative disciplines: people who reach the highest
levels of accomplishment in the arts and sciences do so
after a long period of immersion in their discipline (the
10-Year Rule). During this period of time, there is an
increase in the individual’s productivity and also in the
quality of his or her work. This increase in quality of
work is accompanied by an increase in originality as
well. In the cases discussed, it has been possible to
point out antecedents for innovations, and to show that
innovations build on the past rather than reject it. We
now turn to an examination of the structure of the
thought processes that bring forth innovations. Specifi-
cally, we will examine the claim that creative thinking
is structured in much the same way as ordinary
thinking.

Structure in the Creative Process: Picasso’s
Development of Guernica
I have recently completed a quantitative case study of
Picasso’s creation of his great painting Guernica
(Weisberg, 2002; see Fig. 4), which provides informa-
tion concerning several aspects of Picasso’s thinking.
First, the study examined the preliminary sketches that
Picasso produced in the process of creating Guernica,
which allowed inferences concerning structure in
Picasso’s thought processes. Second, the study also
examined the relationship between Guernica and what
came before, which provided further evidence concern-
ing antecedents in artistic innovation, and evidence
concerning factors that link ideas in creative thinking.

Guernica, a landmark of 20th century art, was
painted in response to the bombing, on April 26, 1937,
of the Basque town of Guernica, in northern Spain, by
the German air force (Chipp, 1988, chap. 3). The
destruction of the town and killing of innocent people
horrified the world, and Picasso’s painting quickly
became a great anti-war document. Guernica is
massive in scale, measuring approximately 12� � 26�,
and is painted in monochrome: black, white, and
shades of gray. In the left-hand portion of the painting,
a bull stands over a mother whose head is thrown back
in an open-mouthed scream, holding a dead baby
whose head lolls backward. Below them, a broken
statue of a warrior holds a broken sword and a flower.
Next to the bull, a bird flies up toward a light. In the
center of the painting, a horse, stabbed by a lance,
raises its head in a scream of agony. In the upper center,
a woman leans out of the window of a burning
building, holding a light to illuminate the scene.
Beneath the light-bearing woman, another woman with
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Figure 4. Guernica. © 2002 Estate of Pablo Picasso/Artists Rights Society (ARS), New York.
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bared breasts hurriedly enters the scene. At the far
right, a burning woman falls from a burning building.

The Preliminary Sketches

At the time of the bombing of Guernica, Picasso had
been working on a painting of an artist’s studio that
was to be displayed in the pavilion of the Spanish
Loyalist government in a World’s Fair opening in Paris
in June, 1937 (see Fig. 5). When news of the bombing
reached Paris, Picasso dropped work on the studio
painting and began work on Guernica, producing his
first sketches on May 1; the last sketch is dated June 4.
He began painting on approximately May 11; the
completed work was put on display early in June.
Picasso dated and numbered all the preliminary works
for Guernica, a total of 45 sketches. There are several
different types of preliminary works. Seven composi-
tion studies present overviews of the whole painting;
the remaining sketches, character studies, examine
characters individually or in small groups. Samples of
preliminary sketches are shown in Fig. 6.

The preliminary sketches provide us the opportunity
to get inside Picasso’s creative process, and can serve
to answer several questions:

(1) We can determine through analysis of the sketches
whether or not Picasso systematically worked out
the structure of Guernica. Do we see a pattern in
how Picasso worked, for example, concentrating
first on composition sketches and then on character
sketches, or did he simply jump from one type of
sketch to another, without any logic or pattern? If
we find that Picasso worked first on composition
sketches, say, before spending much time on
individual characters, it would be evidence that he
worked out the structure of the painting—the
overall idea—before fleshing it out by considering
the individual characters.

(2) After determining whether or not Picasso was
systematic in working out the overall structure of
the painting, we can investigate the specifics of
how Picasso decided on that structure. Did he
experiment with several different possible struc-
tures for the painting, or did he have one structure
in mind when he began to work? If we find that
there was a common core to all the composition
sketches, it would be evidence for the hypothesis
that Picasso had a basic idea in mind in response to
the news of the bombing, and this idea structured
the process whereby the painting was produced.

(3) The next question we can examine is where the
structure for Guernica came from. That is, can we
relate the overall structure of Guernica, as seen in
the composition sketches and in the painting itself,
to any antecedents, in Picasso’s work or in the
work of other artists?

(4) We can also use the sketches to examine the
question of whether or not Picasso’s thought

process was structured when he worked on individ-
ual characters. For example, if we look at all the
sketches that contained one particular character,
say, the horse, do we find that aspects of that
character are randomly varied from one sketch to
the next, or is Picasso systematic in his explora-
tions of the characters?

(5) Finally, parallel to the question of possible ante-
cedents for the overall structure of Guernica, we
can examine the question of antecedents for the
individual characters in the painting. Was Guernica
constructed out of components that we can trace to
other works?

Systematicity in the Sketches?
Picasso worked on the sketches for Guernica over a
period of a little more than a month; for ease of
exposition, this period can be summarized into three
phases of work: the first two days (May 1–2); an
additional six days, commencing about a week later
(May 8–13); and a final two weeks of work, which
began about a week later (May 20–June 4). As can be
seen in Table 3A, there was structure in Picasso’s
thinking as exemplified in the sketches: the first two
days resulted in composition studies and studies of the
horse, arguably the central character in the painting. In
the second phase, the composition studies are fewer,
and other characters are examined. In the last phase,
there are no composition studies, and peripheral
characters (e.g. the falling person) are seen for the first
time. This pattern can be made clearer by combining
categories of sketches, as shown in Tables 3B and 3C.
These results support the conclusion that Picasso spent
the bulk of his early time working on the overall
structure of the painting and on the main character, and
then moved on to other aspects of the painting. There is
a significant decrease over the three periods in the
frequency of composition sketches. Thus, analysis of
the temporal pattern in the whole set of sketches has
provided an affirmative answer to the first question
outlined above: Picasso was systematic in working out
the structure of Guernica.

Deciding on an Idea: Analysis of the Composition
Studies
The next question focuses on how Picasso decided on
the final structure of the painting. Examination of the
content of the composition studies can show us the
specific path through over which he traveled. As can be
seen in Table 4, the structure of the painting is apparent
in the composition studies produced on the first day of
work. In seven of the eight composition studies,
including the very first one, the light-bearing woman is
in the center, overlooking the horse. In addition, each
of the central characters (horse, bull, light-bearing
woman) is present in almost all of the composition
sketches, with other characters appearing less fre-
quently. This pattern supports the view that Picasso had
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Figure 5. Artist’s studio. © 2002 Estate of Pablo Picasso/Artists Rights Society (ARS), New York.
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Figure 6. Examples of preliminary sketches. © 2002 Estate of Pablo Picasso/Artists Rights Society (ARS), New York.
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at least the ‘skeleton’ or ‘kernel’ of Guernica in mind
when he began to work: Guernica is the result of
Picasso’s working out of this kernel idea. We see here
further evidence for structure in Picasso’s thought
process: news of the bombing stimulated him to paint,
and his thought process was relatively constrained
from the beginning. Indeed, if the sketches can be
taken at face value as the record of Picasso’s thought
processes concerning the painting, then from the very
beginning there was only one idea that he considered.

Antecedents to the Structure of Guernica?
Analysis of Guernica as arising from a kernel idea that
Picasso had available from the beginning of his work
immediately raises another question: Whence did the
kernel idea arise? Chipp (1988), in his extensive
analysis of Guernica, was struck by the quick gestation
of the painting. Based on the discussion so far, one
might expect that the structure of Guernica was based
on works that came before, and this could help account

for the speed with which the painting took shape. When
Picasso painted Guernica, he was in his mid-50s and
had been an artist for most of that time. Therefore, he
had available a history of his own to draw on, and that
history played a significant role in the creation of
Guernica, which is closely related to many of Picasso’s
works from the 1930s. One striking example of a work
that presages Guernica is Minotauromachy, an etching
made by Picasso in 1935 (see Fig. 7). In this composi-
tion, a dead woman in a matador’s costume, holding a
sword in one hand, is draped over the back of a rearing
horse. A minotaur (the mythological half-man half-
bull) raises a hand in front of his eyes to shield them
from the light from a candle held by a young woman
who is observing the scene. Two other women observe
the scene from a window above, where two birds also
stand. On the far left, a man is climbing a ladder.

Table 5 summarizes a number of correspondences
between Guernica and Minotauromachy, and indicates
that Minotauromachy contains the same kernel idea,

Table 3. Summary of Picasso’s preliminary sketches for Guernica. (From Weisburg, in press. Copyright Baywood Publishing
Co. Reprinted with permission).

A. All Preliminary Works Tabulated by Three Periods of Work

Period Comp. Horse Bull Mother
& Child

Woman Hand Falling
Person

Man Total

1
(May 1–2)

6 5 0 0 0 0 0 0 11

2
(May 8–13)

2 4 2 5 1 1 0 0 15

3
(May 20–June 4)

0 2 2 2 8 1 3 1 19

B. Composition Sketches vs. All Others

Period Composition All Others Total

1
(May 1–2)

6 5 11

2
(May 8–13)

2 13 15

3
(May 20–June 4)

0 19 19

Total 8 37 45

C. Composition Sketches + Horse + Bull vs. All Others

Period Composition +
Horse + Bull

All Others Total

1
(May 1–2)

11 0 11

2
(May 8–13)

8 7 15

3
(May 20–June 4)

4 15 19

Total 23 22 45
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Table 4. Guernica Composition studies: presence of characters. (From Weisburg, in press).

Sketch # Date Final
Structure?

Horse Bull Light-
Woman

Mother
Child

Mother
Adult

Fleeing
Woman

Fallen
Woman

Fallen
Warrior

Flying
Animal

Wheel Upraised
Arm

1 May 1 Yes X(?) X X X
2a Yes X X
2b No X X X
3 Yes X X
6 Yes X X X X X

10 May 2 Yes X X X X X
12 May 8 Yes X X X X
15 May 9 Yes X X X X X X X

Summary 0.88 0.88 0.75 0.25 0.13 0 0.13 0.38 0.38 0.13 0.13
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Table 5. Corresponding elements in Guernica and Minotauromachy. (From Weisburg, in press).

Minotauromachy Guernica

Bull (Minotaur) Bull

Horse—head raised Horse—head raised (stabbed—dying)

Dead person Dead person (broken statue)

Sword (broken—in statue’s hand) Sword (in Minotaur’s hand)

Flowers (in girl’s hand) Flower (in statue’s hand)

Two women above observing woman on ground holding
light

Woman above observing + holding light

Birds (standing in window above) Bird (flying up toward light)

Vertical person (Man fleeing) Vertical person (Burning woman falling)

Sailboat

Electric light

Mother & Child

Woman running in

Table 6. Comparison of elements in Artist’s Studio and Guernica. (From Weisburg, in press).

Artist’s Studio Guernica

Bull

Horse—head raised (stabbed—dying)

Broken statue

Sword

Flower (in statue’s hand)

Woman above observing + holding light

Bird flying up toward light

Burning woman falling

Electric light (above and spotlight below) Electric light above

Mother & Child

Woman running in

Reclining model

Artist

Male spectator

Easel

Window Window
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and may have served as a source for Guernica. In order
to demonstrate that those correspondences in Table 5
reflect more than chance, however, one needs a
‘control’ painting to compare with Guernica. As
indicated earlier, just before the bombing of Guernica,
Picasso was working on a painting of an artist’s studio.
He never got beyond sketches for that work, one of
which was shown in Fig. 5. If one compares that work
with Guernica, as shown in Table 6, one finds very
little overlap in subject matter, especially as regards
major characters and structure.

One can carry out a statistical test of the degree of
correspondence between Guernica and the Artist’s
Studio vs. Minotauromachy. One can count the number
of rows in Tables 5 and 6, and use each of those
numbers as the denominator of a fraction, the numer-
ator of which is the number of lines which correspond
in the respective tables. Based on this measure, the
degree of correspondence of Guernica and the Artist’s
Studio is 0.13 (2/16), and the degree of correspondence
of Guernica and Minotauromachy is 0.67 (8/12). The
proportion of correspondence is significantly higher for
the latter than the former. Furthermore, the strong

correspondence between Minotauromachy and Guer-
nica shown in Table 5 is actually an underestimation of
the true correspondence. Minotauromachy, an etching,
was printed from a drawing made by Picasso on a
printing plate, so the scene Picasso drew on the plate
was actually reversed from left to right in comparison
with the print shown in Fig. 7. The ‘vertical person’
was drawn on the right, and the bull was on the far left.
The light-bearing female also faces in the same
direction as the corresponding character in Guernica.
In conclusion, not only does Minotauromachy contain
many characters similar to those in Guernica, but the
absolute spatial organization of the two works is also
similar. One might raise questions about the specific
entries in Tables 5 and 6, but it seems clear that there
is a much higher degree of similarity between Guer-
nica and Minotauromachy than between Guernica and
the Artist’s Studio.

This analysis of the composition studies for Guer-
nica has supported the claim that the kernel idea for the
painting was in Picasso’s mind from the beginning.
Further, examination of similarities between Guernica
and Minotauromachy indicates that that idea was one

Figure 7. Minotauromachy. © 2002 Estate of Pablo Picasso/Artists Rights Society (ARS), New York.
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which can be found in earlier works in Picasso’s career.
Thus, at the time of its creation, Guernica was the most
recent variation on a theme present in Picasso’s work.
So at least part of the reason why Picasso was able to
create Guernica so quickly was that it was related to
ideas that he had used before.

The Link Between Monotauromachy and Guernica
Assume for the sake of discussion that when Picasso
began to paint Guernica, he had Minotauromachy in
mind and used it as a model for the new work. This
raises the question of why the bombing of Guernica
caused Picasso to think of Minotauromachy. There are
several links that can be traced between the bombing
and Minotauromachy and Guernica which can help us
understand why Picasso’s thinking might have taken
the direction that it did. First, the bombing took place
in Spain, Picasso’s native land, and Minotauromachy is
a representation of a bullfight, which obviously has
deep connections to Spain and to Picasso, who painted
bullfight scenes from his very earliest years (Chipp,
1988). In addition, the emotionality of the bombing
might have provided a further link to the bullfight, an
event of great emotional significance for a Spaniard.
Guernica also contains the skeleton of a bullfight: a
bull and horse, a person with a sword (the statue), and
‘spectators’ overlooking the scene. It may also be of
potential importance that when Picasso was growing
up in Spain, the bull was not the only victim in a typical
bullfight. The horse that carried the picador (the lance-
carrier, whose task is to drive the lance into the
shoulders of the charging bull) was not padded, and
was often an innocent victim of the bull’s charge.
Based on this reasoning, the horse in the center of
Guernica, whose head is raised in a scream of agony,
can be seen as a representation of an innocent victim,
and one can understand how that symbolization might
have arisen in Picasso’s mind. Thus, Guernica and
Minotauromachy are linked by a web of interrelation-
ships, and it is not hard to understand why the bombing
might have stimulated Picasso to think of Minoatur-
omachy, which then played a role in directing his
further thinking. It is also notable that this web of
relations does not seem different than those discussed
centuries ago by philosophers interested in the struc-
ture of ordinary thinking.

Structure in Development of Individual Characters
We can also use the sketches of individual characters to
examine the question of structure in Picasso’s thought
process. First, did he tend to concentrate on only one
character at any given time, and second, did he
examine systematically the characteristics of each
character? As with the development of the overall
structure of the painting, Picasso was systematic in his
development of the individual characters.

Attention to One Character at a Time
In order to determine whether Picasso tended to
concentrate on a given character at a given point in
time, we can analyze the sequential pattern over all the
sketches (see Table 3A). As can be seen, the sketches
for the horse were concentrated in the first two periods,
the mother and child were most frequent in the second
period, and the isolated woman and the falling person
were most frequent in the third. Thus, Picasso seems to
have been systematic in his working on the individual
characters over time.

Development of Individual Characters
If we consider the development of individual characters
over the series of sketches, we can also find evidence
for structure in Picasso’s thought. For several of the
individual characters, one can focus on elements which
Picasso varied separately. As one example, in the
sketches of the horse, Picasso varied the position of the
head: up vs. down. Another example is in the sketches
of the woman: whether her eyes are dry or tearing. A
third is whether the woman is alone or with another
individual (usually the baby). We can examine each of
those components, in order to uncover structure in
Picasso’s thinking as he worked on each character.

Including composition studies, the horse was
sketched a total of 19 times in the first two periods of
Picasso’s work. The position of the head of the horse in
those periods is summarized in Table 7A, and a clear
differentiation is seen: in the earlier sketches, the head
is predominantly down, which changes in the later
sketches. A similar pattern is seen in the sketches
containing women. Tables 7B–7D summarize all 20
sketches, composition sketches and character studies,
in which there was at least one woman participating in
the action (the light-bearing woman was ignored, as
were any dead women). Once again there is a pattern in
the presence of the various elements of the women over
the two periods of work in which women appeared in
sketches. In the early sketches, the woman usually is
holding a dead person, whereas in the later sketches
she is usually alone (Table 7B). Similarly, in the early
sketches, she is screaming without tears; in the later
sketches, tears are almost always present (Table 7C).
Finally, Table 7D summarizes for all the sketches the
relationship between the facial expression of the
woman and whether she is presented alone or with a
dead person. When she is alone, she is almost always
weeping; when she is holding the dead person, she
sheds no tears. In conclusion, analysis of the character
sketches supports the conclusions drawn from analysis
of the composition studies: Picasso was systematic in
his working out of the elements of Guernica.

Antecedents to Characters in Guernica
The final question to be examined is whether there
were antecedents to specific characters in Guernica,
and one can find what seem to be specific connections
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to characters in Guernica from works of other artists.
Two examples will serve to make the point that
Picasso’s thought process was structured in various
ways by art with which he was familiar and which was
relevant to the theme of Guernica. One particularly
distinctive character in the sketches is the falling man
in sketch 35 (see Fig. 8A). Picasso included no men
among the actors in Guernica (the only male is the
broken statue), so the content of this sketch is
intriguing. This distinctive individual, with sharply
drawn profile, striking facial expression, facial hair,
and placement of eyes, as well as the falling posture
with outstretched arms, bears striking resemblance to
the man shown on the right in Fig. 8B. The latter
drawing is from an etching in a series by Goya
(1746–1828), called Disasters of War, which was
created more than 100 years before Guernica. Picasso
had great respect for and knowledge of Goya’s works
(Chipp, 1988), and it would not be not surprising if the
events that stimulated Picasso’s painting of Guernica
also resulted in his recollection and use of Goya’s work
as the basis for his own, especially given the common-
ality of theme. Picasso changed the man into a woman
in the painting, but the falling woman in Guernica

bears residue of the Goya etching from which she
began: her profile is similar to that of Goya’s man, and
her outstretched hands with exaggeratedly splayed
fingers echo those of the Goya.

A second example of a correspondence between one
of Picasso’s characters and another work from Goya’s
Disasters of War is shown in Figs 8C and D. Picasso’s
sketch 14 contains a mother and child, with the woman
distinctive in her sharply profiled head thrown back;
her pose, with her outstretched left leg producing a
distinctive overall triangular shape; and her skirt
folding between her legs. The woman in Goya’s
etching is similar in facial profile and expression, and
in her posture, with an outstretched left leg producing
an overall triangular shape, and her skirt folded
between her legs.

Structure in Creative Thinking—Conclusions
Examination of the content of the sketches for
Guernica indicated that Picasso’s thought process was
structured in several ways during his creation of this
great work. First, he considered a relatively narrow
range of subject matter when he began to work;
the creation of Guernica can be looked upon as the

Table 7. Summaries of presentation of the horse and of women in the sketches for Guernica. (From Weisburg, in press).

A. Position of Head of Horse Summarized Over Periods 1 and 2

Period Head Up Head Down

1
(May 1–2)

8 1

2
(May 8–20)

2 7

B. Types of Women in Periods 2 vs. 3

Period Mother & Child Solitary Woman

2
(May 8–13)

8 1

3
(May 20–June 3)

2 10

C. Expressions of Women in Periods 2 vs. 3

Period Open-mouthed Weeping

2
(May 8–13)

9 0

3
(May 20–June 3)

2 10

D. Relationship Between Social Environment and Emotional Expressions of Women

Type of Woman Open-mouthed Weeping

Mother & Child 8 2
Solitary Woman 3 8
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Figure 8. (A) Picasso’s falling man. (B) Goya’s falling man. (C) Picasso’s mother and child from sketches. (D) Goya’s woman from Disasters of War. A and C  © 2002 Estate
of Pablo Picasso/Artists Rights Society (ARS), New York.
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elaboration of a kernel idea, which is seen clearly at
the very beginning of Picasso’s work on the painting.
Furthermore, this idea was a straightforward extension
of earlier work done by Picasso, perhaps in conjunction
with his knowledge of Goya’s Disasters of War.
Second, he worked systematically over time, beginning
work with the overall structure of the painting, and then
spending time on the specific representations of the
individual characters. Third, the development of the
individual characters showed a similar pattern. For the
representation of the horse, as well as of the woman,
Picasso examined a very limited set of possibilities,
and those limited possibilities were examined system-
atically. Further evidence for structure in the creative
process will be presented in a later section, as part of
the discussion of Edison’s invention of the light bulb.

This case study of Guernica also has provided
further evidence for continuity in thinking; specifically,
we have seen much evidence for antecedents for
Picasso’s great painting, both in his own work an in
that of others, although I have concentrated only on the
work of Goya. (For further analysis, see Chipp (1988).)
This analysis has provided evidence for what one could
call layers of antecedents to Guernica. The overall
structure, based on the kernel idea seen in Minoatur-
omachy, is one level of structure. Within that structure
or framework, specific characters are based on other
antecedents, meaning that one can trace antecedents
nested within antecedents in Guernica. If the present
analysis is accepted as valid, it means that it has been
possible to trace the origins of some microscopic
aspects of Guernica, for example, the facial expres-
sions and postures of some characters, as well as the
appearances of the characters’ hands. Thus, the present
analysis supports the proposal that creative works may
be closely linked to previous works, although how
often this occurs and how close the links are remain to
be answered, through the analysis of other works, in
painting as well as in other domains (for further
discussion, see Weisberg (1993)). We now turn to
consideration of the question of the cognitive compo-
nents which comprise innovative thinking (Perkins,
1981).

Cognitive Components of the Creative Process
Ordinary thinking is built out of a family of cognitive
processes, which includes deductive reasoning, both
formal and informal, as well as induction; processes of
comprehension; evaluation; imagination; and so forth.
We now examine the notion that the creative process is
built out of those same sorts of cognitive components.

Ordinary Thinking in Creative Problem-Solving
On the basis of laboratory research examining prob-
lem-solving, Perkins (1981) proposed that we could
understand creative leaps, or Aha! experiences in
problem-solving, as being the result of ordinary
cognitive processes, such as recognizing or realizing

that something is true or false, without assuming the
operation of extraordinary thought processes. He
presented the Fake-Coin problem (see Table 8A), and
when the participant solved it, he or she was to report
immediately on the thought processes that had led up to
solution. Perkins took precautions to ensure that those
reports would be as accurate as possible: his partici-
pants were given some training and practice in
producing verbal reports, and the reports were col-
lected immediately after solving the problem, which
kept potential difficulties to a minimum.

Two of Perkins’s reports are presented in Table 8B.
The two people solved the problem differently, with
one (whom Perkins called Abbott) reporting that the
solution ‘just snapped’ together in a leap of insight; the
other (Binet) worked out the solution in a logical series
of steps. When Perkins examined the reports further,
however, he concluded that the thought processes
carried out by Abbott and Binet were in actuality very
similar. First, both Abbott and Binet focused on, or
recognized, the date as the crucial piece of information.
Second, Abbott’s ‘leap’ turns out to have required only
a couple of steps of reasoning on Binet’s part; that is,
the insight process turns out not to have done much in
the way of cognitive work. Most importantly, the ‘leap
of insight’ could be explained by our understanding of
ordinary cognitive processes: what was required was
that the thinker realize the contradiction in the coin-
maker’s knowing that Christ would be born at some
later date. Perkins pointed out that we often experience
such realizations in our ordinary cognitive activities.
As one example, we constantly fill in information when
we comprehend sentences as part of our ordinary
language activities, and in so doing we can come to
realize that two statements are contradictory. Thus, one
can understand Abbott’s ‘leap of insight’ as an example
of the ordinary process of realizing that something was
impossible. Perkins concluded that it was not necessary
to assume that leaps of insight are brought about by
anything in the way of extraordinary mental processes.
Rather, sometimes we use reasoning in order to work
out the consequences of some state of affairs, and other
times we can realize the consequences directly, without
reasoning anything out. As a parallel situation, Perkins
points to our understanding of jokes: sometimes we can
‘get’ a joke directly, as we hear the punch-line, while
other times we have to have the logic of the joke
explained to us. Getting a joke as we hear it involves
realization of the same sort that plays a role in leaps of
insight.

In conclusion, Perkins showed that the ‘insights’
involved in solving some sorts of problems might
consist of very small steps, rather than large leaps, and
that whatever leaps occurred might be brought about
by ordinary cognitive processes. One might argue that
Perkins’s results depended on the specific problem he
studied, i.e. the Fake Coin, which is not particularly
complex. Perhaps really important advances, such as
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those involved in high-level innovations, might involve
larger leaps and extraordinary thought processes. In
response to this objection, we now turn to Edison’s
invention of the light bulb, an innovation at the highest
level from a domain very different from those dis-
cussed so far, and here too we will see numerous
examples of the role of ordinary cognitive processes in
furthering innovative work. In addition, development
of the light bulb will provide us with further evidence
for structure in innovative thinking, the role of
antecedents in innovation, and the incremental nature
of innovative advances.

Cognitive Components in High-Level Innovation:
Edison’s Invention of the Light Bulb
Edison invented the light bulb in October, 1879. The
invention looks very similar to today’s light bulbs.
Electric current is passed through a thin filament of
carbon (‘the burner’), which is enclosed inside a glass
bulb, in a vacuum. The current flowing through the
carbon causes it to heat to the point of glowing or
‘incandescence’, thereby producing light.

The Myth
Edison’s invention of the electric light is part of
American mythology. Here is a description from the
New York Herald of the process through which the light
bulb was invented, published around the time of
Edison’s demonstration of the successful light bulb.

Sitting one night in his laboratory reflecting on some
of the unfinished details, Edison began abstractly
rolling between his fingers a piece of compressed
lampblack (carbon obtained from the soot deposited
on the glass flues of gas lamps) until it had become
a slender filament. Happening to glance at it, the idea
occurred to him that it might give good results as a
burner if made incandescent. A few minutes later the
experiment was tried, and to the inventor’s gratifica-
tion, satisfactory, although not surprising results
were obtained (New York Herald, December, 21,
1879; quoted in Friedel & Israel, 1986, p. 94).

The invention of the light bulb is a story which many of
us think we know. Edison, who is famous for saying
that genius is 1% inspiration and 99% perspiration
(Freidel, 1986), is legendary for working through
innumerable possibilities before finding just the right
material that would serve in his bulb. And if the Herald
report is accurate, he just stumbled across that material.
From that story, one gets the impression that Edison
had not thought about the usefulness of carbon before
‘absently’ rolling the piece of lampblack in his fingers.
If all Edison did was try one material after another,
until he stumbled on one that worked, we have little
reason to look more deeply into his accomplishment. In
reality, however, the story is different (Friedel, 1986;
Friedel et al., 1986; see also Jehl, 1937; Weisberg &
Buonanno, 2002), and examination of Edison’s accom-

Table 8. Perkins’s study of insight in problem solving.

A. Fake Coin Problem.

A museum curator is approached by man offering to sell him an ancient coin. The coin is made of metal of the typical sort,
and on one side it has an engraving of an ancient emperor with the date 44 B.C. barely readable. The curator has had dealings
with the man before, but this time he immediately calls the police and accuses him of fraud. Why?

B. Perkins’s two protocols on Fake Coin Problem (Perkins, 1981)

Abbott
1. Couldn’t figure out what was wrong after reading through once.
2. Decided to read problem over again
3. Asked himself, do architects dig up coins? Decided yes.
4. Asked himself, could the problem have something to do with bronze? Decided no.
5. Saw the word ‘marked’. This was suspicious. Marked could mean many different things.
6. Decided to see what followed in the text.
7. Saw 544 B.C. (Imagined grungy coin ion the dirt; had an impression of ancient times.)
8. Immediately realized—“it snapped”—that B.C. was the flaw.

Binet
1. Thought perhaps they didn’t mark coins with the date then.
2. Thought they didn’t date at all—too early for calendar. (Image of backwards man hammering 544 on each little bronze

coin.)
3. Focused on 544 B.C.
4. Looked at B.C.
5. Realized ‘B.C.—that means Before Christ’.
6. Rationalized that it couldn’t be before Christ since Christ wasn’t born yet.
7. Saw no possible way to anticipate when Christ was going to be born.
8. Concluded ‘Fake!’
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plishment will enable us to consider in a different
context the cognitive components of innovative think-
ing, as well as the role of antecedents in innovation. I
will present this case historically, to provide a context
for understanding Edison’s achievement and analyzing
the thought processes involved. Sternberg, Pretz and
Kaufman (this volume) discuss Edison’s light bulb in
the context of their system of classification of innova-
tions. Their overall conclusion is supported by the
present study.

Antecedents to Edison
As one might expect, based on the discussion thus far,
there had been numerous attempts to produce a
working incandescent electric light bulb in the years
before Edison began to tackle the problem, and he was
aware of what had been done before (Freidel & Israel,
1986). Table 9 summarizes some of these earlier
attempts, almost all of which used either carbon or
platinum as the burner in the bulb. However, there were

difficulties with each of those elements, which earlier
investigators had been unable to overcome. At the heat
needed to produce light, carbon would quickly oxidize
(burn up), rendering the bulb useless. In order to
eliminate oxidation, it was necessary to remove the
carbon burner from the presence of oxygen, and most
early attempts placed the carbon either in a vacuum or
surrounded by an inert gas. However, the vacuum
pumps available before Edison’s work could not
produce a sufficient vacuum to save the burner.
Platinum presented a different problem: when used as
a burner, its temperature had to be controlled very
carefully, because if it got too hot, it would melt and
crack, thereby rendering the bulb useless. Thus, when
Edison began his work, perfection of the vacuum was
crucial to the carbon-burner light bulb; control of the
temperature was crucial in utilizing platinum.

In analyzing Edison’s innovation, we shall examine
what we can call the phases of Edison’s work
(Weisberg & Buonanno, 2002). For each phase, we

Table 9. Summary of History of Work on the Electric Light (Adapted from Freidel & Israel (1986), p. 115).

Who invented the incandescent lamp?

Edison was by no means the only, or the first, hopeful inventor to try to make an incandescent electric light. The following list,
adapted from Arthur A. Bright’s The Electric Lamp Industry, contains over 20 predecessors or contemporaries. What was
different about Edison’s lamp that enabled it to outstrip all the others?

Date Inventor Nationality Element Atmosphere

1838 Jobard Belgian Carbon Vacuum
1840 Grove English Platinum Air
1841 De Moleyns English Carbon Vacuum
1845 Starr American Platinum Air

Carbon Vacuum
1848 Staite English Platinum/iridium Air
1849 Petrie American Carbon Vacuum
1850 Shepard American Iridium Air
1852 Roberts English Carbon Vacuum
1856 de Changy French Platinum Air

Carbon Vacuum
1858 Gardiner &

Blossom American Platinum Vacuum
1859 Farmer American Platinum Air
1860 Swan English Carbon Vacuum
1865 Adams American Carbon Vacuum
1872 Lodyguine Russian Carbon Vacuum

Carbon Nitrogen
1875 Kosloff Russian Carbon Nitrogen
1876 Bouliguine Russian Carbon Vacuum
1878 Fontaine French Carbon Vacuum
1878 Lane-Fox English Platinum/iridium Nitrogen

Platinum/iridium Air
Asbestos/carbon Nitrogen

1878 Sawyer American Carbon Nitrogen
1878 Maxim American Carbon Hydrocarbon
1878 Farmer American Carbon Nitrogen
1879 Farmer American Carbon Vacuum
1879 Swan English Carbon Vacuum
1879 Edison American Carbon Vacuum
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shall consider any new developments and how they
came about. The question to be asked about each phase
is whether it is necessary to assume anything beyond
ordinary thought processes in attempting to understand
how the new developments came about.

Edison’s Early Phases: Beginning with the Past
Edison began the first phase of his electric-light work
in 1877, with a bulb comprising a burner of carbon in
a vacuum (see the left-hand column in Table 10). This
work, built directly on the past, was, like earlier work
with carbon burners, not successful: the burner oxi-
dized. Since, at the time, there was no way available to
improve the vacuum, due to limitations in technology,
Edison dropped the carbon burner. About a year later,
he carried out a second phase of work on the light bulb,
in which platinum served as the burner (see Table 10).

Here too the work was built directly on what had been
done in the past. In order to try to stop the platinum
from melting, the platinum bulbs contained ‘reg-
ulators’, devices like thermostats in modern heating
systems, designed to regulate the temperature of the
platinum, and thereby keep it from melting. Edison and
his staff in his laboratory in Menlo Park, New Jersey
developed regulators of many different types, but it
proved impossible to control the temperature of the
platinum burner. Thus, Edison’s first two phases of
work were based directly on work from the past with
which he was familiar. Furthermore, the initial attempts
using carbon, the rejection of carbon and the switch to
platinum, and the incorporation of regulators in the
platinum bulbs, can all be understood on the basis of
ordinary thought processes. Carbon was rejected
because it kept burning up; platinum was used because

Table 10. Summary of Phases of Edison’s Invention of the Electric Light. (From Weisburg & Buonanno, 2002).

Phase and Activity Basis for New Developments

A. Phase 1 (early 1877; Autumn, 1877)

A1. Carbon burner
A2. Vacuum

A1. Continuity: previous work by others
A2. Continuity: previous work by others

B. Phase 2 (August–early October, 1878)

B1. Platinum burner
B2. Regulators

B1. Failure of carbon; continuity
B2. Need to control burner temperature

C. Phase 3 (October, 1878–February, 1879)

C1. Analysis of broken platinum burners
C2. Escaping hydrogen⇒need for vacuum

C1. Consistent failures of platinum
C2. Deduced from observation of burners

D. Phase 4 (early spring, 1879)

D1. Platinum in vacuum D1. Deduced from analysis of platinum’s reaction to heating

Analysis of Requirements of Electrical System

E. Phase 5 (Spring, 1879)

E1. High-resistance platinum
E2. Search for insulating material

E1. Deduced from system requirements
E2. Problems with long platinum spirals

F. Phase 6 (July–August, 1879)

F1. Improved vacuum pumps F1. Failures with platinum⇒need better pumps; hiring of
Boehm; article by de la Rue and Muller

G. Phase 7 (September–early October, 1879)

G1. Platinum in high vacuum G1. New pumps available

H. Phase 8 (mid-October, 1879)

H1. Return to carbon, now in high vacuum H1. Failure of platinum; new pumps overcame problems
with carbon
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it did not burn (and because it had been tried in the
past). The regulators in the platinum bulbs were
necessary in order to control the temperature of the
platinum burner.

Systematic Analysis of Platinum
After the consistent failures with platinum, Edison
looked carefully at why the platinum burners failed
(Phase 3 in Table 10). He observed the broken burners
under a microscope, and he and his staff thought they
found evidence that the melting and cracking were
caused by escaping hydrogen gas, which platinum
under normal conditions had absorbed from the
atmosphere. The hydrogen escaped when the platinum
was heated, causing holes to form, which facilitated
melting and cracking of the burner. Edison reasoned
that the platinum might be stopped from cracking if the
hydrogen could be removed slowly. In order to bring
this about, he reasoned further that the platinum would
first have to be heated slowly in a vacuum, which
would allow the hydrogen to escape without destruc-
tion of the platinum. These Phase 3 advances came
about as a result of information gained from the
observations of the failed burners under the micro-
scope, and Edison’s reasoning from those observations.
Edison turned to the systematic analysis of platinum
because of the consistent failures with platinum-burner
lamps in Phase 2.

Platinum in a Vacuum
Based on the new Phase 3 information and the
deductions from it, Phase 4 of Edison’s work involved
a platinum burner being heated slowly in a vacuum and
then sealed. The removal of the hydrogen from the
platinum burner made it last longer and burn brighter,
but it did not eliminate the basic problem: the burners
still overheated and melted (Friedel & Israel, 1986,
pp. 56–57, 78). In the spring of 1879, Edison and the
staff at his laboratory attempted to extend the life of the
platinum burner through the use of more efficient
vacuum pumps and through a variety of coating
techniques. Edison was able to obtain a state-of-the-art
Geissler vacuum pump in late March (Friedel & Israel,
1986, p. 78), but even with this device, it was still very
difficult to achieve near-complete vacuums that lasted
for the time needed to heat the platinum to remove the
hydrogen. Phase 4 of Edison’s work, arising directly
from the new information in Phase 3, brought some
improvement, but overall the work was still a failure.
As far as cognitive processes are concerned, nothing
extraordinary is seen in this phase.

The Light Bulb in Context: Edison’s Analysis of the
Electrical System and Its Needs
So far we have been analyzing Edison’s work on the
light bulb in isolation from any other activities.
However, Edison had strong entrepreneurial interests,
and he was developing the electric light bulb as part of

a system of electric lighting, which he hoped would
replace the gas lighting then in use (Israel, 1998).
Consideration of the light within the context of a
lighting system put certain constraints on its character-
istics, and by the late fall of 1878, Edison began to
realize that the light would need to be highly resistant
to the passage of the electrical current if it were to
operate efficiently as part of a larger system (Friedel &
Israel, 1986, p. 56; see Weisberg & Buonanno (2002)
for further discussion).

Electrical resistance (measured in ohms) refers to
how easily an electrical current passes through some
material. Some substances, such as many metals, are
low in resistance, so that electrical current passes easily
through them. In contrast, materials such as glass and
rubber are high in resistance, and thus are poor
electrical conductors. The actual resistance of any
given material when it is placed in an electrical circuit
depends upon its physical configuration, e.g. for a wire,
its diameter and length. Resistance of an electric wire
decreases as the diameter of the wire increases. That is,
all other things equal, a wire of small diameter is more
resistant than one of larger diameter. In addition, the
resistance of any material increases as its length
increases: a 2-foot length of wire is twice as resistant as
a 1-foot length of the same wire.

In the system as envisioned by Edison, there were to
be many individual lamps, each receiving electricity
through copper feeder wires from a central generating
station. In order for each lamp to receive enough
electrical energy, there would have to be either a
large current or a high voltage, because energy =
(voltage) � (current) (Friedel, 1986). Sending large
amounts of current through the feeder wires raised
another problem: much of the energy would be given
off in the form of heat, as the current flowed to the
individual user. This would reduce the energy available
to light the bulb. Because the amount of heat given off
by a flowing electrical current depends on the resis-
tance of the material through which it flows, in theory
this problem could be solved by decreasing the
resistance of the feeder lines. This would mean
increasing their diameter, which would result in
spending an enormous amount of money on copper
lines; this additional expense would have made elec-
trical lighting economically unfeasible. Alternatively,
one could increase voltage and reduce the current in
order to ensure that each lamp received enough energy.
Because voltage = (current) � (resistance), Edison rea-
soned that if he were to use a low current in his system,
then it would be necessary for each lamp to have a
high-resistance burner. Thus, Edison concluded that the
use of high-resistance lamps was necessary for elec-
trical lighting to become a commercially viable
alternative to gas lighting. This conclusion, which had
important ramifications on Edison’s work on the light
bulb, came about through logical/mathematical analy-
sis of the requirements of the lighting system.
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High-Resistance Platinum and Insulation
In Phase 5 of his work, Edison was concerned with the
dimensions of the burner, in response to the require-
ment that the lamp be of high resistance. He concluded
that there would have to be a very thin and long
platinum wire, wound into a spiral, packed inside the
evacuated glass bulb (Friedel & Israel, 1986, p. 79).
However, as a result of the tight packing of the burner,
the turns in the wire would often come into contact
with one another, resulting in a short-circuiting of the
lamp. To solve this problem, Edison tried to coat the
platinum spirals with an insulating material that would
prevent them from coming into direct contact with one
another. During the spring of 1879, Edison and the staff
devoted much of their time to finding an insulating
material that would adhere to the platinum wire under
high-temperature conditions (Friedel & Israel, 1986,
p. 79), but by the end of April 1879, such material had
yet to be found. The work in Phase 5 arose from the
requirements of the electrical system and the resulting
problems with packing the high-resistance platinum
burner inside the bulb.

Improved Vacuum Pumps
Work on the electric lamp did not resume until the
summer of 1879. Edison at this time made substantial
progress in designing a more efficient vacuum pump.
In August, he hired Ludwig Boehm, a full-time glass-
blower who had apprenticed under Heinrich Geissler
(the creator of the Geissler vacuum pump that had been
used in Edison’s earlier work). The hiring of Boehm
was an indication of Edison’s belief that a more
efficient vacuum pump would be an indispensable
component of a successful platinum lamp (Friedel &
Israel, 1986, p. 82). Edison and his staff spent much of
August attempting to develop more efficient pumps.
They eventually produced a vacuum pump that was a
combination of two pumps—a Geissler pump and a
Sprengel pump, another type of advanced vacuum
pump. The idea of combining two vacuum pumps was
first presented in an article by de la Rue and Muller
(Friedel & Israel, 1986, pp. 61–62). Using this new
pump, Edison was able to reduce the pressure inside
the bulb to one-hundred-thousandth of normal atmos-
pheric pressure, which was the most nearly complete
vacuum then in existence (Fridel & Israel, 1986,
pp. 62, 82). Further work in the autumn of 1879
produced pumps that were even more efficient. Edi-
son’s work in Phase 6 is summarized in Table 10; the
advances in vacuum pump technology benefited from
the new expertise brought by Boehm, as well as
information from the article by de la Rue and Muller.

Platinum in a High Vacuum
Edison used the new vacuum pump with a platinum-
burner bulb, and in early October 1879, Edison’s light
consisted of a highly resistant filament of tightly
wound platinum inside a glass bulb that was evacuated

to approximately one 1-millionth of normal atmos-
pheric pressure (Friedel & Israel, 1986, pp. 87–88).
However, this advance had not solved the basic
problems: even after being heated in the vacuum, the
platinum filaments would last for only a few hours and
would tolerate only a minimal amount of electrical
current, making it very difficult to generate light of
useful brightness. Also, the platinum burners had a
resistance that was far too low to be of any use in the
system Edison had envisioned. Edison had calculated
that it would be desirable to obtain lights that had a
resistance of 100 ohms or greater, but the lights
constructed in early October at Menlo Park had a
resistance of only 3 or 4 ohms. Phase 7 of Edison’s
work is summarized in Table 10, and the work in that
phase was a straightforward application of the
advances in Phase 6.

Return to Carbon and Success
In early October, 1879, Edison began to experiment
once again with carbon as an incandescent substance.
This goes against the Herald story quoted above, which
makes no mention of the fact that Edison’s successful
use of carbon was his second attempt with that
element. The return to carbon follows directly from the
situation at the end of Phase 7: (1) the platinum bulb
was still not successful; (2) an improved vacuum pump
was available; and (3) Edison knew that earlier
attempts with carbon had failed due to problems with
the vacuum. Experiments with carbon continued
through October. On October 19th, Edison’s assistant
Francis Upton experimented with raising a stick of
carbon to incandescence in a vacuum. The results were
encouraging, producing a light that was the equivalent
of 40 candles. On October 21st, Upton recorded that he
had raised a half-inch stick of carbon that had a
diameter of 0.020 inches to ‘very good light’; however,
the stick had a resistance of 2.3 ohms when heated,
much too low to be useful (Friedel & Israel, 1986,
p. 100). On October 22nd, another assistant, Charles
Batchelor, conducted experiments using a ‘carbonized’
piece of cotton thread placed inside of an evacuated
bulb. The thread had been baked in an oven until it
turned into pure carbon. This filament initially had a
resistance of 113 ohms, which increased to 140 ohms
as it was being heated. Although this was encouraging,
the filament yielded a weak light that was the
equivalent of only half a candle. Batchelor continued to
experiment with a variety of carbon materials through-
out the day, and at 1 : 30 a.m. the next morning he
attempted once again to raise a carbonized cotton
thread to incandescence (Friedel & Israel, 1986,
p. 104). This light burned for a total of 14.5 hours, with
an intensity of 30 candles.

With hindsight, we can see that Edison had produced
a successful light bulb, and the date of October 22,
1879 is generally given as the date of the invention of
the light bulb. However, from Edison’s viewpoint, there
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was no sudden point when it was obvious that
everything was in place. The cotton-thread experiments
were an undeniable success, but Edison still did not
consider the lamp to be a completed invention (Friedel
& Israel, 1986, p. 103). One problem was that the
cotton filament was extremely fragile. The staff spent
much of late October, 1879 continuing to search for
another carbon material. (Here may be part of the basis
for the Herald story.) Carbonized cardboard filaments
in the shape of a horseshoe seemed to produce
especially promising results. By early November,
1879, Edison felt sufficiently confident in the success
of the carbon lamp that he filed for an electric light
patent with the U.S. patent office. On New Year’s Eve,
1879, Edison opened the lab, illuminated by interior
electric lights and electric streetlights, to the public,
and crowds came to view and marvel at what the
wizardry of Edison had accomplished (Friedel &
Israel, 1986, p. 112).

Invention of the Light Bulb: Summary and
Conclusions

This analysis of Edison’s seminal invention is con-
sistent with the other case studies presented: his work
provides further evidence for continuity and structure
in innovative thinking, as well as providing evidence
that innovative thinking is made up of a family of
components. There has been no need to assume
anything beyond ordinary thinking in order to under-
stand Edison’s accomplishment. Edison’s first attempts
were based directly on what had been done in the past.
He moved beyond past work first by trying to
determine the reasons for his consistent failures. In
addition, his logical/mathematical analysis of the
requirements of the electrical system that he hoped to
build led to the conclusion that the lamp had to be of
high resistance. Improvements in vacuum-pump tech-
nology and the need for a high-resistance lamp in turn
led back to carbon and ultimate success. All these
developments can be understood as being the out-
growth of ordinary thought processes, and we can see
how innovation comes about as an orchestration of a
family of cognitive processes.

Critical Analysis and Discontinuity in Thinking

The invention of the light bulb has provided an
example of a discontinuity in Edison’s thinking—use
of a platinum burner in a vacuum. Edison began his
work believing that a platinum burner could be exposed
to air, but later the vacuum became a crucial compo-
nent of the platinum-burner bulb. This discontinuity,
which was critical in Edison’s success, was brought
about by ordinary cognitive processes: in Phase 3
Edison examined under the microscope the condition
of the broken platinum burners, which led him to
conclude that escaping hydrogen had contributed to
their destruction. (At least one earlier investigator had

placed the platinum burner in a vacuum (see Table 10).
I am assuming that Edison was not aware of that
attempt, although if he was, it would mean that
platinum in a vacuum would be a further example of
continuity.) In considering how to remove the hydro-
gen without destroying the burner and how to keep the
burner isolated from hydrogen, placing it in a vacuum
was a logical conclusion. Edison’s critical analysis in
Phase 3 of the difficulties that arose in Phase 2 led to
the realization of the need for the vacuum: nothing new
is needed for us to understand Edison’s thinking.

A discontinuity arising in a similar way can be seen
in James Watt’s development of the steam engine
(Basalla, 1988; Weisberg, 1993, pp. 126–130).
Although Watt is usually given credit for inventing the
steam engine, Watt’s invention was in fact a modifica-
tion of an extant engine—the Newcomen engine, a
steam-powered engine invented by Newcomen a gen-
eration earlier. Watt was employed as a laboratory
technician at the University of Glasgow, and he was
preparing a small-scale Newcomen engine for a lecture
demonstration. He was struck by the difficulty he had
in getting it to run; it would carry out a few cycles and
then would stop, due to lack of steam because all the
coal had been quickly consumed. Watt then modified
the Newcomen engine so that it ran more efficiently.
Thus, Watt’s innovation was driven by his critical
analysis of the poor performance of the Newcomen
engine; again, ordinary cognitive processes are central
in this innovation. Discontinuity based on critical
analysis of one’s own earlier work can also be seen in
Watson and Crick’s development of the double-helix
model of DNA. They originally proposed a triple-helix
model of the structure (based in part on Pauling’s
alpha-helix, as noted above). When this model was
found to be inadequate on empirical and logical
grounds (Olby, 1994; Watson, 1968; Weisberg, 1993),
they modified it, producing the double helix. It is also
important to note that some of the inadequacies in the
triple-helix model of DNA were pointed out by other
researchers, with whom Watson and Crick discussed
their model. This parallels Dunbar’s (1995) finding,
cited earlier, of the importance of input from others in
changing a scientist’s analysis of a phenomenon.

Cognitive Processes in Innovation: Conclusions
This section has centered on analysis of Edison’s
invention of the light bulb to provide support for the
claim that creative thinking is constructed out of the
same family of cognitive processes that are seen in
ordinary thinking (Perkins, 1981). It was concluded
that it was possible to understand each phase in
Edison’s thinking without introducing processes
beyond those found in ordinary thinking (see Table 10).
In addition, several other cases, presented more briefly,
also support the idea that radical innovation can be
stimulated by such mundane processes as critically
examining deficiencies in an extant product, either
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one’s own or someone else’s. This section also
provided further evidence for continuity in innovation,
specifically the role of antecedents in the development
of new products.

Sensitivity to External Events
Ordinary thinking is sensitive to outside events, which
can serve to trigger new directions in thinking. This is
a second way in which discontinuity in thinking can
occur: an external stimulus may suddenly change the
direction of a person’s work. An example of a
triggering event can be seen in Alexander Calder’s
development of mobiles in the 1930s in Paris (Calder,
1966, p. 113). These abstract moving sculptures, which
depended on the wind to provide motion, were
different than anything Calder had produced before
(see Fig. 9A). For the present discussion, we will
examine only the abstract or non-representational
nature of these sculptures, which was in itself a
significant breakthrough (for further discussion, see
Weisberg, 1993). Figure 9B reproduces an exhibit from
1931 in Paris of Calder’s then-recent work, and one can
see graphic evidence that his work took a radical shift
in subject matter around 1930, moving relatively
suddenly away from representation. In this exhibit, one
sees representational and abstract works together.

In examining Calder’s work before this point (e.g.
the wire sculptures hanging near the ceiling in the
exhibit in Fig. 9B), one finds little or nothing in the
way of non-representation. Calder himself (1966)
provides the clue to why his style changed relatively
suddenly. In the late 1920s, Calder had made a name in
avant-garde art circles in Paris, through his perform-
ances of his Circus, a miniature big-top, complete with
multiple rings, a high-wire act, animals, acrobats,
jugglers, clowns, music, a chariot race, a sword-
swallower, etc., and grandstands for the spectators.
Many of the most well-known of the modern artists in
Paris witnessed Calder’s circus performances, which
resulted in his establishing connections to many artists.
One of the artists who attended a circus performance
was Piet Mondrian, whose work at that time involved
highly abstract geometrical paintings, built out of
blocks of primary colors. Calder reported that in 1930
he visited Mondrian’s studio, which was painted white,
with blocks of primary colors on the walls and
examples of his latest work also present (see Fig. 9C).
Very soon thereafter, Calder began to paint in a style
much like Mondrian’s, but he then adapted that style to
sculpture, with which he felt more comfortable. One
can see that at least one of the abstract sculptures in
Fig. 9B has a base painted in the style of Mondrian. So
the radical change in Calder’s style came about at least
in part as a result of his adoption of the style of
Mondrian, which means that the radical change within
Calder’s style was not radical at all in the modern-art
milieu of Paris around 1930. The change seems radical
only in the context of Calder’s work until that point.

Another example of a discontinuity triggered by an
external event occurred during Picasso’s production, in
1906–1907, of his seminal painting Les Demoiselles
d’Avignon, arguably the most important painting of the
20th century (Rubin, 1984). The style of this painting
was radically different from anything that he or any
other artist had produced before, and this radical
stylistic shift has been attributed to Picasso’s exposure
to non-Western art (Rubin, 1984; Weisberg, 1993,
pp. 197–198).

External events can also play a role in the develop-
ment of innovation in domains beyond art. A similar
process may have occurred in the Wright brothers’
development of the ‘wing-warping’ control system for
their early glider, which became a crucial component
of their successful powered airplane. This system,
which is the direct ancestor of the ailerons seen on
modern aircraft, was designed so that the tips of the
trailing edges of the two wings on the Wrights’
machine could be made to lift or drop by the operator.
The mechanism was constructed so that the two sets of
wing tips moved in opposition; i.e. when the left wing
tips were lifted, the right ones dropped, and vice versa.
This caused the plane to turn in one direction or the
other. This control system, which differed radically
from those developed by other would-be airplane
inventors, may have been stimulated, at least in part, by
Wilbur Wright’s observations of birds’ movements of
their wing tips when gliding (Weisberg, 1993, pp. 139–
140).

It is also interesting to note that one difference
between the Wright brothers and other researchers
working on the problem of flight was that the Wrights
were from the beginning very concerned with how they
would control their flying machine once they got it into
the air. Most of the other would-be inventors assumed
that the machine could be made inherently stable with
a few simple passive design components, such as a V-
shaped wing (Crouch, 1992). It was assumed that such
components would serve to automatically keep the
plane stable in flight. The Wrights, in contrast, assumed
from the beginning that the human operator would have
to play an active role in controlling the machine in the
air. A possible reason for the Wrights’ concern about
control (besides the fact that more than one person had
been killed investigating possibilities of flight) is that
they came to the problem from a background of
designing and building bicycles, which have problems
of stability remarkably like those seen with flying
machines. Most of the other people working on the
problem of flight approached it with the belief that
movement in the air would be like a boat’s movement
on the surface of a body of water, which turned out to
be an incorrect analogy. The Wrights’ adopting this
overall perspective is further support for the notion of
continuity in thinking: the general orientation of their
work on controlling the flying machine was based on
their experience with bicycles.
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Figure 9. (A) A Calder mobile from around 1930. (B) Exhibition at Gallery Percier.  © 2002 Estate of Alexander Calder/Artists Rights Society (ARS), New York.
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External triggers have also played important roles in
innovation in science. Darwin’s final synthesis of the
theory of evolution based on natural selection may
have been stimulated by his reading a passage in
Malthus’s well-known essay On Population, which
discussed the competition among organisms for limited
supplies of food (Gruber, 1981; for further discussion
see Weisberg, 1993). In this example, the external
stimulus provided the capstone on a process that had
gone on for more than 20 years for Darwin. External
events can also serve to start the process of innovation.
As an example, the collaboration between Watson and
Crick may have come about in part as the result of an
external trigger. Watson’s initial desire to work on the
problem of the structure of DNA at the Cavendish
Laboratory at Cambridge University—where he met
Crick—was stimulated in part by his exposure to an X-
ray photograph of crystalline DNA which he saw at a
conference in Naples (Watson, 1968). This external
event played a role in initiating the whole process. In
addition, comparable to Malthus’s influence on Dar-
win, Watson and Crick’s thinking at several places was
pushed in a critical direction as a result of their
exposure to new experimental results which allowed
them to draw conclusions about important features of
the DNA structure (Olby, 1994; for further discussion
see Weisberg, 1993).

Innovation and External Events—Conclusions
Examples from a broad range of domains—the arts,
invention, and science—support the hypothesis that
new directions in innovative thinking are sometimes
the result of external events. External events can play a
role at every point in the creative process, from
initiation of interest in some phenomenon to the final
piece of information that results in things coming
together. These examples are further evidence that
innovation comes about through processes no different
than those underlying our day-to-day activities.

The Ordinary Basis for Creative Thinking:
Conclusions and a Remaining Question

Conclusions
At the beginning of the chapter, several facets of
ordinary thinking were outlined, and the discussion has
presented support for the hypothesis that each of those
facets is also seen in innovative thinking. We can
summarize the discussion in the chapter by examining
those facets once again (see Table 11).

Continuity in Thinking
Continuity in innovative thinking is supported first by
the learning curve that has been found in creative
disciplines: people who work in creative disciplines

Figure 9. (C) Mondrian’s studio with works. 1929;  © 2002 Mondrian/Holtzman Trust c/o Beeldrecht/Artists Rights Society
(ARS), New York.

Case Studies of Innovation: Ordinary Thinking, Extraordinary OutcomesChapter 13

243



Table 11. Summary of case studies.

Continuity in Thinking
Learning to be Creative

10-Year Rule (Hayes, 1981)
Gardener’s (1993) biographical studies

Mozart
10-Year Rule
Increasing productivity
Increasing quality of works
Increasing originality

Lennon & McCartney
10-Year Rule (although fewer years)
Increasing quality of works
Increasing originality

Antecedents to Innovation
Mozart

Early piano concertos constructed out of those of others
Early symphonies modeled on those of others

Lennon & McCartney
Immersion in early rock & roll

Darwin
First stage: Lamarckian evolution and the monad

Watson & Crick
Pauling and helical structures

Picasso
Guernica and Minotauromachy
Characters based on Goya

Pollock
Stylistic innovation: Siquieros workshop

Edison
First attempts: Carbon and platinum burners; based on earlier work

Wright brothers
Controlling bicycle to controlling a flying machine

Structure in Innovative Thinking
Picasso’s Guernica

Antecedents related in content
Worked on overall composition first, then characters
Systematic working out of overall composition
Systematic working out of individual characters

Edison
Analysis of problems with platinum burners; based on failures
Analysis of needs of electrical system

Cognitive Components in Innovative Thinking
Perkins—experimental studies of insight in problem-solving
Edison

Logical/mathematical thinking
Analysis of failed platinum burners
Analysis of requirements of electrical system 
Need for high-resistance burner

Evaluation of consequences
Watt

Critical analysis of problems with Newcomen engine
Watson & Crick

Critical analysis in rejection of triple-helix model
External Triggers to Innovation

Watson & Crick
Criticism by others of the triple-helix model of DNA
Information from others’ research that pointed the way to the double helix

Calder
Mondrian’s studio and abstraction

Picasso
‘Primitive’ art and Les Demoiselles d’Avignon

Wright brothers
Bird flight and ‘wing warping’
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require a significant amount of time to get good at what
they do, as we have seen from studies of the 10-Year
Rule (Hayes, 1989). Gardener’s (1993) biographical
studies supported the same conclusion. There was also
evidence from case studies in music for increasing
productivity and increasing quality of work during this
learning period. A further aspect of continuity, that in
producing innovations we build on our experiences,
was supported by the finding of antecedents for
innovations in a wide variety of areas (Weisberg, 1986,
1993). Similarly, based on a consideration of the
relationship between creators’ early works and works
produced by those around them, we saw incremental
movement beyond what had been done before, rather
than wholesale rejection of the past.

Structure in Thinking
Ordinary thinking is structured in several ways: (1) our
thoughts are linked through associative bonds, which
are the result of links between events in our past, and
on the basis of similarity of content; (2) we use
reasoning processes of various sorts, which provide a
basis for moving from one thought to the next. The
analysis of Picasso’s creation of Guernica and Edison’s
invention of the light bulb provided evidence for the
structured nature of innovative thinking.

Thinking is a Family of Activities
Ordinary thinking is made up of a large family of
cognitive activities, some of which are: planning how
to carry out some activity before doing it; anticipating
the outcome of some action; judging whether the
outcome of an anticipated action will be acceptable;
deciding between two alternative plans of action;
determining the consequences of some events that have
occurred (through deductive reasoning); perceiving a
general pattern in a set of specific experiences (through
inductive reasoning). Several sorts of evidence support
the claim that creative thinking is also constructed from
those sorts of basic cognitive activities (Perkins, 1981).
Analysis of the thought processes underlying Edison’s
invention of the light bulb indicated that the phase-to-
phase transitions cold be understood as being the result
of ordinary processes. For example, Edison’s decision
in Phase 4 to put the platinum burner in a vacuum came
about as a consequence of his analysis in Phase 3 of the
failed platinum burners. Similarly, his decision to
return to carbon in Phase 8 was the result of the
consistent failures with platinum, the still-remaining
need for a burner of high resistance, and the availability
of the newly developed high-efficiency vacuum pump.

Thinking is Responsive to Environmental Events
Ordinary thinking and innovative thinking are both
sensitive to environmental events: radical changes in
thinking are sometimes based on the innovator’s
exposure to what could be called external triggers.
Support for this conclusion come from the arts

(Calder’s radical style shift in his sculpture around
1930, Picasso’s radical style shift in painting Les
Demoiselles d’Avignon); science (Darwin’s reading of
Malthus; Watson & Crick’s collaboration); and inven-
tion (the Wright brothers’ control system based on bird
flight).

A Remaining Question: What then is the Basis for
Innovation?
If one assumes for the sake of discussion that
innovation is indeed the result of ordinary thinking
processes, we are still left with one important question:
What are the differences between the great innovators
and the rest of us? If innovation at all levels, including
the highest, is brought about through thought processes
which are available to essentially all of us, then why do
very few of us produce seminal advances? In response
to this question, one should note that, even if we all
possess the same basic set of cognitive processes, there
are still ways in which we could be different which
might bring about the differences among us in
innovative achievement. Let us take the hypothetical
case of two individuals who are researchers in the same
field—why might one produce ground-breaking work
while the other does little or nothing in the way of
innovation? One crucial element of difference could be
disparities among individuals in information-process-
ing capacities. As one example, it was noted earlier that
Mozart’s last symphony was different in complexity
than earlier symphonies, those by Mozart and by
others. That advance leads us to the question of how
Mozart was able to produce a greater degree of
complexity than others had (and than even he had
previously produced). One possibility is that Mozart
might have had a larger working-memory capacity than
others (Baddeley, 1990). That is, Mozart might have
been better able to keep track of multiple strands of
music, which might have contributed to more complex-
ity in his compositions. However, it should also be
noted that an individual’s ability to process and
remember information is based on the person’s exper-
tise in the domain. Therefore, Mozart’s ‘larger
working-memory span’ might not have been some
innate characteristic of his information-processing
system. Rather, it might be a secondary result of his
long immersion in music. In addition, on this view, the
fact that Mozart’s last symphony is the most complex
of all of his works in that genre is because his ever-
increasing expertise might have paved the way for
works of greater and greater complexity.

This leads to a second possible difference between
people who produce notable innovations and those who
do not: the different databases that different individuals
bring to their work. If one individual has broader and
deeper knowledge than the other, such a difference
could affect the chances of one individual rather than
the other producing innovation. Related to the issue of
the size of the database is how it is acquired—all other
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things equal, a larger database would be the result of
more intense and/or longer-lasting immersion in the
discipline. This difference in immersion might in turn
be the result of differences in the motivation with
which individuals approach their work. Motivation
might be crucial in another way as well. It has been
proposed that one crucial element in producing innova-
tive work at the highest level (‘genius-level’ work) is
the motivation to persist in an activity even when it
seems unlikely that success will be obtained (see
Howe, in press). Although innovation may ultimately
come about from the application of one’s knowledge to
the situation that one is facing, and this application
may come about as the result of structured processes of
thinking that we all can carry out, having the
information to work with only comes through years of
immersion in the discipline. Not everyone is equipped
with the motivation to stay the course.
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Abstract: Innovation occurs when individuals produce novel solutions, and members of the
relevant domain adopt it as a valuable variation of current practice. At the individual level,
creative or innovative actions are adoptive responses to tensions between the person and situation.
In domains such as the arts or sciences, person–situation tensions are best resolved by favoring
novelty, whereas in domains such as business, the same tensions are best resolved by
favoring value. We employ a neo-evolutionary view of creativity to propose that these within
domains tensions create intractable tensions between domains.
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Introduction

That progress is the progeny of diverging and converg-
ing forces is true in innovation as in all endeavors. Such
operative forces, or tensions, are not new as explana-
tory frameworks. At a planetary level, geological
history is best understood as long-grinding terrestrial
and atmospheric pressures that shaped modern topog-
raphy. Even the origin of a species can be viewed as
friction between which variation is best suited to
environmental demands—a logic to which we will
soon return. And in human affairs, societies advance
when social equilibrium is upset by countervailing
movements as diverse as immigration and technology.

The common theme in all these tensions is change
and stability—a contrast inherent in virtually all
discussions of creativity and innovation. Other parallel
and analogous polar anchors include subjective vs.
objective, emotion vs. logic, conceiving vs. organizing
and, in our minds the one most indicative of creativity
and innovation, novelty vs. value. A truly innovative
idea, process, service or product achieves both, and can
thereby be said to have successfully resolved the
tension. But how, exactly, is that accomplished?

In the pages that follow we make two interrelated
arguments. The first is that innovation begins when an
individual presents a novel proposal. But because
proposed variations are evaluated in specific contexts
or domains—replete with idiosyncratic expectations
and reinforcements—novel proposals will be more
compatible with and frequently adopted in some
domains rather than others. Hence, explaining creative
action in a given context requires appeal to the classic
person–situation debate. By conceiving individuals as
goal-oriented, future thinking and feedback-seeking
entities, we advocate a neo-evolutionary approach
wherein individual creativity introduces variations that
are subsequently selected or rejected by the demands
and predilections of the domain environment. In
domains where novelty holds intrinsic value (e.g. the
arts, science), creative behavior is an adaptive response
that mitigates person–situation tensions. Alternatively,
in domains where ‘new’ doesn’t necessarily mean
‘improved’ (business management—cf. Ford & Gioia,
2000), person–situation tensions are best addressed by
adherence to established practices.

Our second argument is trans-application in nature,
based on the premise that innovations achieve their
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greatest impact when they are adapted across inter-
dependent domains. Reciprocal adaptation is especially
valuable in the worlds of theory and practice. We hold
that in theoretical domains such as organizational
studies, selection processes favor novelty, whereas in
practical domains such as business, selection processes
favor demonstrated value. Hence, over time theoretical
structures have become increasingly complex, jargon-
laden, pluralistic and unproven, whereas application
concentrates on easily apprehended, broadly diffused
‘best practices’ whose value has been benchmarked.

In an ironic twist, the very evolutionary forces that
engender innovation within these domains drive a
divide between them. That is, a consequence of
individuals’ striving to resolve the person–situation
tensions imposed by selection processes within their
domains is exacerbated misalignment between them.
Hope for maximally integrating theory and practice,
then, lies in a recognizing that innovation reflects both
novelty and value, and thus deploying intermediaries
and designing institutional resource dependencies cap-
able of sustaining divergent and convergent variations.

A Fork in the Road: Person–Situation Tensions
If tensions are critical in all endeavors, what is the one
most representative of innovation? On the one hand lies
the stark realization that innovation, in the final and
fundamental analysis, is the spawn of individual
imagination. To be sure, findings from academic
journals build to novel theses and companies bring new
products to market. But in every case, if enough layers
are peeled or the shrouds of history are lifted, some
clever, brave, or just plain lucky individual stands at the
center. On the other hand, though, innovation does not
unfold in a vacuum. The germination of an idea in
one’s mind stems from thousands of diverse threads,
and the execution of that idea is the product of many
minds and hands. In these ways, innovation is social in
nature. Furthermore, there is ample evidence that
throughout history some societies have been more
progressive than others, and some firms have managed
to sustain inventive cultures better than others. In these
ways, innovation is institutional in nature. The oft-
repeated aphorism that ‘necessity is the mother of
invention’ is testimony to the creative potential of
collective will.

All of this brings us to the much traveled person–
situation debate, which is itself a variant of the grand
nature–nurture debate, writ small. This is the tension
most characteristic of innovation, garnering enormous
examination over the last half century. The literature is
too vast to review here, but the polar structure is easy
to grasp.

At one end of the continuum is the hardcore
‘individual differences’ camp that dates back to Allport
(1937) and draws heavily from research into disposi-
tions, personality, traits, values, needs and attitudes.
This approach assumes that individuals possess meas-

urably stable and enduring qualities that determine
behavior across a wide variety of situations. Although
seldom explicitly stated, the intellectual commitment is
that too many variables comprise a given situation at a
given moment, making them a fragile foundation for
useful prediction. Situations, then, are a proverbial
goose chase. And although people do change, they still
constitute the most stable factor in the equation, and
hence should be focus of analysis.

The other end of the continuum is anchored,
predictably, by the ‘situationalists’. Chief among them
is Walter Mischel, whose 1968 tome, Personality and
Assessment, built the case that situations vary in
strength, depending on extant mores, norms, reward
structures, supervision, tightly scripted roles and the
like. In strong situations, the behavioral patterns
imbedded in personality would be trumped by con-
textual cues. In this way, Mischel showed the
Behaviorist tendency to assume that the conditions of
one’s life determine one’s behavior. Change the
conditions (via public policy and programs) and the
behavior will follow. Behavior, then, is the flotsam and
jetsam of the situation’s ebb and flow. (For an
instructive, recent exchange on the manifestation of
this debate in organizational studies, see Davis-Blake
& Pfeffer, 1989 and House, 1996.)

Of course, any reasonable person—including those
that staked claim in this debate—recognizes that
behavior is the function of both the person and the
situation. For this reason, a strong contingent of
‘interactionists’ has emerged who examine motiva-
tional and creativity processes associated with
innovation (Amabile, 1996; Ford, 1996; Woodman,
Sawyer & Griffin, 1993). To encapsulate, the person–
situation tension is enacted when individuals’ choose
from a range of alternative behaviors in a particular
circumstance. That choice is a coping behavior that
either facilitates or constrains personally appealing
courses of action.

With this as a background, we will distinguish
between two broad options for coping with person–
situation tensions—novel behavior and routine
behavior—that together represent a ‘fork in the road’
(Ford, 1996). Whether consciously or not, in any given
situation individuals are presented with a choice
between new and routine behavioral options that
instigate change or reinforce the status quo respec-
tively. To support this view, we focus on three
interactionist theories that treat individuals as goal-
oriented, future-thinking and feedback-seeking entities
attempting to resolve the person–situation tensions
they face on a day-to-day basis.

Goals Model
This model assumes that individuals are goal-directed,
summarized nicely with its founder’s own words:

(B)ehavior is the expression of the interplay among
many goals, and there is a complex relation between
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goals and behaviors, such that the same behavior
may express different goals and the same goal may
lead to different behaviors, according to the demands
of the situation (Pervin, 1989, p. 355).

Pervin is asserting that individuals’ action is organized
to advance the achievement of a variety of personally
desired outcomes, the saliency of which varies depend-
ing on the availability of particular outcomes in
particular situations. Thus, individuals ‘read’ a situa-
tion to determine its operative goals, its reward
structure, and their own ability to behave according to
those demands. Such internal (i.e. goals) and external
(i.e. situations) canvassing becomes the basis for
choosing among alternative behavioral options. Elected
behaviors address the person–situation tension by
attaining desired outcomes or avoiding unpleasant
ones.

Social Cognitive Model
This model focuses on individual adaptability to
situations as a function of social intelligence (Cantor &
Kihlstrom, 1987). Social intelligence is not necessarily
that typically associated with the raw problem-solving
ability reflected in IQ. One can have a high IQ and be
woefully socially inept. Rather, it refers to having
readily accessible memory structures of the concepts,
rules, dynamics and skills that were operative in
previous situations. This is a ‘social-cognitive’ model
because individuals draw on the knowledge of what did
or did not work in previous situations to formulate
strategies for handling new ones. This feed-forward
process creates the expectancies and instrumentalities
underlying individual motivation, as well as specific
performance strategies designed to attain personally
desired outcomes. Adaptability, then, becomes a com-
petency that turns on seamless rehearsal of relevant
past experience and careful assessment of current
circumstances to organically integrate behavior. Evi-
dence shows that: (a) strategies can be considered
effective only to the extent that the person using them,
and the situation in which they are used, are con-
sidered; (b) effective strategies do not necessarily
generalize across contexts; and (c) individuals who are
inflexible in strategic deployment run into a whole host
of problems.

Self-Appraisal Model
This school of thought is based on the notion that
individuals strive to reduce uncertainty about their
abilities in relation to environmental demands (Bailey,
Strube, Yost & Merbaum, 1994). What distinguishes it
from the two previous models is the notion that self-
knowledge is predicated by one’s willingness to seek
out feedback. People can be arranged on a continuum
from those low in self-appraisal motivation (meaning
they tend to shy away from diagnostic feedback,
favoring instead that which is skewed toward enhanc-

ing their self-image) to those high in self-appraisal
(meaning a keen desire for accurate and complete
feedback, regardless of its self-esteem implications).

This is a theory of ego operation that examines how
the very human and hedonistic urge to feel good about
oneself is manifested. Those low in self-appraisal do so
by choosing tasks and eliciting feedback that reflects
positively on them. In contrast, those high in self-
appraisal take the lumps that negative feedback might
inflict on their ego in order to understand better what
they do well and what they do poorly. This, subse-
quently, puts them in a better position to select or
create environments where their abilities are well
matched to the demands, which ultimately would lead
to positive feedback via successful performance, and
hence serve the ego well. The Self-Appraisal model
goes beyond the others by emphasizing the possibility
of enacting or creating environments to discover the
‘fitness’ of specific behaviors—that is, the extent to
which they accomplished desired outcomes.

These three models provide a robust foundation for
understanding the person–situation tension as it relates
to creativity and innovation. The Goals Model high-
lights how objectives are made salient and pursued
depending on extant circumstances, and thus involves
direction. The Social Cognitive Model looks at how
future contingencies could help or hinder alternative
course of action. Imagining possible consequences is
an anticipatory feedforward activity that forms and
shapes expectations. The Self-Appraisal Model poses
that the ego strength to face feedback regarding
abilities in relation to demands is the path to self-regard
and, although threatening, could lead ultimately to
placing oneself in a complimentary environment.
These three elements are illustrated in Fig. 1 as a
framework for illustrating multifaceted person–situa-
tion tensions.

A Neo-Evolutionary Resolution of Person-Situation
Tensions
The evolutionary metaphor of the person–situation
tension would be that between variation and selection.
At a surface level, variation represents individual
creative action and selection the environment (referred
to interchangeably as the domain) in which that action
takes place. Although accurate so far as it goes, as with
all metaphors, these parallels break down when
extended. Standard evolution theory holds that the
cycles of production—that which produces variation—
are causally distinct from cycles of maintenance—the
environmental demands which select or reject varia-
tion. So, for example, the environment did not cause
the giraffe’s neck to be long. Rather, the giraffe’s neck
is long because of tendencies toward spontaneous
genetic variation. The environment did, however, select
for that neck inasmuch as it was a ‘fit’ adaptation that
increased the likelihood of procreation (see Bailey,
1994, for a review).
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Casual separation of variation and selection may
hold true in biology, but it is untenable in the social
psychology of creativity and innovation. Individual
creative action is not merely an accidental, spontaneous
variation, and the domain in which individuals live and
work is not merely a removed, disinterested, passive
environment that selects after the fact. Rather, as our
previous discussion demonstrates, the person and the
situation are reciprocal and interdependent. Thus, we
appeal instead to neo-evolutionary theory as an optimal
framework to describe person–situation resolution.
Originally described at the individual level by Camp-
bell (1960) and later elaborated on and organized by
Weick (1979), this perspective contends that each level
of analysis has three sequentially ordered process
categories, enactment, selection, and retention (E-S-
R).

An E-S-R approach is especially useful for under-
standing how creativity and innovation unfold in social
settings because it explicitly depicts the tension
between divergence and convergence, change and
stability, novelty and value, and creating and organiz-
ing. An ‘enactment’ refers to an individual choice that
is, in our parlance, either new or routine and sensitive
to the demands of the domain. That is, individuals’
operative goals and expectations are conditioned by
past and current environmental features such as
resources dependencies that acknowledge, allocate and
reward. Assuming that individuals seek to achieve
desired outcomes and avoid undesired ones, it makes
perfect logical and hedonistic sense that they would
choose enactments that are likely to be well received in
their domains. In this fashion, either new or routine
behaviors can be labeled adaptive.

A neo-evolutionary approach also recognizes that
domains change as a result of enactments that are
selected and retained as a legitimate practice. That is,
once an idea, process or product is accepted, it is now

available for further adoption within the domain.
Individual creative actions represent novel enactments
that may instigate a commensurate E-S-R cycle at the
next highest level (e.g. a team or department). This
kind of analytic scheme better depicts how individual
dispositions and interpretations are expressed in organ-
izational settings, and how patterns of social interaction
at various levels of analysis impact on creative
outcomes (Weick, 1979). Just as the introduction of a
new species alters the floral and faunal equilibrium of
an ecosystem, so it is with innovation.

With this background, creativity and innovation are
defined from the perspective of those working within a
particular domain. Thus, an idea, process or product is
considered ‘creative’ to the extent that informed
judgments by knowledgable players in a given domain
deem it to have merit. In this way, selection processes
are determined by those individuals who enjoy influ-
ence, authority or expertise. Creativity is a
domain-specific, subjective judgment of the novelty
and value of a particular action (Ford, 1996).

The E-S-R approach illustrates the person–situation
interaction that leads individual actors to choose new
or routing behavioral options. It also helps to surface
the priorities that drive selection processes between
domains. The next sections show how innovating (i.e.
enactments, variations) and organizing (i.e. selection,
retention) are differentially prized in theory and
practice. Equally apparent, however, is that these
processes are reciprocal; the former cannot proceed in
the absence of the knowledge and purpose that results
from latter, and if the latter becomes too narrowly
focused and rigid, it will stagnate creating. Innovating
and organizing are like rival siblings who constantly
squabble but who are nevertheless intimately linked.
The following section will employ this neo-evolution-
ary perspective to describe how individuals’ efforts to
reduce person–situation tensions within domains can

Figure 1. Managing person-situation tensions.
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increase tensions between related domains with differ-
ent methods of ascribing value. We focus specifically
on the tension between theory and practice created by
the processes illustrated in Fig. 2.

Tensions within the Domain of Organizational
Studies
The primary tension facing tenure-track faculty in
organizational studies is simple yet profound: publish
or parish. The old axiom is overstated perhaps, but few
would disagree with its essence. Bedeian (1996)
described the road to professional success in organiza-
tional studies by saying:

In economic analogy, publications are the major
currency of the realm. Whereas there may be
diversity in academic reward structures at the
institutional level (e.g. teaching, research, service),
the reward structure at the national and international
level is monolithic rather than plural. Thus, whereas
scholars may draw their paychecks locally, academic
recognition and the rewards that follow (e.g. edito-
rial appointments, professional board memberships,
fellow designations) are conferred elsewhere as a
consequence of judgments made by the larger
academic community . . . Publications mean visibil-
ity, esteem, and career mobility (p. 6).

Recent research supports this characterization. Gomez-
Mejia & Balkin’s (1992) analysis of determinants of
faculty pay in organizational studies found that the
correlation between the number of top-tier publications
(defined as the top 21 organizational studies journals as
judged by a sample of department chairs) and 9-month
faculty pay was 0.61. The authors of this study suggest
that given the nonprogrammable nature of faculty’s
work, incentive systems are used in lieu of monitoring
as a means of directing behavior (i.e. selecting desired,
and rejecting undesired, behavior). Of course, this
environmental demand is a source of person–situation
tension only to the extent that it is poorly aligned with
individual aspirations. If one wants to do nothing but
publish, academe provides an exceptional fit. But such
is not the case. Gomez-Majia and Balkin found strong
evidence that most faculty not only are resigned to a
singular and narrow path toward career success, but do
not like it:

Of the respondents to our survey, 11% were
‘strongly satisfied’ and 58% were either ‘dissat-
isfied’ or ‘strongly dissatisfied’ with the statement
that ‘when it come down to it, publishing is the
overwhelming criterion for faculty pay decisions’; in
contrast, 80% agreed that this statement was true
(p. 948).

Thus, the adaptive strategy for organizational scholars
who seek tenure and high pay is, like it or not, to
publish research in top-tier journals. In order to thrive,
one must become savvy about the criterion used by

journal editors and reviewers to evaluate submissions.
From the neo-evolutionary perspective we employ to
describe person–situation interactions related to crea-
tivity, this is akin to understanding the selection
processes that favor one type of variation over another,
and enacting accordingly.

Recent empirical research sheds further light on the
selection processes employed by top-tier journals.
Beyer, Chanove & Fox (1995) found that submitted
papers were likely to be viewed as more significant to
the field, and therefore more likely to be published, if
they made explicit claims regarding novelty. Mone &
McKinley (1993) found evidence that a ‘uniqueness
value’ is held by organizational scholars that influences
their conception and execution of research programs.
Specifically, they found that the dialogue between
researchers submitting papers and editors deciding the
papers’ fate was defined by explorations and identifica-
tion of novelty. The key question reviewers ask to
gauge the worth of a submitted paper is ‘what’s new
here?’ Locke & Golden-Biddle (1997) went so far as to
analyze specific gambits that researchers use to con-
vince reviewers of the novelty of their work because,
“. . . what counts as a contribution is that which is
perceived as unique or novel in light of the extant
literature” (p. 1024). The rhetorical devices they identi-
fied include specifying gaps in current theory and
knowledge, noting oversights or neglected issues and
advocating alternative theoretical approaches.

Taken together, our neo-evolutionary view suggests
that resolving the person–situation tension facing those
in the domain of organizational studies involves
publishing novel theoretical proposals in top-tier
journals. This strategy leads to job security, high pay,
recognition and mobility, and therefore constitutes an
adaptive response that advances personally desired
outcomes. Given the selection processes imposed by
the domain and the nature of adaptive responses most
likely to be retained, what are the implications for
theory in organization studies?

We believe that the description offered by Astley
(1985) remains valid, perhaps more so now than when
originally presented more than 15 years ago. Astley
argued that organizational studies value iconoclasm
over truth, and that creative theorists were much more
likely to be successful than those who sought to verify
the validity of existing theories, catalog the success
rates of current practices or the like. Because novelty is
assessed relative to existing theory rather than current
practice (Locke & Golden-Biddle, 1997), most
research tends to be literature-driven rather than
problem-driven. Consequently, organizational studies
continue to evolve as a fragmented discipline address-
ing loosely related topics. Astley’s conclusion that
“New theoretical advances do not seem to build
cumulatively on previous findings; instead they add to
the bewildering variety of perspectives within the field”
(p. 504) still rings true.
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Figure 2. A neo-evolutionary view of tensions within and between the domains of theory and practice.
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Our description leads to the disheartening conclu-
sion that theoretical novelty is more important than
practical value to those seeking to advance their careers
in the discipline. The resulting ‘management theory
jungle’ (cf. Koontz, 1961) should come as no surprise.
Our stance is that optimism with respect to theoretical
pluralism lies in changing the selection processes in a
manner that more closely aligns the values facing
scholars with those affecting management practitio-
ners. But first we examine the tensions faced by
practitioners.

Tensions Within the Domain of Management
Practice
Despite wide recognition of its importance, few
organizations can claim to have mastered the chal-
lenges associated with managing creativity. Why is this
so? We maintain that the primary characteristic of firms
is the presence of normative cues, emanating from
various sources, that describe and reinforce adherence
to routine or habitual behaviors (Ford, 1996). Organi-
zations primarily exist to align the collective efforts of
diverse individuals toward common goals. Formal
aspects such as structural alignment, operational proce-
dures and rules, stated objectives and compensation
systems, as well as informal aspects such as roles,
norms and culture, all serve to induce conformity in the
thoughts and actions of organization members. Indus-
trial and professional identifications carry equally as
defined notions of appropriate and inappropriate
behavior. The comportment expected of a financial
officer in a bank, say, can be as constricted as an actor
in a play.

These processes are the functional equivalent of
environmental pressures that form the dynamics of
selection processes. All are very important and even
indispensable means of aligning collective behavior
and empowering individuals to act on behalf of
organizational interests. Shared interpretive frame-
works held by participants encourage reliance on
well-understood, previously tested solutions, but they
also discourage the generation or consideration of new
possibilities. As a consequence, the benefits of reliabil-
ity and efficiency associated with normative processes
come at the cost of low creativity. This is especially
problematic in large organizations where innovation
may even be considered ‘illegitimate’ (Dougherty &
Heller, 1994).

On the whole, there is every reason to believe that
the domain of practice privileges value over novelty,
organization over innovation. March & Simon (1958)
described firms as collections of routines wherein
innovation resulted only when the repertoire of habit-
ual responses failed. Burns & Stalker (1961) saw firms
as ranging between routine-laden and mechanistic vs.
innovation-oriented and organic archetypes. Thompson
(1967) partitioned organizations into a technical core
that maintained stable routines surrounded and pro-

tected by an institutional domain that addressed novel,
potentially threatening demands and circumstances. In
a similar vein, Weick (1979) illustrated an organiza-
tional antimony whereby firms address conflicting
requirements for flexibility and stability. March (1991)
argued that organizations comprise incommensurate
activities related to either exploiting current routines or
exploring novel alternatives. Christensen’s (1997)
research on ‘the innovator’s dilemma’ presents com-
pelling evidence that the operational configurations
necessary to dominate existing technologies or markets
make it impossible for firms to participate in highly
creative departures from the status quo, and vice versa.
Decades of research suggest that organizing is the
antithesis of innovating, where the former promotes
routines and the latter disrupts them.

As previously argued, the person–situation tension
means that individuals must choose between new and
routine behavioral options. Unfortunately, the paradox
between conforming and creating looks rather one-
sided to most employees. Especially in ‘strong’
organizational settings—characterized by detailed job
descriptions, rigid reporting relationships, close super-
vision and persuasive cultures—powerful normative
processes furnish an environment where thought and
behavior become routine-driven. Therefore, firms
become unreceptive to creative enactments because
they run counter to potent forces toward convergence.
Given a choice between time-tested routines that
produce relatively certain, near-term consequences,
and creative alternatives that are typically disruptive,
uncertain, and prone to failure, most individuals opt for
the safe haven of sanctioned routines. This is true at the
organizational level as well; corporations tend to adopt
industry ‘best practices’, avoiding risks associated with
‘re-inventing the wheel’, but promoting look-alike
strategies and operations that doom an industry to
competition based solely on price (Porter, 1996). It is
hardly surprising, then, that corporations have trouble
harnessing employees’ creative potential. Evolutionary
tensions between enactments and selection commonly
follow a trajectory that favors known value over
novelty.

Tension Between Theory and Practice
The connection between theory and practice—in this
case, organization studies and management practice—
is readily apparent and much lauded. Indeed, academic
research can and should serve the business community
through careful examination of processes and practices
that improve implementation. Rigorous research can
identify trends, refine procedures and instigate change.
In every way, successful enterprise management is
inextricably linked to the scholarship that informs and
directs it (see Bailey & Eastman, 1996, for a detailed
treatment of the interdependent benefits).

However, in reality these domains are only loosely
coupled, represented by different sets of stakeholders
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with different preferences with respect to novelty and
value. As we have shown, novelty is intrinsically
valuable in academe, whereas it is eschewed in
practice, which gravitates toward demonstrated value
instead. Consequently, academics and practitioners are
motivated by quite dissimilar and even competing
interests embedded in their domains. As basic testi-
mony to this tensions, knowledge that defines
theoretical domains is well documented, archived and
easily accessible, whereas knowledge that defines
practice is often proprietary, and tends to be docu-
mented in a haphazard fashion (even within firms).

Not surprisingly, then, attempts to enhance and
manage innovation often encounter a paradox between
the respective benefits of aligning collective effort—
which promotes individual routine choices that
emphasize organization—and empowering creativity—
which embraces new choices that emphasize
innovation. Conformity to current practices, values and
norms can indeed direct the collective energies of
employees toward realizing desired organizational
outcomes, and thus is a critical component of success.
However, individual creativity allows companies to
resolve intransigent and strategically critical problems
and develop new market offerings and technologies.
This is especially important in the long term because
creative actions contribute to learning and competitive
differentiation; the heart and soul of sustained vitality.
Ultimately, business success requires capitalizing on
advantages associated with both creating and organiz-
ing. The squabbling children must be reconciled.

Resolving Between Domain Tensions
How, then, can these inherent tensions between the
highly interdependent domains of theory and practice
be resolved? We offer two broad strategies, arranged
around intermediaries and aligning interests.

Intermediary Roles
Fortunately, there are several avenues through which
innovative theories are communicated to practitioners,
and best practices are noticed by professors. The
extraordinary growth of the ‘guru business’ demon-
strates the economic value provided by those who
fulfill intermediary roles between professors and busi-
ness people. The central problem with such boundary
spanners is that they do not enjoy full acceptance in
either domain. Professors often shun gurus for their
simplistic treatment of complex issues. Practitioners
just as often dismiss them as ‘witch doctors’ who have
renamed and reframed last year’s fashion, angling for
personal profit over firm performance. Despite this,
popular management books are perennial bestsellers,
testimony to their influence.

Although there is unquestionable value in the guru,
there are other ways to structure an intermediary role.
We believe there is enormous value in business schools
appointing ‘practitioner’ or ‘professional’ professors,

drawn from the ranks of business people. Such
individuals do not need to possess doctorates, and their
role could be defined specifically to facilitate inter-
action between faculty and practitioners, novelty and
value. That is, in addition to teaching elective courses,
these professional faculty could be paired with more
traditionally academic faculty to explore ways in which
novel ideas could be framed and communicated to a
practitioner audience. This might include arranging
meetings and presentations with corporate counterparts
or pursing publication in trade publications as well as
highly respected outlets like the Harvard Business
Review. Further on-site action research opportunities
could be brokered by such professional professors.
Their general role would be to help connect the world
of theory to the world of practice.

An inverse strategy for developing intermediaries is
the ‘professional sabbatical’. In this scenario, pro-
fessors are encouraged, and perhaps even required, to
spend a percentage of their sabbaticals as ‘professors in
residence’ of a firm. Finance professors could reside in
banks, entrepreneurship professors in small business,
organizational behavior professors in consulting firms,
and so on. Because they are paid by the school, this
option is low-cost for firms, involving only an office
and minimum support. The idea here is for professors
to work side by side with those who apply, in some
way, shape or form, academic principles. Their role
would be to encourage further the value of novelty, to
push practitioners to question assumptions of best
practices, the processes that are erected around institu-
tional innovation and the championing of new ideas.
That is, by bringing fresh perspectives and recent
research to bear, professors could add value to the
apprehension and resolution of real organizational
issues.

Aligning Interests
The primary means available for resolving the domain
tensions between theory and practice is to alter the
selection process of the domains themselves. Specifi-
cally, the world of theory would have to encourage,
reward and embrace practical value as much as it does
novelty. Conversely, the world of practice would have
to encourage, reward and embrace novelty as much as
it does value.

How could this ever be accomplished? The answer is
deceptively simple in conception but extremely diffi-
cult in implementation. Frankly stated, it involved
introducing resource dependencies that reward aca-
demics for value and practitioners for novelty. That is,
universities should alter their current reward system to
encourage publications in trade magazines and popular
managerial outlets. Right now, the correlation between
faculty salary and publication records in top-tier
academic journals is skewed and should be balanced.
Further, activities such as designing practicum and
supervising internships, all of which foster a keener
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sense of appreciation for the challenges faced by
businesses, should be explicitly acknowledged and
rewarded.

For firms, the answer lies less in promoting crea-
tivity than in not punishing it. Organizations will
always reward those who control costs and oversee
smooth operations. Such is to be expected whenever
large-scale strategic directions require careful admin-
istrative support. The problem is that those who do take
risks or recommend novel processes are discouraged
by red-tape and territorial defenses, and can even be
shunned or marginalized. As a result, a kind of
organizational level ‘groupthink’ occurs where those
who have truly creative ideas do not even bother
advancing them. This kind of creativity malaise is not
uncommon; how many executives tell tales of shelving
great ideas because of the resistance they engendered?
Firms need to offer mechanisms by which such
individuals can advance their ideas in a non-threat-
ening forum and, if adopted, enable their quick and
fluid implementation.

Conclusion

The same processes that alter the selection mechanisms
of a domain can also create a different path, one where
creative action is central to the interests and identity of
employees and the organization. Neo-evolutionary
processes related to creativity have been described by
both Ford’s (1996) and Drazin, Glynn & Kazanjian’s
(1999) theories of organizational creativity. These
theories adhere to the requirements of co-evolution
research by describing multilevel processes, multi-
directional causality, nonlinear processes, positive
feedback processes, and path and history dependence
(Lewin & Volberda, 1999).

Thinking of creative action in this light raises an
interesting ‘chicken and egg’ problem. Which comes
first: a creativity-friendly environment that nurtures the
talents of would-be creators, or creative actions that
test the boundaries of legitimate behavior and reveal
the true character of the environment? Co-evolution
theory suggests that one must consider recursive
influences that are path-dependent and prone to rapid
escalation. In the context of creativity research, one
must simultaneously consider how individual behavior
shapes proximal and distal features of the work
environment, and how the environment shapes individ-
ual behavior, and how these reciprocal influences
evolve over time.

The final hope for resolving between domain
tensions so as to harmonize the interdependent advan-
tages of theory and practice, novelty and value, lies,
paradoxically, in macro-managing the environmental
selection pressures. We say paradoxically because we
built this paper around the premise that innovation
begins with an act of individual creativity. However, we
also argued that that creativity does not occur in a

vacuum, but rather is intimately linked with the context
in which it takes place. The creation of that context,
and thus the triggering of the co-evolutionary processes
described above, is a matter of organizational structure,
policy, reward systems and culture. Unlike in the
biological realm, organizational environments can be
consciously managed. And they must be, if innovation
is the objective.
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Abstract: Creativity, most people tend to assume, is inborn, mysterious, unanalyzable, and
unteachable. Psychologists have been trying to understand this phenomenon for decades. The
literature is overwhelmed with inconsistent theories and hypotheses. Lately, development in
artificial intelligence has provided researchers with another means of analyzing the creative
process. In this chapter, we review some of the work in this area and discuss some approaches for
e-creativity.
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Introduction

May 11, 1997 is a milestone in computer evolution. On
that day, Garry Kasparov, who had never lost a chess
match, conceded defeat for the first time ever to a
chess-playing computer—IBM’s Deep Blue computer.
After losing the first game in the match, the Deep Blue
IBM computer won in game two, and managed draws
in games three, four, and five. In game six, a game
lasting only an hour, Deep Blue won the game by
dominating on the board and capturing Kasparov’s
queen. The final score was 3.5 points for Deep Blue
and 2.5 for Kasparov. The match drew worldwide
attention, not only because 34-year-old Kasparov was
widely considered the greatest chess player ever, but
also because of its compelling man-vs.-machine
theme.

With the win by Deep Blue, a few age-old questions
are popping up again. Are computers good enough to
substitute for human beings? Can computers be
creative? In this chapter, we look at the quest for
electronic-creativity, e-creativity or e-innovation. E-
creativity relies on Artificial Intelligence (AI), which
emphasizes defined operations that can yield the same
sorts of ideas that are produced by creative human
beings. Some of the e-creativity efforts and projects are
reviewed in this chapter, and some criteria that are
necessity for e-creativity are discussed.

What is Creativity?

Creativity is an important, but elusive, phenomenon
(Siau, 1995, 1996, 1999, 2000). Different writers have
different expressions for this moment of insight and for

the process leading to it. Gestalt psychologists named it
the ‘Aha’ experience. Pearce (1971) called it ‘the crack
in the cosmic egg’. Bruner initially referred to it as the
‘empty category’ (1956) and later as ‘thinking with the
left brain’ (1962). Guilford (1959) and de Bono (1970)
have used the broader terms ‘divergent thinking’ and
‘lateral thinking’, respectively, to refer to the process
by which new ideas are generated.

Since the beginning of civilization, people have been
amazed by one of our most precious abilities—
creativity. Greek philosophers, such as Plato, Socrates,
and Aristotle, occasionally discussed creativity in their
philosophical account. For instance, Plato valued
creative creation as a result of inspiration, which can
only be activated by divine power. Plato saw creative
activity as a topic that cannot be subjected to rational
analysis.

The word ‘creativity’ has long been associated with
mysticism. Koestler (1975) wrote about creativity:

The moment of truth, the sudden emergence of a
new insight, is an act of intuition. Such intuitions
give the appearance of miraculous flashes, or short-
circuit of reasoning. In fact they may be likened to
an immersed chain, of which only the beginning and
the end are visible above the surface of conscious-
ness.

Creativity is also defined in many other different ways.
For example, Torrance (1970) defined creativity as the
process of sensing gaps or missing elements, and
forming ideas or hypotheses concerning them. Boden
(1996) identified two senses of being ‘creative’. One is
psychological creative (P-creative) and the other is
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historical creative (H-creative). The psychological
sense refers to ideas that are fundamentally novel with
respect to the individual that has the idea. For example,
if John comes up with the idea of the wheel for the first
time (he has not heard or seen a wheel before), his idea
is P-creative—no matter how many people had the
same idea before him. The historical sense applies to
ideas that are fundamentally novel with respect to the
whole human history. In this case, John’s invention is
H-creative only if no one has ever had that idea before
him. By definition, all H-creative ideas are P-creative
too.

Boden (1996) also defined two types of creativity—
the improbabilist and the impossibilist—and further
summarized how creativity works along this dimen-
sion. The improbabilist creativity involves combina-
tions of familiar ideas to give a ‘statistically surpris-
ing’, or improbable, new idea. Several AI models that
fit into this framework of improbabilist creativity are
the analogy-based model, the associative-based model,
and the induction-based model. Impossibilist creativity,
however, centers on the formation of new ideas that
could not have emerged in the current state of the
domain. According to Boden, impossibilist creativity
involves the transformation of conceptual spaces
(paradigm-shifting creativity).

The Birth of E-Creativity

Cognitive psychologists did not start to explore the
internal realm of mind and the operations involved in
creative thinking until the invention of the von
Neumann machine. Researchers in artificial intelli-
gence (AI), especially Herbert Simon and Allan
Newell, pushed forward these explorations. Newell
(1990) proposed the unified theory of cognition.
Langley et al. (1987) used the process-tracing tech-
nique to access the thought process of individuals
involved in creative thinking to formulate hypotheses
and to write computer programs to mimic the related
process for problem-solving in various domains.
Boden (1989, p. 2) described the computational psy-
chologists as people who:

adopt a functionalist approach to the mind . . .
conceive of the mind as a representational system,
and see psychology as the study of the various
computational processes whereby mental representa-
tion are constructed, organized, interpreted, and
transformed . . . think about neuroscience . . . in a
broadly computational way, asking what sorts of
logical operations or functional relations might be
embodied in neural networks . . .

The computational concepts developed by AI-research-
ers are now influencing more traditional disciplines
such as psychology. The next section introduces AI and
some of its approaches.

AI—An Enabling Technology
AI studies how the computer can be programmed to
achieve intelligent attributes of human beings. With a
goal to explain what the mind is and how it works, AI
is closely related to cognitive psychology. It has
created new approaches for creativity studies, and its
computational concepts have shifted the fundamental
focus from the external measurements of creativity to
the internal description of processes involved in
creative activities. Three of the popular approaches in
AI are: classical/symbol-system AI, neural networks,
and genetic algorithms.

Classical/Symbol-System AI
The central assumption that leads to classical AI is the
physical symbol system hypothesis proposed by Newell
and Simon (1976, p. 116):

A physical system consists . . . symbols . . . contains
a collection of processes that operate on expressions
to produce other expressions . . . A physical symbol
system is a machine that produces through time an
evolving collection of symbol structures . . . has the
necessary and sufficient means for general intelligent
action.

Classical AI has a diverse research scope and applica-
tion domains. They vary from planning, game-playing
(e.g. chess), general or expert problem-solving to
theorem-proving, perception, and natural language
understanding. Because knowledge is essential for
intelligent reasoning, and processes are required to
manipulate the knowledge, knowledge representation
and processes are the two issues in classical AI
systems. A number of techniques for knowledge
representation are available in AI. They include
semantic networks, scripts, frames, rule-based systems,
and several others.

The most successful and widely used classical AI
architecture is the rule-based production system. Most
of the existing e-creativity programs are based on this
technique. A production rule typically takes the form
of:

IF conditions are true
THEN some actions
ELSE some other actions

An inference engine is used to realize the reasoning
of the production-rule systems. It employs two ap-
proaches in the reasoning process: backward chaining
and forward chaining. In backward chaining, a speci-
fied goal is used to select rules in the knowledge base,
which will in turn call for additional information and
eventually work backward to information that is
available to the system. Forward chaining, however, is
an inference method in which known facts are used to
select rules, which will provide additional facts and
thus, eventually, the solution to the problem.
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Neural Networks
Neural networks, or connectionist systems, are parallel
processing systems with computational properties that
are modeled after the human brain. They are based on
a theory of association (pattern recognition) among
cognitive elements (Baer, 1993). To mimic the human
cognitive processes, connectionist systems are not
programmed, but are designed to learn from experience
by ‘self-organization’. The connectionist paradigm
maintains that what appears to be lawful cognitive
behavior may in fact be produced by a mechanism in
which symbolic representations are unnecessary—no
rules are “written in explicit form anywhere in the
mechanism” (Rumelhart & McClelland, 1986). An
example of simple connectionist architecture is shown
in Fig. 1.

The key to understanding connectionist architecture
is the ‘hidden units’—units that are neither input nor
output. Unlike the intermediate states of computation
in symbolic accounts, these units represent uninterpret-
able states of the system. That is, the patterns of
connections and interactions between the hidden units
cannot be expressed in the form of rules or proposi-
tions. In other words, the ‘meaning’ of these units and
their various combinations cannot be stated in words.

Connectionism can be approached in two ways.
First, it can be considered simply as a way to
implement production systems. The learning that takes
place in a connectionist system is an induction of rules,
which, although not stated formally as rules, operates
on inputs in the same way that rules in a production
system operate on symbols. The set of weights that the
system derived, in this ‘weak’ connectionist scenario,
would simply be the program’s coding of the ‘explicit
inaccessible rules’ (Rumelhart & McClelland, 1986).

Second, the connectionist model may be used to
replace existing symbolic-processing models as the
explanations of cognitive processing. This is an
extreme claim made by many connectionists, and it is
this claim (‘strong’ connectionism) that caused the
most interest and controversy (Churchland, 1988,
1989; Pinker & Prince, 1988; Smolensky, 1988).

Pinker and Prince termed this strong connectionist
claim ‘eliminative connectionism’.

Genetic Algorithms
Genetic algorithms are general-purpose search algo-
rithms that use principles inspired by natural
population genetics to evolve solutions to problems.
The basic idea is that over time, evolution will select
the ‘fittest species’. In this sense, genetic algorithms
emulate biological evolutionary theories to solve
optimization problems. The central loop of the genetic
algorithm is depicted in Fig. 2.

(a) Select pairs from the set of classifiers according to
their strengths—the stronger a classifier is, the
more likely it is to be selected.

(b) Apply genetic operators to the pairs, creating
‘children’ or ‘offspring’. These genetic operators
perform the role of variation. Chief among the
genetic operators is crossover, which simply
exchanges a randomly selected segment between
the pairs. The other operators, such as mutation
and inversion, have lesser roles, mainly providing
‘insurance’ against overemphasis on any given
kind of schema.

(c) Replace the weakest classifiers with new off-
spring.

Attempts at E-Creativity
Several approaches have been attempted to implement
e-creativity. Some of them are discussed below.

(a) Generative grammars: Generative grammar sys-
tems use a predefined grammar to specify the way
the output is to be generated. The grammar is
specified as a set of production rules. For example,
Rumelhart (Rowe & Patridge, 1993; Rumelhart,
1975) used the following for a story grammar:

Story→ setting, episode
Setting→ time, place, characters
Episode→event, reaction

Then the story is built in a top-down fashion by
replacing story with setting and episode, replacing
setting with time, place, and characters until
everything becomes irreplaceable, or terminals (inFigure 1. A simple connectionist architecture.

Figure 2. The genetic algorithm cycle.
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this case, words and phrases). The system can use
random selection for the replacement to produce
different stories each time the system is executed.
The weakness of this system, according to Rowe &
Patridge (1993), is the rigidity of the grammar. For
example, the stories generated using the grammar
described above always have a fixed structure of
story line. Other examples of generative-grammar
systems are Rumelhart’s story-writer (Rumelhart,
1975), TALE-SPIN (Meehan, 1981), Johnson-
Laird’s jazz improviser (Johnson-Laird, 1987),
AARON (McCorduck, 1991), MINSTREL
(Turner, 1992), and EMI (Cope, 1991).

(b) Analogy-based systems: Koestler (1964) asserted
that most of the so-called creative scientific
progress sometimes is a discovery of novel analogy
with another unrelated domain. Gentner’s Struc-
ture Mapping Theory (SMT) (1989) proposed that
an analogy could be formed by mapping objects/
concepts and their relations to one another. A
computer model, called the Structure-Mapping
Engine (SME) (Falkenhainer et al., 1989) was
constructed to prove Gentner’s theory. Other
examples of analogical problem-solver include
processes of induction (PI) (Holyoak & Thagard,
1989a, 1989b, 1994), and Copycat (Mitchell,
1993).

(c) Meta-rules: Meta-rules are ‘rules to control rules’.
In other words, they are used to create, delete, or
modify rules in a system. The reason for using
meta-rules is that the rules in a rule-based system
are often so rigid that they constrain the behavior
of the system. Meta-rules can be used to provide
variations to the governing rules of the system so
that new behavior can emerge. For example, the
grammar rules in a story-generator limit the
possible story lines that the generator can produce.
Meta-rules can be introduced to modify some of
these rules to provide new variations of storylines.
For example, Meta-DENDRAL is an add-on
module to an expert system DENDRAL (Lindsay
et al., 1993). DENDRAL is an expert system used
to assist the chemists in molecule decomposition
analysis. The purpose of Meta-DENDRAL is to
find possible decomposable molecules. Although
Meta-DENDRAL has been very successful in its
domain (i.e. it H-created some new rules in
molecule decomposition), Boden (1996) argued
that its success comes from the highly sophisti-
cated chemical knowledge of DENDRAL. Other
systems that make use of meta-rules are MU.S.CA-
DET (Paestre, 1989), and DAY-DREAMER
(Muller, 1987).

(d) Discovery systems: A discovery system works to
discover new information from a given input.
Examples of such systems are BACON (Langley et
al., 1987) and AM (Davis & Lenat, 1982). BACON
is able to find a theory (formula) to explain a set of

data. Given a set of measurements of several
properties, BACON can find relationships of these
properties and produce a formula that fulfills the
measurements. For example, Kepler’s laws are
rediscovered when measurements of planetary co-
ordinates and trajectories are given to BACON as
input. Other laws rediscovered by BACON are
Boyle’s law and Ohm’s law. Rowe & Patridge
(1993) described this as an “ad hoc curve-fitting
exercise” because BACON never uses any seman-
tic constructs like models or structures to achieve
its goal. Langley’s (1987) team developed
GALUDER, STAHL, and DALTON based on
BACON concepts.

AM works to form new mathematical concepts
given a set of initial mathematical concepts and
heuristic rules to discover and judge the impor-
tance of the concepts. In AM, a mathematical
concept is represented as a frame with slots such as
definition, examples, domain, and range. A concept
can be another concept’s example. Some slots in
the initial concepts are purposely left blank for AM
to fill in appropriate items. AM will occasionally
create some new concepts in the process of filling
these slots. New concepts are then added into its
concepts pool and the process goes on until AM
finds ‘nothing interesting’. With the initial set of
concepts like sets, lists, ordered pairs, intersection,
union, and canonization, AM discovers natural
numbers, addition, multiplication, primes, prime
factorization, and Goldbach’s conjecture.

(e) Decentralized systems: A decentralized system is
generally defined as a system without a central
control mechanism. It might contain several inde-
pendent (homogeneous or heterogeneous)
modules/agents interacting with each other to
achieve global-level behavior (emergent behavior).
An example of such a system is Copycat (Mitchell,
1993). Copycat generates an analogy for strings of
alphabets. For example, given an input such as:

If abc→bca, then def→??

Copycat can produce strings that will fulfill the
analogy. The internal mechanism of Copycat is
quite complicated. It uses a network of permanent
concepts (slipnet), such as leftmost, rightmost,
middle, same, group, alphabetic successor, and
alphabetic predecessor to create a relationship map
of the input structure. Weights are assigned to the
links of the network of permanent concepts and
used to determine the possible solutions. Then
parallel processing among structuring agents
(codelets) determines the final solution(s). Another
example of this approach is Letter Spirit (Hof-
stadter & McGraw, 1993).

(f) Induction-based systems: Induction includes infer-
ential processes that expand knowledge in the face
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of uncertainty. The study of induction-based
machines in computational creativity assumes that
the key to creativity lies in the ability to learn (i.e.
see Shank & Childers, 1988). Thus, induction-
based systems are intimately associated with
learning and self-improving machines. Examples
of such systems are PI (Holyoak & Thagard,
1989a, 1989b, 1994) and Copycat (Mitchell,
1993).

Criteria for E-Creativity
The formal study of creativity as a science started
under the name of cognitive psychology. Guildford’s
theory of divergent thinking (1950) was probably one
of the most influential theories on creativity. Guildford
claimed that there is no such thing as general
intelligence that enables ‘general creativity’ in any
domain. He proposed four criteria that are considered
important to divergent thinking: fluency, flexibility,
originality, and elaboration.

(a) Fluency—the ability to produce a large number of
ideas

(b) Flexibility—the ability to produce a wide variety
of ideas

(c) Originality—the ability to produce unusual ideas
(d) Elaboration—the ability to develop/embellish

ideas, and to produce detail

In his quest for a general, domain-transcending theory
that would account equally well for creativity irrespec-
tive of the task domain, Mednick (1962) proposed five
factors that are critical for creativity to occur:

(a) Domain-specific knowledge
(b) Numbers of associations generated, not generation

speed
(c) Differences in cognitive or personality styles
(d) Selection of creative combinations
(e) Associative hierarchy—how associations are

organized

In their attempts to move from general creativity to
computational creativity, Rowe & Partridge (1993)
surveyed psychological theories of human creative
behavior and proposed five characteristics required for
e-creativity to occur:

(a) Organize knowledge in such a way that the number
of possible associations (the creative potential) is
maximized.

(b) Allow for ambiguity in representations. The pro-
grams should, under appropriate circumstances,
accept the generation of seemingly incorrect asso-
ciations in order to build connections between
concepts.

(c) Enable multiple representations. A single concept
should not just be appropriate in one situation.
Rather, a concept should be indexed to many

situations. This would help to avoid the problem of
functional fixity.

(d) Evaluate new combinations. New combinations
should be examined and their usefulness assessed.

(e) Elaborate new combinations to elicit their conse-
quences.

Discussion
Based on prior studies and a literature review, we
categorized the criteria for e-creativity into knowledge
representation, randomness, and learning.

(a) Knowledge representation: Knowledge representa-
tion refers to the way knowledge is represented so
that it can be processed efficiently and effectively
by the functioning system. Most of the researchers
in computational creativity agree that knowledge
must be represented in the most flexible way for
the functioning system to manipulate it efficiently.
Boden (1990) argued that a creative system needs
a multilevel internal map of its ‘conceptual space’
(knowledge schema), so that the system can
explore the map in a flexible and efficient manner
or even transform the ‘conceptual space’ to enable
impossibilist creativity. Minsky (1990), however,
suggested using several different representations in
a system to compensate for deficiencies in each of
the knowledge representation schemes.

(b) Randomness: Randomness can be used to produce
ambiguous behaviors and to provide a certain level
of novelty in the output of the system. Racter is an
example of such a system. Racter constructs
sentences, poems or stories using ‘syntax direc-
tives’ and random selections from words and
phrases. Such systems, however, might surprise the
reader by its creation only for the first time. The
‘creative’ impression of Racter does not last long.
Rowe & Patridge (1993) argued that randomness is
not sufficient for creative behavior. Yazdani (1989)
also reported that pure randomness will only
produce interesting output by chance, with all
other output being useless. He claimed that
randomness should be used by artists and scientists
as a starting point for generating a large decision
space. Boden (1990) reported that if a random
process happens to produce creative output, it can
only result in ‘first-time curiosity’. Other examples
of systems that use randomness are Johnson-
Laird’s jazz improviser (Johnson-Laird, 1987) and
TALE-SPIN (Meehan, 1981). In short, randomness
helps to ‘think outside the box’ but is not sufficient,
by itself, to produce sustain creative behavior.

(c) Learning: Learning is viewed as an important
criterion in computational creativity. Systems that
are capable of making changes in and by them-
selves over time, with the goal of improving their
performance on the tasks in a particular environ-
ment, are more interesting than systems that are
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not capable of such changes. Neural networks and
genetic algorithms are two popular approaches for
achieving learning. Most of the existing learning
systems, however, based their performance on
factors such as minimizing costs and maximizing
profits. For computational creativity, we are more
interested in generating new and unpredictable
outcomes.

Conclusion
To attribute creativity to divine inspiration, or to some
unanalyzable power of intuition, is to suffer from a
paucity of ideas. Even to describe it as the work of the
unconscious or subconscious mind, or as a combina-
tion of old concepts in new ways, does not get us very
far. But, surprising as it may seem, we can build
creative programs and study their characteristics. E-
creativity has the potential to shape the future of
innovation.
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Universality of the Creative Process
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Abstract: Many people view arts and sciences as being different because sciences yield objective
answers to problems whereas arts produce subjective experiences I argue that art and science are
on a continuum in which artists work with possible worlds whereas scientists are constrained to
working in this world. But sometimes perceiving this world differently is the key to making
discoveries. Thus, arts and sciences are on a continuum in which artistic thinking produces
possibilities that scientists can evaluate for efficacy here and now. Not surprisingly, then, many
of the most innovative scientists have had avocations in the arts, and some of the most innovative
artists have had avocations in the sciences. These polymaths have often written or spoken about
how their arts involvments have benefitted their scientific creativity and may provide a model for
fostering a more innovative education.

Keywords: Innovation; Polymathy; Artscience; Creative process; Avocations; Hobbies.

Introduction: The Universality of Creative
Thinking
Innovation in science and engineering is often por-
trayed as if it were distinct from that in the fine arts,
perhaps because most definitions of innovation center
on the idea of effective problem-solving. Science and
engineering are supposed to be objective, intellectual,
analytical, and reproducible so that it is clear when an
effective solution has been achieved to a problem. The
arts, literature, and music, by contrast, are portrayed as
being subjective, sensual, empathic, and unique, so that
it is often unclear whether a specific problem is being
addressed, let alone whether a solution is achieved. It
therefore comes as a considerable surprise to find that
many scientists and engineers employ the arts as
scientific tools, and that various artistic insights have
actually preceded and made possible subsequent scien-
tific discoveries and their practical applications. These
trans-disciplinary interactions must cause us to recon-
sider how we think about innovation.

There are four important ways in which innovative
ideas flow between the professions. One is through
problem generation (see Root-Bernstein, ‘Problem
Generation and Innovation’ in this volume). The arts
often invent or discover phenomena and observations
unknown to the sciences. A sceond role that the arts

play is to provide scientists and engineers with non-
traditional physical and mental tools, analogies and
models that can be used to solve problems. More on
this below. Third, the arts often provide scientists with
the tools necessary to communicate their results—with
the considered use of words, images, and modeling
techniques necessary to reify ideas as theories and
explanations. The aesthetic portrayal of results in the
sciences is just as important as in the arts and relies
upon the same tools. And finally, the arts contribute to
scientific innovation through fantasy, that is to say,
through the generation of possible worlds that scien-
tists can test according to the constraints of what is
known about the real world. This fourth type of
sciences–arts interactions is the one most often over-
looked and of the widest application to understanding
innovative thinking in general.

All real-world innovation is a process that involves
the elaboration through fantasy (sometimes called
imagination) of many possible solutions to any given
problem, and the use of the widest range of mental and
physical tools to constrain and evaluate which of these
possibilities is most adequate to any given need. In this
sense, all innovation is a process of survival of the
fittest in which multiple variations of ideas are selected
by social, economic, cultural and other factors
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(Nickles, this volume; Root-Bernstein, 1989). What the
arts provide the sciences is the ability to imagine
possibilities—possible problems, possible tools, possi-
ble solutions—through synthetic and sensual forms of
thinking to which analytical and logical forms of think-
ing can later be applied as part of the selection process.
In short, I maintain that effective solutions to problems
(i.e. innovation or creativity itself) can only be
achieved if a range of possible solutions have been
elaborated that can be examined for their relative
effectiveness. Arts foster sciences and technology by
elaborating possible worlds that can be evaluated for
the insights they provide to the real world.

Note at the outset that I am not claiming that art is
science or science, art. A painting is not usually a
scientific diagram; each has distinct purposes and
goals. A short story is not usually a scientific paper and
no intelligent person could confuse them under most
circumstances. A sculpture is not usually equivalent to
a molecular model, nor do they have the same
functions. But sometimes they do.

Sometimes what an artist imagines might be possible
turns out to be what actually is. Unexpectedly, a
painting can sometimes be a way to generate scientific
ideas; fiction can explore and even propose new
scientific theories; and sculptures can be scientific or
mathematical models. The purpose of this essay is to
argue that there exist fundamental connections between
sciences and arts that provide non-trivial windows onto
the gardens of the mind where innovative thinking is
cultivated.

The key to understanding my approach to innovative
thinking in the arts and sciences is to distinguish
clearly between disciplinary products and trans-
disciplinary processes. I believe, along with Koestler
(1964), Bronowski (1967), and many others including
Weisberg in this volume, that no distinction exists
between the arts and sciences at the level of the creative
process itself (Root-Bernstein, 1984, 1989). The ways
in which artists and scientists discover and invent
problems, experiment with ways to come to grips with
them, and generate and test possible solutions is
universal. In fact, most of the greatest innovators in
every discipline have been polymaths—Renaissance
people like Leonardo da Vinci— who demonstrated
their creative abilities in several fields of endeavor.
Thus, I propose that creative people are generally
creative, and their general creative ability comes from
mastering a common set of thinking tools (see Root-
Bernstein & Root-Bernstein, ‘Intuitive Tools for
Innovative Thinking’ in this volume) and a creative
process that is similar across all disciplines. This point
can be made particularly effectively through examples
of artists who have made scientific discoveries, scien-
tists who have made artistic contributions, and those
who bridge both sets of disciplines without claiming
allegiance to one or another. As rare as such examples
may be (I will argue that they are unexpectedly

common), the very fact that polymaths make trans-
disciplinary discoveries should warn us against making
too-easy distinctions between disciplines or cognitive
domains. On the contrary, I will argue that those people
who incorporate (in a quite literally visceral way)
modes of thinking belonging to many cognitive
domains are those most likely to become innovators.

Polymathy as a Predictor of Success
Santiago Ramon y Cajal, one of the first Nobel Prize
Winners in Physiology or Medicine, is remembered
today for his ground-breaking work on neuroanatomy.
He was also a talented artist and photographer who
attributed much of his scientific success to these
avocations. Not only did he proclaim that, “it is not
without reason that all great observers are skillful in
sketching”, but he also avowed that only through
neuranatomical studies were his strong “aesthetic
instincts” satisfied by the “incomparable artistic emo-
tions” he experienced. Ramon y Cajal recognized that
his polymathic tendencies were unusual, but asserted in
his autobiography that the most successful scientists
were, like him, “endowed with an abundance of restless
imagination spend(ing) their energy in the pursuit of
literature, art, philosophy, and all the recreations of
mind and body. To him who observes them from afar,
it appears as though they are scattering and dissipating
their energies, while in reality they are channeling and
strengthening them” (Ramon y Cajal, 1951, p. 171). To
be creative, Ramon y Cajal said, one had to have wide
experience with the process of creating.

A surprising number of his contemporaries agreed.
Charles Richet, another Nobel laureate and a cele-
brated playwright, wrote: “Generally those who later
become illustrious (in science) have shown from the
first, by their aptitude for history, science, literature,
languages, that they were superior to their contempo-
raries” (Richet, 1927, p. 128). Similarly, J. H. van’t
Hoff, the first Nobel laureate in Chemistry (1901) and
himself a musician and poet, proposed that the
development of the scientific imagination requires
the development of artistic, musical, and poetic talents.
In a famous address on ‘Imagination in Science’ (van’t
Hoff, 1878), he listed dozens of examples of eminent
scientists who were multiply talented, including such
notables as Kepler (a musician), Galileo (an artist),
Davy (a poet), and Pasteur (another artist). He
concluded his address by arguing that often the poetic
vision outstrips the scientific showing the latter the way
to the truth. This is a point to which I shall return
below.

Many of van’t Hoff’s contemporaries saw the same
connections between artistic proclivities and scientific
success that he did. Van’t Hoff’s friend and colleague
Wilhelm Ostwald produced a large body of work on
scientific genius that validated the polymathy hypoth-
esis (Ostwald, 1909). The English polymath, Francis
Galton found that polymathy was unusually common
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among members of the British Royal Society (Galton,
1874). Botanist P. J. Moebius, the grandson of the
famous mathematician, and the Frenchman Henri Fehr
both noted independently the unusually high incidence
of artistic and musical proclivities among two large
groups of mathematicians (Fehr, 1912; Moebius,
1900). Jacques Hadamard confirmed these findings
several decades later in his classic, The Psychology of
Invention in the Mathamatical Field (Hadamard,
1945). All of these studies were summarized by the
Nobel laureate and pianist Max Planck when he
suggested that scientific success depends upon the use
of an ‘artistic imagination’ (his emphasis; Planck,
1949, p. 14).

When so many successful scientists all say that
artistic imagination fosters good science, one must
wonder whether it might not be true. In fact, a large
body of psychological literature supports the hypoth-
esis that polymathy is correlated with career success.
For example, Stanford psychologist Lewis Terman, the
father of the Stanford Binet IQ test and one of the
foremost investigators of high achievers, wrote in 1941
that: “While the versatility of geniuses has long been
stressed by biographers (e.g. of Da Vinci), the less
spectacular cases are usually overlooked. People prefer
to believe that the genius, as a rule, is no better than the
rest of us except in one particular. The facts are very
different . . . . there are few persons who achieved great
eminence in one field without displaying more than
average ability in one or more other fields” (Seagoe,
1975, p. 221). His conclusion was based upon decades
of study of high achievers followed from their school
days well into their careers, much of it published by his
collaborator Catherine Cox. He also drew on studies of
historical figures carried out by his colleague R. K.
White. Analyzing hundreds of historical figures, White
had found that “the typical genius surpasses the typical
college graduate in range of interests and . . . he
surpasses him in range of ability” (White, 1931,
p. 489). Similarly, historian of science Paul Cranefield
found that there was a direct correlation between the
eminence a scientist achieved and his range of
activities. The number of avocations practiced by a
scientist correlated with the number of different
scientific areas in which he worked. The number of
different areas in which each scientist worked corre-
lated with the number of significant discoveries they
made. And the range and nature of the subjects that a
scientist addressed in their research correlated with
their cultural and philosophical avocations (Cranefield,
1966).

Subsequent cognitive studies have tended to validate
the notion that the versatility of genius provides useful
mental skills. For example, studies by Rauscher et al.
and Gardiner et al. have suggested that direct relation-
ships may exist between art and musical skills and
improved spatial and mathematical reasoning in chil-
dren (Graziana, Peterson & Shaw, 1999; Gardiner et

al., 1996, p. 284; Rauscher, Shaw & Ky, 1997). Similar
results exist for adults. An 11-year follow-up of
participants in Project TALENT by Humphreys et al.
(1993) has shown that in college students neither high
grades nor high scores on verbal and mathematics tests
are predictive of future participation or success in
engineering and physical sciences. High scores on
spatial and mechanical comprehension tests were,
however, predictive, especially when combined with
high mathematics scores. Schaer et al. (1985), Woody
Flowers at MIT, and various other investigators
(Stewart, 1985) have shown that it is possible to train
scientists and engineers through explict visualization
and drawing exercises to improve their imaging and
modeling skills, thus bringing the arts–sciences con-
nection full circle.

Avocations can be as useful in training the creative
mind as can formal classwork. Students who develop
artistic skills through natural inclination tend to have
much improved success in all careers according to a
huge, long-term study of Israeli professions carried out
by Milgram et al. (1993). They found that high IQ,
standardized test scores, and high school grades were
not good predictors of career success either independ-
ently or as aggregate measures. The best single
predictor of success in any field, including the sciences,
was participation as an adolescent in what Milgram
calls “challenging leisure-time activities”, i.e. avoca-
tions that require significant intellectual and time
commitments. These include music performance and
composition, painting, drawing, photography, chess,
electronics, programming as a hobby, and creative
writing, among others. These activities appear to be
surrogate measures not only of intellectual ability, but
energy, self-motivation, task commitment, cognitive
breadth, and other attributes that strongly influence
success.

Continued participation in the arts as an adult is also
highly predictive of success as a scientist. A conven-
ience sample of 40 scientists recruited by Bernice
Eiduson in 1955 for a psychological study was
analyzed by Root-Bernstein et al. in 1988 (Root-
Bernstein, Bernstein & Garnier, 1993). By then, the
group included four Nobel laureates, 11 members of
the National Academy of Sciences (USA), many
typical university professors, as well as several individ-
uals who left academia for industry. Two measures of
success were employed: impact (the ratio of citations to
publications) and citation cluster (people with one or
more papers having more than 100 citations over a 15
year period; people with one or more papers having
between 10 and 100 citations in a single year; people
with one or more papers having between 10 and 100
citations over 15 years; and people who met none of
the previous criteria). The Nobel laureates were all in
the top impact group and citation cluster, as were most
of the National Academy members. Statistically sig-
nificant correlations were found between success as
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measured by impact ratio and participation as an adult
in painting, drawing, and sculpting. Significant correla-
tions were found between success as measured by
citation cluster and painting, collecting art, writing
poetry, photography, crafts, singing, and most strongly
with the sum of all hobbies. In short, these correlations
validated the anecdotal evidence collected by Ramon y
Cajal, Richet, van’t Hoff and so many other Nobel
laureates (Root-Bernstein et al., 1995).

Root-Bernstein et al. (1995) also found that statisti-
cally significant correlations existed between various
hobbies and the modes of thinking that the scientists
reported using during their scientific work. Artistic
scientists tended to be visual and imageless-nonverbal
thinkers whereas musicians were predominately visual
thinkers. The link found between music training and
improved visualization by Graziano et al. (1999),
Gardiner et al. (1996) and Rauscher et al. (1997),
therefore seems to extend into adulthood. Sculptor-
scientists were mainly imageless-nonverbal and
kinesthetic thinkers. Writer-scientists, not surprisingly,
were mainly verbal thinkers; and those who partici-
pated in electronics-related hobbies tended to use the
widest range of modes of thinking. How we think about
problems therefore seems to be a function of what
mental skills we develop through practice. Moreover,
modes of thinking were independently correlated with
measures of scientific success. Success as measured by
impact ratio correlated significantly with visual think-
ing, use of verbal/auditory patterns, kinesthetic
thinking, and other unusual forms of thinking such as
use of word images, acoustic images, and talking to
oneself. Success as measured by citation clusters,
however, correlated most strongly with use of visual
images, and visualized symbols and words.

These results do not distinguish between three non-
exclusive possibilities. First, the most successful
scientists may simply be very bright people who could
succeed at anything. Second, innate talents are
expressed in both scientific style and avocations. And
third, practice using certain modes of thinking leads to
skill development that is trans-disciplinary. Interviews
with the scientists lead me to favor the latter hypoth-
eses. The most successful scientists all percieved the
sciences and arts to be complementary or compatible,
as opposed to the less successful, who saw them in
conflict. Some of the most successful went on to
describe, like Ramon y Cajal, ways in which their
avocations stimulated their scientific acumen.

I am not claiming that to become a successful
scientist one must cultivate the arts, music, or literature.
There are many ways of learning how to think visually,
kinesthetically, and by analogies, including the practice
of science itself. In fact, until recently, both free-hand
and mechanical drawing, model building, and writing
were integral parts of many science and engineering
curricula. But due to larger classes, fewer labs, and
monetary restrictions, arts and crafts programs now

retain almost exclusive hegemony over such skills.
Still, their continued necessity in science and engineer-
ing training has been urged in books as varied as
Eugene Ferguson’s Engineering and the Mind’s Eye
(Ferguson, 1992), Cyril Stanley Smith’s A Search for
Structure (Smith, 1981), Geri Berg’s The Visual Arts
and Medical Education (Berg, 1983), Phillip Ritter-
bush’s The Art of Organic Forms (Ritterbush, 1968),
and my own Discovering (Root-Bernstein, 1989). All
of these studies tell us that artistic scientists and
engineers have more image-ination, musically talented
ones duet (do it) better, and the verbally inclined have
the skills to become pundits. Seriously. Being cultured
is still a prerequisite to being educated, and education
is still a requirement for being successful.

The Uses of Arts by Scientists
The fact is that scientists and inventors not only explore
the arts as avocations, but use them in their pro-
fessional work (Root-Bernstein, 1985, 1987, 1990,
1997, 2001). Astrophysicist and novelist Gregory
Benford points out, “Many believe that science fiction
(SF) writers get their ideas from science and often this
is so. Fewer recall that ideas have also flowed the
opposite way” (Benford, 2001, p. 1). The Russian
rocket pioneer Konstantin Tsiolkovsky was inspired to
begin inventing by the works of Jules Verne; Leo
Szilard took out the first patent on nuclear reactors after
reading a short story by H. G. Wells about the potential
for unlocking the energy stored within the nucleus of
atoms; and Benford himself explores in his fiction the
ideas that he cannot carry out as a scientist.

The use of fiction to explore novel scientific ideas is
hardly rare. Robert L. Forward, an astrophysicist and
inventor who is also an award-winning science fiction
writer, says of his work: “Those of (my) far-out ideas
which can be accomplished using present technology
(I) do as research projects. Those that are too far out (I)
write about in speculative science articles or develop in
(my) short stories and novels” (Forward, 1985, book-
jacket). Forward insists that his science and his fiction
are on a continuum, his fiction simply consisting of the
ideas that are currently beyond his means to imple-
ment. That does not mean that these ideas are any less
valuable or insightful. As science fiction writer Jeff
Hecht notes, “Fictional inventions take real skill and
some prove truly prescient” (Hecht, 1999, p. 59).
Recognition that important innovations are foreseen by
scientific novelists has now become so explicit that the
European Space Agency recently announced that they
are scouring science fiction for new space propulsion
technologies (Anon., 2000, p. 41). Similarly, corpora-
tions such as Global Business Network hire
scientist-novelists such as computor innovator Vernor
Vinge because they provide “an unbelievably fertile
perspective from which to look back at and reunder-
stand the present. It’s that ability to conceptualize
whole new ways of framing issues . . . . He has
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contributed to the turnarounds of at least two well-
known technology companies” (Hafner, 2001, D9).

Poetic scientists find similar connections between
their poetry and their science. Words are scientific tools
just as much as they are artistic ones, and therefore the
exercise of words can be as enlightening to a scientist
as to a writer. Thus, Nobel-prize-winning chemist
Roald Hoffmann says that, “I begin with a vision of
unity of creative work in science and in the humanities
and arts . . . . I have no problem doing (or trying to do)
both science and poetry. Both emerge from my attempt
to understand the universe around me, from my own
personal affection for communicating, teaching what
I’ve learned, and from my infatuation with language
. . . . It seems obvious to me to use words as best I can
in teaching myself and my coworkers. Some call that
research . . . . The words are important in science”
(Hoffmann, 1988, p. 10). Similarly, physician and poet
Jack Coulehan maintains that writing poetry makes
him a better physician: “Both disciplines require
careful observation. Both focus on the concrete—an
illness, an event, a feeling—over the abstract. In fact,
William Carlos Williams’ famous aphorism about
poetry, ‘No ideas but in things’, is also a good
prescription for medical practice . . . . Moreover, a
physician’s ability to empathize with a paitient is a
creative act analgous to the poet’s act of exploring the
subject of a poem . . . . (And), like poetry, medicine
achieves much of its powerful effect through the use of
symbol and metaphor” (Coulehan, 1993, p. 57). To
learn how to manipulate images and feelings through
the words of a poem is therefore, according to
Hoffmann and Coulehan, to learn how to manipulate
the images and feelings that are expressed in scientific
symbols as well. Equally important, learning to
manipulate language teaches verbal imagination with-
out which great science is not possible.

Ethologist and Surrealist painter Desmond Morris
has said that he uses his art for the same reasons that
scientific fiction writers and poetic scientists practice
theirs. “Being a biologist and a student of evolution, I
attempted to evolve my own world of biomorphic
shapes, influenced by but not directly related to the
flora and fauna of our planet. From canvas to canvas I
have tried to let them grow and develop in a natural
way, without ever crudely borrowing specific elements
from known animals or plants” (Morris, 1987, p. 17).
He says that his biomorphic shapes undergo the same
evolutionary stages that real organisms do so that his
art becomes a mental laboratory for exploring the
nature of evolutionary processes in the abstract. He
realizes explicitly that his “paintings are very bio-
morphic, very preoccupied with biological shapes, and
that my biological writings are largely concerned with
visual patterns of behaviour. I have never resisted that
kind of leakage . . .” (Remy, 1991, p. 18). In fact, he
has made that leakage the source of fertile studies of
the biological origins of art and of the evolution of

primitive arts among humans, an interest he shared
with another evolutionary pioneer, Mary Leakey, who
began her scientific career as an illustrator for other
anthropologists (Leakey, 1984, pp. 39–43).

Many evolutionary and ethological studies have
been influenced by artistic biologists. Thomas Henry
Huxley, Alfred Russel Wallace (Nelson, 2001,
p. 1260), and Ernst Haeckel are only a few of the
pioneers of evolutionary theory who were also artists.
Haeckel, whose prints (Haeckel, 1905) had a sig-
nificant impact on the artists of his day (Kockerbeck,
1986), was the first to fully realize Darwin’s concept of
an evolutionary tree as an articulated image. Huxley for
his part claimed that accurate scientific observation
was impossible without a facility for drawing and
argued that art classes should be required for all
scientists: “I should make it absolutely necessary for
everybody, for a longer or shorter period, to learn to
draw . . . . I do not think its value can be exaggerated,
because it gives you the means of training the young in
attention and accuracy, which are the two things in
which all mankind are more deficient than in any other
mental quality whatever” (T. H. Huxley, 1900, vol III,
pp. 183–184).

Contemporary artistic scientists include ethologist
Jonathan Kingdon (Gautier-Hion et al., 1988) and
paleontologist-novelist Robert Bakker (Bakker, 1995),
both of whom draw their own specimens and create
three-dimensional models from their sketches in order
to better understand with their material. Bert Holldo-
bler, a professor of entomology and an amateur painter,
also draws the illustrations for all of his publications.
He says that, “It is my urge that I make every paper I
write as crystal clear as I can in words and illustrations.
A scientific publication should be a piece of art”
(personal communication). His success is proven by
the fact that he won a Pulitzer Prize for his collabora-
tion with E. O. Wilon on their book, The Ants, of which
Holldobler says, “It was our first intention to write a
scholarly book, but we were also driven to show the
beauty of the life of our subjects, both in our writing
and in the illustrations of the book” (personal commu-
nication). For these men, an illustration is therefore
both art and science.

Another example of art having a scientific compo-
nent and science having an intrinsic artistic element
can be found in the subject of moire patterns. Moire
patterns are created when figures with periodic patterns
are made to overlap so that both patterns are still
visible. The word ‘moiré’ comes from the French word
for ‘watered’ and has classically been used to describe
the particular type of silk fabric that has the shimmer of
water waves. This shimmer results from folding the
silk onto itself at a slight bias and then pressing it under
high pressure and heat to imprint the slightly offset
pattern of one fold of the fabric onto the other. Similar
patterns can be created by overlapping two or more
screens or meshes, or by drawing overlapping patterns
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on paper. Physicist Gerald Oster demonstrated that
moire patterns have many interesting mathematical
properties, including the potential to perform analogue
computations, thereby calculating by visual means
(Oster & Nishjima, 1963). Oster not only published
widely on the scientific uses of moire patterns, but also
exhibited them as art in several well-known galleries
(Mueller, 1967, pp. 197–198).

In a similar way, music has played its role in
scientific developments. Musical analogies are so
commonly used by scientists that historian of science
Jamie Kassler has written a book describing their many
problem-solving functions (Kassler, 2001). Not only
did Johannes Kepler derive many of his astronomical
discoveries from attempts to optimize the ‘harmony of
the spheres’ (which he wrote out literally as music!)
but physicist-musician Louis de Broglie earned himself
a Nobel prize by comparing atoms to tiny stringed
instruments and then showing that they would have the
same kinds of harmonics and overtones, but with
frequencies proportionally smaller. In these cases, the
links between music and science are apparent and often
describable as mathematics. Sometimes scientists
therefore take advantage of the music–mathematics
equation to convert quantitative results into music!
Many university professors and corporations, including
Bell Labs, Exxon Research and Engineering Corpora-
tion, and Xerox have experimented with transforming
complex quantitative data into sound. They have
discovered that the ear has powers of pattern recogni-
tion that extend far beyond the discriminatory abilities
of the eye, and therefore that turning data into music
rather than into graphs or charts often aids analysis.
Applications of this technique have included exploring
the patterns within the human genome, chemical
analyses, complex physiological data, and multivariate
economic indicators (Peterson, 1985a).

Sometimes scientists use music less analytically and
more inspirationally, raising interesting issues about
what stimulates creative thinking. Cardiology
researcher Richard Bing, for example, is also a
composer. He says that, “Writing music enriches me to
look at science in a different way. It helps me
emotionally to feel more about science. You see, I am
a romanticist. I perceive science as an emotional
exercise of searching the unknown” (Root-Bernstein,
1987, p. 2). Bing believes, as did Einstein, that “both
(music and science) are born of the same source and
complement each other through the satisfaction they
bestow” (Clark, 1981, p. 106). This may explain why
scientists from Darwin to Einstein and inventors such
as Charles Martin Hall have all turned to music when
faced by an apparently unresolvable problem. Some-
how music frees the analytical mind allowing intuition
to yield its fruits (Root-Bernstein, 2001).

Even dance has placed its footprints in scientific
innovation. Berkely physicist Marvin Cohen has col-
laborated with choreographer David Wood and his

dancers to explore forms of dynamic symmetry that
inform the theory of super-conductivity. Cohen
describes the dance not only as a novel way to
communicate his otherwise inaccessible mathematical
theories, but also as a form of ‘research’. He hopes that
the dancers will invent forms of dynamic interactions
that physicists have yet to have considered as possible
models for electron interactions (NOVA, 1988). Dance
notations are playing a similar role in elucidating the
visualization problems that plague neurology and other
areas of medicine. Describing and accurately commu-
nicating the nature of the motor impairments that
characterize particular neurological lesions and various
genetic diseases has always been extremely difficult.
How does one explain to someone that multiple
sclerosis is typified by this type of gait, but amyo-
trophic lateral sclerosis presents a different set of motor
impairments that look quite different? That problem
was first solved about 20 years ago by neurologists Ilan
Golani and Philip Teitelbaum, when they applied
Eshkol–Wachman movement notation, a well-known
tool for recording dance movements, to the description
of laboratory animal and human movement diseases
(Golani & Teitelbaum, 1979). Since that time, Labano-
tation and Benesh Movement Notation have also been
applied to the recording and analysis of physical
actions. Someday, they may inform our design and
control of robots as well.

The arts, in short, often supply scientists with ways
of looking at the world that complement purely logical
and analytic modes. This cross-fertilization is common
enough, and the insights yielded by applying artistic
methods to scientific problems useful enough, that an
increasing number of investigators are suggesting that
for exploring the human dimensions and implications
of science and technology, artistic methods may even
be superior to scientific ones. Chemist Carl Djerassi,
for instance, the inventor of the birth control pill, has
begun writing ‘science-in-fiction’ in order to explore
the ethical and social implications of the latest
biomedical innovations in meaningful ways impossible
through purely analytical discourse (Djerassi, 1990,
p. 16). For the same reasons, Nobel-prize-winning
economist John Kenneth Galbraith said of his novel
The Triumph that it “is a story I have tried to tell before
in articles and lectures. But it has occurred to me that
maybe there are truths that best emerge from fiction”
(Galbraith, 1968, p. 7). Physicist/musician Victor Weis-
skopf has suggested that, “Especially in human
relations, a piece of art or a well-written novel could be
much more revealing than any scientific study. In many
respects, Madame Bovary is a piece of sociology—in
fact, better sociology than much of what is done by
aping the techniques and language of the natural
sciences” (Weisskopf, 1977, p. 410). And chemist/poet
Roald Hoffmann has warned scientists to beware of
chavinism in their dealings with the arts: “One thing is
certainly not true: that scientists have some greater
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insight into the workings of nature than poets”
(Hoffmann, 1988, p. 10). In sum, these men are
arguing that the analytical methods of the sciences are
not the only possible methods for revealing truth, and
that particularly in the human sciences, but perhaps in
all sciences, the artist’s approach may be more
insightful than that of the mathematician. This is an
interesting and potentially revolutionary message that
bears serious consideration, especially when it comes
from such accomplished scientists.

Arts Advance the Sciences
The thesis that the arts may provide insights beyond the
methodological capabilities of the sciences comes from
the fact that the artistic innovations often precede and
make possible subsequent scientific ones. Examples
are legion.

Alexander Graham Bell’s first invention, multiplex
telegraphy, resulted from his avocation as a pianist. He
was playing a well-known parlor game of striking an
‘A’ and showing his party that only the harmonics of
‘A’ resonated; and similarly for ‘B’ and ‘C’, and so on,
when it suddenly struck him that one could design a
telegraph along similar lines. One could send multiple
messages along a single telegraph wire if one sent one
metaphorically in the key of ‘A’, another in the key of
‘B’, and so forth. His work on multiplex telegraphy
was what led him to the telephone (Mackay, 1997,
9ff).

In an intellectually related innovation, professional
musician George Antheil and actress Hedy Lamarr
collaborated to create on of the most influential
inventions of the last century: frequency hopping.
Lamarr was married to a major munitions manufacturer
in Germany before divorcing him and moving to the
United States. She was aware that munitions such as
torpedos were usually radio-controlled, but that it was
relatively easy to jam the radio frequency by which
control was maintained. She discussed this problem
with Antheil, a polymath who not only wrote some of
the most revolutionary music of the twentieth century
(e.g. ‘Ballet mecanique’), but also wrote about endocri-
nology, crime, and war. They realized that radio signals
are like music: if one changes the radio frequency at
which one sends a message, one keeps the same ‘notes’
within a message, just as one retains the musical
message when one alters the key. But if one changes
the ‘key’ (radio frequency) on a random basis, then the
person trying to intercept or jam the message will have
a very hard time doing so. Their invention is the basis
for almost all secure communications, control systems,
and anti-jamming devices currently in use worldwide
(Braun, 1997).

A musical device also inspired one of the first heart
pacemakers. Engineer Earl Bakken was looking for a
way to create miniaturized regulators for the electrical
output of apparatuses being designed to steady heart
rhythms. Bakken found the answer in an already

existing device, the electronic metronome that musi-
cians had been using for years. Instead of generating a
sound, as musical metronomes do, Bakken reconfi-
gured his device to generate regular pulses of
electricity to stimulate the heart. His company, Med-
tronics, became a leader in the development of the
implantable pacemakers that are used today (Jeffrey,
1997).

Visual arts have also stimulated many scientific
innovations. Hermann Rorschach, the Swiss psychia-
trist who invented the well-known Rorschach ink blot
tests, was also an amateur artist. The idea for ink blot
tests came to him from a popular party game based on
decalcomania, an artistic technique in which an image
is transferred from one piece of paper to another, or
within a piece of paper by folding it. For entertainment,
people would drip a variety of colored inks or paints
onto paper that was then folded and pressed. When the
paper was unfolded, unexpected images were revealed.
Rorschach noticed not only that people had a tendency
to comment on what they saw in the ink blots, but that
different people saw very different things that were
suggestive of their personalities and problems (Larson,
1958). Thus, Rorschach’s innovation resulted from
taking advantage of a technique invented and pop-
ularized by professional and amateur artists.

Perceptual psychologists also owe many debts to
artists. Those studying motion perception, for example,
often rely upon the rotoreliefs of Marcel Duchamp.
Rotoreliefs are a form of artwork based upon tops. If a
spiral is painted on a top, it appears to move
continuously, even though it actually has a finite
length. A similar effect can be observed if a spiral is
painted on a round platen and rotated on a record
player. Duchamp invented very large platens that he
painted with extraordinary patterns that create effects
that still puzzle perceptual psychologists and are
therefore useful in their research. One of the most
intriguing is a double spiral that appears to spiral both
in and out simultaneously (Sekuler & Levinson, 1977,
p. 61). Another set of perceptual phenomena that have
become a major focus of psychological reasearch are
the size and space illusions invented by Adelbert Ames,
a lawyer and artist. The most famous of Ames’
innovations is the so-called ‘Ames room’ that creates
the illusion that a person standing at one side of the
room is a dwarf and a person standing at the other side
of the room is a giant, when in fact they are the same
size (Behrens, 1994).

Sometimes artists and scientists collaborate in an
intricate dance of images. One example of such a dance
was initiated by M. C. Escher, the famous graphic
artist. Escher specialized in drawing impossible things,
such as hands emerging out of a flat piece of paper
drawing themselves. Roger Penrose, a mathematical
physicist and amateur artist, visited an exhibition
of Escher’s work in 1954 and was stimulated to
invent his own impossible objects. The result of his
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experimentation is the famous ‘impossible tribar’ a
two-dimensional rendering of a three-dimensional
triangle that appears to twist both forwards and
backwards simultaneously. Roger Penrose showed his
tribar to his father L. S. Penrose, a biologist who also
dabbled in art, and L. S. Penrose soon invented the
‘impossible staircase’, in which the stairs appear to
spiral both up and down simultaneously. The Penroses’
published their ‘discoveries’ in 1956 the British
Journal of Psychology and sent Escher a copy of the
publication as thanks. Escher then developed the
artistic possibilities of the impossible tribar and
staircase in ways that have since become famous not
only in artistic circles, but as fodder for psychological
experimentation (Ernst, 1992, pp. 71–80).

The impossible tribar was only one of Roger
Penrose’s artistic forays. Another was his invention of
aperiodic tilings, which also owe a debt to Escher. A
tiling is a pattern made out of repeating visual or design
elements that covers a surface such as a plane or a
sphere. A periodic tiling is one that does so using a
regularly repeating pattern. Much of Escher’s graphic
work involved periodic tilings interpreted as birds, fish,
and other animals. Penrose spent many years mastering
the techniques of making periodic tilings like those
popularized by Escher. But he tired of the regularity of
the patterns and began searching for new possibilities
(personal communication). One of these was aperiodic
tiling. Aperiodic tilings are composed of a limited
number of invariant shapes that nonetheless result in a
pattern that never repeats. Penrose was one of the
pioneers of this field. He says he created them mainly
as an artistic puzzle. He later investigated the mathe-
matical properties of them. Even more recently, after
his artistic renderings were popularized by Martin
Gardner in his mathematics column in Scientific
American (Gardner, 1977), crystallographers realized
that many metal alloys have structures that are
described as aperiodic tilings (Peterson, 1985b,
p. 188). Thus, an artistic hobby resulted in the
discovery of novel structures that subsequently shed
light on the nature of previously mysterious properties
of metals.

Artists often invent novel structures that subse-
quently reveal unexpected properties of nature. R.
Buckminster Fuller, working as an artist and architect,
laid out an entire theory of structural stability based on
tetrahedral forms that eventually led to his invention of
the geodesic dome. Fuller claimed that this structure
combined the least material to encapsulate the greatest
space with the greatest stability. As such, he suggested
that it would turn out to be a fundamental construct of
nature. In fact, when virologists began to study the
structures of spherical viruses, they turned to Fuller for
help in solving the possible structures and soon
discovered that most spherical viruses are geodesic
domes, as Fuller had predicted (Fuller, 1965, p. 72).
More recently, chemists have discovered that extremely

stable carbon compounds, appropriately called ‘buck-
minsterfullerenes’, can be made that have geodesic
structures, and similar structures are beginning to be
discovered among biological macromolecules.

Almost as well known as Fuller’s geodesic concept
is his student Kenneth Snelson’s concept of tensegrity,
in which stable structures result from a juxtaposition of
rigid pieces and elastic tensions to yield structures with
great structural integrity. Snelson’s tensegrity sculp-
tures exist in major collections (e.g. the Smithsonian)
all over the world and attracted a great deal of attention
during the 1970s. Among those who became enam-
oured enough with tensegrity sculptures to build some
of their own were biologists Steve Hiedemann and
Donald Ingber (personal communications), who more
than a decade later were to realize that the structures
within cells that maintain their shapes have many
similarities to tensegrity structures (Brookes, 1999,
p. 43). The tensegrity theory of cell structure has
captured the cover of Scientific American (Ingber,
1998, p. 48), and the new mathematics of tensegrity
captured the cover of American Scientist (Connelly &
Back, 1998, p. 142), once again demonstrating that
artistic inventiveness can provide basic scientific
insights.

Artist Wallace Walker has similarly galvanized solid
geometry. While a student at the Cranbrook Academy
in the 1960s, he was asked to make a three-dimensional
object out of a sheet of paper only by folding and
gluing it. The result was a complex donut that could be
folded through its center hole to take on a kaleido-
scopic variety of shapes. Walker’s invention not only
earned him a patent but also attracted the attention of
Doris Schattschneider, a mathematician specializing in
geometric objects. Schattschneider determined that
Walker’s paper sculpture was the first of a novel class
of geometric objects, now called kaleidocycles
(Schattschneider & Walker, 1977).

Another version of paper folding has also become
the source of major mathematical innovations in recent
years, and that is the ancient oriental art of origami.
Mathematicians have recently discovered that the rules
of origami embody (literally) a set of mathematical
algorithms that determine whether an object can be
created by folding, or whether it must be cut. This
observation has opened an entirely new field of
research into what is being called ‘plication’ that is
now yielding unexpected benefits (Hayes, 1995). A set
of engineers at the Lawrence Livermore National
Laboratory in Berkeley, California have recently
invented a huge, foldable lens, many times larger than
any lens heretofore created, for use in space laborato-
ries (Anon., 2001). Other scientists have discovered
links between origami and logic that may transform the
way computers are designed and programmed (Cipra,
1998).

Novel structures are not the only ways in which
artists contribute to scientific innovation. Some
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contributions stem from artistic observations. Since
artists are trained to observe what other people
overlook, they sometimes think about what other
people never see. Leonardo da Vinci, for example, was
the first to observe that a cross-section through the
branches of a tree from the twigs down to the trunk will
always conserve the same total area of wood. ‘Leo-
nardo’s principle’ as this observation is now known, is
still a viable area of research in botany and engineer-
ing. The invention of the concept of camouflage
provides another, more modern example. Ever since
people began hunting, they undoubtedly noticed that
animals tend to blend into their environments, but it
was not until the 1880s, when a professonal painter of
portraits and angels named Abbott Thayer looked
carefully at nature through the eyes of an amateur
evolutionist that anyone thought to question how this
blending came to be. After more than a decade of
visual experimentation, Thayer described the entire
range of possible mechanisms by which camouflage
might be expressed in nature (Maryman, 1999, 116ff).

Artistic techniques have also been the basis for
scientific developments. One such technique is ana-
morphosis, meaning ‘shape change’, which derived
historically from the discovery of perspective. Per-
spective drawing involves the mapping of a
three-dimensional object onto a flat surface. Renais-
sance artists quickly realized that two-dimensional
objects could also be mapped onto three-dimensional
surfaces, including spheres, cones, and rods (Gardner,
1975). Such transformations became central to D’Arcy
Thompson’s On Growth and Form (Thompson, 1930,
Ch. 17). and Julian Huxley’s Problems of Relative
Growth (J. Huxley, 1932, Ch. 4), both of which
describe evolutionary and embryological processes as
anamorphic distortions. Anamorphosis also underlies
Wilder Penfield’s and neurologist-artist C. N. Wool-
sey’s studies of the motor and sensory mappings of
primates onto the cortex of their brains, which yield the
familiar ‘homunculi’ with their huge lips, hands and
feet, and tiny bodies (Woolsey, 1978).

Another striking example of how artistic techniques
inform science is the reification of logic in modern
computer chips. The logic embedded in computer chips
is actually a pattern directing electron flow. This
pattern is drawn using techniques as old as drafting
architectural plans and then shrunk using photographic
techniques to produce a tiny template. This template is
then used to transfer the pattern to silica wafers using
methods adapted directly from silk screening and
etching. Thus, the physical embodiment of logic as a
functional image on a chip contains within it hundreds
of years of artistic experience (Root-Bernstein, 2000).

Finally, the arts can foster scientific advances
through the development of new aesthetics (Root-
Bernstein, 1996). The use of pixels, false coloring, and
abstractions provide three cases. The process of
breaking a picture into discrete areas of color (pixels)

was invented by pointillist painters such as Seurat. The
technique of falsely coloring objects was invented by
Fauvist painters. And abstract art, in which a single
element of a complex phenomenon, such as its pattern,
structure, or color, is chosen for selective description,
was pioneered by Picasso, Braque and Kandinsky
during the 1920s. Examine any scientific illustration
carefully and you are likely to find one or more of these
artistic techniques being employed to focus attention
on one particular aspect of data. Without an excellent
sense of history, it is too easy to overlook the artistic
origins of many of the scientific tools we use for
analyzing our results (Root-Bernstein, 2001).

Artscience and Innovation: The Future of
Polymathy
Fortunately, there is growing understanding that art
fosters science. Mitchell Feigenbaum, one of the
pioneers of chaos theory, believes that understanding
how artists paint will provide the cognitive insights
necessary to do better science: “It’s abundantly obvious
that one doesn’t know the world about us in detail.
What artists have accomplished is realizing there’s
only a small amount of this stuff that’s important, and
then seeing what it was. So they can do some of my
research for me” (Gleick, 1984, p. 71). Similarly, C. S.
Smith, of MIT spent a lifetime studying oriental arts
and crafts for the insight they gave him into metallurgy:
“I have slowly come to realize that the analytic,
quantitative approach I had been taught to regard as the
only respectable one for a scientist is insufficient . . . .
The richest aspects of any large and complicated
system arise from factors that cannot be measured
easily, if at all. For these, the artist’s approach,
uncertain though it inevitably is, seems to find and
convey more meaning” (Smith, 1978, p. 9).

In fact, some scientists are formally inviting artists to
help them perceive new realities. Milton Halem, chief
of the Space Data and Computing Division at NASA’s
Goddard Space Flight Center in the early 1990s,
invited Sara Tweedie, a design instructor in the
Corcoran School of Art, to help his engineers invent
new ways to visualize the huge amounts of data being
generated from satallite sources. “Visualizing that data,
coloring that data, enables the mind to more quickly
assimilate the information and the image”, he noted.
He says he needs artists such as Tweedie to push
“modeling a step beyond where it’s gone in the past”
(Mercier, 1990, p. 28). The National Supercomputing
Facility and Bell Laboratories (now Lucent Technolo-
gies) have hired artists for similar reasons.

But the real future of sciences–arts interactions must
be within the minds of individuals. Artists and
scientists too often speak different languages and use
different tools. In order for them to collaborate
effectively, to perceive in each others’ problems and
methods opportunities for insight, we must have a large
cadre of artist-scientists and scientist-artists. Some of
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these people already exist. Desmond Morris for his part
refuses to be labeled as a scientist or an artist: “If my
paintings do nothing else, they will serve to demon-
strate that such titles are misleading. In reality, people
today are not scientists or artists . . . they are explorers
or non-explorers, and the context of their explorations
is of secondary importance. Painting is no longer
merely a craft, it is a form of personal research . . . . So,
in the end, I do not think of myself as being part
scientist and part artist, but simply as being an explorer,
part objective and part subjective” (Morris, 1987,
p. 27). He adds that, “perhaps the time will come when
we will give up the folly of separating sub-adults into
the imaginative and the analytical—artists and scien-
tists—and encourage them to be both at once” (Remy,
1991, p. 18).

This melding of the artistic and scientific mind
within a single individual may even have benefits for
both since, as the art critic Kenneth Clark has
suggested, art and science emerge from the same
imaginative sources: “Art and science . . . are not, as
used to be supposed, two contrary activities, but in fact
draw on many of the same capacities of the human
mind. In the last resort, each depends on the imagina-
tion. Artist and scientist alike are both trying to give
concrete form to dimly apprehended ideas” (Clark,
1981, p. 24). Rather than forcing individuals to choose
a scientific approach to problems or an artistic one,
thereby devaluing the other, Clark admonishes us, to
“wait patiently for our faculties to be reunited” (Clark,
1981, p. 29).

Clearly, the arts and sciences are as capable of full
integration today as they were in the Renaissance, and
there is every reason to expect their union to be as
fruitful. But to derive the fruits of their union, we must
foster the connections and the people who can make
them. Richard Mueller, an MIT-trained engineer,
novelist and artist agrees with Clark. He writes in his
stimulating book, The Science of Art, “In many ways, I
think, the scientist is delaying his own understanding
and development in science by discouraging, not only
the artistically inclined members of his clan, but also
the artistic urges within himself . . . . Art may be a
necessary condition for constructing the new con-
sciousness from which future science gets its structural
realities to match nature, in which case it is more
important than we generally admit . . .” (Mueller, 1967,
p. 320).

Thus, we need a new kind of education that fosters
interactions between disciplines rather than divisions
between them and which trains people who can bridge
C. P. Snow’s ‘Two-Cultures’ divide. We need such
curricula and people not only because of the fragmen-
tation of knowledge that must result in their absence,
but more importantly as a stimulus to the highest forms
of innovation. For specialization can never suffice. As
General Electric engineer, Charles Steinmetz, pointed
out nearly a century ago, “technical training alone is

not enough to fit a man for an interesting and useful
life” (Seymour, 1966, p. 119). He urged his students to
study languages, literature, philosophy, art, music and
history, arguing that if an engineer failed to produce a
workable invention, it was his own fault for not
understanding the greater needs of society and the
factors that control its manufacturing and economic
functions. Similarly, composer-architect-engineer Ian-
nis Xenakis argues today that “the artist-conceptor will
have to be knowledgeable and inventive in such varied
domains as mathematics, logic, physics, chemistry,
biology, genetics, paleontology . . . the human sciences
and history; in short, a sort of universality, but one
based upon, guided by and oriented towards forms and
architecture” (Xenakis, 1985, p. 3). All this is neces-
sary so that we can address the truly important
problems of the world, added embryologist and art
historian C. H. Waddington: “The acute problems of
the world can be solved only by whole men (and
women), not by people who refuse to be, publicly,
anything more than a technologist, or a pure scientist,
or an artist. In the world of today, you have got to be
everything or you are going to be nothing” (Wadding-
ton, 1972, p. 360). Buckminster Fuller agreed:
“Overspecialization leads to extinction. We need the
philosopher-scientist-artist—the compherensivist, not
merely more deluxe quality technician mechanics”
(Fuller, 1979, p. 104).

To invent and to create requires an understanding
that incorporates all that is known sensually and
abstractly, subjectively and objectively, imaginatively
and concretely. And because of their wide disciplinary
training in the imaginative skills, handicrafts and
expressive languages, only polymaths will have the
tools necessary to do so. Thus, the future of innovation
will reside, as it always has resided, in the minds of
mulitply talented people who transcend disciplinary
boundaries and methods. We can recognize this
phenomenon by fostering artscience—a term promoted
by artist-inventor-psychologist Todd Siler (Siler,
1990)—or we can retard it by creating educational and
workplace systems that prevent arts and sciences from
meeting. As Siler has pointed out, artscience is both the
past and future of innovation because innovators
cannot help drawing upon any form of thinking that
will spur their imagination. We ignore this profound
truth at our peril.
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Introduction
When we think of inventors, we typically form the
image of a Thomas Edison or a Henry Ford: adults who
made fame and fortune through their inventions. We
also have more ambiguous images of adults who had
clever ideas but for one reason or another achieved
neither fame nor fortune. These adults may get the
moniker of tinkerer, oddball, or ‘ahead of his time’.
Regardless of whether the adult was successful or not,
the constant in the image is the adult (typically a male
adult). It is rare that our image of the inventor is a child.
Yet children and adolescents do invent. We know little
about the young inventor in terms of both the person
and the invention. The focus of this chapter is to ‘look’
at young inventors, their inventions, and their attitudes
and perceptions.

Early in the 1980s, the United States Patent and
Trade Office committed to a comprehensive effort to
introduce thinking at all levels of school curricula.
Project XL was initiated in 1985 as a national effort to
create and disseminate new programs and materials to
promote critical and creative thinking and problem-
solving skills fundamental to innovation and invention
(United States Patent and Trade Office, 1997). The
program reflected the emerging belief among leaders in
business and science and technology, as well as in
education, that schools could nurture the creative and

innovative spirit essential for future leaders (Treffinger,
1989). In spite of widespread support for the cultiva-
tion of inventiveness among children, however, little
comprehensive research explores the behaviors,
thoughts, and attitudes of school-age inventors. The
literature on inventiveness and invention programs for
children emphasizes thinking skills and creativity and
this makes inventiveness ‘invisible’.

Westberg (1996) called inventiveness a “manifesta-
tion of creativity” (p. 265), and she suggested
(Westberg, 1998), for example, “to stimulate children’s
creative thinking abilities, consider teaching them how
to develop inventions” (p. 18). Rossbach (1999) sug-
gested that through the invention process, “students of
all levels work toward the common goal of realizing
their creative potential” (p. 8). In addition to creative
thinking, other specific skills associated with teaching
children about the inventive process include critical
thinking, problem-finding, problem-solving, decision-
making, and the development of enhanced research
skills (Perkins, 1986; Rossbach, 1999; Treffinger,
1989). Gorman and Plucker (n.d.) found that a
structured inventiveness course enables secondary
students to develop their abilities to collaborate with
team members and to better understand the collabora-
tion, politics, patience and persistence required in the
invention and patent processes.
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Invention programs for children share attributes that
parallel recommendations for stimulating children’s
creative thinking. Perkins (1986) suggested that educa-
tors focus on intrinsic motivation, minimizing
evaluative feedback in favor of more informative
feedback. Treffinger (1989) emphasized establishing
challenging but appropriate expectations and standards,
as well as delineating criteria to help students identify
their strengths and weaknesses. Treffinger also
explored the invention-evaluation process, encouraging
formative evaluations that were respectful of the
diversity of student processes as well as outcomes.

Inventiveness programs for school-age children
share organizational features. Young inventors are
typically introduced to:

• the definitions, goals, and purpose related to invent-
ing;

• the societal contributions made by inventions and
inventors, frequently including examples of school-
age inventors;

• experiences creating Rube-Goldberg kinds of inven-
tions with random available materials;

• the importance of journals or logs;
• activities to help them identify needs or wants;
• skills to research relevant content areas and to

evaluate proposed solutions;
• ways to design prototypes or models;
• general strategies for naming inventions;
• audiences for sharing their inventions (Gorman &

Plucker, n.d.; Plucker & Gorman, 1995; Shlesinger,
Jr., 1982; Treffinger, 1989; Westberg, 1996, 1998).

McCormick (1984) and Gorman and Plucker (n.d.)
structured the exploration of inventiveness around
historical immersion in the lives of inventors and their
inventions. Gorman and Plucker developed online
interactive models (Gorman, 1994), enabling students
to simulate the 19th century competition between
Alexander Graham Bell and Elisha Gray as they
pursued different strategies to develop the telegraph.
Structured explorations of the invention process
allowed children to develop significantly greater num-
bers of inventions (Westberg, 1996). Also,
inventiveness activities have often been evaluated for
outcomes related to academic subjects rather than
enhanced inventiveness. Shlesinger, Jr. (1982) reported
that teaching an inventiveness process enhanced stu-
dents’ general interest in social science and history.
McCormick (1984) also found that teaching inventive-
ness improved student attitudes toward science as well
as inspiring student flexibility and originality.

As implied earlier, inventiveness programs for
children are submerged under the more familiar school
concepts of critical thinking and creativity. Inventive-
ness (and invention curriculum), while viewed
positively in schools, has not become a major part of
school and school curriculum. It is viewed as a special
or extra-curricular unit. Where it does appear, it seems

to be more ‘justified’ in how it positively affects more
typically used school concepts such as creativity.
Inventiveness is not well researched among children
and adolescents because it is not part of the tradition of
school. The State of Iowa has a unique situation
whereby its statewide Invent Iowa program and the
Invent Iowa curriculum offered to schools allow an
opportunity to better understand young inventors and
the inventiveness process with this age group. (Note:
while some other states have State invention programs,
Iowa’s is extensive and has been in existence over 15
years.)

The remainder of the chapter provides a brief
description of the Invent Iowa program and the
research done with young inventors in this program.
The research focuses on attitudes about school, and the
types of inventions they produce.

Invent Iowa
Invent Iowa is a comprehensive, statewide program
developed to assist Iowa’s educators in promoting the
invention process as part of their regular kindergarten
through high school curriculum. The program was
initiated in 1987 through the support of state political,
business, and educational leaders in response to the
future of rapidly expanding technology and the decline
in American inventiveness in relation to other nations.
Since 1989, Invent Iowa has been administrated
through The Connie Belin and Jacqueline N. Blank
International Center for Gifted Education and Talent
Development at The University of Iowa (Belin-Blank
Center).

Invent Iowa supports educators in teaching creative-
thinking and problem-solving skills associated with the
invention process. As a means of teaching these skills,
students are encouraged to identify real-world prob-
lems and develop their own inventions that successfully
solve these problems. This multidisciplinary process
enables students to use several academic skills in
combination: reading, library and field research, sci-
ence and technology, creative and critical thinking,
writing, art, and persuasive speaking. Students who
participate in the program have the opportunity to
display their inventions at their local, regional, and
state invention conventions. Each year an estimated
30,000 students in grades K-12 participate in the Invent
Iowa program. Invent Iowa sponsors a series of
‘invention conventions’ at the local, regional, and state
levels. At each level, inventions are evaluated, and
students are recognized for their achievements. The
Invent Iowa State Invention Convention, organized by
the Belin-Blank Center, is the pinnacle of inventiveness
competitions in Iowa. Over 300 students qualify and
are invited to the State Invention Convention each
spring.

Invent Iowa is not limited by gender, race, class,
academic standing, or any other classification. Invent
Iowa helps students gain the sense of accomplishment
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and purpose vital to the development of a creative,
competent, and involved workforce.

The Invent Iowa Evaluation Rubric
Students participating in Invent Iowa must submit their
invention and a detailed and structured journal of this
invention. Additionally, a student must be able to
articulate the purpose and process employed in com-
pleting his or her invention. The inventor’s journal is
also signed by a school representative and a family
member, confirming that the invention is the idea and
work of the student.

Students are evaluated at the local, regional, and
state level according to the criteria of the Invent Iowa
Evaluation Rubric (Rubric) (See Appendix A). The
Rubric is used by the judges to evaluate the actual
invention in terms of the dimensions of appeal,
usefulness, and novelty (criteria for invention).

Each of the criteria dimensions is evaluated accord-
ing to four levels of mastery, from Expert Inventor
(highest rating) to Beginner Inventor (lowest rating).
The other part of the Rubric (criteria for Entry) guides
judges in evaluating the visual, written and oral
presentation by a student of his or her invention.

The Rubric is designed to provide subscores, as well
as a total score. The subscores are particularly useful in
providing the young inventor specific feedback on the
various aspects of the invention and the presentation.
Judges provide oral and written feedback to the
inventor. The total score is used to determine the local
and regional qualifiers for State, and at the State
Invention Convention to determine the special Merit
Awards.

Research with Young Inventors
Much of what we know about young inventors has to
do with whether or not they ‘win’ an invention contest.
While success in such competitions tells us something
useful about the skill of the young inventor, it does not
inform us about the psychological profile of the
inventor including his or her attitudes, feelings,
interest, motivation, etc. The research reported in this
study informs on some of the perceptions and attitudes
of young students who have demonstrated their
inventiveness in major competitions.

A unique feature of this chapter is its focus on young
inventors and research with young inventors. The
research is based on those students, grades 3–8, who
qualified for the Iowa State Invention Convention in the
year 2001. Each of these students had to receive merit
recognition at the local and regional level in order to be
selected for State. Also, all competitors were part of the
Invent Iowa program. In the year 2001, approximately
30,000 students in K-8 participated in local and
regional conventions. Of this group 364 were selected
for the State Convention in grades 3–8. (Note: Students
in grades K-2 can only participate in local and regional
conventions. Students are not eligible for state com-

petition until they reach 3rd grade. Students in grades
9–12 did not participate in the research.)

For the remainder of this chapter the term ‘young
inventors’ will refer to those students from grades 3–8
who were selected for the Iowa State Invention
Convention. They met the criterion for ‘inventor’ in
that they had to compete against a large number of
students in order for their inventions to qualify for
State.

The Invent Iowa Survey—2001
The students in grades 3–8 who qualified for the Iowa
State Invention Convention in 2001 were asked to
complete the Invent Iowa Survey (IIS). The IIS is a
self-report instrument developed at the Belin-Blank
Center, which assesses the perceptions of young
inventors in the following:

(a) perceptions about the inventiveness process;
(b) attitudes about school;
(c) attitudes about status of being a young inventor.

Of the 364 students who qualified for the Iowa State
Invention Convention, 294 (81%) completed the IIS.
Table 1 indicates by grade and gender those who
qualified for the State Convention and who completed
the IIS.

Stereotypically, inventing and entering invention
contests have been associated more with boys than
with girls. Of the 364 students who qualified for the
State Convention (N = 207 girls; N = 157 boys), girls
are very much part of the Invent Iowa program and
have been very successful in making it to the State
Convention. (Note: The minority population of the
State of Iowa is about 6% of the general population. Of
those who participated in 2001, 6% minorities qualified
for the State Convention. Since the numbers were
small, we did not do any separate analyses by ethnicity,
only by gender.)

Table 1. Young inventors who completed the Invent Iowa
Survey in 2001.

Gender
Grade

Males Females Total
(Response Rate) (Response Rate) (Response Rate)

3 14 (93%) 14 (78%) 28 (85%)
4 26 (76%) 41 (75%) 67 (75%)
5 45 (78%) 43 (78%) 88 (78%)
6 21 (84%) 45 (83%) 66 (84%)
7 13 (100%) 16 (89%) 29 (94%)
8 11 (92%) 5 (71%) 16 (84%)

Total 130 (83%) 164 (79%) 294 (81%)

The Inventiveness Process
In 1992, Colangelo, Kerr, Huesman, Hallowell and
Gaeth developed the Iowa Inventiveness Inventory
(III), which measured attitudes and perceptions of adult
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inventors (males only) who held one or more patents.
The III included items that tapped perceptions of the
inventiveness process among adult inventors. These
items (1–19) were included in the Invent Iowa Survey
(IIS) and were used to elicit attitudes of young
inventors regarding the inventiveness process. For each
of the items (1–19) a student selected from one of five
choices:

(1) Strongly Disagree
(2) Disagree
(3) Neutral
(4) Agree
(5) Strongly Agree

A multivariate analysis of variance (MANOVA) was
performed to look for significant global differences
between males and females in their mean responses to

items 1–19. In other words, when one examines all of
the items at the same time, is there a difference
between the responses of males and females? A
MANOVA procedure was significant at the p < 0.05
level (F (19,251) = 2.58), indicating a difference
between the answers of males and females on items
1–19. The eta-squared value is a measure of effect size,
or ‘practical significance’. It indicates that, although
the global test was significant, only a small proportion
(16%) of the variance in all the dependent variables is
accounted for by the differences between the two
groups. Thus, although there was a difference between
males’ and females’ mean responses, the practical
significance of the difference may be questioned.

A univariate analysis of variance was performed as a
follow-up to the significant MANOVA (Table 2). This
was done to identify the individual items males and
females were responding to differently. The analysis

Table 2. Univariate analysis of variance for items 1–19 on the 2001 Invent Iowa Survey.

Males Females Type I Sum Mean Eta-
Item (Mean) (Mean) of Squares df Square F Sig. Squared

1. I like to hang around places where people
are making or fixing things

3.76* 3.48 4.90 1 4.90 5.67 0.018* 0.0206

2. I can figure things out that others have
trouble understanding

4.02 3.98 0.03 1 0.03 0.05 0.830 0.0002

3. I need to get a lot of ideas in order to get a
really good idea

3.09* 3.39 5.59 1 5.59 4.19 0.042* 0.0153

4. When I start working on a project, I just
won’t quit

3.82 3.88 0.09 1 0.09 0.10 0.757 0.0004

5. I want to invent only things which can help
people

3.40 3.40 0.19 1 0.19 0.14 0.708 0.0005

6. Inventiveness is something you can be
taught. (Reversed)

3.55 3.65 0.48 1 0.48 0.38 0.539 0.0014

7. It seems like too much school could cause
you to lose your creativity

2.39 2.25 1.11 1 1.11 0.78 0.378 0.0029

8. I like to be alone when I am thinking of
new ideas

3.03 3.13 0.56 1 0.56 0.42 0.520 0.0015

9. I sometimes have a lot of projects going at
once

3.61 3.80 1.83 1 1.83 1.33 0.249 0.0049

10. I like to have a place to make things 3.75 3.61 1.42 1 1.42 1.35 0.246 0.0050
11. When I think of a new thing or machine, I

can ‘see’ the complete idea in my mind
before I start working on it

4.05 3.76 4.00 1 4.00 3.77 0.053 0.0138

12. My best friend and I build things together 3.09 3.04 0.03 1 0.03 0.02 0.880 0.0001
13. Whenever I look at a machine, I can see

how to change it
3.09 2.84 3.47 1 3.47 3.68 0.056 0.0135

14. I don’t really consider myself a good
student, but I do have the ability to solve
problems

2.40 2.16 5.12 1 5.12 3.56 0.060 0.0130

15. When I decide to solve a problem, my mind
is full of that problem

3.60 3.45 0.69 1 0.69 0.65 0.422 0.0024

16. You can’t explain inventiveness 3.27 3.17 0.34 1 0.34 0.24 0.628 0.0009
17. You don’t have to have good grades in

school to be a good inventor
4.00 3.83 1.68 1 1.68 1.14 0.286 0.0042

18. I am a person who likes to take things apart 4.07* 3.21 45.00 1 45.00 29.89 0.0000001* 0.1000
19. I am more interested in how a toy or object

works than in playing with it
3.25* 2.70 16.28 1 16.28 12.64 0.0004* 0.0449

* p < 0.05.
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indicates mean responses by males and females on
items (1) ‘I like to hang around places where people are
making or fixing things’, (3) ‘I need to get a lot of ideas
in order to get a really good idea’, (18) ‘I am a person
who likes to take things apart’, and (19) ‘I am more
interested in how a toy or object works than in playing
with it’ were significantly different. Males tended to
indicate stronger agreement with items 1, 18, and 19
than females. Females tended to indicate stronger
agreement with item 3. The measures of effect size
(eta-squared) for the responses to items 1 (2%), 3
(1.5%), 18 (10%), and 19 (5%) were small, however.

From the research of Colangelo et al. (1992) and
Colangelo, Assouline, Kerr, Huesman and Johnson
(1993) the higher the mean on each item, the more the
response is consistent with the responses of adult
inventors with patents. Two items elicited a different
response from young inventors verses adult inventors:
item 7 ‘It seems like too much school could cause you
to lose your creativity’, and item No. 14 ‘I don’t really
consider myself a good student, but I do have the
ability to solve problems’. Adult inventors were very
negative about the role of school (see Colangelo et al.,
1992, 1993) and did not see themselves as good
academic students, compared to young inventors.
Perhaps the school environment has been changing and
is currently more conducive to creative and inventive
endeavors.

On all items except four, boys and girls were similar.
On item 3 girls were more like adult inventors than
boys and on item 7, 18 and 19, boys were more like
adult inventors than are girls. But the important finding
here is that young inventors are similar in perceptions
about the inventiveness process regardless of gender.

Item 20, 21, 22 also come from Colangelo et al.
(1992) and focus on initiating the inventiveness
process. Table 3 indicates that girls are more likely to
keep notes (as do adult inventors), and both boys and
girls are likely to want to draw their concepts before
building. Unlike adult inventors, young inventors are
not inclined to want to make a model before building.

A multivariate analysis (MANOVA) was performed
to look for significant global differences between males
and females in their mean responses to items 20–22.

Again, when one examines all of the items at the same
time, there is a difference between the responses of
males and females. A MANOVA procedure was
significant at the p < 0.05 level (F (3,283) = 3.24),
indicating a difference between the answers of males
and females on items 20–22. The eta-squared value
indicates that, although the global test was significant,
only a small proportion (3%) of the variance in all the
dependent variables is accounted for by the differences
between the two groups.

A univariate analysis of variance was performed as a
follow-up to the significant MANOVA. It can be seen
from Table 3 that the global significant result can be
attributed to item 20 ‘It is important to keep notes
about my invention’. Females tended to indicate more
agreement with this statement then males. Again, the
proportion of variance (about 3%) accounted for by the
difference in responses between males and females is
small.

Attitudes About School
The fact of the matter is that young inventors are going
to be in school and they will be in school for the vast
majority of their young life. Thus, their feelings about
school are important. Colangelo, Assouline, Kerr,
Hussman and Johnson (1993) reported that adult
inventors did not have positive memories and attitudes

Table 3. Univariate analysis of variance for items 20–22 on the 2001 Invent Iowa Survey.

Males Females Type I Sum Mean Eta-
Dependent Variable (Mean) (Mean) of Squares df Square F Sig. Squared

20. It is important to keep notes about my
invention

3.61* 3.97 9.95 1 9.95 8.31 0.004* 0.028

21. I like to draw my invention before I start
building it

3.70 3.70 0.02 1 0.02 0.02 0.903 0.0001

22. I like to make a smaller model of my
invention before I start building it

2.52 2.61 0.61 1 0.61 0.47 0.493 0.002

* Significant difference between male and female responses p < 0.05.

Table 4. Young inventors’ attitudes about school: by gender.

Gender*

Males Females
How do you feel about
school in general? N % N %

A. I love it 27 21.3 49 30.4
B. I like it 89 70.1 105 65.2
C. I don’t like it 9 7.1 6 3.7
D. I don’t like it at all 2 1.6 1 0.6

Total 127 100 161 100

* Percentages may not add to 100 because of rounding.
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about school. Most of their recollections were either
neutral or negative about school and its importance to
their inventiveness.

In responding to an item on the IIS regarding attitude
about school, young inventors were overwhelmingly
positive. Table 4 reports the general attitude about
school by gender. While girls are a bit more positive,
especially in ‘loving school’, the pattern is consistent
for boys and girls. The general attitudes about school
are also presented by grade (see Table 5) and indicate
no unique patterns other than highly positive at each
grade.

Attitudes About Types of Students

One of our interests was to understand how young
inventors viewed the hierarchy of types of students in
their school. Putting it in basic terms, we wanted to
know who the young inventors thought were the ‘cool’
students in school.

The item represented in Table 6 asked young
inventors to rank the types of students that seem to be
most attractive to the kids in school. Athletes were
ranked highest (most attractive) by both males and
females, and Hard Working (surprisingly) was ranked
2nd. Class Comedian and Popular were next. Inventor
was ranked low on the list. Interestingly, however, the
girls ranked it higher. We also did an analysis by grade
(see Table 7), but no strong patterns emerged. Looking
at the category of Inventor, this was rated less attractive
by the 7th and 8th graders and more attractive by
elementary school students. There may be a trend
regarding the attractiveness of being an inventor by age
and grade. This trend would need to be further
investigated since the numbers in this study were too
small to warrant definitive statements.

So, what do young inventors invent? We thought it
would be revealing to do a systematic analysis of the
types of inventions that were displayed at the State
Invention Convention in 2001. There were 288 inven-
tions by 364 young inventors at State in 2001. (The
reason there are more inventors than inventions is that

students can team up on an invention (maximum of 2
inventors on a team) and we had several teams.)

The 288 inventions were classified using the general
categories developed by the United States Patent Office
to categorize patents. The detailed definitions of each
category can be found by going to the U.S. Patent
Office Website at www.USPTO.gov. The descriptions
are much too extensive to include in a chapter.
However, we have provided a very brief description of
each category (see Appendix B) to give a sense of what
type of inventions would be included in each category.
Each invention was analyzed by a team of three raters
in order to determine which category it fit best. Table 8
provides the results of that analysis by gender and
grade.

The most popular categories of inventions were
Tools, Kitchen/Bath, and Organization, which
accounted for 141 of 288 inventions (49%). The

Table 5. Young inventors’ attitudes about school: by grade.

Grade*

3 4 5 6 7 8

How do you feel about school in general? N % N % N % N % N % N %

A. I love it 11 40.7 19 28.8 26 30.2 15 23.1 5 17.9 0 0.0
B. I like it 13 48.1 42 63.6 57 66.3 48 73.8 18 64.3 16 100.0
C. I don’t like it 2 7.4 5 7.6 3 3.5 2 3.1 3 10.7 0 0.0
D. I don’t like it at all 1 3.7 0 0.0 0 0.0 0 0.0 2 7.1 0 0.0

Total 27 100 66 100 86 100 65 100 28 100 16 100

* Percentages may not add to 100 because of rounding.

Table 6. Perceptions of attractiveness of types of students: by
gender.

Gender*
What do you think kids
your age see as the Males Females
‘coolest’ thing to be in
school? N % N %

Artist 23 6.3 20 4.4
Athlete 94 25.9 119 26.0
Class Comedian 51 14.0 52 11.4
Class Leader 21 5.8 33 7.2
Good Writer 5 1.4 8 1.7
Hard Worker 82 22.6 111 24.2
Inventor 11 3.0 29 6.3
Math Wiz 18 5.0 8 1.7
Musician 15 4.1 14 3.1
Really Smart Student 11 3.0 11 2.4
Popular 32 8.8 53 11.6

Total 363 100 458 100

* Percentages may not add to 100 because of rounding.
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categories of Clothes/Accessories, Safety/Protection/
Rescue, and Farm accounted for 70 inventions (24%).
Categorized inventions by gender were fairly compara-
ble except in the categories of Kitchen/Bath and
Organization where the girls outnumbered boys in
these categories by slightly less than 2:1. Proportion-
ately, inventions in the category of Tools more often
were submitted by boys.

Discussion/Summary
From our research there are some issues that emerge:

(1) It is a stereotype that ‘inventing’ is a boy thing.
Boys and girls are comparably inventive and
interested in participating in invention contests;

(2) Inventive boys are similar to inventive girls in their
attitudes about school and inventiveness;

Table 7. Perceptions of attractiveness of types of students: by grade.

Grade*

3 4 5 6 7 8
What do you think kids your age see as the
‘coolest’ thing to be in school? N % N % N % N % N % N %

Artist 9 11.1 8 4.0 13 5.5 11 6.0 0 0.0 2 4.4
Athlete 22 27.2 53 26.8 53 22.5 49 26.6 23 29.9 13 28.9
Class Comedian 7 8.6 15 7.6 30 12.7 29 15.8 16 20.8 6 13.3
Class Leader 5 6.2 16 8.1 16 6.8 9 4.9 4 5.2 4 8.9
Good Writer 1 1.2 4 2.0 4 1.7 3 1.6 1 1.3 0 0.0
Hard Worker 17 21.0 44 22.2 51 21.6 51 27.7 21 27.3 9 20.0
Inventor 3 3.7 12 6.1 18 7.6 6 3.3 0 0.0 1 2.2
Math Wiz 2 2.5 8 4.0 7 3.0 5 2.7 0 0.0 4 8.9
Musician 2 2.5 10 5.1 10 4.2 2 1.1 3 3.9 2 4.4
Really Smart Student 2 2.5 2 1.0 7 3.0 9 4.9 0 0.0 2 4.4
Popular 11 13.6 26 13.1 27 11.4 10 5.4 9 11.7 2 4.4

Total 81 100 198 100 236 100 184 100 77 100 45 100

* Percentages may not add to 100 because of rounding.

Table 8. 2001 state invention convention: categories of inventions by gender.

2001 Invention Convention Categories by Gender

Gender*

Male Female Total

Category N % N % N %

Tools 24 18.6 26 16.4 50 17.4
Kitchen/Bath 19 14.7 30 18.9 49 17.0
Organization 14 10.9 28 17.6 42 14.6
Clothes/Accessories 11 8.5 14 8.8 25 8.7
Safety/Protection/Rescue 11 8.5 12 7.6 23 8.0
Farm 12 9.3 10 6.3 22 7.6
Amusement 12 9.3 7 4.4 19 6.6
Pets 9 7.0 10 6.3 19 6.6
Automotive 4 3.1 5 3.2 9 3.1
Furniture 2 1.6 6 3.8 8 2.8
Medical 4 3.1 4 2.5 8 2.8
Cleaning 2 1.6 4 2.5 6 2.1
Electronic 4 3.1 1 0.6 5 1.7
Disabled 1 0.8 2 1.3 3 1.0

Total 129 100 159 100 288 100
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(3) In contrast to well-established adult inventors, the
young inventors in our study had a positive attitude
about school and their academic abilities;

(4) The inventions of young inventors run a gamut of
the classifications of the U.S. Patent Office. There
are some gender differences in the classifications
of types of inventions generated by young inven-
tors.

The inventiveness spirit is quite alive and well in
children and adolescents. Programs like Invent Iowa
give expression and outlet to this spirit. It is important
to promote inventiveness programs because inventive-
ness is a talent not usually identified and nourished in
the traditional curriculum of schools. Historically, we
have envisioned ourselves as a nation of ‘doers’, of
innovative and practical people. It seems the accuracy
of this is reflected in our young inventors.
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Appendix B: Brief Definitions of U.S. Patent and
Trade Office Patent Classifications

(1) Tools:
Inventions categorized as Tools included hand
tools and presses.

(2) Kitchen and Bath:
Inventions categorized as Kitchen and Bath
included devices or methods used in baths,
closets, sinks, and spittoons, cutlery, refrigera-
tion, food and beverage preparation, treating, and
preservation, and power-driven conveyors.

(3) Organization:
Inventions categorized as Organization included
packages, flexible/portable closures, partitions, or
panels, special receptacles or packages, and
support racks.

(4) Clothes and Accessories:
Inventions categorized as Clothes and Accesso-
ries included apparel, boots and shoes, buckles,
and jewelry.

(5) Safety, Protection, and Rescue:
Inventions categorized as Safety, Protection, and
Rescue included equipment used for body
restraint or protective covering, rescue, or as a fire
extinguisher or casing.

(6) Farm:
Inventions categorized as Farm included methods
or devices used in animal husbandry, methods and
structures used to raise and care for bees, and
devices or methods for crop threshing or separat-
ing.

(7) Amusement:
Inventions categorized as Amusement included
sporting goods, toys, games, and devices or
methods related to music.

(8) Pets:
Inventions categorized as Pets included harnesses,
fluid handling, farriery, and dispensing of solids.

(9) Automotive:
Inventions categorized as Automotive included
devices and methods used by or for motor
vehicles.

(10) Furniture:
Inventions categorized as Furniture included
devices for supporting the weight of a person in a
seated position.

(11) Medical:
Inventions categorized as Medical included
devices used in a variety of medical situations.

(12) Cleaning:
Inventions categorized as Cleaning included
devices or chemicals used for the removal of
foreign material.

(13) Electronic:
Inventions categorized as Electronic included
devices for producing light or related to television
functioning.

(14) For the Disabled:
Inventions categorized as For the Disabled
included devices or methods used to accom-
modate people with physical disability.
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Abstract: Major innovations in the arts and sciences can be largely attributed to the output of
creative geniuses. But how do such great innovators emerge? And how does their creativity
manifest itself? The first question shall be addressed by examining the early experiences that
contribute to the development of extraordinary creative potential. The factors include family
background, education, and professional training. The response to the second question
concentrates on the typical career trajectory of illustrious creators. Features of this trajectory
include the ages at which geniuses tend to produce their first great work, their best work, and their
last great work.
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Introduction
The terms ‘creativity’ and ‘innovation’ are sometimes
used interchangeably, and other times are considered to
represent quite distinct phenomena. However, crea-
tivity involves the capacity to produce some idea or
product that is both original and functional. By the
same token, innovation involves the act of introducing
something new. Hence, creative individuals are neces-
sarily innovators, and their ideas or products can be
considered innovations. However, sometimes research-
ers prefer to distinguish between the origination of a
new idea and the dissemination or adoption of that idea
by others. This distinction is especially useful when
discussing technological change. It is one thing for an
inventor to devise and patent a ‘better mousetrap’, but
quite another for that mousetrap to become widely
adopted in households or businesses. A person who
adopts the new mousetrap is then called an ‘innovator’
even when he or she had absolutely nothing to do with
its creation. However, this distinction between creators
and innovators becomes much less tenable when we
examine other domains of achievement in the arts and
sciences. For example, when Albert Einstein applied
Max Planck’s new quantum theory to explain the
photoelectric effect, Einstein was acting as an innova-

tor in the sense that he was adopting and disseminating
a new theory. Yet Einstein’s innovation only has
significance because it took the form of a creative
product—a novel and successful treatment of a critical
phenomenon. Indeed, so important was Einstein’s
application that it earned him a Nobel Prize, just as
Planck had received one for the original theory.
Speaking more generally, innovation usually takes
place when one creative product becomes the basis for
another creative product. Hence, in this chapter I shall
use creativity and innovation as essentially equivalent
terms.

Creativity or innovation can be studied from several
different perspectives. Some researchers investigate the
phenomenon from the standpoint of the psychological
processes that underlie the origination of a creative
product or innovation (e.g. Kaufmann, 2003; Root-
Bernstein & Root-Bernstein, 2003; Weisberg, 2003).
Other investigators examine the characteristics of the
products that emerge from these processes (e.g.
Simonton, 1980c, 1986c; Sternberg, Pretz & Kaufman,
2003). Yet other researchers concentrate on the attrib-
utes of the person that enable him or her to engage
those processes or generate those products. It is this

293

The International Handbook on Innovation
Edited by Larisa V. Shavinina
© 2003 Elsevier Science Ltd. All rights reserved



person-approach that I will adopt in the present
chapter. In particular, I wish to scrutinize those
individuals who seem to exhibit the highest levels of
this creative capacity, namely, those who display
genius-level creativity.

The Creative Genius
Ever since Galton’s (1869) pioneering work, psycholo-
gists have become accustomed to look at the
distribution of human capacities in terms of the normal
‘bell-shaped’ curve. Most people are of average ability,
and persons with higher-than-average or lower-than-
average abilities become more rare to the degree that
they depart from the population mean. Although the
capacity for creativity might be viewed in the same
fashion (Nicholls, 1972), such a conception has no
empirical or theoretical support (Simonton, 1997b,
1999c). If creative ability is gauged according to the
production of major innovations—of outright creative
products in a particular domain of achievement—then
the distribution of that ability is far from normal
(Dennis, 1954a, 1954c, 1955; H. Simon, 1955). On the
contrary, the cross-sectional distribution of total output
is highly skewed right, so that a small proportion of the
creators is credited with a lion’s share of the innova-
tions produced. In concrete terms, the top 10% of the
innovators in a particular domain are typically respon-
sible for about half of everything produced, whereas
the bottom 50% can usually only claim about 15% of
the contributions. Indeed, the mode of the distribution
is almost invariably a single innovation only. Most
inventors have only one patent; most poets publish only
one poem. Moreover, the most prolific contributors to a
domain are at least a 100 times more productive than
their least productive colleagues. As Cesare Lombroso
(1891) once affirmed in his classic The Man of Genius,
“the appearance of a single great genius is more than
equivalent to the birth of a hundred mediocrities”
(p. 120). Creative productivity clearly displays a highly
elitist distribution.

In line with Lombroso’s remark, we can refer to
those individuals who make up the productive elite as
the creative geniuses of their chosen achievement
domain. A prototypical example is Thomas Edison,
whose output of inventions was so prodigious that he
still holds the record for patents at the United States
Patent Office. Moreover, among his more than a
thousand inventions are several that radically trans-
formed modern civilization, such as the microphone,
the phonograph, the motion picture, and the incandes-
cent lamp. Edison’s status as an inventive genius is
unquestionable.

The goal of this chapter is to examine creative genius
from the standpoint of lifespan developmental psychol-
ogy. From this perspective, the life of outstanding
creators consists of two major phases (Simonton,
1975b, 1997b). The first phase represents the period in
which the individual acquires the necessary capacity

for creativity—what may be styled ‘creative potential’.
The second phase encompasses the period in which this
acquired potential becomes actualized in the form of
creative products, whether those products be discov-
eries, inventions, treatises, novels, plays, poems,
paintings, or musical compositions. This chapter then
concludes with a discussion of the factors involved in
the final termination of this second phase—the crea-
tor’s death and the works that close the creator’s
career.

The Development of Creative Potential

“Genius must be born, and never can be taught”,
claimed John Dryden (1693/1885, p. 60). When the
English dramatist said this he was expressing an idea
already centuries old. However, the first scientist to
subject this belief to empirical test was Francis Galton
in his 1869 Hereditary Genius. Galton accomplished
this by examining the family pedigrees of eminent
achievers in a diversity of domains, including out-
standing creators in science, literature, music, and
painting. According to the results of his systematic
statistical analysis, creative geniuses are highly likely
to come from family lines that contain other eminent
individuals, very often in the same domain of accom-
plishment. Moreover, the likelihood of such a
distinguished pedigree is far greater than would be
expected according to any reasonable baseline.
Although this finding has been replicated many times
(e.g. Bramwell, 1948), the theoretical significance of
these results has been often contested. In fact, the first
major attack on Galton’s conclusions came only a few
years later, when Candolle (1873) published an empiri-
cal study of the environmental factors that contribute to
the emergence of creative genius in the sciences.
Candolle’s investigation inspired Galton (1874) to
conduct his own inquiry into the origins of scientific
creativity. The resulting book was called English Men
of Science: Their Nature and Nurture, the subtitle
suggesting that Galton had backed off a little from his
extreme genetic determinism. At the same time,
Galton’s 1874 study introduced the ‘nature–nurture
issue’ into the behavioral sciences (cf. Teigen, 1984).
Henceforth, investigators would need to determine the
relative impact of genetic and environmental influences
in the development of creative potential.

Below I review some of the key findings regarding
this problem. I begin by discussing the role of the
environment and then end by discussing the impact of
genetic endowment.

Environmental Factors

Since the time of Galton (1874) and Candolle (1873),
researchers have unearthed an impressive inventory of
circumstances and conditions that appear to nurture the
acquisition of creative potential (Simonton, 1987a,
1994). These diverse influences may be roughly
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grouped into three categories: family, school, and
society.

Family Background
Galton’s (1874) pioneer investigation devoted a con-
siderable amount of scrutiny to the home environments
of his highly eminent subjects. This emphasis was well
placed. The home dominates infancy and childhood,
and continues to exert some influence all the way
through adolescence. One of the most critical of these
long-term factors appears to be the socioeconomic
status of the parents. Specifically, creative individuals
tend to come from professional or entrepreneurial
homes in which the parents place a high value on
learning and education (e.g. Chambers, 1964; Cox,
1926; Ellis, 1926; Galton, 1874; Roe, 1953). This value
almost invariably takes the form of a home replete with
opportunities for intellectual stimulation, such as a
large and varied library, ample and diverse magazine
subscriptions, and family outings to museums and
galleries (see also Schaefer & Anastasi, 1968; Terman,
1925). Not surprisingly, the children raised in such
homes exhibit deep and varied interests, with a
particularly strong inclination toward omnivorous read-
ing, which makes a powerful contribution to creative
development (Goertzel, Goertzel & Goertzel, 1978;
McCurdy, 1960; Simonton, 1986b).

At the same time, families of religious or ethnic
minorities produce eminent creators out of proportion
to their representation in the population (Galton, 1869;
Hayes, 1989; Helson & Crutchfield, 1970). A case in
point is the conspicuous representation of Jews among
the eminent creators of European civilization (Arieti,
1976; Hayes, 1989). However, this asset only appears
when minorities enjoy some of the same basic rights as
the majority (Hayes, 1989; Simonton, 1998a).

Interestingly, some family background variables
assume a major role in determining the domain in
which creative potential develops. One example is birth
order. Galton (1874) indicated that his eminent scien-
tists were more likely to be firstborns, but subsequent
work suggests that the relation between ordinal posi-
tion and creativity is more complicated than that (Clark
& Rice, 1982; Ellis, 1926; Sulloway, 1996). Firstborns
appear to gravitate to those domains that are high in
prestige, power, and respect for authority, whereas
laterborns tend to go into those areas that encourage
more independent, individualistic, high-risk, and icon-
oclastic forms of creative achievement (Simonton,
1999b; Sulloway, 1996). Hence, scientific creators are
more likely to be firstborns (Eiduson, 1962; Galton,
1874; Roe, 1953; Terry, 1989), whereas artistic creators
are more likely to be laterborns (Bliss, 1970; see also
Eisenman, 1964). If a scientist is a laterborn, he or she
is more likely to become a revolutionary rather than a
defender of the received paradigms (Sulloway, 1996).
Likewise, more conservative forms of artistic crea-
tivity, such as classical music, tend to attract firstborns

more than laterborns (Schubert, Wagner & Schubert,
1977).

Another interesting example concerns the impact of
traumatic experiences. Surprisingly, exceptional crea-
tivity does not always emerge from the most favorable
home environments (e.g. Eisenstadt, 1978; Goertzel,
Goertzel & Goertzel, 1978; Walberg, Rasher & Parker-
son, 1980). On the contrary, creative potential seems to
require a certain amount of exposure to: (a) diversify-
ing experiences that help weaken the constraints
imposed by conventional socialization; and (b) chal-
lenging experiences that help strengthen a person’s
capacity to persevere in the face of obstacles (Simon-
ton, 1994). Yet these developmental inputs seem
especially important for artistic forms of creative
behavior (Berry, 1981; Brown, 1968; Post, 1994;
Raskin, 1936; Simonton, 1986b). Not only is artistic
creativity more unrestrained than scientific creativity,
but in addition the career paths for artists often require
more struggle than the typical career path in science.

Education and Training
Research on talent development has pointed to the
supreme importance of training (Howe, Davidson &
Sloboda, 1998). That is, one does not acquire world-
class competence in fields like sports, chess, or music
performance without first devoting about a decade to
extensive and deliberate practice (Ericsson, 1996). To a
certain extent, the same ‘10-year rule’ applies to
creative genius (Gardner, 1993; Hayes, 1989; Simon-
ton, 1991b). Creative individuals do not produce new
ideas de novo, but rather those ideas must arise from a
large set of well-developed skills and a rich body of
domain-relevant knowledge (Csikszentmihaly, 1990).
At the same time, research on creative development
suggests that this process is far more complicated than
first appears (cf. Weisberg, 2003). To begin with,
creators vary greatly in the amount of preparation they
need, the greater the creativity manifested in adulthood
the less time was needed to attain mastery (Clemente,
1973; Simonton, 1991b, 1992b; Zuckerman, 1977). So
the creative genius can somehow acquire the requisite
knowledge and skill more quickly than the norm.
Furthermore, it is not necessarily the case that the
greater creators have attained higher levels of formal
training or education in their chosen domain. On the
contrary, frequently the creative genius has acquired
somewhat less than normally expected (Goertzel,
Goertzel & Goertzel, 1978; Simonton, 1976a, 1987a).
In fact, there is evidence that overtraining or over-
specialization can actually harm rather than enhance
the growth of creative potential (Simonton, 1976a,
2000). Sometimes highly creative individuals will have
received considerable training, but in another field that
is marginal to the domain in which they later attain
eminence (Hudson & Jacot, 1986; Simonton, 1984e).

Complicating this picture all the more is the fact that
education and training operate somewhat differently
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depending on whether the creative potential is directed
toward the arts or the sciences (Simonton, 1999b). For
the most part, formal instruction and practice play a
bigger role in scientific creativity than in artistic
creativity (Hudson, 1966; Schaefer & Anastasi, 1968;
Simontion, 1984d). As a consequence, the scientific
genius will tend to display higher levels of scholastic
performance and training than will the artistic genius.

Sociocultural Context
To make the case against Galton’s (1869) extreme
biological determinism, Candolle (1873) presented
data proving that creative genius was very much
contingent on the economic, political, cultural, and
social milieu. So persuasive is this dependence that
some sociologists and anthropologists have argued
that creativity is mostly if not entirely a sociocultural
phenomenon (e.g. Kroeber, 1944). However, it is
possible to accept the influence of these forces while
still maintaining that creativity represents a psycho-
logical phenomenon (Simonton, 1984d). This
possibility ensues from the fact that the sociocultural
environment, to a very large extent, influences the
course of creative development. To see how this can be
so, let us turn to the following three sets of findings:

(1) If Galton’s (1869) genetic determinism were
correct, the number of creative geniuses would not
drastically alter from one generation to the next.
Such rapid fluctuations cannot happen because the
gene pool for any given human population cannot
change rapidly. Yet as Kroeber (1944) pointed out,
creative geniuses tend to cluster over the course of
history, forming dramatic ‘Golden Ages’ separated
by dismal ‘Dark Ages’ (see also Schneider, 1937;
Sorokin & Merton, 1935). Furthermore, Kroeber
suggested that these clusters or ‘cultural configura-
tions’ likely reflect the operation of a social
learning process—what he styled ‘emulation’.
Each generation provides role models and mentors
for the next generation. Using generational time-
series analysis, this conjecture has been confirmed
for European, Chinese, and Japanese civilizations
(Simonton, 1975b, 1988b, 1992a). That is, for any
given domain of creative achievement, the number
of eminent creators in generation g is a positive
linear function of the number of eminent creators
in generation g—1 (Simonton, 1984c). This inter-
generational effect occurs because the productive
period of those in a given generation overlaps the
developmental period of those in the following
generation (see also Simonton, 1977b, 1984a,
1996).

(2) Certain political environments also operate during
the developmental stages of an individual’s life,
either encouraging or discouraging the acquisition
of creative potential. Thus, on the one hand,
growing up in times of anarchy, when the political

world is plagued by assassinations, coups d’état,
and military mutinies, tends to be antithetical to
creative development (Simonton, 1975b, 1976c).
On the other hand, growing up when a civilization
is fragmented in a large number of peacefully
coexisting independent states tends to be con-
ducive to the development of creative potential
(Simonton, 1975b). In fact, nationalistic revolts
against the oppressive rule of empire states tend to
have positive consequences for the amount of
creativity in the following generations (Kroeber,
1944; Simonton, 1975b; Sorokin, 1947/1969).
Many nations have experienced Golden Ages after
winning independence from foreign domination,
ancient Greece providing a classic example.

(3) The rationale for the last-mentioned consequence
seems to be that nationalistic rebellion encourages
cultural heterogeneity rather than homogeneity
(Simonton, 1994). Rather than everyone having to
speak the same language, read the same books,
follow the same laws, and so on, individuals are
left with more options. This suggests that cultural
diversity may facilitate creative development, and
there is evidence that this is the case. Creative
activity in a civilization tends to increase after it
has opened itself to extensive alien influences,
whether through immigration, travel abroad, or
studying under foreign teachers (Simonton,
1997c). By enriching the cultural environment, the
ground may be laid for new creative syntheses.
This finding is consistent with what was noted
earlier about the developmental asset of ethnic
marginality. The result also falls in line with
research indicating the creativity-augmenting
effects of exposure to linguistic, ideological, and
behavioral diversity (Campbell, 1960; Lambert,
Tucker & d’Anglejan, 1973; Nemeth & Kwan,
1987).

The above sets of findings taken together show how the
Zeitgeist will often affect genius during the critical
phase in which an individual acquires creative poten-
tial.

Genetic Factors

The preceding section did not by any means exhaust
the list of environmental conditions and events that
affect creative development. Some psychologists have
concluded from such inventories that creative genius is
100% nurture and 0% nature (e.g. Howe, 1999). In
other words, Dryden’s quote got everything backwards.
Genius is not born, but made, and Galton’s (1869)
original thesis was way off the mark. Yet such an
inference would be very much mistaken. Sufficient
evidence has already accumulated to suggest that to a
certain, even if limited, extent, the genes inherited at
the moment of conception influence the individual’s
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capacity for creativity. Consider, for example, the
following four items:

(1) A distinctive set of personality and cognitive traits
are associated with the magnitude of creativity
displayed (Martindale, 1989; Simonton, 1999a).
That is, certain traits distinguish creative from non-
creative people, and creative geniuses from those
who are less notably creative (Feist, 1998). Yet,
significantly, almost all of the characteristics
associated with creativity have nontrivial herit-
ability coefficients (Bouchard, 1994; Eysenck,
1995). By nontrivial I mean traits in which
30–50% of the variance can be ascribed to genetic
inheritance. Examples include intelligence, intro-
version, energy level, and psychoticism. If
creativity is linked with a specific cluster of traits,
and if many of those traits have significant genetic
components, then it is logically impossible to infer
that creative genius is entirely an environmental
product.

(2) It is become increasingly recognized that the
genetic basis of creativity may not operate accord-
ing to a simplistic additive model (Waller,
Bouchard, Lykken, Tellegen & Blacker, 1993).
Instead, the numerous genetic components of
genius may function according to some kind of
multiplicative function (Simonton, 1999c; cf. Burt,
1943; Sternberg & Lubart, 1995). This multi-
plicative inheritance has been called ‘emergenesis’
(Lykken, 1998), and it has several critical implica-
tions (Simonton, 1999c). These include: (a) a
highly skewed cross-sectional distribution for
innate creative ability (precisely like that observed
for individual differences in productive output); (b)
low probabilities of familial inheritance (contrary
to Galton’s, 1869, belief); and (c) attenuated
validity coefficients for predicting creativity using
an additive model (the inevitable procedure).

(3) Modern behavioral genetics has shown that the
influence of inherited characteristics does not
appear all at once, but rather often unfolds
gradually during the course of personal develop-
ment (e.g. Bouchard, 1995; Plomin, Fulker, Corley
& DeFries, 1997). It is for this reason that identical
(monozygotic) twins reared apart in separate
homes actually become more similar as they age.
This epigenetic development, when combined with
the aforementioned emergenic inheritance, pro-
duces additional complexities in the acquisition of
creative potential (Simonton, 1999c). For instance,
a combined emergenic–epigenetic process sup-
ports the emergence of ‘late bloomers’ whose
creative abilities might not have been apparent in
childhood. The reverse can happen as well, once
promising talents may fail to realize their creative
potential because of unfavorable epigenetic trajec-
tories.

(4) Behavior geneticists have devised powerful statis-
tical methods for partitioning the variance in any
individual characteristic into three sources: the
genetic, the shared environment, and the nonshared
environment (Bouchard, 1994). The shared envi-
ronment includes those things that all siblings have
in common, such as the socioeconomic back-
ground and child-rearing practices of their parents,
whereas the nonshared environment encompasses
those things that are unique to each sibling, such as
birth order or peer relationships (Harris, 1995;
Sulloway, 1995). The fascinating finding is that for
a majority of human traits, the nonshared environ-
ment accounts for much more variance than does
the shared environment (Bouchard, 1994). This
would seem to contradict some of the findings
regarding the impact of family background on the
development of creative potential. If shared envi-
ronment plays such a small part, why is creative
genius more likely to emerge in specific home
conditions? The answer is that many of these so-
called environmental factors are actually genetic
factors operating incognito (Scarr & McCartney,
1983). For example, parents who value education
and who have professional occupations are likely
to have above-average intelligence, and the latter
asset is passed down to their offspring. The fact
that the parents fill their homes with intellectually
stimulating materials may only be an outward sign
of the intellectual superiority of their children
rather than a cause of that superiority. Many other
supposed effects of the family environment may
similarly reflect underlying genotypic traits shared
by both parent and child (Simonton, 1994).

The foregoing four sets of findings suggest that the
nature–nurture debate has not ended with an outright
victory for the proponents of nurture. Creative develop-
ment involves some combination of genetic and
environmental factors, albeit the latter probably play
the larger role. Creative genius is both born and made.

The Realization of Creative Potential
Once nature and nurture combine to produce an
individual with high creative potential, how is that
potential creativity converted into actual creative
productivity? From a lifespan perspective, this issue
can be broken down to several subsidiary questions:
When does creative output begin? When does the
creative genius reach his or her career peak? When
does the creative career effectively end? In other
words, what is the trajectory of productivity across the
course of a creator’s career? Remarkably, the oldest
empirical study in the behavioral sciences was specifi-
cally devoted to this very issue. In 1835 Quételet
published the classic A Treatise on Man and the
Development of His Faculties. Here he pioneered the
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use of statistics to study individual differences and
longitudinal changes. Among the studies in the latter
category was an inquiry into the relation between age
and creative productivity, with a specific focus on the
careers of English and French playwrights. Perhaps
Quételet was ahead of his time, for this particular
investigation inspired no follow-up investigations. For
instance, when Beard (1874) turned to the same subject
nearly 40 years later, he did so using qualitative
methods that Quételet (1835/1968) had already ren-
dered obsolete. About a century after Quételet,
however, a quantitative approach was revived by
Harvey C. Lehman, culminating in his 1953 book Age
and Achievement (see also Lehman, 1962). Since that
time, quantitative methods have been substantially
improved so that a great deal is now known about the
career trajectories for creative genius (Simonton,
1988a, 1997b). The key findings of this research
literature can be grouped under two major headings,
namely, those that concern endogenous factors and
those that regard exogenous factors.

Endogenous Career Development

To investigate the age-productivity curve, Quételet’s
(1835/1968) tallied the number of plays produced in
consecutive 5-year age periods. The resulting aggregate
tabulation yielded a curvilinear function with a single
peak—or what may be described as an inverted-
backward J-curve (Simonton, 1980c, 1988a).
Subsequent investigators, and especially Lehman
(1953), have replicated this curve over and over,
perhaps making it the best replicated finding in
developmental psychology (see also Lehman, 1962).
Across a great diversity of creative achievements, the
same longitudinal pattern emerges. Creative productiv-
ity usually begins sometime in the middle 20s. The
output rate per unit of time then increases rapidly until
the peak productive age is reached sometime in the 30s
or 40s. Thereafter creativity output slowly declines
until, by the final decades of life, works are being
produced at about half the rate witnessed at the career
acme. Hence, there appears to be an optimal age for
making a major contribution to human civilization.

Despite the robustness of these results, the findings
were often attacked on methodological grounds (e.g.
Cole, 1979; Dennis, 1954d, 1956; Zuckerman &
Merton, 1972). These criticisms largely focused on the
post-peak decrement, arguing that it was some kind of
artifact. Of the various criticisms, the following three
were the most important (Simonton, 1988a):

(1) The empirical age curves were obtained by aggre-
gating output across large numbers of notable
creators. Although this seems like a reasonable
procedure, it opens the way for the introduction of
spurious results. There is no guarantee that what
holds at the aggregate level will in fact be
descriptive of what holds at the level of all the

individuals composing the aggregate. That is, there
may intrude some form of aggregation error. The
most obvious instance are the consequences of the
fact that not all creators live to the same ripe old
age (Dennis, 1956). Because no creative genius
can ever continue output after death, the number of
works produced by those in their 80s will be
necessarily less than those produced by those in
their 40s simply because more people live to 50
than live to 90. Hence, the aggregate tabulations
will display an exaggerated age decrement. For-
tunately, there are several methods for removing
this artifact (Simonton, 1988a, 1991a). For
instance, Quételet (1835/1968) calculated creative
output per age period after making adjustment for
the number of creators still alive each age period.
Dennis (1966), however, confined his samples to
creators who had lived to become octogenarians.
Whatever the procedure adopted, the outcome is
clear: the age decrement is not the result of some
aggregation error (Simonton, 1988a).

(2) For most creative domains, the number of creators
making contributions to those domains has
increased over historical time (Lehman, 1947;
Simonton, 1975b, 1988b, 1992a). This increase is
due to both the exponential growth of the human
population in general (Taagepera & Colby, 1979)
and the explosive growth of activity in certain
domains, such as those in the sciences (Price,
1963). What this means is that as creators get older,
they have to endure more competition from
colleagues than they had to face at the beginning of
their career (Dennis, 1954d). That increased com-
petition may imply increased difficulties getting
papers published, patent application approved,
paintings exhibited, or films distributed, depending
on the creative domain. One problem with this
criticism, of course, is that it implicitly assumes
that the vehicles or outlets for disseminating
creative products have not increased in the same
proportion as the number of active creators. In the
sciences, for instance, the number of professional
journals has also grown explosively. More impor-
tant, however, is the fact that the age decrement in
creative output cannot be dismissed as a spurious
consequence of increased competition (Simonton,
1988a). The post-peak decline still appears even
after introducing controls for the number of
competitors active in each age period (e.g. Simon-
ton, 1977a).

(3) Many of the early studies, such as those conducted
by Lehman (1953), did not tabulate total output,
but rather only included high-impact or highly
acclaimed works in the tabulations. It has been
argued that this practice exaggerates the observed
age decrement (e.g. Dennis, 1955d). The hypothe-
sized distortion arises from the supposition that the
age curves for total output has a more or less flat

298

Dean Keith Simonton Part IV



post-peak age trend (see, e.g. Dennis, 1966).
However, ever since Quételet’s (1835/1968) pio-
neering investigation, this assumption has been
shown to be plain wrong (see also Simonton,
1977a, 1985, 1997b). When lifetime output is split
into ‘hits’ and ‘misses’ and then tabulated into
separate time series, the resulting age curves are
virtually identical. Those age periods with the most
hits are also those with the most misses. Hence,
across the career course, quality of output is
closely associated with total quantity. Even more
astonishing, the quality ratio or hit rate—the
number of hits per age period divided by the total
number of attempts (hits plus misses)—does not
systematically increase or decrease over time, nor
does it exhibit some curvilinear form (Oromaner,
1977; Over, 1989; Simonton, 1977a, 1985, 1997b;
Weisberg, 1994). Instead, the quality ratio fluc-
tuates unpredictably over the course of the career,
hovering around some average hit rate. This
longitudinal constancy in the proportion of hits to
total attempts has been called the equal-odds rule
(Simonton, 1997b; cf. Simonton, 1988a).

In light of the foregoing, the conclusion is inevitable
that an age decrement does indeed tend to appear in the
latter part of the career. Even so, there do exist several
factors that govern the specific shape and location of
the age curve, including the magnitude of the post-peak
decline. The more crucial of these moderating variables
are discussed below.

Career Age Versus Chronological Age

The original research plotted output as a function of the
creator’s chronological age (Dennis, 1966; Lehman,
1953; Quételet, 1835/1968). However, this is not the
only longitudinal function possible. A significant
alternative is to consider creative output as a function
of how long the creator has been producing original
ideas in a given domain. This alternative has been
called ‘career’ or ‘professional’ age (Bayer & Dutton,
1977; Lyons, 1968; Simonton, 1998a). For instance,
the productivity of a scientist might be gauged from the
age in which he or she received the Ph.D. in the chosen
specialty (e.g. Lyons, 1968). Admittedly, in many
instances the chronological age and career age will
correlate very highly across large samples of individual
creators (Bayer & Dutton, 1977). This correlation
results from the fact that the age at career onset will
often be very similar—usually sometime in the middle
or late 20s (Raskin, 1936; Simonton, 1991a). Even so,
the age at which the career begins is by no means fixed,
permitting some appreciable discrepancies to take
place (Simonton, 1998b). Given this possible variation,
the question then arises: Which longitudinal function is
most descriptive, one based on chronological age or
one based on career age? Recent empirical research
points to the second definition as the more appropriate

(Simonton, 1988a, 1991a, 1997b). The longitudinal
changes in creative output are best described in terms
of career age. If a creator launches the career earlier
than normal, the peak will appear earlier in terms
of chronological age but in the same place in terms of
career age. Likewise, a late start in the career will shift
the whole career trajectory over to the later years of
life.

The dependence of creative output on career age has
two valuable implications:

(1) Nothing prevents a creative genius from attaining a
career peak at a chronological age when the vast
majority of creators are well into the age-decre-
ment portion of the age curve (i.e. ‘over the hill’).
A concrete example of such an exceptional ‘late
bloomer’ is the Austrian composer Anton Bruck-
ner. Not discovering his mission as a symphonist
until he was in his late 30s, his first undoubted
masterpiece did not appear until he was 50, and his
last great work was left incomplete when he died in
his early 70s. His best works appeared over a
20-year interval, which is normal, but the whole
career was atypically shifted over by more than 10
years. Another fascinating instance is the career of
the French scientist Michel Eugène Chevreul.
Having already had an extremely productive career
as a chemist, in his 90s he began to notice the
effects of aging. This observation inspired him to
switch fields and thereby become a pioneer in
gerontological research—and simultaneously
resuscitate his creative potential. His last publica-
tion appeared when he was 102, just one year
before his death at age 103.

(2) If the longitudinal function involves career age
rather than chronological age, then creative pro-
ductivity across the life span must be the
consequence of something intrinsic to the creative
process itself. In fact, I have offered a mathemat-
ical model that explains this phenomenon in terms
of a two-step cognitive process (Simonton, 1984b,
1991a, 1997b). In the first step, creative potential is
gradually converted to various ideas that make up
‘works-in-progress’ (the ideation stage); in the
second step, these ideas are transformed into
finished products (the elaboration stage). However,
attempts to explain the career trajectory according
to extrinsic factors are doomed to fail. For
instance, insofar as the aging process is contingent
on chronological age, then the age decrement
cannot be attributed to declines in cognitive or
physical functioning (cf. Lehman, 1953; McCrae,
Arenberg & Costa, 1987). Indeed, as the Bruckner
case illustrates, nothing prevents someone from
reaching a career peak at an age when the aging
process should already have been well advanced.
This is not tantamount to saying that these various
extrinsic factors are totally irrelevant. For example,
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it could very well be that a career peak that occurs
in the 30s or 40s might display a higher quantity of
output than a career peak that occurs in the 50s or
60s. Nevertheless, the shape of the age curve is
decided by how long the creative genius has been
active in the domain, not by how old he or she
happens to be.

This last point will receive additional support in the
next section.

Domain of Creative Achievement

The two-step cognitive model mentioned above pre-
dicts that the specific shape of the career trajectory will
necessarily vary according to the rates of ideation (in
step one) and elaboration (in step two). Moreover, the
ideation and elaboration rates will depend on the nature
of the ideas that make up a given domain of creativity
(i.e. their abstractness, diversity, number, and complex-
ity). Hence, as an immediate consequence, the model
predicts that the expected trajectories should vary
across distinct domains (Simonton, 1984b, 1991a).
This prediction has been abundantly confirmed (Den-
nis, 1966; Lehman, 1953; Simonton, 1991a). For
instance, lyric poets, in comparison to novelists, tend to
reach their peaks earlier and to exhibit much steeper
post-peak declines (Lehman, 1953). In fact, the
characteristic career trajectories can be used to estimate
the ideation and elaboration rates for various creative
domains (Simonton, 1984b, 1989a). Needless to say,
because the ideation and elaboration rates are intrinsic
properties of the creative process, these results again
confirm that longitudinal changes in creative output are
determined more by career age than by chronological
age (Simonton, 1989a, 1991a, 1997b). After all, the
aging process is probably the same for all creators,
whether they be poets or novelists, mathematicians or
geologists, and thus it would be difficult to explain,
except on a post hoc basis, the distinctive career peaks
and age decrements.

The domain contrasts in career trajectories have
important consequences regarding the longitudinal
location of a creator’s career landmarks (Simonton,
1991a, 1997b; cf. Raskin, 1936). These landmarks
indicate three events: the age of the creator’s first great
work, the age of the creator’s single best work, and the
age of the creator’s last great work. In other words, the
landmarks pinpoint the onset, acme, and termination of
that period of the career in which high-impact works
are being produced. According to the equal-odds rule
mentioned earlier, quality is a function of quantity, and
therefore those periods that feature the greatest total
output will tend to be those that contain the most
influential work. Because the single best work will be
found among the best works, the age for this career
landmark must differ appreciably across creative
domains, closely tracking the expected age for the

maximum output rate. That prediction has been amply
confirmed for domains in both the arts and sciences
(Simonton, 1988a, 1997a). For instance, lyric poets
produce the best work at a younger age than do
novelists, a difference that is transhistorically and
cross-culturally invariant (Simonton, 1975a). An analo-
gous set of arguments apply to the other two career
landmarks. For example, those fields that display the
most severe post-peak age decrements in total output
will tend to be those in which the last influential work
will appear earlier in the career (Simonton, 1991a).
Conversely, those domains in which the decline is
negligible will tend to see great contributions appear
very late in life. This tends to be the case for such fields
as history and philosophy (Dennis, 1966; Lehman,
1953; Simonton, 1989a).

Nonetheless, the next moderating factor is even
more powerful in determining the longitudinal location
of the first and last major work.

Individual Differences in Creative Potential

At this chapter’s outset I noted how much creators can
vary in terms of total lifetime output. The most
outstanding creators in a given domain will often be
hundreds of times more productive than are their least
prolific colleagues (viz., those who made only one
contribution each). According to the two-step cognitive
model, these individual differences in lifetime output
can be credited to an underlying latent variable called
creative potential (Simonton, 1991a, 1997b). The
higher the level of creative potential an individual
enjoys, the more ideas can be generated in a given unit
of time. In other words, high creative potential
manifests itself as a higher mean output rate throughout
the career course, which necessarily includes a higher
than normal maximum output rate. However, someone
with low creative potential will exhibit a low mean
output rate and a low maximum output rate. Otherwise,
the career trajectories will be unchanged. The follow-
ing pair of implications result:

(1) Those who are highly prolific in their 40s will have
been highly prolific in their 20s and 30s and will
continue to be so in their 50s, 60s, and subsequent
decades, as their life spans permit. In contrast,
those who are less prolific in their 40s will have
been correspondingly less prolific in the decades
either before or after. So creative output per unit of
time must exhibit considerable longitudinal stabil-
ity (Cole, 1979; Dennis, 1954b; Helmreich, Spence
& Thorbecke, 1981). In particular, the correlations
among the output levels for various pairs of
decades will be uniformly high. Even more
critically, the correlations will all be approximately
the same size (Simonton, 1997b). Hence, the
correlation between output in the 30s and output in
the 50s will be about the same magnitude as the
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correlation between output in the 30s and output in
the 40s. This turns out to be an especially
important consequence of there being a single
latent variable, creative potential, underlying out-
put in each period (Simonton, 1997b). It means
that the intercorrelations follow what is known as a
‘simplex structure’, a pattern that completely
contradicts alternative theories of longitudinal
stability (cf. Simonton, 1991c). According to the
theory of cumulative advantage (Allison, Long &
Krauze, 1982; Allison & Stewart, 1974), for
example, output in adjacent decades should be
more highly correlated than those in nonadjacent
decades, yielding a correlation typical of an
autoregressive process (Simonton, 1997b). But that
prediction is strictly disproven.

(2) Individual differences in creative potential also
have critical repercussions for the location of the
three career landmarks (Simonton, 1991a, 1997b).
To keep the argument simple, imagine two creators
working within the same discipline and who
started their careers at the same age, but who differ
greatly in creative potential. Then the career
trajectories for the two creators will look identical,
except that the curve for the high-potential creator
will have a higher amplitude. That is, high creative
potential is associated with more productivity
throughout the career course. In the case of the
middle career landmark—the age at the best
work—this difference in amplitude will make no
difference whatsoever. Because the best work will
be located around the age of maximum total
output, both high- and low-potential creators will
produce their most influential product at the same
age. Nonetheless, something very different occurs
for the first and last career landmarks. Because the
creator with the highest potential is accumulating
output at a faster rate in the first decade of the
career, the chances increase that he or she will get
their first hit sooner. Similarly, because the high-
potential creator is producing at a higher rate in the
final decade of the career, he or she will claim the
last hit later in life. Hence, the higher the creative
potential, the earlier appears the first landmark, the
later appears the last career landmark, but the
location of the middle career landmark remains
unchanged (Simonton, 1991a, 1997b). Whether
creative potential is gauged by total lifetime
output, maximum output rate, mean output rate, or
achieved eminence, these expectations have been
amply confirmed in empirical research (Raskin,
1936; Simonton, 1991a, 1991b, 1992b, 1997b).

Significantly, cross-sectional variation in creative out-
put is far greater than longitudinal variation (Levin &
Stephan, 1989, 1991; Over, 1982a, 1982b; Simonton,
1997b). As a consequence, if one is trying to predict a
creator’s productivity in a particular age period, it is far

more crucial to know who the person is than how old
that person is. Take the typical case of a domain with
an age decrement of 50% between the peak in the 40s
and the decade of the 70s. Someone with a low creative
potential who produces a total of two products at their
career acme would be expected to produce but one
product in the 70s. In contrast, someone with a high
creative potential might generate 100 products in the
40s, and thus anticipate an output of 50 products in the
70s. Hence, the highly creative septuagenarian would
be 25 times more productive than the low-creative
individual at his or her career peak!

Career Flexibility and Openness

Judging from what has been said thus far, creative
potential may seem to operate like a retirement
account. During the developmental period of a future
creator’s life, deposits are made into this account, so
that creative potential slowly builds up to a sizable
‘nest egg’. Then during the productive period of the
active creator’s career, withdrawals are made from this
account to ‘purchase’ creative products to offer the
world. Some creators may have big accounts that
enable them to buy a large inventory, whereas others
only have a meager account that barely maintains some
semblance of productivity. But in either case, the
account is gradually used up, only those with the most
impressive savings at the outset having any hope of
having the supply last until death renders the funds
unnecessary anyway.

This conclusion is not entirely unjustified. The
amount of time and energy that a person can devote to
creative development is far greater in childhood and
adolescence than in adulthood, when a myriad of
responsibilities and distractions may interfere. For
instance, future great scientists usually devoted about
50 hours per week in graduate school to attaining
mastery of their chosen discipline (Chambers, 1964). It
is very difficult for a fulltime professor to maintain this
level of continuing education. Course preparation and
grading, committee meetings, and other professorial
tasks compete for on-the-job time, while ever growing
family responsibilities and activities vie for what time
remains. Even so, studies of eminent scientists suggest
that they manage to adopt strategies that serve to
resuscitate creative potential at least to some degree.
The following three strategies seem especially valua-
ble:

(1) Omnivorous reading was previously indicated as
playing a major role in creative development. Such
reading habits continue to preserve creative poten-
tial throughout the careers of highly successful
scientists (Blackburn, Behymer & Hall, 1978;
Dennis & Girden, 1954). The latter not only read
extensively in their own specialty, but also try to
keep up on the latest advances in disciplines
adjacent to their own (R. Simon, 1974).
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(2) High-impact scientists tend to have extensive
contacts with other scientists (Crane, 1972; Simon-
ton, 1992c). The notion of the ‘lone genius’ is thus
pure myth. These contacts consist of colleagues,
collaborators, and competitors who, in one way or
another, help stimulate and thus maintain the
capacity to generate new and fruitful ideas. Those
scientists who have these exchanges to an excep-
tional degree accordingly tend to have longer and
more productive careers (Simonton, 1992c).

(3) Great scientists do not work on one idea until it is
exhausted, and then switch to another idea to push
to the hilt (Garvey & Tomita, 1972). Instead, they
tend to have several works in progress going on
simultaneously, each at various degrees of develop-
ment, and each having variable odds of having a
successful outcome (Dunbar, 1995; Hargens, 1978;
Root-Bernstein, Bernstein & Garnier, 1993; R.
Simon, 1974). Not only does this provide them
with a backup project when another project
encounters unforeseen obstacles, but also cross-
talk will often occur among the various projects so
that the solution to one problem may lead to the
solution to another, even seemingly unrelated
problem (Tweney, 1990; see, e.g. Poincaré, 1921).
The latter possibility is reinforced by the fact that
prolific scientists tend to engage in a ‘network of
enterprise’, that is, a collection of diverse but
nonetheless interrelated ideas (Gruber, 1989; see
also Feist, 1993; Simonton, 1992b). The ideational
interaction among these projects helps the scientist
get more mileage out of his or her creative
potential.

Although the above three points concern scientific
creativity, it is likely that similar strategies facilitate the
maintenance of creative potential in artistic creativity.
Thus, great artists, in contrast to their lesser colleagues,
also tend to participate in abundant interrelationships
with fellow artists (Simonton, 1984a). Likewise, the
greatest composers appear to sustain their creativity by
switching back and forth between different genre
(Simonton, 2000) and by engaging in various stylistic
shifts (Martindale, 1990; Simonton, 1977b). Hence, it
is probably a general phenomenon. If a creative genius
wants to avoid ‘drying up’ or ‘running out of steam’, it
behooves him or her to be flexible and open throughout
the career course (see also Georgsdottir, Lubart &
Getz, 2003).

Exogenous Career Influences

The creative genius does not generate ideas in isolation
from the outside world. On the contrary, many external
events impinge on creators during the course of their
careers. These extraneous events can deflect the career
trajectory from what would be anticipated on the basis
of what has been discussed so far. Such external events
are of two kinds, the impersonal and the personal.

Impersonal
Earlier in this chapter I listed some of the political
events that contribute to creative development, such as
civil disturbances. Some political events, however,
have little or no effect on the acquisition of creative
potential but instead have an impact on the realization
of that potential. The best example is war. In general,
war has a negative repercussion on creativity, both the
quantity and quality of creative products declining
when conceived under wartime conditions (Fernberger,
1946; Price, 1978; Simonton, 1976b, 1980a, 1986c). To
be more precise, major wars between nation states are
associated with an overall decline in creativity in the
participating countries. In contrast, wars fought far
away from the homeland, like European imperial or
colonial wars in Africa, Asia, or the Americas, had no
consequences whatsoever, whether positive or negative
(Simonton, 1980a). Thus, the two World Wars were
detrimental to creative output in European nations, but
not the Boer War in South Africa, the Spanish
Conquest of Mexico or Peru, or the Opium War in
China. In short, the war had to be of the sort that would
have a direct impact on the creator. It is also essential
to note that the negative repercussion of military
conflict tends to be short-lived or transient (Price,
1978; Simonton, 1975b). When peacetime conditions
return, creativity recovers quickly, at least at the
individual level. The latter stipulation is necessary
because sometimes the impact of war is so devastating
on a particular country that many of its most creative
denizens end up seeking their fortunes in nations less
harmed by the events. A case in point is the episode of
the numerous and illustrious creators who enriched the
United States by the end of the Second World War.

Incidentally, dramatic political events and circum-
stances like war affect creative output in yet another
manner—the very nature of the piece. For instance, the
thematic content or style of a creative product tends to
betray its conception under wartime conditions (Cer-
ulo, 1984; Martindale, 1975; Simonton, 1986a, 1986c).
That is, to a certain extent the product reflects the
external conditions in which it was created. This even
holds for scientific creativity, including creative prod-
ucts in psychology (McCann & Stewin, 1984; Padgett
& Jorgenson, 1982; Sales, 1972).

Personal
No matter what the magnitude of achievement, the
creative genius remains a human being, with a personal
life that can sometimes interfere with work. One
obvious source of interference is any serious bout with
physical illness (Lehman, 1953; Simonton, 1977a).
Perhaps more subtle, but still a harmful intrusion is
having a family life. Francis Bacon (1597/1942) put the
problem this way:

He that hath wife and children hath given hostages to
fortune; for they are impediments to great enter-
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prises, either of virtue or mischief. Certainly the best
works, and of greatest merit for the public, have
proceeded from the unmarried or childless men,
which, both in affection and means, have married
and endowed the public. (p. 29)

In support of this observation, Havelock Ellis (1926)
noted from his scrutiny of British geniuses that there
was “a greater tendency to celibacy among persons of
ability than among the ordinary population” (p. xiv).
Not counting priests, the rate was nearly 1 out of 5.
Another investigation into the lives of a more elite
sample of historic figures found that 55% never
married (McCurdy, 1960). Marriage often tends to
abbreviate or depress the creative career (Kanazawa,
2000), an adverse consequence that may mostly result
from the cares and responsibilities imposed by parent-
ing children (Hargens, McCann & Reskin, 1978;
Kyvik, 1990).

It goes without saying that these negative repercus-
sions of marriage can be more severe for female
creators than for their male colleagues. Thus, women
who win an entry in Who’s Who are four times more
likely than similarly illustrious men to be unmarried
(Hayes, 1989). In addition, those who do get married
tend to do so at a later age than is the norm for their
social class (Ellis, 1926), and these successful women
who somehow fit marriage in their lives are three times
more likely to be childless in comparison to compara-
bly accomplished married men (Hayes, 1989). In fact,
between 1948 and 1976 in the United States, the
proportion of doctorates that were granted to women
correlated –0.94 with the average cohort fertility, a very
remarkable aggregate-level correlation (McDowell,
1982).

I mentioned that impersonal factors may shape a
creative product’s content or style. Personal factors can
also have this consequence. For instance, research on
the musical compositions making up the classical
repertoire has shown that the originality of the melodic
material is positively associated with the intensity of
stress that the composer was experiencing at the time
of a work’s creation (Simonton, 1980b, 1987b). In a
sense, the unpredictability of the musical themes
reflects the unpredictability of the creator’s life.

The Termination of a Creative Life and Career
This chapter began at the moment of conception—
when creators-to-be inherit a distinctive collection of
genes from their parents. From that initial impetus we
traced the acquisition of creative potential, including
family experiences and conditions, education and
training, and even the epigenetic growth of the
individual’s inborn potential. We next switched gears to
examine how that potential was realized during the
course of a creative career. This examination included
endogenous factors like age at career onset, domain of
creativity, and magnitude of creative potential as well

as exogenous factors like war, family, and health. The
end result of these diverse factors is a body of work on
which all creators must stake their respective reputa-
tions (Galton, 1869; Simonton, 1991c). Even so, a
somewhat pessimistic saying laments that ‘all good
things must come to an end’. Even the most out-
standing genius must eventually die, an event that must
once and for all cut off transformation of potential
creativity to actual creative products.

Curiously, although the creative life must be ended
by death, the very timing of the moment of death is
partly contingent on the nature of that creative life. In
particular, life expectancies vary according to the
specific domain in which a genius attains eminence
(Cox, 1926; Simonton, 1997a). Not only do writers
tend to die younger than creators in other fields do
(Kaun, 1991), but among writers, poets tend to have
shorter life spans than do the rest (Simonton, 1975a).
Although scientists as a group tend to enjoy long lives
(Cassandro, 1998; Cox, 1926), eminent mathema-
ticians constitute a notable exception (Simonton,
1991a). According to these data, anyone who aspires to
exceptional longevity should avoid becoming either a
mathematician or a poet!

Exactly why these life-expectancy contrasts appear
is more problematic. One explanation is predicated on
the fact that life span is negatively correlated with
creative precocity (Simonton, 1977b; Zhao & Jiang,
1986). That is, those who achieve their first career
landmark at a younger age tend to die younger as well.
Because the various domains of creativity differ in the
age at which the first contribution tends to appear, it is
conceivable that the life expectancies merely track the
contrasts in precocity (Simonton, 1988a). Hence, poets
and mathematicians may die younger because they are
prone to create influential products at younger ages
than creators in other artistic or scientific domains. Yet
this answer somewhat begs the question. Why do
precocious creators die younger in the first place?
Conceivably this might merely represent a sampling
artifact. Because eminence is impossible without
producing at least one high-impact work, those who
accomplish this achievement at younger ages can still
die young and claim some place in the history of their
discipline.

Although this explanation seems plausible, empiri-
cal studies show that it cannot completely account for
the domain contrasts in life expectancy (Cassandro,
1998; McCann, 2001). Other factors must be operating
as well. One such variable is psychopathology, for the
rates of mental disorder vary across disciplines (Lud-
wig, 1995; Post, 1994). For instance, poets are more
disposed towards psychopathology than are other
creators (Ludwig, 1995). In addition, such psycho-
logical difficulties are indicative of a shortened
lifespan. The latter effect may result from outright
suicide (Lester, 1991) or from unhealthy behaviors,
such as alcoholism (Davis, 1986; Lester, 1991; Post,
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1996). Both suicide and alcoholism are in fact very
common among poets as well. Nonetheless, this
explanation raises yet another question: Why is
psychopathology unevenly distributed among the alter-
native domains of creative achievement? Is it because
young creative talents choose the domain that best fits
their own personality disposition? Or is it because
achievement domains differ greatly in the stresses and
strains that creators must confront to achieve distinc-
tion? Apropos of the latter alternative, there is evidence
that the stresses of creative achievement can increase
psychopathological behaviors (Schaller, 1997) and that
different achievement domains vary in the amount of
stress they impose (Simonton, 1997a). Yet this explana-
tion cannot completely solve the puzzle. For example,
highly versatile scientific creators—those who make
contributions to more than one domain—have shorter
life spans than do colleagues who confine themselves
to a single field, but the same does not hold for artistic
creators (Cassandro, 1998). How can this be? In all
likelihood the connection between life span and the
creative domain is the joint function of a host of factors
operating in complex interactions.

Whatever the explanation, creative geniuses are
seldom blind to the approaching termination of their
careers. Except in cases of lethal accidents or homi-
cides, creators will often see the end coming. The
decline in mental functioning and physical health will
become ever more apparent, and the rate at which death
takes away a colleague, friend, or family member will
gradually accelerate. Under such circumstances, crea-
tors may experience some kind of ‘life review’ (Butler,
1963). Past goals, ambitions, plans, and hopes will
undergo reminiscence and reassessment. This end-life
process may then influence the creative ideas that
emerge from their minds.

Now there are data showing that creative individuals
can experience significant psychological transforma-
tions as death approaches near. For instance, they are
more likely to display some decline in conceptual
complexity (Suedfeld, 1985; Suedfeld & Piedrahita,
1984). It is significant that this tendency toward
cognitive simplification is not seen in those who died
unexpectedly, and that the declines are a function of
proximity to death, not of age per se. More to the point,
research has indicated that changes do indeed take
place in the creative products that emerge toward the
end of life. For example, artists frequently evolve a
distinctive ‘old-age style’ (Lindauer, 1993; see also
Munsterberg, 1983). A frequently cited case is that of
Titian, the Italian painter whose late Christ Crowned
with Thorns, a product of his 90s, departs dramatically
from the style on which he based his fame. Naturally,
some might be inclined to dismiss these late-life
creations as sad illustrations of the deteriorating
powers of a once-great genius. But such a judgment
would be incorrect. In fact, the works that emerge
during those closing years can surpass anything that the

creator has done for years. It is almost as if the creator
is pouring into these final thoughts every remaining
ounce of their creative potential. Accordingly, these
products can constitute ‘last artistic testaments’ that
provide fitting capstones to the creator’s entire career.
This more favorable interpretation is supported by the
swan-song phenomenon (Simonton, 1989b).

Music critics and historians have often suggested
that classical composers can feature creative trans-
formations in their final years (e.g. Einstein, 1956).
Instances include the Four Serious Songs of the
63-year-old Johannes Brahms or the Four Last Songs
of the 85-year-old Richard Strauss. Of course, these are
both cases in which the composers were very old.
Yet last-work effects have been attributed to works
of much younger composers, such as Franz Schubert’s
appropriately titled Schwanengesang, published post-
humously after the composer died only 31 years old.
Supporting these conjectures is a quantitative study of
the works created by 172 classical composers, includ-
ing those just noted (Simonton, 1989b). Each
composition was scored on several variables, such as
melodic originality, duration, aesthetic quality, and
popularity in the repertoire. The analysis then deter-
mined how these variables changed as a function of the
work’s proximity to the composer’s death year. To
avoid confounding the closeness of death with the
composer’s age, the latter was statistically partialed out
(along with numerous other potential sources of
artifact). The outcome was clear. Regardless of age,
compositions created within or close to the year of
death were highly distinctive. To be specific, they
tended to be shorter and to contain less original
melodies. At the same time, late-life works tended to
score high in aesthetic significance and to secure a
prominent place in the classical repertoire. These were
not inferior creations by any means, but masterpieces
that managed somehow to say more with less, to
encapsulate a career in an elegant and forthright
affirmation. Even if outstanding creators cannot usually
decide when their creativity is going to end, they retain
capacity to pronounce how their creativity is going to
end.
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Abstract: Discovering the principles that underlie innovation requires a variety of research
strategies. One counter-intuitive strategy is to study populations whose extreme circumstances
make innovation unlikely. The principles abstracted here are derived from case studies of frail
elderly people living in nursing homes. Varied innovations are described and interpreted as a
consequence of the interaction between external stressors and internal characteristics, despite
significant environmental and personal limitations. The article examines the validity of the fit
between these observations and Amabile’s description of necessary and sufficient components for
innovative behavior.
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Introduction
Understanding the principles that reliably predict
innovation will require all of the customary tools in our
collective research tool kit. Even then, it is likely that
we will have to develop still more techniques because
the nature of the phenomenon we are seeking to
understand is not only pervasive but also inherently
surprising and complex. Consequently, the present
chapter begins by offering a brief rationale for the
mildly unusual approach presented here: naturalistic/
clinical observations of a population unlikely to
practice innovation, specifically, the frail elderly living
in nursing homes.

Interspersed throughout the chapter are three case
study reports that progressively describe: (a) a problem
requiring innovation; (b) failed or marginally success-
ful solutions to that problem that force the innovating
individuals to clarify the problem and search for
alternative answers; and (c) eventual innovations. The
chapter abstracts principles that emerge from the
combination of relevant literature and these case
observations.

The only modifications to these case studies are
those details necessary to honor the customary con-
straints of confidentiality and informed consent.

The Complex Causes of Innovation
Like the proverbial swan gliding elegantly on the water
but paddling furiously beneath the surface, the product

of innovation may appear to be a single, elegant act, but
the process that produces that innovation is a multi-
factored, emotionally complex process (Shaw, 1994). A
variety of theoretical models with varying degrees of
empirical support agree on this fundamental observa-
tion about the complex nature of innovation (Runco &
Shaw, 1994). One such model, useful because it is
directive (Albert & Runco, 1990) that also proposes
creativity-enhancing interventions (Amabile, 1990), is
Amabile’s (1983) componential framework, used to
understand the innovations described here. Those
components include domain-relevant skills, creativity-
relevant skills, and task motivation.

At the broadest definitional level, Amabile (1990,
p. 66) recognizes that there is a fairly high consensus
that both creativity and innovation are accurately
defined as consisting of both novelty (or originality)
and whatever works (effectiveness). At a more specific
level, the components articulated by Amabile continue
to bear a fairly high level of face validity as well as
allowing for more discriminating predictions and
applications. For example, her componential definition
worked well in a study of a particular technological
evaluation (Heinzen, 1990) revealing that one form of
distance education (one-way video, two-way audio)
met or exceeded participant expectations within each
domain except for that related to creativity-relevant
skills, particularly creative thinking. Participants were
disappointed in the degree to which this technology did
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not facilitate creative thinking. The twin elements of
novelty and effectiveness were embedded in this more
detailed analysis of a particular technology. The model
also appears to offer some measure of construct
validity, as suggested by the way it clarified the
distinctive roles played by mid-level managers in state
government documented as producing innovation in
spite of the bureaucratic restraints (Heinzen, 1990,
1994). In this example, novelty and effectiveness
represented distinctive roles played by particular
managers that, when functioning as a team, led to
innovation with state government. The model also
more pragmatically articulated unplayed roles that
tended to block innovation while contributing to a
particular kind of organizational analysis.

Each of the components is complex. For example,
the affective component of the innovation process
appears to include a range of cognitively driven self-
assessment activities at various points in the process
(Shaw, 1994). Similarly, the pragmatic skills which
support innovation within particular domains (such as
medical research, non-fiction literature, cooking, or
public administration) are themselves unique to the
domain and even more specific to the particular tasks
within those sub-domains (Heinzen, 1994b). For exam-
ple, innovations within public administration involve
fairly mundane skills such as being able to run a good
meeting to a detailed knowledge of the causes of public
transportation successes and failures in diverse com-
munities, as well as the differential causes of those
outcomes (Heinzen, 1994a). But the component most
difficult to understand appears to be the affectively
related component of task motivation.

The motivational component of innovation is the
subject of intense, thoughtful theoretical and empirical
debate. The debate focuses on both the measurement
and validity of the distinction between intrinsic and
extrinsic motivation and their varying consequences
(Eisenberger & Cameron, 1996). This slow but impor-
tant level of empirical debate is beneficial to our
understanding of innovation as it forces us to clarify
our terms and intended meanings. But for the time
being, we can use this brief review of innovation
literature to assert a fairly obvious but nevertheless
important recognition: the process that produces inno-
vation is complex.

Case Study 1: The Difficulties of a Smoking Habit
in a Nursing Home
B. V. is an 84-year-old, long-term cigarette smoker
who was compelled, by a stroke, financial circum-
stances, and limited family support, to move to a
nursing home following a stroke. The stroke left B.
V. confined to a wheelchair with limited use of her
left side in both the upper and lower extremities. In
addition to the stroke, B. V. was suffering from
severe, long-term depression related to the shock and
adjustment requirements of moving away from her

previously supportive but aging community support
network to a nursing home much closer to her
nearest relative. In these circumstances, B. V.
declared that the chief satisfaction of her life was “to
smoke cigarettes, and I don’t care at all if it kills
me”. She especially wished to start her day with an
early morning cigarette.

The nursing home was understandably not eager
to support a smoking habit within a facility where
many residents were immobile and maintaining
respiratory function through oxygen support. In
addition to concerns about B. V.’s health, the nursing
home also worked hard to remove all fire hazards
and was particularly sensitive to threats posed by
long-term smokers. Consequently, B. V. reluctantly
agreed to a ‘contract’ limiting her cigarette smoking
to one cigarette in the morning and another in the
evening, outside the facility, and only while super-
vised. However, B. V. also was free to smoke more if
she could persuade others to help her achieve these
safety requirements. Regardless of whatever ethical
issues are engaged by this decision, the resulting
situation was that B. V. was a highly motivated
smoker. She was limited by severe mobility deficits
(barely strong enough to wheel her own wheelchair),
by living on the third floor of a nursing home, and by
needing an elevator to take her to the ground floor
where she might be able to go outside and smoke. It
is within the context of her severe limitations as well
as her highly motivated (i.e. addictive) desire to
fulfill this goal of smoking as much as possible that
we can view and come to understand her innova-
tions.

Innovation and Unusual Methodologies
Although there is frequently significant reluctance to
give credence to innovative scientific methods and their
sometimes disturbing conclusions, the history of sci-
ence suggests that our degree of openness to new ways
of addressing scientific issues significantly contributes
to the energy that drives scientific revolutions (Kuhn,
1962). Scientific discoveries in psychology certainly
are no exception. For example, a significant amount of
research on attraction depended on a simple experi-
mental paradigm developed by Byrne (1971). As
another example, research on self-recognition among
both infants and infants depended upon ‘dreaming up’
the idea of placing colored dots on foreheads and
observing their behavior before a mirror (Gallup, 1977,
1995). That idea was adapted by Cameron (1988) to
observe infants ‘playing’ with their shadows. This
methodological innovation clarified (and lowered) the
age at which we can demonstrate infant self-recogni-
tion.

The slow progression of knowledge in psychology is
the consequence of these innovative methodologies as
surely as other sciences have depended upon improved
capabilities to view previously unseen phenomena by
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progressively more inventive microscopes. Moreover,
as a subject of investigation, innovation is by definition
both surprising (novel) and wide (pervasive), yet
nonetheless deep (complex). The principles that predict
and support innovation are diverse because innovation
occurs across ‘disciplines’, drives evolution (Heinzen,
1994b), yet produces adaptive responses that individ-
uals report as personally transforming. So a second
common-sense assertion about innovation, also drawn
from the literature, is that understanding innovation
will require a wide range of methodological
approaches. The study of unlikely populations is one
such methodological innovation capable of producing
insights into innovation that may generalize to other
populations.

Case Study 2: How to Repair a Velcro Strap

A. S. is a 94-year-old male who is in generally good
health. However, he fatigues quickly and has diffi-
culty using his fingers due to arthritis. Nevertheless,
he retains a sense of humor and enthusiasm for
problem-solving, reminiscing, and eating even
though his taste sensitivity has been severely limited.
A. S. lives in a nursing home, and his source of
discretionary spending is limited to fifty dollars per
month. He is obligated by the practice of this
particular home to spend most of that money on a
clothing allowance and toiletries in addition to those
already supplied, and any gifts, cards, or ‘extras’ that
he may desire.

His immediate problem was that he spilled
broccoli soup on the strap of his sneakers. The straps
use velcro to secure the shoes to his feet. The soup
proved to be difficult to clean and the consequent
scrubbing damaged the velcro so that the velcro strap
no longer ‘grabbed’ efficiently; although the straps
fastened initially, they came apart when A. S.
walked. A. S. was reluctant to ask the aide for further
assistance because he felt embarrassed at being
needy in any form; he also enjoyed the challenge of
trying to solve problems himself. This was a fairly
urgent problem because A. S. could not walk
confidently or very far unless his shoes were
securely fastened to his feet.

Insights From Non-Representative Samples

Studying unlikely or inappropriate populations is
among the counter-intuitive approaches and techniques
that appear to have provided an unreasonable level of
scientific advance. For example, the particular and very
small proportion of the HIV-positive population who
do not develop full-blown AIDS is now serving as one
promising model for how to understand, treat, and
maintain immune function and thus manage the disease
(Kolata, 2001). In this case, the non-representative
exception to the rule may prove to be instructive.

The effectiveness of a different kind of ‘error’ was
demonstrated by Piaget. Piaget broke several funda-
mental rules of population sampling by his attentive
(perhaps we should dare to say ‘loving’ or at least
‘fascinated’) observations of his own children.
Although details of his theories have been modified, it
was Piaget’s own inventiveness in documenting his
observations that led to their subsequent refinement.
Moreover, his core observation of cognitive develop-
ment, as well as the methods he used to document
those observations, has led to thousands of studies,
theoretical variants, and distinctive interventions.

The example of the child development theories
proposed by Piaget is particularly applicable to the
present chapter because these case studies document
unusual, innovative cognitive activity among a differ-
ent yet distinctive age-population: the frail elderly.
What would Piaget have made of these observations?

Subsequent research regarding Piaget’s many ideas,
inspired mostly by Piaget’s methods, has led to several
modifications. Specifically, Berk (1988) noted that
Piaget probably underestimated the competencies of
infants and children and that he inaccurately doubted
that training could influence development. In addition,
improved methods suggest that cognitive stages are
more gradual than discrete and that they probably
continue much longer into the lifespan. However,
Piaget’s initial observations of his children, the meth-
ods he employed to validate those observations, and the
observation of continuing cognitive growth have
retained their validity. They have inspired ever more
innovative research, and suggest that non-normative
populations can lead to productive, creative thinking
that holds up under more careful, empirical tests. It is
not unusual to learn from extreme or unlikely popula-
tions; indeed, they may compel more creative thinking
that our customary theories generally allow. The
observations documented here represent one way to re-
think our attitudes and expectations regarding the
capabilities of the frail elderly, as well as the factors
that facilitate or impede innovation.

Consequently, even though the abstraction of princi-
ples from such unlikely samples would not appear to
generalize to larger populations, they appear to provide
an opportunity for insight that might otherwise be lost
or relatively inaccessible. So a third assertion of this
chapter is that non-normative populations can provide
insights that may generalize to larger populations.

Case Study 3: How to Accept the Unacceptable

L. N. is a 96-year-old female living in a nursing
home. She is diagnosed with Parkinson’s Disease,
mild dementia, arthritis, macular degeneration, and
depression. L. N. is a lifelong religiously oriented
individual who carried a personal ‘secret’ for
approximately 80 years. Raised in a small, rural,
conservative and very religious community outside
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the United States, she became pregnant when she
was 15 years old. L. N. was quietly moved by her
family to a larger city in the United States, in order
to avoid the social embarrassment of an unwanted
pregnancy. The resulting infant was returned to the
home community where it was raised by relatives of
the father while L. N. herself continued her life by
moving and working in the New York metropolitan
area. L. N. eventually married, produced several
children, grandchildren, and great-grandchildren.

During our first interview, L. N. agreed to further
visits but only under the condition that “there are
some things that I will never tell you”. A few months
later, L. N. received a letter from her first child, now
81 years of age. This daughter’s daughter had
‘found’ her maternal grandmother through a variety
of church records and genealogies published on the
Internet. L. N. did not want to meet with this ‘new’
family because she wished to maintain her lifelong
secret. However, the letter seeking information about
her had become known throughout her family during
the genealogical search, and L. N. was obliged to
meet the daughter she had given up for adoption 81
years earlier. Against her will, L. N.’s secret had
been revealed.

Learning About Innovation From the Frail Elderly

One population that appears to be unlikely to demon-
strate significant innovation is the frail elderly. The
factors that would seem to oppose innovation by
individuals living in nursing homes are many. First,
that population is pre-selected as physically needy,
usually the result of a major health crisis such as a
debilitating stroke, Alzheimer’s disease, vascular
dementia, or functional limb loss such as a hip
replacement due to a fall, often related to osteoporosis.
Moreover, many psychological disorders are co-morbid
with these physical difficulties. The proportion of
the elderly who carry the risk factors associated with
depression is estimated at 80% with significant
co-morbidity accompanied by other innovation-
suppressing factors such as “disabling illness, chronic
illness, financial strain, lack of social support, prior
history of depression, and family history of depres-
sion” (Tangalos et al., 2001). Innovation seems
unlikely to flourish in such a setting.

However, this population of frail elderly does offer
something that other more conventional populations do
not. They are living under conditions of chronic stress.
These exceptional levels of stress are highly motivating
personal circumstances and support reactive creativity
and consequent innovation (Heinzen, 1994). Verbal
innovations seem particularly likely to flourish since
this is the one remaining domain-relevant skill that is
common to most, but not all, of this particular
population (Heinzen, 1996). This suggests a fourth,
more tentative assertion about innovation: The impetus

for innovation may be external, unpleasant, and
unwelcome.

Case Study 1: The Real Problem is Keeping the
Elevator Open

From the moment she awoke, B. V.’s primary
purpose was to smoke cigarettes as much and as
often as possible. However, there were several
obstacles to her goal, each occurring at three distinct
stages. First, she had to persuade staff to care for her
before others so she could be in her wheelchair as
soon as possible. Second, she had to make her way
to the elevator, reach the call button, enter the
elevator, direct it to the proper floor, and exit the
elevator. Third, B. V. needed to find the individuals
who had access to her cigarettes and matches and
persuade someone downstairs to take her outside and
sit with her while she smoked. Each of these steps
presented very real physical and emotional difficul-
ties that B. V. persistently sought to overcome
throughout all her waking hours.

The first need for cooperation from nursing aides
and nurses who administer medications was set
within the context of many, complex personalities,
limited resources, and a high level of demand from
fellow residents. In addition, the personalities hold-
ing some measure of responsibility and consequent
authority over a nursing home resident are many, an
unavoidable feature of a 24-hour care facility that
includes among fellow residents, nurses, nurses’
aides, physicians, and a variety of therapists (phys-
ical, occupational, speech, and psychological).

For example, each nurse’s aide is responsible for
as many as seven to ten patients. In addition to the
intrinsic variability of their personal needs, each
patient is acutely aware of the importance of their
own needs and understandably less aware of the
severity of the needs of others they cannot see (but
may hear). Furthermore, the aides do not work seven
days per week and occasionally take vacations.
Combined with an every-three-month employee
rotation pattern across the floor, a particular individ-
ual has at least three aides to cover their 24-hour
needs plus another three aides to accommodate
various shift changes. Each three-month rotation of
nurse’s aides (usually a contractual feature of the
workplace) introduced a new set of ‘helping’
personalities to the frail, elderly residents. Conse-
quently, B. V. was obliged to discover ways in which
each aide and nurse might be more or less effectively
persuaded to prioritize her morning care so that she
could satisfy her strong desire for cigarettes.

Once she arrived downstairs, B. V. faced a
similarly daunting set of inter-personal challenges to
find a sympathetic, available helper so that she could
achieve her goal of maximal cigarette smoking.
Stages one and three of B. V.’s problem-solving
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were difficult, constantly shifting, inter-personal
problems. To a moderate degree, B. V. solved these
problems through flattery, loud complaining, accusa-
tions, praise, and threats of poor behavior. In short,
B. V. used the customary currency of human
relations to cajole individuals to help her fulfill the
demands of her cigarette addiction. However, the
focus of the present observation is on B. V.’s far
more tangible, intermediate goal of manipulating the
elevator.

There were several obstructions confronting B. V.
in her attempt to achieve what appears to be a simple
goal. Although, the elevator was approximately 75
feet from the entrance to her room, the staff was
keenly aware that B. V. represented a potential fire
hazard with her willingness to break the facility rules
for cigarette smoking. Consequently, they were not
generally disposed to be helpful when B. V. sought
assistance to get to the elevator, believing also that
greater help could be offered to B. V. by helping her
to stop cigarette smoking entirely. Second, B. V.’s
stroke as well as the long-term effects of cigarette
smoking made the act of wheeling herself to the
elevator exhausting. Third, the buttons for working
the elevator were hidden behind a spring-loaded
cover that was placed at a height of about four feet.
This height represented a significant reach upward
for a slightly built individual with osteoporosis and
confined to a wheel chair.

In addition to these constraints, B. V.’s stroke
limited her to having only one arm available to
position the wheelchair, manipulate the cover, reach
the button, and then wheel herself into the elevator
after the door opened. Finally, and perhaps most
daunting to B. V., was that after achieving all of this,
the door to the elevator remained open only for a
limited period of time. If B. V. did not cross the
electric eye with her wheelchair quickly enough, the
door would close and B. V. would have to reposition
her wheelchair and repeat the entire, laborious
process once again.

Situation-Driven Versus Personality-Inspired
Innovation
Taken together, these three accounts demonstrate a
‘source of motivation continuum’ that describes the
range of motivations to innovate. At one end of the
continuum is situation-driven innovation, as demon-
strated in these case study accounts of innovation by
the frail elderly and noted as an impetus to innovation
in diverse other settings (Heinzen, 1994b). Individual
circumstances sometimes require innovation in order
for some goal to be realized. In our case studies, these
included cigarette smoking, fastening damaged velcro,
or discovering a way to emotionally accommodate
oneself when a life-long secret has been revealed. This
situation-driven innovation would not occur unless the
situation provided no other alternative.

At the other end of the continuum is personality-
driven innovation. This is creative and self-initiating
innovation. We tend to attribute ‘creativity’ to those
personalities that chronically explore, change, adjust,
invent, and seem disposed to do so whether or not
circumstances are pressuring them. Moreover, it seems
likely that such creative personalities are likely to
innovate more readily when faced with challenging
circumstances. However, such ‘creative types’ seem to
be relatively rare, in keeping with the low frequency of
genius and the corresponding low probability of any
individual being strongly equipped with all three of
Amabile’s necessary and sufficient components for
creativity.

Consequently, we can offer this fifth assertion that
complements the observations of our case study:
Innovation does not require a ‘creative personality’;
ordinary personalities in extraordinary circumstances
will attempt to innovate.

Case Study 2: An Unsatisfactory Solution to the
Velcro Problem
A. S. was highly motivated to walk. The velcro that
continually ‘came apart’ when he tried to walk
represented a severe threat to his independence and
to his sense of himself as a competent individual. His
inability to afford new sneakers, his reluctance to ask
for help, and his determination to continue walking
motivated A. S. to search for new ways to solve his
velcro problem. His first attempt was to wrap rubber
bands around his sneakers. This was a relatively
difficult task to achieve, given his level of arthritis,
limited movement, and the necessity of applying the
rubber bands while his sneakers were on his feet.

However, A. S. did achieve some limited success
using his rubber band solution: the velcro stayed in
place, but only if it was not very tight. In addition,
the rubber bands tended to move as A. S. shuffled
across the floor. The rubber bands proved to be only
a temporary, relatively unsatisfactory solution.

Frustration and Innovation
These three case studies all have in common the
experience of significant frustration, even suffering.
This commonality begins to tie these observations to
the literature describing the relationship between
frustration and innovation. A. S. was frustrated in his
attempt to fix the velcro on his sneakers. While a trivial
inconvenience for most of the population, this frustra-
tion represented a significant loss of mobility, some
social embarrassment, and a personal humiliation.
Similarly, B. V. was deeply frustrated in her desire to
smoke cigarettes. She applied a lifetime’s worth of
human relationship skills to persuade different individ-
uals to assist her to smoke yet remained frustrated by
her inability to manipulate the elevator doors. L. N.
also experienced frustration but it was about a less
tangible goal. She wished to preserve a personal secret
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that she had successfully shielded from various family
and friends for more than 80 years. A. S. and B. V. were
frustrated in active pursuit of a goal; L. N. was
frustrated when an outside force imposed frustration on
the goal that she already had achieved. All three
individuals, in their own particular way, were frus-
trated.

Frustration, we now recognize, leads to many
consequences. The most well-known, frequently stud-
ied consequence of frustration is aggression (Dollard et
al., 1939). But this does not exhaust the network of
possible consequences of frustration. Other candidates
for the consequences of frustration include the kind of
depression known as learned helplessness, renewed
perseverance, a variety of intra-psychic defense mecha-
nisms, resetting one’s goal, and innovation (Heinzen,
1994a). It is likely that each of the participants in these
three case studies experienced each of these reactions,
in varying degrees.

The psychological literature has addressed the
relationship between frustration and innovation in a
variety of ways. Psychodynamic authors identified
‘sublimation’ as a defense mechanism whose purpose
was to transform privately psychic frustrations into
socially acceptable works of creativity (Freud, 1933;
May, 1975). Using a more straightforward, social
perspective, Lewin (1935) expressed a similar relation-
ship between frustration and creativity but in a far more
pragmatic manner. Lewin articulated frustration as an
obstruction to a goal that provoked a variety of
responses, including circumvention and consequent
innovation as a means of goal attainment. Heinzen
(1994b) proposed a relatively coherent model of
responses to frustration in his description of the
frustration-response network. Consequently, a variety
of literatures, both theoretical and empirical, affirm the
experiences identified in these case studies: Frustration
inspires innovation.

Case Study 3: Recognizing the Lack of Alternatives
L. N.’s initial reaction to being ‘discovered’ by the
child she gave up for adoption 81 years earlier was
extremely negative. She reported disappointment in
her failure to maintain what she considered to be an
embarrassing secret. She experienced both sadness
and guilt that her grandchildren and great-
grandchildren would be burdened with a sense of
shame and social embarrassment. She expressed
annoyance that she was still alive. She became ‘mad
at God’ for allowing this to take place. She felt fear
at having to meet and face the possible judgment of
her ‘new’ daughter. She re-experienced the social
disapproval of particular family members and a
private sense of shame, not so much for bearing a
child ‘without benefit of clergy’, but for singling
herself out in such a public way.

L. N. also experienced increasing anxiety as the
details of flights, family meetings, and related

arrangements systematically counted down towards
the actual day of the meeting, aggravated by the
general sense of excitement that family members
conveyed to her. L. N. had successfully ‘buried’ her
secret and experienced very real suffering as her
secret was systematically revealed against her will.
However, L. N. also recognized the inevitability of
the event, was unwilling to consider taking her own
life as a way to avoid the situation, and slowly
started to reconcile herself to facing the situation she
had spent 80 years avoiding.

Suffering Also Can Lead to Innovation
The term ‘frustration’ does not accurately convey the
quality of experience that L. N. reported when she was
first contacted by her 81-year-old daughter. A more
appropriate term may be ‘emotional suffering’ and
there is additional evidence that this deeper, longer
lasting, more profound experience also is capable of
producing innovation and creativity. In a book appro-
priately titled Hope Never Dies, holocaust survivor
Sarah Wahrman (1999) describes the forced labor
required in Nazi concentration camps, the depth of
suffering imposed upon those victims, and the startling
and inventive coping that this suffering inspired.

Specifically, Wahrman describes working the night
shift at Guben, Germany, processing fine wire and
metal spools in order to support the German war
industry. Prompted by hunger pains and the need to
barter for food, this survivor created wire flowers using
the colors provided in the fine wire (green, bronze, and
silver). She fashioned these onto heavier wires and
created flowered pins, the shape of a rabbit, the
appearance of a French poodle, and a reindeer with
horns. She bartered these with the camp cook for extra
food that was then divided among a larger group of ‘in-
mates’. This kind of invention in the face of shared
disaster suggests that innovation is more than just a
clever ornament that periodically improves daily exis-
tence—innovation is a fundamental survival tool, a
product of human evolution focused first on survival
rather than amusement, decoration, or improvement.

Similarly, during the more recent genocide in
Rwanda, the terror experienced by children was
represented artistically in an innovative attempt to help
children recover from the severe trauma of that more
recent holocaust. In only 100 days during the year
1994, more than 100,000 people were murdered in
Rwanda as “an integral part of the Hutu government’s
plan to exterminate the Tutsi population . . . This
holocaust claimed 800,000 lives and created 300,000
orphans”. A portion of those children were cared for by
relief agencies seeking to help them deal with their
private traumas and it was within this context that
Salem (2000) was able to document their innovation.

These children indicated the range of response
anticipated by the frustration-response network. They
reacted “with aggression and rage; others live in
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constant fear. More than 60% of the children inter-
viewed in the aftermath of the Rwandan genocide said
they did not care if they grew up” (Clinton, 2000).
Relief workers and trauma counselors, desperate to
find some way to alleviate the stress experienced by
some of these 300,000 children, noticed that the
children “spontaneously created” drawings “some
three to four years after the genocide ended” (Salem,
2000, p. 7). Their drawings and comments documented
their private memories of that atrocity and appear to
have contributed in some small measure to their
personal adjustment. It is difficult to imagine the effect
on a small child of witnessing not only the murder of
one’s parents, but the systematic destruction of all the
individuals in your home village.

These same authors report that one desperate mother
placed her well-dressed child on the road and directly
in the path of oncoming soldiers, hoping they would
spare him. But when she observed other children being
slaughtered, she created a disruption, drawing the
soldiers off the road after herself and away from her
child. Although the mother was killed, her child was
rescued by field medics (p. 42), some of whom later
reported the story. Suffering may not merely lead to
innovation, it may require innovation and creativity as
a coping mechanism in the cause of survival and
adjustment to a more peaceful world.

We can tentatively assert from these descriptions that
suffering threatens survival, clarifies goals, and
thereby facilitates innovation. It is worth mentioning
two related applications of these principles, one
cautionary and the other challenging. First, since
innovation is complex and requires many components,
there is no guarantee that suffering will lead to
innovation and no consequent need to perversely
impose suffering in order to produce innovation.
Second, it is nonetheless still helpful to recognize that
not all suffering is inherently detrimental. Necessary
surgical interventions are often painful. Similarly, most
parents agree that shaping the attitudes and behavior of
children in a positive way sometimes requires uncom-
fortable levels of constraint and discipline. Personal
growth may involve, or even require, some level of
suffering. Regardless of whatever particular psycho-
logical mechanism may be at work, our general
conclusion is this: Suffering can nurture innovation.

Case Study 1: Adapting a Tool to Solve the Elevator
Problem
B. V. was moderately successful at negotiating the
complex personality issues related to persuading a
wide variety of individuals to provide minimal
assistance in order to help her smoke. They were
willing to ‘get her up’ in time for an early cigarette.
This is a remarkable success, partly because B. V.’s
desire to smoke early in the morning was especially
inconvenient. The morning is an especially demand-
ing time of the day for the staff. From

7.00 a.m.–8.30 a.m., the staff was busy delivering
meals, administering medications, and attending to a
wide ranger of personal needs among the residents
of the facility.

However, after arriving at the elevator doors, B. V.
repeatedly found herself in an unproductive, repeti-
tive pattern of behavior. With her one good arm,
B. V. laboriously positioned herself near the button
calling for the elevator. She then reached up to the
metal door protecting the buttons, opened it, pressed
the button, and then failed to move past the electric
eye that would keep the door open long enough for
her to enter the elevator. B. V.’s own frustration
appeared to be increasing as staff refused to assist
her. On the day that I was unobtrusively observing
her, B. V. repeated this cycle six times, with rest
pauses imposed as the elevator doors closed and the
elevator traveled to other floors.

After the sixth failure to get to the elevator’s
electric eye quickly enough to keep the doors open,
B. V. stared at the closed elevator door for a lengthy
period of time and then retreated to her room.
Although I assumed that she was discouraged and
had temporarily ‘given up’, B. V. reappeared in the
hallway some minutes later. Wedged in her wheel-
chair was a two foot long ‘grab bar’, a device
designed to assist individuals with limited mobility
to reach further, fasten on light objects, and retrieve
or place them as needed. It is customarily used for
light clothing, sections of a newspaper, or other
light-weight objects.

Although she was now extremely tired by her
efforts, B. V. first attempted to use the grab bar to
manipulate the door to the call buttons from a
distance, but the grab bar was not equal to the
dexterity required for this maneuver. However, after
calling for the elevator in her customary way and
positioning herself as close to the doors as possible,
B. V. frantically waved the grab bar in front of the
electric eye after the door opened. She succeeded in
keeping the elevator door open until she could enter
the elevator. She then used the grab bar to press the
appropriate button and move her further along the
path to her goal.

Levels of Frustration and Cognitive Clarity
Are we justified in referring to B. V.’s behavior as
innovative? Clearly reminiscent of tool use by pri-
mates, B. V.’s slight modification of the use of the grab
bar to manipulate the electric eye of the elevator was an
innovation for her. Her action met the twin definitional
requirement of being both original and effective and
helped her achieve a goal that was important to her. It
is interesting to note that B. V. appeared to come up
with the idea after experiencing increasing levels of
frustration and then calming herself sufficiently to
focus on the details of the particular problem she was
trying to solve. When we interviewed her later about
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how she came up with the solution to this problem, her
only clarification was, “I just thought of it, that’s all”.
B. V.’s increasing frustration and her eventual self-
calming response so that she could think up a solution
suggests an idea indicated by other empirical literature
(Heinzen, 1989): Frustration will not lead to innova-
tion unless it is sufficiently annoying to force new ways
of thinking about a problem.

Case Study 2: Using a Common Object in a New
Way
A. S. continued to have difficulty with the velcro
strap of his sneakers and remained frustrated by his
relative inability to walk. The combination of limited
discretionary money, his private insistence on not
asking for help, and his painful arthritis made his
temporary solution of applying rubber bands around
his shoes inadequate. It also was difficult to maintain
since the rubber bands frayed and broke quickly and
were somewhat painful to his feet. They were also
mildly unattractive and produced some negative
comments from others. The rubber band solution
seemed to broadcast his disability and A. S. found
this public display of his disability and his limited
means embarrassing. Consequently, A. S. remained
highly motivated to discover a better solution.

The solution came while A. S. was sitting on a
couch and observing a secretary stapling papers
together. When the secretary left for a brief period,
A. S. furtively borrowed her stapler, took it back to
his couch, removed his sneakers, opened the stapler
so that the bottom would not close the ends of the
staple, and painfully pressed one staple through the
velcro strap. He tested it, noted that it would grip,
and applied about a half dozen staples to substitute
for the damaged velcro. This innovation ‘held’ the
strap together. Although it was somewhat more
difficult to remove the strap, that inconvenience was
preferable to several re-fastenings per day.

Why Innovation Survives, Even in a Nursing Home
The innovation that A. S. achieved also appears to fit
the general definition of innovative behavior. A. S.
certainly succeeded in adapting an existing device to
solve a new problem. Moreover, A. S.’s efforts strike
me as a more distinctive application of a stapler than
B. V.’s adaptation of a grab bar to solve her particular
problem. But both innovations were adaptations to the
peculiarities of their private situation. When we
interviewed A. S. about his innovative behavior, he
proudly reported, “I’m pretty damn clever, aren’t I?
Well, you have to be in a place like this”.

The additional observation that may generalize from
this particular observation is that A. S. appeared to be
aware of his own habits of innovation, attributed them
somewhat to the constraints of living in a nursing
home, and enjoyed thinking and behaving in an
innovative fashion. This association between innova-

tive behavior and positive affect has been explored in a
variety of ways. Isen et al. (1987), for example,
demonstrated how small acts that made people feel
good appear to ‘prime’ particular affectively sensitive
cognitive structures and thereby increase positive affect
and facilitate problem-solving. Isen et al. (1978)
suggest that such priming facilitates access to cognitive
structures, thus engaging greater complexity and
consequent creativity. Given the affective complexity
of innovation (Shaw, 1994), both suffering (as a
clarifying impetus to solve problems) and positive
affect (as an intrinsically satisfying activity) are
acknowledged parts of the process that can lead to
innovation. Not only does innovation solve a practical
problem, but the process of moving from frustration or
even suffering to problem-solving and innovation is
self-rewarding, both pragmatically and emotionally.
The underlying principle suggested here about innova-
tion is that innovative behavior is both externally and
internally self-rewarding.

Case Study 3: When Changing Yourself is the Only
Alternative
L. N. was very clear within herself that she did not
want her secret to be made public. For more than 80
years, she had maintained this lifelong secret of
giving birth and then giving up a child when she was
a 15-year-old mother. However, the manner in which
she was ‘discovered’ made it impossible to shield
this news from any of the individuals within her
family that she had been trying to protect. Fur-
thermore, L. N. recognized that there was no person
appropriate to ‘blame’ for this revealing of her
private secret. L. N. knew that it was her grand-
daughter, not her actual daughter, who had sought
her out. Her motivation was a genealogical search
rather than an anticipation that she still was alive. In
short, the only acceptable solution to this state of
affairs was for L. N. to change herself. The best
solution was for L. N. to accept, at the age of 96,
what had been unacceptable to her for more than 80
years. Over time, L. N. even succeeded at discover-
ing a way to enjoy this surprising event, even though
the process of arriving at that emotional state was
uncomfortable.

We interviewed L. N. several times after the
meeting took place between herself, her daughter,
her granddaughter, and various members of her more
immediate family. There were additional surprises
for L. N. as a result of this meeting, not the least of
which was that she discovered that she was a great-
great-grandmother. It took several weeks for L. N. to
experience and to clarify for herself how she felt
about this meeting.

Over time L. N. reported that her greatest and
most pleasant surprise was the lack of shame or
embarrassment conveyed to her by her immediate
family, especially the grandchildren. She was also
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startled by the striking physical resemblance
between herself and her newly discovered daughter.
She reported, “It was like looking in a mirror”. She
indicated that, “it was a lot for an old woman to go
through”. L. N. reported that the general stress of
learning this news, anticipating the meeting, experi-
encing the new relationships, and coping with family
reactions as well as the emotional ups and downs
after the meeting had left her feeling fatigued. She
seemed to conclude her own perceptions of this
event with the words, “I’m glad that it happened;
after all, I don’t really have any other choice than to
be happy about it, do I?”

Changing Ourselves as the Innovation of Last Resort
The innovation suggested in this last of the three case
studies does not have a tangible product or technique to
which we can point. When L. N. adjusted herself to her
new circumstances, it did not feature B. V.’s novel use
of a grab bar to get in the elevator or A. S.’s adaptation
of a stapler to hold together the velcro straps of his
sneakers. However, we think L. N. qualifies as a
clinical innovation because L. N. created something
new within herself. Specifically, she created a novel
and effective attitude for herself that allowed her to
accept and even enjoy what had been, for more than 80
years, unacceptable. Consequently, we can suggest
another principle of innovation that may rank some-
what higher on the evolutionary scale of human
development: Changing ourselves represents one form
of innovation.

The principles of innovation, proposed from these
case studies and related literature, are summarized
below.

(1) The process that produces innovation is complex;
(2) Understanding innovation will require a wide

range of methodological approaches;
(3) Non-normative populations can provide insights

about innovation that may generalize to larger
populations;

(4) The impetus for innovation may be external,
unpleasant, and unwelcome;

(5) Innovation does not require a ‘creative person-
ality’; ordinary personalities in extraordinary
circumstances will innovate;

(6) Both frustration and suffering can inspire innova-
tion;

(7) Frustration will not lead to innovation unless it is
sufficiently annoying to force new ways of think-
ing about a problem;

(8) Innovative behavior is both externally and inter-
nally self-rewarding;

(9) Changing ourselves represents one form of inno-
vation.

These principles of innovation have emerged from
people living in notoriously noxious circumstances: the
coerced institutionalization of frail, elderly individuals

due to a variety of physical and mental disabilities.
Consequently, these principles are biased in the
direction of insights shaded by these distressing
circumstances. Nevertheless, as we asserted in our
opening three principles, there is reason to believe that
they may prove to be enduring principles that will help
us in the daunting task we have assigned ourselves:
understanding innovation.

Comparing the Case Studies to the Componential
Model of Creativity
Amabile (1983) proposed that novel (i.e. innovative)
behavior required three necessary and sufficient com-
ponents: domain-relevant skills, creativity-relevant
skills, and task motivation. She subsequently devel-
oped the principle of intrinsic motivation, which in turn
generated considerable debate (Eisenberger &
Cameron, 1996). The case studies presented here may
not clarify that debate, but they do suggest that
sufficient external frustration, even suffering, can lead
to innovation. Whether that experience qualifies as
intrinsic or extrinsic motivation is probably best
resolved by acknowledging the complex, fluctuating
nature of affect in the creative process (Shaw, 1994).

These case studies also suggest that Amabile is right
to focus on the motivational component of innovation,
in spite of its inherent definitional difficulties. These
individuals enjoyed minimal domain-relevant and crea-
tivity-relevant capabilities. Nevertheless, the
motivational pressure to innovate spurred them to
maximize what capabilities they still possessed to solve
everyday problems in remarkable ways.
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Abstract: Diffusion of innovations is a theory that describes the spread of new things through
social systems as they are adopted or rejected by individuals. Innovativeness refers to
interindividual differences in how people react to these new things and accounts for much of their
success or failure. Innovators may welcome them; the majority may gradually adopt them;
laggards either slowly or never adopt them. Thus, the measurement of innovativeness is an
important activity for both theory testing and practical purposes. This chapter presents many of
the current theoretical perspectives on innovativeness and describes the measures that reflect
them.
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Introduction
The way in which innovativeness is measured depends
upon the intentions of the researcher and the concep-
tion of innovativeness that is driving his or her work.
Only when these matters have been resolved can the
measurement of innovativeness itself be considered.
This chapter discusses each of these in turn. First, the
reasons researchers would have for measuring innova-
tiveness are addressed. These range from intellectual
curiosity—the desire simply to find out—to practitio-
ner concerns—the expectation that behavior can be
modified by the application of knowledge. Second, the
researcher’s understanding of the nature of ‘newness’,
‘change’, and ‘innovation’ is addressed. The role of
discontinuity in the definition of innovativeness is
discussed, and the points are illustrated with material
from research on innovativeness in industry, marketing,
and consumer choice. The conceptualization of innova-
tiveness as a trait or latent process as opposed to a
behavior-based understanding of innovativeness is also
raised. Third, the intellectually driven approach will be
illustrated by the role of psychometrics in assessing
innovativeness. Discussion follows on the relationship
of innovativeness to: (a) personality; and (b) situations,
and the measurement issues arising from each are
examined. Global vs. situation-specific measures of
innovativeness are compared. Both qualitative and
quantitative approaches to measurement are con-

sidered, though issues of quantification are treated in
greater detail.

Diffusion of Innovations
Diffusion theory describes how new things (such as
new products) spread through a social system (Rogers,
1995). The diffusion of innovations has been and
remains an important topic in marketing management
and consumer behavior owing to the importance of new
products to the health of many companies. As consum-
ers make their individual adoption decisions, these
aggregate to produce the timing and pattern of
diffusion. Thus, adoption is an individual or micro
decision process, while diffusion is a social or macro
process. In diffusion theory, when the time of adoption
of a new thing since its introduction is plotted as a
frequency distribution, the result is a normal or bell-
shaped curve. A cumulative plot of adoptions yields an
S-shaped curve describing the spread of the new thing
through the social system as increasing numbers
(followed by decreasing numbers) of individuals adopt.
Most discussions of adoption and diffusion are based
on these basic principles.

The importance of diffusion theory was recognized
by some of the first academics to describe consumer
behavior as a topic of systematic study (e.g. Zaltman,
1965), and diffusion was prominently featured in some
of the first consumer behavior texts (Engel, Kollat &
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Blackwell, 1968; Howard & Sheth, 1969; Wasson &
McConaughy, 1968). Diffusion continues to be an
important topic requiring space in recent texts in both
marketing management (e.g. Kotler, 2000) and con-
sumer behavior (e.g. Hawkins, Best & Coney, 1998). A
key element in diffusion theory is the concept of
‘innovativeness’. While there are several definitions,
they all incorporate the notion that people differ in their
reaction to the novel, ranging from quick acceptance to
outright rejection. These concepts form the subject of
this chapter.

What is an Innovation?

The term ‘innovation’ has many meanings. It can refer
to the inventive process by which new things, ideas,
and practices are created; it can mean the new thing,
idea, or practice itself; or it can describe the “process
whereby an existing innovation becomes a part of an
adopter’s cognitive state and behavioral repertoire”
(Zaltman, Duncan & Holbek, 1973, pp. 7–8). The first
meaning is the domain of the New Product Develop-
ment (NPD) process, an important aspect of marketing
management (Thomas, 1993, 1995). Our concern is
with the second and third of these meanings. We
understand innovations to be things, ideas, or practices
that are perceived to be new to the audience to which
they are introduced (Rogers, 1995). How consumers
react to them, whether they are adopted or not, and how
rapidly they spread if adopted are the results of a
decision-making process by individual adopters who
are subject to a variety of influences both internal and
external. The measurement of ‘innovativeness’ is
important to this process.

Definitions of ‘innovation’ abound. This is because
the concept of innovation appears in many different
fields of study and social theories. In the area of high
technology, for instance, we are told that “Innovation is
the use of new knowledge to offer a new product or
service that customers want. It is invention + commer-
cialization” (Afuah, 1998, p. 13; see also Foxall, 1984).
In the context of educational research (Evans, 1967,
pp. 15–16) an innovation is described as having two
subcomponents: “First, there is the idea or item which
is novel to a particular individual or group and, second,
there is the change which results from the adoption of
the object or idea”. Evans adds an important qualifica-
tion. “We would also include among innovations those
items or ideas which represent a recombination of
previously accepted ideas”. In high-technology busi-
nesses innovations can be totally new devices or ways
of using devices, or they can be modifications of
existing machines or processes (Foxall, 1988; von
Hippel, 1988). Examples of medical innovations are a
new drug, apparatus, or treatment (Coleman, 1966).
Agricultural innovations are new seeds, fertilizers,
equipment, or farm practices (Lionberger, 1960).

In the marketing context, new products are very
important to the long-run success of a business. We can
observe several different types of new products:

• Modifications—these are the venerable ‘new and
improved’ versions of brands. They may be relatively
minor changes, and they replace the existing version,
which vanishes;

• Line extensions—These are different varieties of the
product. They are new sizes, flavors, formulations,
and packages that supplement the product line and sit
side by side with the existing versions;

• Brand extensions—Companies execute brand exten-
sion strategies by putting a brand name onto products
in a different category than the first;

• New Brands—In this instance, the product may be
common, but the brand name is new;

• Innovations—We want to reserve the term ‘innova-
tion’ to refer to a new-to-the-world product. It may
replace an old version or sit beside it, but the product
itself is unlike anything that has existed before.

In the marketing context, any of the first four types of
new products may involve the fifth concept, but they do
not have to in order to qualify as new products. That is,
all innovations can be new products, but not all new
products are innovations.

Thomas S. Robertson (1971, p. 7) proposed that new
products could be arrayed along a continuum of
“newness in terms of consumption effects” describing
how continuous or discontinuous their effects were on
established consumption patterns. This scheme
described three categories:

(1) A continuous innovation has the least disrupting
influence on established consumption patterns.
Alteration of a product is usually involved, rather
than the creation of a new product. An example
would be a new microwaveable snack food.

(2) A dynamically continuous innovation has more
disrupting effects than a continuous innovation.
Although it still generally does not involve new
consumption patterns, it involves the creation of a
new product or the alternation of an existing one.
An electric car is arguably ‘dynamically con-
tinuous’ owing to the relatively minor changes
owners would make in fueling and driving pat-
terns.

(3) A discontinuous innovation involves the establish-
ment of new consumption patterns and the creation
of previously unknown products. The fax machine
was discontinuous, as was downloading music as
MP3 files.

Thus, the concept of ‘innovation’ is broad enough to
cover new things in many domains and in many forms.
But what does ‘new’ mean? By explication of this
concept we can get a better idea of what innovations
are all about.
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One way of viewing this issue is to argue that
newness implies at least three different qualities. The
first is recency. Things are new when they are
encountered or acquired recently (Richins & Bloch,
1986). Thus, consumers speak of the ‘new car’ just as
if they describe the ‘new baby’. A second aspect of
newness is originality. Things are judged as new when
they are unfamiliar because they are so original. ‘That’s
new to me’, we might say, upon viewing unfamiliar art
or an unfamiliar product. Finally, newness is a function
of similarity (Barnett, 1953). How similar or different
a thing is from exiting things of the same type lead to
perceptions of newness. Fashionable clothing, for
example, might be considered innovative in so far as it
has only recently appeared in the marketplace, it is
creative and original, and it is stylistically different
from existing clothing.

Since newness is often in the eye of the beholder, it
should be possible to measure perceived newness of
innovations by measuring perceived recency of
acquaintance, perceived originality, or perceived sim-
ilarity to existing things. That is, the perceived recency,
originality, or similarity of a stimulus may be assessed
in much the same way, via semantic differential scales
for instance, as researchers assess the perceived
qualities of any other stimulus. It may be as important
to measure ‘perceived newness’ as it is to measure
innovativeness since these two constructs may interact
as the adoption decision process proceeds.

Why Measure Innovativeness?
The measure of innovativeness depends in part on the
motives of those doing the measurement and on the
contexts of their measurement. In other words, inves-
tigators may want to measure innovativeness for
different purposes. Thus, researchers may want an
interval level measure of innovativeness as an individ-
ual difference variable, much like any other personality
or intelligence measure; or they may want simply to
categorize people into an ‘adopter category’. This latter
notion comes from Rogers (1995, p. 262) who used the
bell-shaped distribution of adoption partitioned into its
standard deviations from average time of adoption to
form five categories of adopters:

(1) innovators (the first 2.5% to adopt);
(2) early adopters (the next 13.5% of adopters);
(3) the early majority (34%);
(4) the late majority (34%);
(5) laggards (the last 16% to adopt).

Some researchers study diffusion theory, seeking to
understand this social phenomenon in greater detail.
They may, for instance, be trying to identify the
influence that innovativeness has on other market-
related phenomena, such as search for and processing
of information, decision-making, or brand loyalty
(Klink & Smith, 2001). Innovativeness may be incor-

porated into models as an independent variable, a
moderator or covariate, or as a dependent variable.
Multiple-item interval level measures facilitate the
incorporation of innovativeness into structural equation
models. Theory-oriented research emphasizes innova-
tiveness measures that correspond closely to the way
innovativeness is conceptualized for a specific theoret-
ical context (Foxall, 1988). They will most likely want
an interval level measure that possesses high levels of
content and construct validity, and emphasize reliabil-
ity, generalizability, or uniqueness. Ease of use and
convenience may be sacrificed to attain these psycho-
metric characteristics.

Other researchers have applied commercial reasons
for studying innovativeness. They are trying to solve
specific problems involving the spread of new things,
especially new products. If members of the different
adopter categories can be identified, even crudely as a
tripartite classification of ‘early adopters’, ‘majority
consumers’, and ‘laggards’, this information may help
those responsible for developing strategies to promote
or to retard innovation spread. While desiring the
psychometric rigor of theory-oriented measures, they
will likely put more emphasis on speed, simplicity, and
easy of use. McDonald & Alpert (1999) describe six
practical reasons for identifying innovators:

(1) To enlist the cooperation of innovators in refining
and improving new products. The idea of enlisting
innovative lead users for new product ideas and
evaluations is well established in industrial market-
ing (von Hippel, 1988) and in the marketing of
consumer goods (e.g. McCarthy, 1998). We can
suggest that a related reason for identifying
innovators is that they may be able to identify new
products that are destined to fail with cutting-edge
buyers.

(2) To enhance the speed of new product diffusion in
order to generate cash flow. Thus, the innovators
can be targeted for concentrated marketing effort
designed to persuade them to adopt quickly.
Marketing spending for a relatively small number
of early buyers should be more productive than for
the larger mass markets further along the diffusion
curve. And because innovative consumers are
relatively price-insensitive (Goldsmith & Newell,
1997) sales should yield greater gross margins.

(3) Early adopters promote new products to other
buyers. The diffusion process is driven large-
ly by social communication or word-of-mouth
(Gatignon & Robertson, 1991). Innovators play a
key role in initiating this process as they provide
positive role models and recommendations to later
adopters. Finding them and cultivating their good
will and good opinions will enhance the accep-
tance of the new product in the rest of the market.

(4) Early adopters are often heavy users of the product
category. While making up a minority of buyers,
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heavy users account for a disproportionate share of
sales and profits in most product fields (Hallberg,
1995), and the overlap between innovativeness and
heavy usage is well documented (Goldsmith,
2000a; Taylor, 1977). Innovators are experienced
consumers who have a level of product knowledge
and expertise in consumption plus a degree of
wealth that allows them to make earlier adoption
decisions and to act on them. Their capacity to
make adoption decisions relatively earlier and
relatively quickly stems in large part from their
being heavy users of the product category (Foxall,
1993).

(5) Early adopters help create a ‘market leader’
image. Firms may want to be seen as market or
product leaders, the source of breakthrough prod-
ucts that are the choice of the innovative consumer
in their product field: “Product leaders have to
prepare markets and educate potential customers to
accept product that never before existed” (Treacy
& Wiersema, 1995, p. 87). Identifying and under-
standing lead users (innovators) may be a key to
success in this strategy.

(6) Some may want to stop the diffusion of an
undesirable innovation. “Not all innovations are
good, and some are socially undesirable or destruc-
tive” (McDonald & Alpert, 1999). Agencies that
want to inhibit the spread of undesirable innova-
tions might start with identifying those innovative
souls who would be the first to adopt them and
target them with counter-adoptive strategies.

Companies or agencies wishing to measure innovative-
ness for one or more of these reasons are chiefly
interested in identifying innovators (and membership
in the other adopter categories). They wish to catego-
rize consumers and may likely be willing to sacrifice
content and construct validity for criterion-related
(predictive) validity and easy of use and flexibility
(adaptable to a variety of data-collection contexts, such
as personal and telephone interviews). They may be
able to classify innovators based on records of prior
behavior and not need to conduct primary data
gathering activities. Of course, innovativeness meas-
ures developed and used by one group of researchers
might also be used by others; the distinction is not
mutually exclusive.

Three Concepts of Innovativeness
The concept of innovativeness refers to interindividual
differences that characterize people’s responses to new
things. There are at least three approaches to the
conceptualization of innovativeness, each of which
carries its own implications for the measurement of the
construct: behavioral, global trait, and domain-specific
activity. Each makes its own contribution to the
purposes of the investigator and requires its own
interpretation of the results it produces.

Behavioral

The behavioral perspective on innovativeness identifies
the concept with the act of adoption. Consumers are
thus designated as innovators or not depending on
whether they adopt a new product or not. Moreover, the
degree of innovativeness they possess depends on how
quickly they adopt after encountering the innovation.
This simple, time-based approach to the conceptualiza-
tion of innovations has given rise to a more
sophisticated behavioral approach to the diffusion of
innovations, which emphasizes the external rewards
available to consumers at each successive stage of the
product-market life cycle (Foxall, 1993, 1994b). Con-
ceived within a broader behavioral perspective
approach to consumer behavior (Foxall, 1990), this
depicts the behavior of the earliest adopters of new
products (consumer initiators) as determined by the
high levels of both utilitarian (functional, technical,
economic) and symbolic (social, psychological)
rewards available to the consumer at this initial phase
of the life cycle. Only consumers with the appropriate
learning history of innovative behavior are likely to
purchase at this stage. Subsequently, earlier and later
imitators are induced to adopt by patterns of reward
that emphasize first the utilitarian and then the
symbolic benefits of purchasing at that time. Finally,
the last adopters venture into the market place when
the benefits of adopting the ‘new’ item are obvious to
all, and the alternative products these consumers have
hung on to for so long have themselves disappeared
from the market (Foxall, 1996).

Global Personality Trait

The global trait view argues that innovativeness is a
type of personality trait. Personality traits are thought
to be relatively enduring patterns of behavior or
cognition that differentiate people. Innovativeness
describes reactions to the new and different. These
reactions range from a very positive attitude toward
change to a very negative attitude. Across the popula-
tion, these attitudes are hypothesized to follow a
bell-shaped normal distribution (Rogers, 1995). In
Jackson’s (1976) personality theory, innovation exists
along side other personality traits such as conformity,
risk taking, or tolerance as one of a battery of traits that
describe “a variety of interpersonal, cognitive, and
value orientations likely to have important implications
for a person’s functioning” (Jackson, 1976, p. 9).
Another example can be found in the Five Factor
Model of Personality, which contains a trait called
‘openness to experience’ that has been described as
“how willing people are to make adjustments in
notions and activities in accordance with new ideas or
situations” (Popkins, 1998). Costa & McCrae (1992)
characterize openness as curiosity and a motivation
toward learning. Hurt, Joseph & Cook (1977) describe
innovativeness as a willingness to try new things
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(Goldsmith, 1991). This global trait can be compared
to other traits at a similar level of specificity (e.g.
Goldsmith, 1987).

Domain-Specific Personality Trait

An alternative to the global view of innovativeness
suggests that while it is true that people can be
differentiated in this way, for the purposes of prediction
and explanation in marketing, it is useful to think also
of innovativeness as a domain-specific characteristic.
That is, consumers are thought of as being more or less
innovative within specific product categories, such as a
fashion enthusiast, a wine connoisseur, or a movie buff.
Innovativeness does not overlap across product cate-
gories unless these are closely related (Goldsmith &
Goldsmith, 1996). For example, the wine connoisseur
may have no interest in new movies but may be
enthusiastic about new restaurants; the movie buff may
keep up with the latest in popular music but have no
interest in new wines.

In this view, innovativeness may manifest itself at
different levels of generality/specificity or abstraction/
breadth (see Clark & Watson, 1995). A consumer may
be characterized by an overall level of global innova-
tiveness, and also by different levels of domain-specific
innovativeness. Global innovativeness may be linked to
domain-specific innovativeness (Goldsmith, Freiden &
Eastman, 1995), but not necessarily (Foxall & Szmigin,
1999). Possessing higher levels of global innovative-
ness predisposes individuals to seek the new and
different across many facets of life, and this influence
may extend to consumption. The desire for the new and
different may manifest itself in specific product
domains where the individual is innovative, seeking the
new and different products as they appear, but perhaps
shunning newness in other product categories. Con-
ceivably, a given product innovator may be generally
conservative when it comes to new things in general.

Figure 1 summarizes the three concepts of global,
consumer, and domain-specific innovativeness. Each is
related to the lower level construct, but relationships

with overt behaviors grow stronger as one proceeds
down the scale of specificity.

Three Ways to Measure Innovativeness

Behavioral
The behavioral perspective of innovativeness identifies
the concept with: (1) adoption or non-adoption of an
innovation; and (2) the time of adoption. Consumers
are classified as innovators or non-innovators depend-
ing on their purchase (consumption) of a new product.
They may alternatively be graded on their innovative-
ness by marking their time of adoption as measured
from the instant the new product appears in the
marketplace. This latter approach, termed the “tempo-
ral conception” of innovativeness (Midgley &
Dowling, 1978), was for many years the most com-
monly used way to measure innovativeness.
Unfortunately, trying to measure innovativeness by the
time-of-adoption method has many flaws.

Theoretically, it confuses the behavioral phenome-
non to be explained and predicted with one of the chief
concepts employed to explain and predict it. That is,
what social scientists often want to explain and predict
is time of adoption, and one of the most theoretically
relevant and powerful concepts used to explain and
predict time of adoption is ‘innovativeness’. Innova-
tiveness is a hypothetical or latent construct. It refers to
interindividual differences in personality. The relative
recency with which a new product is adopted is a
behavior that is partially explained by innovativeness:
higher levels of innovativeness, ceteris paribus, lead to
faster adoption. One would not use ‘years married’ as
a measure of spousal affection, although the latter may
explain and predict the former.

Methodologically, time of adoption is most appro-
priate as an indicator of precisely what it refers to: how
much time passed since the new product was intro-
duced before it was adopted. Even as an indicator of
behavior, however, time of adoption is a fallible
measure. The exact time when a new product is
introduced into a specific market may be unknown.

(1) Global Innovativeness: A personality trait ‘willingness to try new things’.
Related to other personality traits: risk taking, openness to experience. Of the demographic variables, only youth may be
related. Only weakly related to any specific overt behaviors.

(2) Consumer Innovativeness: Describes consumers who want to be the first to buy new products.
Related to other consumer characteristics: marketplace knowledge, opinion leadership, price insensitivity. Higher levels of
income and gregariousness (cosmopolitanism) may characterize consumer innovators.

(3) Domain Specific Innovativeness: Describes consumers in specific product fields who wish to be cutting edge, the owners
of the newest products in the field.
Related to consumer characteristics: product-category knowledge, domain-specific opinion leadership, involvement in the
product category, a heavy user of the product. May be characterized by specific demographic characteristics, such as age
and gender, and these will vary by product category.

Figure 1. Conceptual levels of innovativeness.
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There may be no record of purchase to show exact time
of adoption. Moreover, consumers may not be able to
accurately recall when they did adopt, and memory
shortcomings are a well-documented flaw in many
measures used in marketing research. There may be a
difference between when the new product is introduced
to the market and when the consumer learns about it.
Although innovators are earlier to adopt than later
consumers, there will be differences in the time
between the appearance of a new product and when it
is perceived. Finally, innovators may reject new
products; non-innovative consumers may buy them.
Not buying a new product because it is of poor quality,
inappropriate for one’s needs, or because one cannot
afford it does not make an innovative consumer less
innovative. A non-innovative consumer, for instance,
may buy a new product as a gift for an innovator.

An alternative measurement technique proposed to
overcome the shortcomings of time-of-adoption is
termed the ‘cross-sectional’ method (Midgley & Dowl-
ing, 1978). This approach provides a list of new
products, and level of innovativeness is indicated by
how many of these the consumer has purchased. Not
only does this measurement approach have many of the
problems of the time-of-adoption method, but also it
would seem to be indicative of the more global concept
of innovativeness than of innovativeness in any specific
product category, unless one limited the list of new
products to a single category. (But what if there were
few new products in the category, or they were widely
spaced in time?) Determining which products are new
and whether consumers were exposed to all of them
(not all new products may be available in a specific
market area) contribute to the methodological difficul-
ties of measuring innovativeness by the cross-sectional
method.

It can be argued that these behavioral measures are
best thought of as measures of what they are simply
said to be: behavior. Time of adoption is a measure of
when a consumer purchased a new product after its
appearance in the market. This may be an important
dependent variable in a larger study of new product
adoption but is not suitable as a measure of innovative-
ness as a latent construct. The cross-sectional method
denotes ownership of a variety of new products, again,
possibly a key dependent variable in a study of
ownership of new products (e.g. America’s Taste-
makers, 1959). Both measures, it should be kept in
mind, are subject to measurement errors.

Global Trait
Innovativeness as a global trait is best measured by
means of a standardized self-report. Such scales are
normally the products of rigorous validation proce-
dures, so that they can be used with some confidence
that they meet conventional standards of reliability and
validity. Their psychometric shortcomings should be
well described by their scale developers (in contrast to

the unknown and likely unknowable errors in the
behavioral measures).

Four scales have been described in literature that
seem to do a reasonable job measuring global innova-
tiveness: Jackson, Kirton, NEO, Hurt et al. (1977).

The Jackson Personality Inventory (Revised) con-
tains 300 True/False items comprising 15 scales that
are organized in terms of five higher-order dimensions.
One of these 20-item scales is termed ‘innovation’ and
measures the global personality dimension as described
above.

M. J. Kirton (1989) developed a pencil-and-paper
self-report, the Kirton Adaption-Innovation Inventory
or KAI, to measure individual differences in decision-
making and problem-solving. Innovators seek to
change the context in which problems are imbedded,
while adaptors try to disturb these frameworks as little
as possible to solve the problem. Adaptors try to do
things better, while innovators seek to do things
differently. The KAI consists of 32 items organized
into three subscales. High scores identify innovators
and low scores adaptors, but no especial value is
accorded to either tendency, as both cognitive styles are
important. The bipolar nature of this scale has
important implications for the measurement and con-
ceptualization of innovativeness. Expecting consumer
innovators to show the characteristics of Kirton’s
innovators, Foxall (1994c) undertook a series of
studies of early adopters of new food products and
brands, which identified the heaviest purchasers of
these items as adaptors. Further investigation revealed
that adaptors who were highly involved with the
product category bought most new products or brands,
followed by innovators (whether high- or low-
involved) and finally less-involved adaptors (Foxall,
1995; Foxall et al., 1998). These results are of
considerable practical relevance since they explain: (a)
why marketing research has consistently found only
weak relationships between innovator personality char-
acteristics and early adoption; and (b) why so many
new consumer products, aimed promotionally at inno-
vators (in Kirton’s sense), fail at the point of consumer
acceptance. Clearly, marketing campaigns need to take
adaptors into greater consideration. Similar results
have been found for consumers’ adoption of new
financial products, use of credit cards, use innovative-
ness with respect to computer software, and
organizational computer utilization (Foxall, 1999).

The NEO Personality Inventory (Costa & McCrae,
1992) contains the Openness to Experience subscale.
The sense of this scale is that synonyms are “original,
imaginative, broad interests, and daring” (McCrae &
Costa, 1987, p. 87).

Hurt et al. (1977) describe a 20-item scale to
measure innovativeness as a global personality trait
characterized by a “willingness-to-change” or a “will-
ingness-to-try new things”. Their original scale
actually contained items measuring this concept as well
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as items identifying a “creative and original person”.
The scale has been evaluated for its psychometric
characteristics, and there is good evidence that the
Innovation Subscale is a valid measure of the global
trait (Goldsmith, 1991; Pallister & Foxall, 1998).

Consumer Innovativeness
While global personality traits are important concepts
in the explanation of behavior, they have proved to be
only weakly associated with specific consumer behav-
iors (see Foxall & Goldsmith, 1988). For this reason,
efforts have been made to conceptualize ‘consumer
innovativeness’ as the tendency to buy new products
soon after they appear in the marketplace (Foxall,
Goldsmith & Brown, 1998, pp. 40–45). Thus, con-
sumer innovativeness is a more restricted or less
general concept than global innovativeness.

The consumer innovator has long been of interest to
marketers and to advertisers (How Consumers Take to
Newness, 1955; Who are the Marketing Leaders?,
1958). Most of the earliest studies in marketing of
consumer innovativeness used time of adoption as a
means of identifying innovators. Some thought, how-
ever, was given to developing other ways of measuring
innovativeness. An early study of American consumers
(America’s Tastemakers, 1959) identified a leading-
edge group of consumers termed the ‘high mobiles’
who disproportionally adopted many of the current
innovations. Membership in this group was derived
from their geographical, social, and economic mobil-
ity.

In the 1960s advertising researchers originated the
concept of lifestyle. To measure lifestyle (psycho-
graphics) they developed large batteries containing
items designed to tap a variety of lifestyle dimensions.
In one of the Activities, Interests, and Opinions (AIO)
batteries developed in advertising to measure lifestyles
can be found in sets of items labeled in ways that
suggest a measure of innovativeness. Wells & Tigert
(1971) present three items in a large AIO scale to
designate the ‘New Brand Tryer’. These items would
form a Likert scale, self-report measure of consumer
innovativeness. Leavitt & Walton (1975) attempted to
develop a self-report measure of general consumer
innovativeness. Their Open Processing scale showed
some promise as a measure of consumer innovative-
ness, but little effort was made toward a thorough
psychometric evaluation. One study did show that four
of these innovativeness scales (Jackson, KAI & Hurt et
al., Open Processing) generally exhibited convergent
validity indicating that they are measuring either the
same or highly related constructs (Goldsmith, 1986).

Within the framework of measuring consumer
innovativeness, some scholars have expanded and
enriched this concept by conceptualizing and measur-
ing varieties or dimensions of consumer
innovativeness. Venkatraman & Price (1990) dis-
tinguish ‘cognitive’ from ‘sensory’ innovativeness. The

former refers to individuals who prefer to engage in
activities that stimulate the mind, while the latter seek
sensory stimulation. Their 16-item Likert scale con-
tains two eight-item subscales to measure the two types
of innovativeness. Similarly, Manning, Bearden &
Madden (1995) distinguish two aspects of consumer
innovativeness: consumer independent judgement-
making and consumer novelty-seeking. The former is
defined as the degree to which an individual makes
innovation decisions independently of the communi-
cated experience of others (Midgley & Dowling, 1978)
while the latter is defined as the desire to seek out new
product information (Hirschman, 1980). Finally, Price
& Ridgway (1983) formulated the concept of ‘use
innovativeness’. They defined this concept as the use of
previously adopted products in novel ways (Hirsch-
man, 1980) and developed a scale to tap the five
dimensions of the concept: creativity/curiosity, risk
preference, voluntary simplicity, creative reuse, and
multiple use potential.

Domain-Specific Innovativeness
Although conceptualizing innovativeness at this level
of generality/specificity may be an improvement over
the global personality approach for marketing pur-
poses, it still leaves something to be desired for
researchers interested in the new buyers for a specific
product. Because consumer innovativeness is largely
domain-specific, measures of general consumer inno-
vativeness will identify the effects of that construct on
behavior, but will not be good measures of consumer
innovativeness within a specific product category;
consumer innovativeness tends to manifest itself within
specific categories with little overlap to other cate-
gories (Goldsmith & Goldsmith, 1996).

Consequently, researchers who wish to study con-
sumer innovativeness will likely focus on a single
product category to discover how this individual
difference variable functions within a network of other
variables where it can operate as an independent
variable, a dependent variable, a mediating variable, or
a moderating variable. Applied researchers would like
to be able to identify innovators within the product
category of their firm so that they can target innovators
with unique marketing strategies, seek the input of
innovators in the NPD process, or test how different
consumers react to various marketing and advertising
strategies. With these concerns in mind, Goldsmith &
Hofacker (1991) developed the Domain Specific Inno-
vativeness Scale (DSI). This is a balanced Likert scale
with three positively and three negatively worded items
(Bearden & Netemeyer, 1999, pp. 86–87).

The DSI has been evaluated for its psychometric
characteristics (e.g. Goldsmith & Flynn, 1995). It has
been shown to be internally consistent and free from
both social desirability and acquiescent response bias.
There is evidence for its convergent, discriminant, and
nomological validity as well as its predictive and
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known-group validity (Goldsmith, 2000b, 2000c;
Goldsmith, d’Hauteville & Flynn, 1998). Using the
DSI yields a distribution of scores with a theoretical
range of 6–30 with a mean of 18. The items can be
used to assign a single score to each consumer studied,
or the items can be used as multiple measures of the
construct in a structural equations model.

Conclusion
This chapter has discussed the measurement of innova-
tiveness in the context of research into innovation and
has, therefore, taken concepts of innovativeness and the
purposes of the investigator into central consideration.
It has shown how researchers’ expectations of a simple
relationship between the behavior of the earliest
adopters of new products and their personality traits
and types gave way to a more sophisticated treatment
of both the concept of ‘newness’ and the measures that
could be brought to bear on the empirical identification
of innovativeness and its impact on behavior. In this
conclusion, we draw attention once again to the
interconnectedness of concepts of innovativeness and
the ways in which this construct is measured.

We employed the idea that innovation lies, ulti-
mately, in the ‘eye of the beholder’. This remains a
convenient but unanalyzed term: as behavioral scien-
tists we seek the underlying psychological
characteristics that may make such terminology
empirically intelligible. Foxall (1994a) draws attention
to the confusion inherent in much usage of ‘innova-
tion’, ‘innovator’, and ‘innovativeness’. Such
confusion arises in part from the same term being used
to describe distinct conceptual levels from the hypo-
thetical and abstract notions of ‘innate’ and ‘inherent’
innovativeness, to the concrete and observable ‘actu-
alized’ innovativeness. To use the same term in each
case, while claiming that the former provides an
explanatory basis for the latter, is to prejudge the issue
of whether innovative behavior is attributable to an
underlying personality system. Between these extreme
concepts there are a plethora of terms that refer to
measurable intervening variables: sensory innovative-
ness, cognitive innovativeness, hedonic innovativeness,
adaption innovation, and so on. Finally, at the level of
consumption rather than purchasing, the term ‘use
innovativeness’ has been proposed to refer to the
deployment of a product in a novel application
(Hirschman, 1980).

One means of addressing this problem is to adopt
terms that distinguish the earliest adopters of new
products (currently called ‘innovators’) from the
underlying trait that is hypothesized to account for their
behavior (‘innovativeness’). Foxall (1994a) proposed
‘consumer initiators’ for the earliest adopters, a term
that emphasizes the role of these purchasers in the
initiation of markets. A synonym is ‘initial adopters’,
which similarly depicts an observable level of analysis

which may be related on the basis of further empirical
and conceptual work to an underlying trait or to the
environmental consequences (the pattern of utilitarian
and symbolic rewards) that induce adoption at each
stage of the diffusion process, or to both. This approach
leaves open the question of what causes innovative
behavior and, in addition, encourages the investigation
of a diversity of underlying traits (e.g. adaption as well
as innovation, to use Kirton’s terms) which may form
the basis of empirical research. This approach also
readily embraces Robertson’s continuum of innova-
tions (from the most continuous to the most
discontinuous) and the idea of use innovativeness
(perhaps ‘use initiation’ would be a more consistent
term).

This is one source of solution, of course, but one that
has been incorporated in both the consumer behavior
and marketing research literatures as a means of both
encouraging the resolution of terminological confusion
and emphasizing that the measurement of innovative-
ness cannot be divorced from the meanings we attach
to the term.
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