INVENTIVE THOUGHT IN ENDOGENOUS ECONORIC DEVELOPMENT: AN
EMPIEICAL CCMWMPARIZCON OF DARWINIAN AND LANWARCETAN

APPROACHES

BONGPYO I

Eachelor of Beience in Economics
Chung-Ang University
February, 1996

Master of Bcience in Urban Studies
Cleveland State Uruversity
May, 2003

Submitted in partial fulfillment of requirement for the degree
DOCTOR OF FHILOSCPHY IN UREB AN STUDIES AND PUELIC AFFATES
at the
CLEVELAND STATE UNIVEESITY
October, 2011



UMI Number: 3493165

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent on the quality of the copy submittad.

In the unlikely event that the author did not send a complete manuscrigt
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI 3493165
Copyright 2012 by ProQuest LLC.

All rights reserved. This edition of the work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC.

789 East Eisenhower Parkwayy
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



QCOPY RIGHT BY S0NGRYO EIN 2011



Approval page
This dissertation has been approved for

the College of Urban Aftairs and the College of Graduate Studies by

Dissetation Chairperson, William M Bowen, Ph.D.

Departmert and Diate

Carritlla Stivers, PhD.

Departmert and Diate

Chieh-Chen Bowen, PhD.

Departmert and Diate

Foger Stough, Ph.D.

Departmert and Diate



DEDICATTON
For my daughter MMinhae Eim, late-wife Tusun Lee, father Duha Fim, and mother

Chunja Oh



ACEOWLEDGEMENT

First of all, I would like to appreciate my dissertation committes. Dr. William hL
Bowen has been a mentor for the whole project and for my entire course of study. He has
been inspired and gmded this dissertation Dr. Carmulla Stivers encouraged me to do
qualitative study and changed my wew of research in soctal science. Dr. Chieh-Chen
Bowen helped me to develop survey itens and taught me about data and analysis while
Cr. Roger Stough assured the importance of this project and its implications foreconomic
development. Without their help this project could not be finished They intellectually
and emotionally supported me from start to end. T was atermpted to quit million times and
they were my motivation in fimshing this project.

I alzo thank other faculty members, Drs. Edward Hill, Larry Ledebur, Ziona
Anstramn, Iryna Lendel, Helen Liggett and Sylvester Murray. They were the foundation of
iy knowledge in economic development. Special thanks to Dr. Bugie Lee, Chang-Sil
Song, Misun Park, Eugene Chot, Dayoung Ahn, and SunjooPark They helped me ot
when I was in difficulty and sorrow. Moreover, I appreciate the staff a the Levin College
who encouraged me to complae this project, especially Buzanne Polkorny, Priscidla L

Lewis, and Olinda Paschal.



oy 2SR BRI Iy Shigkd 2R 215 < 248 ki hhegs

EloEd o

{ofilo=

e 1010 f s ]ofE

B8
S

lrbow o BE T
ez £ =0T T [klo ah+

i a—
-

il

b by =120 |0

et
ol
% o
39

.l

L

[

L

=
[=

=& Cly= He R 1240 o

1
=

ke id &= BAn ke &lo bk

El
2l
ot
ral

of
[
El
e b
ot

o

e

ZRugp

Do &

=Ry

o2

& TRTC ah

=
[=]

220 Biv i led e

=
{e

1h

kg &= BivE welodiz 2

e

ta

lo bebr<s Hefd e T v

lrleZ S LER lof ikt RElomldlo ih a3 Sviz ke

a
d

L

= o

Alm

o
d

&l
i

ol
e b
ot
i

[



ABSTEACT
The importance of knowledge creation m economic developmert has been enormously
emphasized in recert years. Inventions are the first step for nnovations that leads to
further econormuc growth. MMoreover, when new 1deas are created endogencusly from
within a regional system, rather than from outside, they may lead to internally-generated
econorric growth and development Accordingly, this study aims to understand ‘the
process of generating creative 1deas’” for endogenous regional economic growth. On the
basis of data that reflectsthe perspectives of actual inventors, theresearcher adopted both
qualitative and quantitative research methods. The qualitative methods were ortented
toward phenomenology and were based upon interviews designed to understand how
mnvertors personally experience the process of invention The quantitative methods were
based upon a mail-out survey of inventors and an m-class survey of students. The
surveys were designed to test hypotheses about Darwirnan theories of creative thought
processes. Interview results provide evidence of both Darwinian theory and Lamarclian
theory. Surveyresults reveal that studerts’ perspectives on invention are more consigent
with Darwinian theory than are the perspectives of inventors. From these ermpirical
results, the Darwinian hypothesis for the generation of creative 1deas 15 disconfirmed,
however these results do not definttely prove Darwinian theory to be incorrect. Froma
Darwinian poirt of wiew, endogencus econormic growth led by new 1deas takes the form
of “blind-variation and selective-retention” Economic development policy based on
Darwinian theory should encourage people to generate various 1deas and select one of
them at the local and individual level. This can also be applied toregional policies that

focus on various indostries and academic fields. In contrast, Lamarckian theory supports

vil



top-down approach and focuses on few promusing industries and academic fieldsthat are

designed from centralized plamning
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CHAPTER I

INTRODUCTION

In the mid-1980s, econornic growth theorists began to consider knowledge asa
critical fadtor in economic growth, as well as capital and labor, Theorsts in economic
growth contended that when capital and labor reach their lirmited productinty, kmowledge
could lead to further and perhaps lonitless economic growth Hence, the production of
kmowledge and extension of the limits of knowledge emerged as the keys for econormic
progress and developmert.

With the newly found focus on lmowledge, innovation became a core
phenomenon in economic development (Acs, Anselin, & Varga, 2002b). Innovation was
then considered as a primary source of economic development, and as contributory factor
in terms of increased numbers of jobs, new products, and productivity. In this regard,
kmowledge creation may be viewed as the first step in the processes of innovation,
mnvolving the application of new knowledge i a marketplace,

Although the importance of knowledge creation has been emphasized inthe

recert economuc development literature, the generation process through which new



knowledge is created has not been dlearly, persistently and systematically exarnined.’ In
addition, the process of creating new lnowledge has not been integrated theoretically or
practically into economic development literabres. Bowen (2007) argued that 1f
kmowledge creation contributes so witally to economic progress, then mechanisms of
kmowledge creation must be specified to achieve optirmum levels of knowledge creation
for econormue developmert. Moreover, different mechanisms of knowledge creation may
have different policy implications for economic development policies and practices.

One feasible theoretical basis from which to understand the mecharism of
kmowledge creation is evolutionary theory. In evolutionary theory as applied to
biological populations, Darwin's model of randorm variation and natural selection has
been repeatedly confirmed and affirmed by a wide variety of scientists. Darwin's theory
stipulates that variation 1srandomly generated and that indiwidoal variants will be
naturally selected or rejedted by factors embedded within inthe enwironmerts of the
ndividuals who carry the variants. On the other hand, some scientists also support
Lamarclian theory, Lamarcloian theorists argue that instructions originating from within
an environment and transmitted to biological organisms may be a possible mechanism for
the evolution of biological organisms.

In generating new knowledge, Darwin's theory stipulates that the generation of
new 1deas follows the processes of “blind-variation and selectiveretention” (BVEER)
(Carmpbell, 1960). The term “blind” refers to an absence of foresight or prior deliberation
in the generation of various 1deas. When people confront new problers or old problems

that are difficut to solve, peaple have to go beyond the boundaries of previous 1deas and

1 Inthiz paper the itventive idea 15 considered as a critical form of krrwledge creation. In many cases, it
will be used interchangeably wih knowledge creation.
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kmowledge (Carrpbell, 19600, According to Campbell, the basic mechanism through
which people beginto generate new and creative ideas1s *blind variation” Blind
variation 15 characterized above all by a lack of foresight of the fiture status of various
trials. In criticism of this view of lmowledge creation, scholars have arguedthe opposite
point that new ideas are generated from *sighted variation’ which is based upon prior
kmowledge and goals (Btenberg, 1998, Weishberg, 2006). This opposite view of
Darwinian theory 15 in many respects simlar to Lamarclian theory, and it 15 referred to as
such in this research

Cne way to beginto resolve the gap between these two theories, and so to better
understand the process of new knowledge creation, 15 to exarmine indiwduals who
generate new 1deas. Thus, this study 15 designed to empirically examine how inventive
ideas® are generated in the individual mind, as seen fromthe poirt of view of inventors,
The researcher specifically seeks evidence regarding whether Darwinian or Lamarcloan
theory 15 amoare likely explanation for the generation process of new 1deas. An
underlying assumption 1sthat improved understanding about inventive 1deas may help
policy-makers to design policies that enhance the generation process of inventive 1deas

that affect economic development m the long-term

3 Irventive ideais the critical idea that is the core of the fvention. Inthis paper inventive ideas will be
viewed as cortaining the perspective of creativity.
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CHAPTER II

ENOWLEDGE AND ECONOMIC DEVELOPMENT

Prior to the 19805, capital and labor were considered as the main fadors driving
econorric growth and development Since then, however, lnowledge has also startedto
receive consideration as being one of these factors. Today's discussions about the
kmowledge economy emphasize non-physical factars such as skalls, technologies, and
ideas rather than physical factors such as labors and machines (Stough, 2001).

2.1 Endogenous Growth Theory

Since the 1980s, measures of the productvity of manufacturing and service sectors
(e.g., outpit per worlzer) have tended to stall. At the same time, information technology
has emerged as an econormic growth engine that could improve traditional sectors’
productivity and open new applications (Harris, 2001). With this trend, kmowledge has
gained consideration as an importart resource for economic growth, largely becaise
kmowledge may be characterized by increasing returns (Cortright, 2001; Romer, 1936).

Enowledge has for the past couple decades been considered as a significant factor

in economuc growth and development (Bowen, 2007, Romer, 1985). Furthermore,



kmowledge has been considered as a public good that can be accessed by arry individual.
Enowledge was often not been incarporated explicitly mn econormuc models. For instance,
the Bolow Growth Model (old growth model), which was the standard model prior to
Fomer, considers knowledge as a residual. As such, knowledge has not been fully
considered as an independent variable that affects economic growth. However, Romer

(1988) changed this paradigm by placing knowledge as an explicit endogenous variable.

The basic functional form of the endogenous growth model (MNew Growth MModel)
originated from Romer’'s (1986) model may be rendered as follows:

Y=F(E L, & (1
where E represents regional capital, L represents regional labor, and A represents
regional technology and kmowledge. For an mdividual firm level, the model may be
rendered as follows:

TF K, Ly &) @
where | represents individual firms.

In equation (1), technological knowledge, A 15 included as an endogenous
variable. Equation (1) shows the production function of industry in a region or country
while equation (2) presents an indiwidual firm’s production function. The technology
embodied in an individual firm, A 15 considered to be the econorry-wide state of
kmowledge (Snowdon and Vane, 2005).

In this model, the growth of knowledge 15 assumed to be aby-product of the
accurrlation of physical capital goods (Bnowdon and Vane, 2005). If one firm invests in

phrysical capital, the productinty of industry mereases because other firms in same



industry learn from that one firm’s investment. These are the postive externalities
discussed at length in the economic growth literature (MWarshall, 1920; Arrow, 1962,
Fomer, 1986, Cortright, 2001} Accordingly, on the basis of recognition of positive
externalities, the industry as a whole benefits from increasing returns while indrwdual
firm does not necessarily do so (Snowdon & Vane, 20057,

Traditional economic theories are based onthe assumption of decreasing returns.
Decreasing returns mnply that at some point the additional inputs of labor or capital wll
result in a smaller amourt of outpit than previous inputs. Under this assumption of
decreasing returns, a firm or aregion can contirmally increase its output by increasing
capital and labor, but the effedt of the increase of capital and labor inputs will eventually
beginto diminish onthe marging Inthese models technology 15 assumed to be
‘exogenously’ givento the production finction of a firm (Cortright, 2001, Snowdon and
Wane, 2005, Bowen, 2007,

In contrast, the concept of increasing returns implies that contimed additional
mnputs will result in meressing amounts of output. For instance the development of
software requires millions of dollars for initial investment, tut once the inihal copies of
the software are produced additional copies will cost nearly zero (Cortright, 2001).
Moreover, increasing returns come fromthe ‘endogencus’ efforts of entities that seelzan
improverment in the state of technology and knowledge. This advancement of econormic
theory 15 formulated in the New Growth Model (Romer, 1986; Eomer, 1994, Stough,
20013

In contrast to Romer's initial model, which assumed that technological progress 1s

aby-product of capital accurmnulation, the second iteration of the endogenows growth



model added two assumptions: (1) knowledge creation 15 a deliberate effort which
responds to financial incentives, and (2) the two defining characteristics of knowledge are
non-rivalry and partial excludability (Bnowdon & Vane, 2005).

Non-rivalry. Encwledge 15 non-rival in that it can be shared with many people at
the same time. Knowledge canbe produced with nearly zero cost after being nitally
developed For instance, the discovery of a new treatment for cancer mtially entails hgh-
costs for research and development, but once the new treatment 15 developed it can be
used by many people. This attribute of non-rivalry highlights the impeortance of property
rights for the producers of technology and knowledge (Cortnight, 2001).

Partial excludability. Enowledge 15 partially excludable becanse the investment
in specific knowledge does nct return all the benefits to the original investar. For
nstance, the benefits of R&D for one pharmaceutical company can be protected by
licenses and patents. However, this protection 15 not permanent for the developer. Other
pharmaceutical companies may reap the benefits from the irvestment of the company
holding the license or patent. This attribute of partial-excludability enhances the
importance of mtervention of governmert policy to promote incertives for investmert in
R&D (Cortright, 2001).

Discovery from people. Along with the properties of knowledge, some authors
have also emphasized the source of knowledge creation Romer (1994) for instance
described the advancerment of technological lmowledge as follows:

...... the aggregate rate of discovery 15 endogenous. When mare people gart

prospeding gold or experimenting with bacteria, more valuable discoveries will

he found This will be true even if discoveries are acciderntal side effects of some



other activity (finding gold as side effects of ditch-digging) or if market mcentives

play no role in encouraging the activity (as when discoverties about basic

molecular biology were induced by government research grants). The aggregate

rate of discovery 15 still determined by things that people do (p. 13).

Fomer (1994) ermphasized that discovery is theresult of efforts made by people
and by their worle If for mstance more biologists reside in certain places than others, then
the probability of discovery inthe field of biclogy increases in those places. This is
because biologists are the source of discovery in that field Romer (199 pointed out this
can be true even if the discovery 15 a side-effect of other activities, or 15 supported by
government. A similar point about economic developrment 15 made by Flonda (2002)1n
his ermphasis upon the accumulation of talented people, especially creative people.

In the endogenous growth model the advancement of knowledge 15 not considered
as givery, but rather as the outoome of endogenous economuc activity conducted i search
of profits. Knowledge inthis model 15 an independent variable whose value is produced
within the economic systern, and that will affect long-term systermic economic growth

The endogenous growth literature tends to treat knowledge as of it 15 partially
produced within a regional econormic system and not everyone has equal accessto it. The
growth rate of lmowledge 15 differert for different subsystermns of an econormy and this s
a fundarmental factor for economic growth. Inthe endogenous growth frameworls,
econorric growth 15 highly linked to the creation and diffusion of knowledge (Acs et al |
2002b; Bowen, 2007, Cortright, 2001; Stough, 2001,

Marten (2004) also pomnted out that a cogmtive mechanism must berelated with

econotric development. Marten argned that the properties of lnowledge and the



generation mechanism for knowledge constitute important and crucial features in
econorric development. In Marten's argument, the division of labor provides a base for
new lnowledge creation, but he did not elaborate upon how the new knowledge 15
created.

2.2 A Model of Enowledge Creation, nvention, Innovation and Creative Idea

Enowledge may be assumedto be created at an individual level (Camphbell,
19607, Groups of people can affect knowledge creation processes by putting forth ther
opintons and 1deas, and cther people’s input can be a factor for the gereration of new
ideas. However, according to Campbell, the ultimate thought process happens inan
ndividual mind rather than in any sort of group thought. This does not disregard the fact
that new 1deas may be generated from various sources of input.

The discussion of knowledge creation in much of the economic development
literature focuses upon irwention and innovation (Bowen, 2007 ). Invertion 15 argnably
the first step inthe process of knowledge creation (Popper, 2002). Thus by extension the
process of invertion 1s a primary concern in sustaning the compeitiveness of companies
and regions in a globalizing knowledge economy. Differential rates of invention may
help to explain the competitive edge of some regions.

Schumpeter (1934 indicated that invention 15 different than innovation.
Accordingly, when an invention 15 applied to the marke it 15 an ‘mnovation’ While
mvertion is arguably a fundamental basis and perhaps even an antecedent for innovation,
unless the invertion 15 brought to market it will not foster regional economic growth.
Entrepreneurs carry out this process of mnovation It has even become a mantra in recent

vears that only innovative companies and regions can sustain their competitiveness.



Innowvation can broadly be defined as “new combinations of old, tried and true 1deas”
(Bchumpeter, 1934 p 663 While this definition of innovation might include both
mnvertion and innovation, different knowledge, skalls and abilities are required for each.

Invention requires originality and usefulness in scientific and technological fields.
Innowvation, on the other hand, starts with an mvention that already exists and proceeds to
cornmercialize it and bring it to market in new ways. While different, both phenomena
require creativity as the foundation for firther development. From this common basis of
creatrvity and creative thought, innovation can broadly be defined as ‘combinations of
new things” Knowledge creation can include innovation that seeks “better ways to do
things' and ‘learning throughout a firm’ (Cortright, 20023,

Creativity may inturnbe concetved as the ability or capacity to generate
something new. People are creative when they are developing new artistic works. The
scientific world requires areative 1deas when scientists develop new hypothesis. The
business sector requires areative new 1deas for further profits Everyday life demands
creative solutions, especially when responding to new problems.

Creative worlk can be defined as products, processes or 1deas that arenew. If the
ideas or produds previously existed, they cannot be considered as creative worlks. Past
this poirt, there can be two viewpoimnts on creativity: whether the work 15 creative to the
world or to a person Being creative to a person means that a person may develop locally
novel 1deas within the context of hus or her own life, vet those 1deas may already exist
within some other context. In order to be areative to the world, novel ideas needto be
new to the world across all contexts. Creative worls require creative thought processes

(Wetsherg, 2006).
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In order to examine the processes of lmowledge creation, this projed examines
the generation process of creative 1deas as a starting pomt of invention at the individual

lewveal.

Enowledge creation

Creative Tdeas T Creative 1deas
i1 other fields not

></, inuse

: Tnvention
Innovation

& Trnowation

not from
invertion ' Inventions
net suocessiil
B Tnvertions inmarket use
successtully applied
to marlet

Figrire [ The relationship between lnowledge creatiorn, invention, innovation and
creative 1deas modified from Basherg (1987).

Figure 1 depicts the relatiorships among knowledge creation, mvention,
mnnovation and creative 1deas. Knowledge creation 15 lirmitless, so it 15 portrayed without
boundaries. Creative ideas are the broadest concept underlying irwention and innovation.
Creative 1deas can be the souros for invention, innovation, and new artwork From
creative 1deas both mvention and imovation can be started. Some inventiors are

successtully appliedto market (portion B), while cther inventions are not (portion 7).
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There are other innovations that do not require inventive ideas, such as an expansionof a
new market for a product (portion &), Finally, creative worls would not be used for
cornmercial use yet (portion I

2.3 Theories of Creativity and hethods for Studying Creativity

2.3.1 Unconsciousness in Creative Thought

The concept that past experiences canunconsciously affect creative 1deas 15 called
‘unconscious assoctaion’ (Gedo, 1980). Past experiences can be described as previous
needs and conflicts that are unconsciously associated with the present process of
creatrvity. For instance, the creative works of Picasso may have beenrelated to his
conftlicts with his mother and sister in his childhood (Gedo, 1980%

Many times, creative people have argued that their creative 1deas come to them
without a clue as to where or why they were formed. Thoughts can occur without a clear
realization of where they came from The concept that thought processes onented toward
obtaining a solutionto a problem can possibly originate unconsciously, 15 called
‘unconscious processing.” (Poincard, 1913) An illustrative example may be found in
Poincare’s selfreport of his discovery of a solution to a mathematical problem
(Hadamard, 1945} Poincaré (1913 reported that the mathematical solution appeared as a
sudden realization, which 15 sometimes called an ‘illumination.” Before illuninating the
creative thought, there may need to be an unconscaous incubation process doring which
occurs the preparation for accumulating lnowledge and information about the problem
(Poincare, 19130

Creative ideas may alsoresult from a break with the past that requires a leap of

mnsight (Werthetmer, 19825 This breals with the past may possibly occur unconscously

12



since the old 1deas cannot guarantee a solution to a current problem, especially when the
solution to the problem requires farly radical ideas that are completely different than
previous ideas. The reproduction of past 1deas may not produce solutions to new
situations. Radical solutions for new problem situations may have different elements in
them as compared to previous solutions based upon old 1deas, or perhaps differert
relationships between the constituent elements. For instance, Darwin's natural selection
required a different approach than Lamarcl?’s theory, which a the time was the recetved
view. If a solution to a new problerm requires more creativity than did solutionsto old
problems, then it may necessitate amoreradical breal from past 1deas (Carmpbell, 1960,
The works of Poincaré (1913), Caikszentmihalyi (1996, and Simonton (1988, 1929b) are
aligned with this 1dea in that more creative 1deas require brealzing away from prior
kmowledge than do cnes that mux previous 1deas.
2.32 Divergent Thinking

Guilford (1950) provided a conceptual and theoretical basis for measuring
creative ability and capacity using creatiity tests. Divergent thinlang may be defined as
thinking 1n a differert way than ordinary thinking Accordingly, breaking from the
accepted rule 15 cructal for creativity (Guilford, 19500, Divergent thinking develops
various 1deas, and once these ideas are generated, convergent thinking chooses the best
one. Highly divergent thmbking 15 posttively related with creativity (Csilszentmithaly,
1996} The explanation for divergent thinkiing 1s twotold: (1) 1t generates ideas that
diverge from old 1deas, and (2) a differert type of thought processtales place, other than
the ordinary process. This second interpretation 15 in opposttion tothe view that creativity

15 a product of ardinary thinking (Weisberg, 2006). Guilford's theory of divergent

13



thinking affected the importance of ideational variants n confronting new problems
(Sinontory, 1999, Guilford also provided a theoretical basis from which to recognize the
the importance of personality in terms of creativity.

2.3.3 Confluence Theory

Confluence theories consider various aspeds of creative people, such as their
kmowledge base, their personality, and their areative ermironments (Amabile, 1983, 1998,
Simonton, 1999, Sternberg & Lubart, 1995 These aspects worked together for
generating creative cutcomes. These theories emphasize the important elements for
creative works but do not provide the process of how 1t works.

2.33.1 Componential theory

Amabile (1983) provided a ‘componential theory of areativity.” The first
cornponiert in this theory 15 *domain-relevant skall” which includes lnowledge and skall
relatrve to specific domams. This 15 to say for instance that some people might have more
sensitive artistic or scientific ability than others.

The second component 15 areatinty-relevant skill” which includes two aspects:
abandoning unsuccessful trials and applying heuristics or rules of thumb for creativity
such as “When all else fails, try something counter-intuitive”™ (MNewell, Shaw, & Simon,
1962).

The third component 15 the attitude of an indiwidnal. If a person finds intrinsic
motivation in relation to a problern, that person rught have ahigher probability of
discovering or mverting a solution to that problem than would a person worliing for
extrireic rewards (Amabile, 19830

2.3.32 Investment theory

14



Sternberg and Lubart (1995) suggested an ‘investment theory of creativity.” The
mnvestmert theory of creativity considers various elements of creative people, inwhich
regard 1t 15 sirmilar to confluence theory. It 15 also called the “buy-low and sell-lugh”
strategy. Creative people can see an opporturuty that others may not recognize, so
creative people can by the new 1deas at a low price. Because creative people recognize
and kmow the potentials for new 1deas more than ordinary people, they can sell these
ideas at a bugh price In this respect, according to this theory, creative people are sirmular
to entrepreneurs who apply new 1deas in the marketplace. In order to malke the most of
these opportunities, people need resources. Cne set of resources contains the intellectual
abilities to see the new opporturuty, the ability to see the problem in anew way, the
ability to recognize the importance of the problern, and the ability to persuade other
people of the value of the 1deas. Other resources include knowledge of specific domains,
an independent thinking style, and a supportive ermironment.

Creative work requires that the creative thinkeer have a relevant kmowledge base,
creative capacity, and an environment conducive to the development of new 1deas. The
kmowledge base 15 the accumulation of previous ideas inthe domain. In addition to that,
creative capacity, such as the ability to see the problem in new ways, needs to be
mncorporated into the creative product. Finally, the environmental aspects cannot be
ignored inthe generation of creative 1deas, since this elemernt can influence creative 1deas
negatively or positively.

2.3.4 Evolutionary Theory of Creativity

2.34.1 Darwinian Theory of Creativity

15



The main mecharsm of Darwin’s evolution theory 15 random variation and
natural selection. The first characteristic of this mecharusm 13 that the new variarts are
generated rardamly. In other words, when vartants occur, there are no intelligert
mechanisie or designs rwolved. There 15 no foresight involved in the generation of
random vartation.  After random variants are generated those that are the fittest for the
environment will be seleded. As aresult, the variant that has a persistently higher
probability of survival than other variants may eventually evolve to become a new
spectes (Plotkin, 1987).

Blind-variation

In application to areative 1deas, the mecharusm of natiral selection has been
called “blind-variation and selective-retentior” (Campbell, 1960). ‘Blind’ referstothe
absence of foresight or prior deliberation in the generation of various ideas. In other
words, people generate various 1deas without any sort of intelligent foresight mechanism.
However, ‘blind” does not mean that people do not usetheir knowledge for generating
new ideas; they may even in aregimen of blind variation accumulate previcus lmowledge.
The significant poirt 15 that in solving problems, even though peaple use previous
kmowledge and their intelligence, variants or new 1deas are formed blmdly. In Camphbell’s
view, when people are faced with anew problem, they should generate blind variants
first.

Furthermore, Campbell distngnished between expansion of knowledge and
genuine gains of knowledge. For instance, Copernican heliocentrism represents a gerune
gain of knowledge, but Edison’s light bulb 15 an extension of previous knowledge. “When

people confront new problems or old problems that are difficult to solve, people haveto
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g0 beyond previous knowledge (Camnpbell, 19603 Therefore, more radical breakthroughs
require more random elements.
Selective-retention

From the blindly generated variants, one variant will be selected by the person
who faces the new problem, and this will be retained for further use inthe fiture
Ideational variants may go through a similar process of a biclogical selection process,
which 15 a selection process of variants after random rtations are generated. Variants of
ideas will be selected or discarded through their interactions with indiwiduals’ knowledge.
The individual’s knowledge can be a selectorin a generation process of creative 1deas.
Cnce the ndimndual produces a new 1dea, the interaction among community members can
also be a selection process.
2342 Lamarckian theory of creativity

For Lamarcly, the adaptive traits of living organisms are cansed by the
environment. For instance, in Lamarck’s view the placement of food inthe higher canopy
of trees determines that the giraffe’s necl will be elongated. According to Lamarck the
variation process 15 mitiated and directed in response to environmental factors. Therefore
an adaptive trait, such as an elongated necls, 15 predetermined or mstructed by its
environment (Flotlkin, 1997

If Lamarclkian theory 15 applied to creative 1deas, environmental fadtaors are
significant determinants of creative thought and invention. On anindividual level,
personal kmowledge 15 comparable to the environment. Therefore, personal knowledge 13

the informmer of new 1deas and creative works. On a sodal level, environmental factors,
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such as lab facilities and community interaction can play a significant role in the
generation of creative 1deas.

Some theorists of creativity have emphasized deterrministic enwironmental factors
such as previous knowledge and goals inthe generation process of creative 1deas (Perkins,
1981, Wesberg, 2006). Inparallel with the Lamarckian theory of evolution, new 1deas
can accordingly be mstructed or given direction by previous knowledge andfor
preexisting environments.

2.35 Cognitive Theory

Cognitive perspedives see creative 1deas as an outcome of ordinary thinlang,
Unlike other approaches, such as divergent thinking and blind-variation and selective-
retertion, which 15 to say ones that focus on umisual thought processes, the cognitive
approach focuses on ordmary thought processes. The cognitive approach holds that even
though a new 1dea can have a profound mmpact, 1t 15 invariably the product of an ordinary
thinking process.

The cognitive approach was developed by scholars and otherss who emphasize
the cognitive process for understanding human nature (MNewell & Simon, 1972, Newell,
Shaw, & Simon, 1962). These researchers suggested that the thought processes that
generate creative 1deas are similar to the thought process for all problem saolving,

Weisherg (2006) and Perkuns (1981) broadened the cognitive perspective of
creatrity from problem solving to general thought processes. According to Weisherg
(2006 creative 1deas are the products of general thought process. From this viewpoirt,

creative 1deas can be generated by ardinary thought process, not necessarily problem
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solving thought processes. In other words, people can think creatively when they are not
trying to solve the problam.

From these cognitive theories of creativity, a distinction can be drawn between
conscious and unconsciows approaches. The cognitive approach differs from other
approaches by nsisting that creative 1deas are the product of ordinary thought process.
Scholars who accept the cogrnitive wiew argue that creative worles are results of the
extensionof previous 1deas and lknowledge. They use sketches and drawings of
mnvertions and artworks as evidence for the proposition that creative worlk results from
ordinary thought process.

The cognitive view canbe viewed as relatively closeto the Lamarclaan wiew of
creatrvity. The cogrutive view elaborates the assumption that creativity stems from
ordinary thought processes. Inthese processes previous knowledge can instruct and direct
new ideas. According to the cognitive view creativity 15 modt likely to be the extension of
previous knowledge that does not require a brealk fromthe past. These ideas—support of
consciousness and the extension of lnowledge—are inconsistent with the Darwinian
view of blind (preconscious orless conscious) elements in the generation process of
creative ideas.

The Darwinian view ermphasizes blind variation as anecessary mechanism for
creative 1deas. In blind variation, variants are generated without intelligent design even
though people may accurmulate lknowledge for creating variants. Enowledge works asa
selector after variants are being formed. In this sense Darwirtan wiew 15 against the
cognitive wiew, the cognitive view supports the propostion that knowledge (intelligence)

15 the main source of creative cuteomes.
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2.4 Methods for Studying Creativity

The following sections exarmine and elucidate methods and approaches that have
been applied to study creativity in the past. These methods can be divided mto two
groups or approaches: qualitative and quantitative. Qualitative approaches focus upon the
elucidation of meaning, in-depth description of cases, discovery of new hypotheses, and
description of how experimental or quasi-experimental manipulations or treatments are
implemented. T includes self-reports, biographical studies, and hustorical case studies
which emphasize in-depth understanding of creative waorks.

CQuantitative approaches focus on evidence that can be measured and that may be
generalized to theortes and populations. Historiometric studies, quantitative case studies,
and ‘#2 witre’ studies are all quantitative in approach in that that they emphasize
quantitative evidence for studying creative works. For nstance, quantitative case studies
emphasize sketches and drawings as evidence for creative 1deas that are developed from
previous knowledge.

In this paper, both qualitative and quantitative methods were used. In-person
mnterviews were used to provide in-depth understanding of the generation process of
mnvertive ideas, as experienced by the irwentor. Interview results were also usedto
uggest 1deas for temrs onthe survey instrument. In the quartitative tradition, surveys
were used to examine, compare, and gather data informed by the two aforementioned
theoretical views, Darwirtan and Lamarckian, regarding inventive thought processes. On
the basis of these mathods, both qualitative and quantitative, the data was interpreted and
analyzed regarding the possible causal mechanisms at work in the process of generating

creative 1deas by inventors.
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2.4.1 Qualitative Approaches in Creativity

Self-report. Self-reports use reparts from the person who 15 the subject of the
study. Interviews can be one approach for gathering self-reports from subjects. Self-
reporting as a source of data for examining theories of aeatimty has been criticized for
several reasons. Fird, the self report 15 criticized as not being accurate because itis a
retrospective product. People who malke selfreports are required to recall previous
thought processes so they might not be accurate (Perkins, 1981; Weisherg, 1986, 1993).
This criticism questions the objectiwty of findings fromself-reports. Second, self-reports
are usually not admimistered by a trained behavioral scientist, so they are less likely to
provide valuable data (Ericsson & Simon, 199%6). Finally, self-reports are criticized as
being less rigorous than quantitative methods such as intesting hypothesis (Wesberg,
2006

These lumitations of self-report and others, such as bias from irnterviewers and the
tendency to wart to please the investigator, are threats to the validity of this project. For
mnstance, the interviews were performed by the researcher and some ofthe expressions
and terms used in the interviews were talten from Darwinian theory, and were therefore
biased towards it, such as for mstance “unexpectedness” in an inventive thought process.
However, thesethreats did not cormpletely invalidate the study. Even though the
researcher had no choice but to include some such biased expressions, some interviewees
apparently disagreed with the Darwinian elements in creative thought. The inclusion of
expressions from both Darwintan and Lamarckian theory will provide balanced vew.

The fact of this sort of disagreement 15 difficult to reconcile with the propostion that the
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terminology used inthe interviews predisposed or biased the respondents toward one
theory or the other.

The preconscious elements considered within the context of Darwinian theory,
especially those related with blind-variation, can pose a limitation on the study.
Fecognition ofthese preconscious elements especially may not be forthcorming within the
context of the interviews if creative thought processes are indeed Darwinian processes. It
might be difficult for creators who have experienced creative thought processesto
recognize or remmember the preconscious elements within thern,

These criticisms of self-reports can be answered in different ways. First, creative
people might recall the experiences of creative moments even in retrospect. Different
experiences give different memories. People often remember significant things and
events clearly. Accordingly, people are more likely to recall the experence of solving
problems that they never encountered before. The invention process can be an impressive
event for inventors and there 15 a high probability that they will remember clearly about
the relevart thought processes

Second, data from selfreparts can be valuable since the irwentor 15 the informant
and 15 thus a direct source. Even though informants are not well frained about self-
expression and reporting about their thoughts and experiences during the process of
mnvertion, they have ability to express ther past experiences in their own words. For
nstance, unermployed people can often clearly recall and describe thetr experience of
losingther job. Simularly, parents can describe their feelings and insights from their
parerting expertences. Self-reports from inventors can be valuable sources of information

about the expentences of creating new 1deas and products. Third, self-report can provide
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in-depth understanding that might be difficult to be obtained by other research methods.
Cther researchmethods in some irstances have advantages of tegtability and
generalization over self-report. However, these advantages are not the only standard to
evaluate the research  Other fandards, such as deeper understanding and hudden
mechanisme, are also important considerations for assessing soctal science research.
Self-report might provide these features as a complement to other research methods.

Biographical studies. Gardner (1993) studied seven creative people’s
biographies and categorized their different domains of intelligence. They are Sigmund
Freud (interpersonal), Albert Einstein (logical-mathematical), Pablo Picasso (spatial),
Igor Btravinslky (rmusical), Martha Graham (bodily-kinesthetic), T 3. Eliot (linguistic),
and Mahatma Gandhi (intrapersonal). From the study of biographies, Gardner was ledto
some conclusions regarding the importance of having a supportive culture, so that
creative people can mtroduce radical 1deas to their environments. In 2003, an eighth
mntelligence, Charles Darwin (natural environment), was added to thislist (Gardner,
2003)

The advantage of biographies over self-reparts i3 that they are based on verifiable
historical recards (Weishberg, 2006). The major strength of biographical study 15 the direct
study of creative individuals. Moreover, biographies might be the only source of
nformation about people who are no longer living

Historical case studies. Historical case studies exarmine creative actuevemnents
for understanding creativity. Gruber (1981) studied ‘natural selection’ as a historical case
rather than focusing on Darwin in a biographical study. He examined Darwin's

notebooksto understand the process through which Darwin generated the theory of
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natural selection. Gruber concluded that creative processes are differert for all
ndividuals, thus it ishardto generalize by examining his notebooks.

Historical case studies can be considered qualitative masmmich as they atternpt to
understand historical cases, but they can also use hard evidence to add some accuracy.
Gruber’s (1281} study used Darwin's notebools to supplement his qualitative study. Cne
criticismn of historical case studies 15 that the researcher cannot control information.
Historical case studies can be helpfil in searching for in-depth understanding, but canbe

difficult 1f there 15 nct enough information available (Weisberg, 2006).

2,42 Quantitative Approaches

Historiometric methods. Historiometric methods are designed to measire
history. For example, Simonton (19990 studied the number of wars and creative people
in history. Bimonton found a decrease of the mumber of art works after a war. Simonton
also found that high accomplishments of art works in one generation have positive effects
on1 the mumber of creative work of the next generation. In another instances, Hayes (1981,
1989} found there 15 a need for as much as 10 years of experience in preparation for a
creative masterpiece. One of the primary strengths of histonometric methods 15 that they
can draw some statistical conclusions if data are available (Weisherg, 20067,

Quantitative case studies. A quantitative case sudy 15 a case study that uses
some quartifiable data such as drawings and sletches as its data For instance, the
sletches of Picasso’s “Guernica’ can be used to see the process of generating creative
work. The advantage of quantitative case study 15 that it uses hard evidence However, if

the researcher chooses one of Picaso’s works, the question remains asto the
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representativeness of a particular piece in reference to his other works, other artists, and
to other domains. For defense against this crifique, Weisberg (2006) suggested choosing
many cases and using various investigators to avoid this generalization problem. It 15 also
difficult to get the right data for examination For instance, t would be impossible to
exarmine the thought process of Thomas Edison if we do not have any critical data

In vitro investigations. [r1 vitro mvestigation 15 a method that tries to reduce the
gap between invivo study and experimerntation. Researchers using i# vitro study can
extradt a core part of the previous irvention and present this to a group 1n a controlled
environment. For instance, Dunbar (19957 usaed the Nobel Prize exarmple of a ‘regulatory
gene’ that inhibits a certain function of another gene. He presented this exarmple to two
groups of students. Cne group recetved more information about the problemthan the
other group. Students who received more information about the problem had a better
chance of finding out the solution that 15 close to the original discovery of MNobel
laureates. The result can be interprated as supportive of the lmowledge and proper

nformation as the key to creatinty
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2.5 Research Questions

It 15 widely agreed that inventive ideas play a significant mole in economic
development, especially when they are sources for the mnovationthat, in turn, promoctes
econorric development. Thus, this research examimes the generation process of invertive
ideas as a core cornponent of the knowledge creation process. The first quesion ofthe
project 1s: ow do pwentors come tp with their pventne idars? An improved
understanding of the invention process will be elaborated from this first question In
order to test and compare the Darwinian as compared to the Lamarclkian mecharism, the
second question 1s: does the ganeration process af creative ideas follow a Darwiian or

Lamarckion approadh?
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CHAPTER IIT

EVOLUTIONARY THEORIES: DARWINIAN V5. LAMARCEIAN THEORY

3.1 Evolutionary Theories about Biological Systemns

There are two distinct theortes describing the evolution of living organisms:
Darwinian and Lamarckian theory. Both theories may be and have been appliedto
describe a development of creative thought (Campbell, 1960) and socio-econormc
evolution (Melson and Winter, 1992). Darwirtan theory 15 based on the concept of
‘random variation and natural selection’ as the main mecharusm for evolutionary change
in biological systems. This mechanism from Darwintan theory has also been appliedto
creative thought and change inthe state of knowledge (Carmpbell, 1960, Simonton,
19992, 2005).

The foremost charactenstic of a Darwinian mechaniam 15 that the new variants are
generated randormly. Hence, when new variarts are developed, there are no intelligent
designs, mechanisms or foresights involved. Afterthese random variants are generated,
those that are the fittest for the environment are deterrmined through processes of *nahiral’

selection. If a particular variant 15 selected by the environment and flourishes, it can
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evolve into anew species. Sumnilarly, if a particular variant of 1dea 15 selected by the
subject or socigy and it flourishes, it can evolve into new perspectives and bases for
kmowledge.

For instance, in the Darwinian view, a girafte’s variants are randomly generated
through the reprodudive processes. One of the offspring may be better adaptedto the
distribution of food encountered inthe environment, particularly in terms of the height of
the canopy. The placement of leaves may deterrmine that one variant 1s more adaptive
than another, but the variants themselves are not generated by the placement of the
leaves. In contrast, inthe Lamarcloian view, a girafte acquires a longer neclas aresult of
trying to reach leaves that are growing in higher places in the canopy of leaves inthe
trees, and in turn these acquired characteristics are inherited by the next generation

Lamarclaan theory refers tothe ‘inheritance of the acquired characters’ as the
mechanism for evolution (Hodgson & Enudson, 2006, Plotlan, 1997). Lamarck argued
that variarts are catsed by determuinistic factors within environments. This theory of the
‘inheritance of acqurred charaderistics’ 1s generally rejected by most scientists in
biology. Wevertheless, there are still supporters of Lamarclkian theory, especially in the
areas of imrmune response and socio-cultural evolution (Laurent & Mightingale, 2001},
Detailed description, cortrast and applicationto creative thoughts will be provided in
chapter 3.

It 15 important at this point to further clarify some of the relevant terminology.
Darwinismmay be contrasted with ‘nec-Darwinism® Both may be cortrasted with a
Lamnarclkian mew of evolution but the contrast 1= abit differert for each. The difference

15 that Darwinism, broadly corstrued, does not exclude Lamarckian thought, whereas
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‘neo-Darwinism’ does exclude some concepts related to matters of genetic influence,
particularly inherttance. Neo-Darwinism is more restrictive than Darwinism to the poirt
that 1t categorically denies the posability of the inheritance of acqured characteristics
Thus, while the term ‘Darwinian view' 15 used throughout this research to refer to a
confrast with Lamarclzian theory, the neo-Darwinist view 15 strictly the one being
contrasted Table 1 shows the distinction between Darwinism and Lamarckism, and a
further distinction bebween the two variants of Darwinism—Darwinism and neo-

Darwinism (or Weismarti s ),

Table 1

Warking Definitions of Three Doctrines

Tertn Defintion

Diarwinism A cansal theory of evoluition in complex or organic systems,
involving inheritance of genctypic instructions by indrrdual units,
random variation within genotypes, and a process of selection of the
consequent phenotypes according to their fitness in their
environment.

Lamarckism A doctrine adrmutting the possibiliby of the (genctypic) inherttance of
acquired (phenctypic) characters by individual organisms in
evolutionary processes.

Welsmannism (or A doctrine derying the possibility of the (genotypic) inherttance of
neo-Darwinismy  acquired (phenotypic) characters by individual organisms in
evolutionary processes.,

Source: Modified from Hodgson (2001)
The neo-Darwitian view and Lamarclian view are used as the frameworls for this

project. For interview the responses from inventors are analyzed m relations with these
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twro theories. For survey ttems are developed based on these two theores and exarnined
whether the Lamarclian theory can be rejected with the survey data

Even though debates about Darwinian theory remain today, natiral selection i
almog universally accepted as a plausible mechanism for biological evolution It has also
in recent years been recetving increased levels of attention in application to human minds
and societies (Hodgson & Fnudsen, 2006). The origin of creative thought 15 seento
follow the same initially-random variation and selection mechanisms as characterizesthe
evolution of biological species.

Moreover, the theory of evolution is wiewed as a general theory that can be
applied to many different systems. Beinhocker (2006) for instance described the
development of social and economic sydems and the appearance of novelty in these
systerns as an evolutionary process. He pointed out that evolution is a general-purpose
and hughly powerful recipe for finding irmovative solutions to complex problems Tt isa
learning algorithm that adapts to changing environments and accumulates knowledge
aver tirme (Beinhocker, 200687,

Beinhocker (2006) emphasized that evolution 15 not just a metaphor for
explaning complex systems, but rather it 15 the explanation for complex systems.
Accordingly, evolution can be viewed as a way of solving complicated problems in
mnnovative ways. This argumert that evolution 15 a process through which imnovative
solutions occur 15 linkzed with the generation process of creative 1deas, becaise many
creative 1deas can be viewed as new solutions for problems. Moreover, Beinhocler
describes how evolution 1s the principle that leads systems to adapt its environments.

Evolutionary process enables us to accurrulate knowledge aswell. This argnmert sets the
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stage for evolution to be applied to creative thought processes and the accurmlation of
kmowledge.

In addition to this general view of evolution, the evolutionary wew of the growth
of kmowledge is chosen as the framewors for this project because it 1sthe proper
framework to use onthe assumption that human beings are an immanent part of the
biological systemn. Plotloin (1997) contended that lmowledge can be understood as a
general phenomenon that describes behaviors of living organisms throughout the animal
kngdom, and lman knowledge can be understood as a speaific case. Thus, the
biological approach to the growth of human lnowledge that drives economic
development 15 arguably a suitable one.

Secondly, the evolutionary wiew of creative ideas 15 controversial. Review of the
literature revealed mimerous theoretical debates between the Darwinuan view and the
Larmnarclkian wew (Simonton, 1999a and 2005, Gabora, 2007, These debates corstitute a
proper conceptual frameworl from which to exarmine which approach 1s a better
explanation for creative 1deas in invention From the literabure and interview the
researcher develops two sets of cortrasting conceptual frameworks. Darwinian view is
linked with ‘unexpectedness’, ‘serendipity’, ‘trial-and-error’, and ‘comnecting different
ideas’ Lamarclian view 15 related with ‘predictability’ and ‘extension from previous
ideas.”’

Finally, the policy implications of Darwinian and Lamarclian theortes differ in
highly consequential ways, largely related to the regulation and control of Imowledge
formation in society. The Darwinian view focuses on a blind variation and seledion

mechanism The associated economuc developmert policies are favorable toward
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cultivating the circumstances that are most conducive tothe generation of a large volume
of 1deas, enhanced quality 1deas, the speed of 1dea generation, and increased selection
standards. These include highly decentralized, self-steering decision processes made at a
localized level by indiwidnals throughout the economic system. Moreover, practices of
toleration and support for diverse and individually-different purpostve economic
activities are strategies of Darwinian approach. In contrast, the Lamarckian view
emphasizes environmental fadors and goal-oriented directions. Thus, the economic
development policy of the Lamarckian wiew i1s much more favorable toward hierarchical,
centralized regulation, control, and planning of econormic developmert activities. Inthe
Larmnarclkian wiew, those mdimduals who are more attuned to the factors inherent within
an economic system that cause economic development have superior knowledge and
understanding of econormic development. Therefore the implication 1sthat such
individuals should be 1dentified and appointed to centralized positions of hierarchical
power for purposes of planning and investing in targeted reglonal econormic development
programs and policies.
3.2 Genotype and Phenotype

In arder to elucidate and evaluate these two alternative mechanisms of change and
advancement intermms of creative thought, it 1s necessary to make a distinction simular to
the one inbiology between the concepts of “genotype” and “phenotype™ In biology, the
genotype 15 comprised of genes that carry information. An example 15 a gene that codes
for brown eyes. The phenotype 15 a characteristic that will be developed through

mteractions between organisms and their environments. The brown eyes themselves, as
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they can be observed by others, commprise the phenotypic characteristic associated with
the carresponding genes at the genotypic level.

Accordingly, for Lamarclkian inheritance to occur, two processes are required: a
mechanism for encoding phenotypic characteristics to amedium of inheritance, such as
the gene (genotype), and a way for the phenotypic characteristic to be transmitted to and
mnherited by the next generation. For instance, a giraffe’s effort to reach to hugher places
onl the canopies of trees must result in a longer necls that must be encoded inthe giraffe’s
genes, otherwise the longer neclt cannot possibly be inherited by the next generation.

Hodgson and Exmdsen (2006) explained the Lamarckian mechanism uang the
concepts of genotype and phenotype as follows:

For the comparison [between biology and other applications of evolutionary

theory such as soco-economics] to be appropriate, it has a least to be upheld that

acquired characters are encoded in genotype and that the modifications inthe
genotype are passed onto offspring. In fact, Darwin (1859, 18638) himself

believed in both these possibilities (p. 345)

In Darwin’s original theory, the possibility of passing on acquired characteristics
through inheritance was not rejected. One ofthe reasons 15 that the diginction between
genotype and phenotype was not yet researched and established in Darwin’s times of
research. However, m modern biology, the possibility of encoding from phenotype to
genotype 15 generally rejected.

The distinction between genctype and phenotype 15 impartant when the
evolutionary theory is tested. Lamarcloian theory 15 based onthat the phenotypic

characteristic 15 encoded to genotype. Ifthis mechanism carnot be not proven, then the
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possibility of Lamarckian evolution is falled. Therefore the proper unit of genotype and
phenctype 15 the basis for exarmine creative thought process. Even though possible
genotypes and phenctypes have been proposed for development of 1deas, £ 15 still in
debates. Following sections will provide some of examples of genotypes and phenotypes
for developmert of 1deas and socio-economic systerm.
3.3 Evolution in Socio-economic System

The distinction between genctype and phenotype 15 necessary for extending the
basic logic of biological evolution to a socio-economic level In broader terms, a
genotype 15 a replicator which carres information. Simularly, a phenotype can be viewed
as an interactor between an individual or process and its environment; a phenotype
contains an outcorne and actual expression (Dawlkins, 1976). Hodgson and Enudsen
(2006 described how Lamarclkian theory can be examined using the genotype and
phenctype in socio-econormic systerrs as follows:

The possibilty of Lamarckism at the socio-economic level hinges on the

existence of two mechanisms: one that encodes acquired phenctypic

characteristics in the genotype and ancther that conveys the acquired

characteristics from social genotype to social genotype (p. 347
Hodgson and Enudsen (2006) argued that the distmction between genotype and
phenctype needs to be established correctly in order to clearly and accurately exarnine the
process of influence from phenotype to genotype. The processes of inheritance needto
be established in order to find evidence of whether socio-economic development 15 more

of a Darwinian or a Lamnarclian process,
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3.3.1 Ideas or Memes as a Unit of Socio-economic Evolution

Meme as Genotype. In socto-economuc evolution the “meme” was stipulated as a
possible unit that carries mformation from one generation tothe nest, comparable in
many respects to the gene in hiological evolution CAunger, 2002; Dawlans, 1976, Hull,
1982, 20000, An “idea” 15 one of the examples of ameme. Hodgson and Emdsen (2006)
described the difficulty of concerving of memes as members of a gencdtype as follows:

If the genotype-phenotype distinction cannot be applied, then the Lamarclzian

description 15 not mearungful. If it canbe applied, then further problems arise. In

the case of meme-as-genotypes the further problem 15 that memes may be

modified or acquired, but this 15 netther the modification nor the acquisition of a

characteristic (p. 361).

When constdering a meme as an element of a genotype, Lamarckian inheritance
can be rejected because to acquire amerme 15 not necessarily to inherit the characteristic
(phenotype). For ingance, the idea of democracy can be passed from personto person
without necessarly transmutting the moral standards and behaviors characteristic of
democracies. Passing the meme can be thought of copying the memes (genotype)
without passing the phenotype (Hodgson & Enudsen, 20067,

Meme as Phenotype. & meme may also be considered as analogousto a
phenctype (Blackmoare, 19993 This means that meme can be thought of as characterigics
that will be appeared by genotype. In this case, however, the problem is that that there 13
no answer as to what might be the possible genotype for memes. If a gene is the

genotype of a meme (and the meme is the phenotype), then it 15 not the Lamarclaan
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process because in general biologist reject the Lamarckian possibility. Therefore, the
absence of social genotype makes t difficult to see meme as social phenotype.
3.32 Habits or Routines as a Unit of Socio-economic Evolution

Habit as social genotype. Hodgson and Enudsen (2006) contested that habits
may be equated with social genotypes. They defined habits as “disposition and
propensity.” Hodgson and Enudsen (2006) considered habit as a genotype and behawvior
as a phenotype. For instance, the ability to laugh at small things can be a habit, and
laughing can be a behavior. However, they reject the Lamarckian possibility as follows:

A Lamarckian process that 15 defined in these terms would requuire that the

relevant aspect ofthe phenotype (an acquired thought or behawor) of the first

person was also back-translated mto its genotype thabit). This may occur when
repeated (phenatypic) thought or behaviours give rise to new or amended

(genotypic) habits. But the phendtypic behaviowr could be occasional and not

encoded 1n ahabit, vet still be imitated by the second person (p. 3593,

Habit as the genotype can possibly be viewed as the outcome of a Lamarclian
process, assurning that the phenotypic behavior 15 encoded inthe genctypic habit.
However, it 15 problematic when the second person irmitates the changed phenotypic
behawvior not the genctypic habit. Hodgson and Ermdsen's (2006) argumnent 15 that the
imitation of habit 15 an indirect process, hence the Lamarckian process does neot play a
significant role in habit replication If the second person copies the new habit and then
shows the changed behawior, it could possibly be the Lamarclkian process.

Routine as Social Gemotype. The development of business has been viewed as a

Lamarclian process. In this view, a company’s ‘routines’ are seen as analogous to genes
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that carry information in companies. Workers in a company can learn the ‘routine’ for
production and pass it onthrough an inheritance process to fubure workers (Nelson &
Winter, 1992).

This explanation of business development can be seen as Lamarclkian process,
because routines can be modified and passed on. However, there 15 also a question about
whether the routine 15 the right unit of social evolition, and whether it follows a
Lamarclkian process. Hodgson and Enudsen (2006) rejected the Lamarckian possibility of
routines, because “Blueprint transmmission of routines 15 the mherttance of genotypes.
There 15 no inherttance of the additionally acquired phenotypic characteristics of the
performed routmes” (p. 360).

Cwerall, Hodgson and Enudsen (2006) rejected the 1dea that developmernt of
business 15 a Lamarclian process because theroutine as genotype didnot provide a
feasible mecharism for inherttance of an acquired characteristic. In contrag, the
Darwinian model does not have this shertfall. Hodgson and Enudsen (2006) argued that
Darwin's original theory might accept the possibility that a social phenotype (comparry)
can affect social genotype (rowtines) as in MNelson and Winter’s (1982) model. However,
rmch as modern Darwintan theory rejects the possibility that phenotypic characteristics
may be encoded in terms of anunderlying genotype, so this project rejects the possibiity
that social phenotype could be encoded into social genctype. This 15 similar to the
position taken by modern neo-Darwinian theory.

The concept of an 1dea or the broader term meme as a unit of social evolution does not
clearly provide answers for Lamarclian processes. If the characteristic (expressed

outcome or phenotype) can be encoded to an 1dea or a meme, andthe copied 1dea can
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provide acquired characteristic to the next generation, then Imowledge creation can
possibly be a Lamarckian process. This possibility, however, 15 rejected because merme as
genotype does not provide same phenotype and meme as phenotype dees not provide
possible genotype (Hodgson and Fmidsen, 2006). For present purposes the implication
would be that it remains difficult to examine whether or not knowledge creation s a
Lamarclian process, and it apt to contirme to remain so until we can find the proper
distinction between genotype and phenctype m socio-economic evolution. The definitive
unit of socio-economic systern that 15 prerequisite for Lamarckian process has not been
agreed yet.
3.4 Lamarckian Theory of Creative Ideas

Lamarcl's evolutionary theory 15 determirustic. For Lamarck, the adaptive traits
of living arganisms are generated by the environment. For instanoce, the placement of
food in the higher canopy of trees determmunes that the giratte’s necls will be elongated
The variation process in Lamarckian theory 15 directed in that an adaptive trait is
predeterrined o instructed by its environment (Plotlin, 1997

Some theories of creativity have emphasized determmustic environmental factors
such as previous knowledge and goals inthe generation process of creative ideas. In
parallel with Lamarclian views of biological systems, new 1deas can be instructed from
previous knowledge and/or ermironments. These theories can be wiewed as Lamarckian in

tertms of creative 1deas.

38



Environment Environment Knowledge

I I

O O
Crganism Indiwidual Idea
a biological systern b. socio-economuc systerm ¢ cogrutive systemn

Figrre 2. Lamarclkian mechansm of nstruction for biological organismes and 1deas.

Figure 2 shows the enwironmental effects on organisms, individuals, and 1deas In
cases of irwentions, the knowledge of an indiwdual 15 analogous to the environment. As
Lamarclkian evolution theory argued that determiristic environmental factors ingruct
adaptation in living organisms, so 1t 15 inthought processes. Lamarclkian views stipulate
that prior knowledge can instruct new 1deas deterministically. These views also gipulate
that goals and directions produce new 1deas. By insisting on this progression, a
Lamarclkian view contests the Darwinian assumption of blind variation of thought.

Drafts of atwork and mvention are offen mentioned as evidence for Lamarckian
views of creative 1deas. The argument of the Lamarcloian view 15 that the sequences of
drafts show the sequence of the development of 1deas (Dasgupta, 2004, Weisberg, 2006).
For instance, the sketches of Picasso’s Germica and the sequential drawings ofthe steam
engine are presented as evidence in favor of the Lamarclzian view of creative 1deas.

From the view of Lamarckian evolutionary theory, the fuhire of new 1deas can
possibly be predictable. Since the variarts of 1deas are generated from prior knowledge, it

15 possible to pre-determine which idea will be developed and will be successful In ths
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view, new knowledge will come from 1deas and sources with a past history of better

accurrlation of knowledge.
3.5 Darwinian Theory of Creative Ideas
3.5.1 Basic Mechanism

Campbell (19607 pointed ot the commonality between trial-and-error problem
solving and natural selection in evolution as follows:

The general model for such inductive gains 15 that underlying both trial-and-error
problemsolving and natural selection in evolution, the analogy between which
has beennoted by several persons (e.g, Ashby, 1952; Baldwin, 1900; Pringle,
1951 (p. 381).

Camnpbell’s point 15 that natiral selection and problem solving can both be based
ont trial-and-error. Inbiological evolution, variants are generated without intelligent
design, and then one of the variants will be selected or rejected by the environment with
whichthey interact. In the case of areal gain of knowledge, people generate a new and
creative 1dea and the idea surwives or not on the basis of tral-and-error,

Camnpbell (19607 referred to Bain (1874 who used the phrase “trial-and-error” in
application to thought processes. Bain (1874) described the areatrve thought process as
follows:

The great discovery of Daguerre, for example, could not have been regularly

worked out by any systernatic and orderly research; there was no way butto

stunble uponit. ... The discovery 15 unaccountable, until we learn that the

author. .. got deeply irwolved in trials and operations far removed from the beaten

paths of inquiry (p.595).
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Bain (1874 contended that great discovery could not be possible by systermnatic
and orderly research Thisunsystematic element of discovery canbe seen as essentially
the same as the line of thought behind Campbell’s main arguments for creative thought as
the produd of trial-and-error. Bain (1874) used the term ‘stumble upon’ which describes
discovery as anunarticipated and unaccountable event.

Campbell (19607 referred to Sourtau (1881) as another source for stipulating that
there exists a chance element m creative thought process. Sourtau (18231) contended that
the starting poirt forthe oreative thought 15 problem recognition, and that this 15 a critical
elemnent. Campbell lughlighted the role of chance in invention,

The discovery of a new problem can accordingly be fortuitous. The role of logic
in creative though 15 dimimished, and the increased emphasis upon the importance of
chance implies that mvertion or discovery involves an element radically different than
previous knowledge. Souriau pointed out that chance 15 the first principle of invention as
follow: “it 15 what has produced mathod, nourished it, and made it fertile” (gtd In
Carmpbell, 1960, p.385).

Sourtau (1881) described the relation between the degree of 1rwention and chance.
The more radical the inventions, the more chance elements are involved. This point 15
consistent with Cammpbell’s (19600 arguments about ‘troe gams of lnowledge” If new
problems are encourtered, existing knowledge carnot provide a clue, so the confribution
of chance will be inareased.

Souriau (1881) also suggested that large mumbers of combinations are necessary

for coming up with solutions for problemns:

41



Even genius has need of patience. It 15 after hours and yvears of mediation that the
sought-after idea presents itself to the invertor. He does mot succeed without
going astray many times; and 1f he thinks himself to have succeeded without
effort, it1s only because the joy of having succeeded has made hum forge all the
fatigues, all of the false leads, all of the agonies, with which he has paid for hus
success (p.43).

Souriau (18281) contended that irwention requires a tremendous number of 1deas
as the precondition for worthwhile new 1deas. It 15 possible that as the number of
cornbinations incresses, the probability of coming up with a solution mereases. Moreover,
upon successfully solving a problem, scientigs are apt to forget all the trails and
difficulties that they have been through, because of the joy they experience when they
finally endthe process of generating creative 1deas

Camnpbell (19607 referred to Ashby (1952) for his rationale regarding the
substitution of successful 1deas for unsuccessful 1deas:

Just as, in the species, the tnusmthat the dead cannot breed wmplies that there 15 a

fundamental tendency for the suocessfil toreplace the unsuccesstul, so inthe

nervous systern does the truism that the unstabletends to destroy itself imply that
there 15 a fundamental tendency for the stable to replace the unstable CAshby,

1952, p. v1).

Ashby's (1952) argument can be viewed as an analogy between organic evolution
and the evolution of thought processes intermms of the replacement of unsuccessful ideas.

The variants with better adaptive traits will be selected for by the environment. For
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thought processes, the stable variants that have a better fit to the criterion of the problem

or knowledge will be selected and replace the unstable variants.

Campbell (19607 referred to Ernst Mach as the source forthe variation and

selection model Mach (1896 stipulated and elaborated upon the process of selection of

better-fitting variants and suggested that the process will lead people to believe that the

creative thought process 5 a deliberate process.

After the repeated survey of the field has afforded opportunity for the

interpoaition of advantageous acadernts, has rendered all the traits that st with

word or the dorminant thought more vivid, and has gradually relegated to the

baclkground all things that are inappropriate, malzing their future appearance

impossible; then from the teeming, swelling ho of fancies which a free and hugh-

flown imaginations calls forth, suddenly the particular form arises to the light

which harmonizes perfectly with the ruling idea mood, or design. Then it 15 that

which has resulted slowly as the result of a gradual selection, appears as if 1t were

the outcome of the deliberate action of creation (Mach, 1896, p.174)
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Figrire 3. Darwintan mechanism of selection in organic evolution and kmowledge
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Figure 3 describes the analogy between biological, socio-econamic, and cognitive
systerns in Darwinian theory. In a biological systern, an organismthat fits into an
environment will be seleded, and will ‘survive.” In Darwinian view, the giraffe’s
adaptations are the culmination of many randomly generated variants, each of which
happens to fit the digribution of food inthe gratte’s emmironmernt. This vartant 15 thus
favored by the environment. When applied to creative 1deas, this Darwinian evolutionary
mechanism takes the form of “blind-variation and seledive-retention” (BVER) processes
(Carmpbell, 1960, p 3800,

In Campbell’s view, when people generate new knowledge, they first generate
blind variants of 1deas. From these blindly generated variants, one variant 15 selected
through interaction with the systemns it relatesto, and then retained for further use. From
the pool of blindly generated variants of ideas, one 1dea 15 selected by a socio-economic
systern or mental process. This selection process 15 comparable with the selection of the
fittest from variants in biological evolution. In a thought process, more stable 1deas wll
be selected from among a large set of competing 1deas (Ashby, 1952).

3.52 Three Conditions and Themes for Enowledge Creation

Like natural selection i biological evolution, three essentials need to be
developed for Darwinian-type knowledge creation Carmpbell ported out that “three
conditions are necessary: a mechanism for introducing variation, a consistent selection
process, and a mechanism for preserving and reproducmg the selected variations”
(Carmpbell, 1960, p.381). First, an indiwidual should introduce a new variant in some
way. Ideas and feedback from other people muight help to generate variants. Exposure to

different cultures would produce new variants. This production of new variants will
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eventually happen withinthe mdindual’s mind. It 15 commonly referred to as ‘oreative
thought.” Becond, an individual must have a ‘consistent selection process.” An
ndividual’s knowledge, or the lmowledge held by society overall, can select or reject
various 1deas. This 15 analogous to natural selection in environments. Third, an individual
should have a mechanism for retaining the selected variants. We need to have some
mechanism of retaining the selected 1deas for further development.

Campbell (19607 developed threethemes i lknowledge creation. The fird theme
15 that BVEE applies to all increases in lmowledge and BV ER 15 the findamental
mechanism for ‘true’ increase of kmowledge. By ‘true’ Campbell meart a real gain of
mowledge Carmpbell (1960 stated that “a blind-variation-and-selective -retention
process 15 fundamertal to all inductive achievermnerts, to all genuine increases in
kmowledge, to all increase in fit of systemto environment” (p. 3815 This process of
blind variation and selective retention will be referred to as aBVER process in the
following paragraphs.

The second theme 15 that a *shortcut’ to full BVER process can only be accessed
afterthe kmowledge 15 inttially gained. The shorteut, which reflects already achieved
wisdorm, 15 originally gained by BVER process. Campbell (1960) stated, “the many
processes which shorteut a more full blind-variation-and-selective-retention process are
in themselves inductive achievemerts, containing wisdom about the ermironment
achieved originally by blind variation and selective retentior” (p. 381). Carnpbell pomted
out that original achievermnent of knowledge is driven by full BVEE process and once it 15

achieved this can be used similar to a shertout.
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The third theme 15 that a shortcut process also has its own BVER process.
Campbell stated the third theme as: “In addition, such shorteut processes contain in their
owrl operation a blind-variation and selective-retention process at some level, substituting
for overt locormotor exploration or the life-and-death winnowing of organic evolution”
(Carmpbell, 1960, p.381). Eventhough one can achieve wisdom and use this achieved
wisdom as a shortowt to full BVEE process, aBVER process can still be involved
3.5.3 Blind Variation and Gains of Enowledge

Campbell (19607 implied the distinction between expansion of lmowledge and
genuine gains of knowledge. This distinction can be understood as different degrees of
mnvertion or discovery, such as radical discovery of Copernican heliocentrism vs. the
extensionof previous knowledge, such as Edison’s light bulb. Carmpbell (1960) described
this real gain of lnowledge as follows:

BElind variation has represented repeated “brealouts” fromthe limits of available

wisdorm, for1f such expansions had represented only wise anticipations, they

would have been explotting full or partial lmowledge already achieved. Instead,
real gains must have been the products of explorations going beyond the limits of

foresight or prescience, and in this serse blind (p. 380-381).

Ifthe ‘breakouts’ are wise anticipations, then the ‘brealzouts’ mvolve use of
existing knowledge which can possibly be ‘foreseeable’ or ‘prescient.” On the contrary to
this wise anticipatior, the real gain of knowledge st be ‘blind’ because the brealout

needs to go beyond the limits of the previous knowledge.
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In the case of real gain of knowledge, whether an 1dea will be successful or not
cannct be judged 1n advance. Campbell (1960) explained the blindness of successful and
failed ideation as follows:

In the instances of such real gains, the successful explorations were 1n origin as

blind as those which failed. The difference between the successtul and

unsuccesstul was due to the nature of the environmert encountered, representing

discovered wisdorn about that ermironmert (p. 381).

If the variants of ideas are blind, then it 15 false to argue that one can predetermine
which variants will be successful. For instance, scientists come up with various
coryectures of treatment for cancer, yet t 15 not 1dentified at the front which one of the
ideas will eventually prove to be the cure for cancer. Cancer researchers generate plenty
of new 1deas and one of them which fit to scientist’s lnowledge will be selected or
rejected. Therefore, the knowledge of scientists 15 comparable to an ermironment that
select organism in biological evolution. This seledted 1dea will be tested again by other
researchers.

3.5.4 Connotations of Blind Variaion

Independence of variations to environments. Cne of the conditions for blind
variation 15 that all variants need to be independert from the environment 1n which they
arize. Carrpbell (19600 stated this as follows: “the variants muist be independent of the
environmental conditions of the occasion of their occurrence” (p.381). Forinstance, m
organic evolution the varants of graftes’ neck are independent of place of the leaves
Carmpbell (1974) queoted Dobzhansky for random motation m organismo “Thus

Dobzhansly (1963, p.211) says ‘Mutations do arise, apparert in all organisms, and they
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arise at random with respect to their usefulness to therr carriers’” (qtd. In Camphell,
1974, p. 1507, Bimilar to random variation inbiological evolution, in cognitive evolution
the variant ideas of a cure for cancer could be independent tothe problem of cancer. We
do not lnow in advance which ideawill be selected or rejected for the cure for cancer
Camnpbell (1974} stated the following about the first condition:
An important implication of this1s that the order of occurrence of the variations
be independent of their adaptiveness, that auseful variation be no more likely to
occur early than late, etc. .. But evenwere (and where) some degree of adaptive
correlation to be found between anew environmental setting and the mutations
which are concormtant with it, or, more likely, between anew puzzle situation for
an animal and the responses it ermits, this netther violates the model nor provides
an explanation of an eventual improvemert of fit. For this adaptive bias in
explanation (ctherthan preordained harmony) 1sthrough some past variation and
selective retention process. Furthermore, 1f the animal’s partially intelligent
floundering 1s replaced by a still more efficient or errorless response pattern, this
gam i fit 1snot & all explaned by the prioe useful non-randormness. Rather, i
can only be due to a selection from among the hmited range of intelligent but
inperfect variations those that happento be still more adaptive (see Dobzhansloy,
1963) (p. 150).
The implication of independence of variations to their environment i that useful
variation could occur later because the usefulness of any given variant 15 independent of
environments. Furthermore, even though there 15 an adaptive correlation between subjects

and environmerts, this does not violate the model nor explain an mmprovement of fit. This

43



adaptive fit 15 also acquired from previous variation and selective retention process.
Moreover, the replacement by efficient mtelligence 15 also explained by selection from
among imperfect variations.

Variability beyond adaptiveness. Campbell (1960) defined the second condition
for ‘blind’ as follows:

A second important connotation 15 that the occwurrence of trials indiwdually be

uncorrelated with the solution, inthat specific corred trials are no more likely to

occur at any point in a series of trials than another, nor than specific incorrect

trials. (p. 381).

This condition canbe divided into two parts: 1) The correct trials can happen at
any arbitrary point intime, and 2) correct trials are no more lilely to happen compared to
athertrials We cannot faretell when the correct trials wall oocur, Moreover, 1f we do nct
kmow a solution yet, the probability of generating right solution 1s same with other
thought trials.

Camnpbell (1974} descnbed this condtion m more detail as follows:

...a catin Thorndike's puzzle box 15 far from random in his response ermission,

prinarily becanse of imate and acquired preferences for certam responses over

others, a partial wisdom appropriate to the ecology of past traps 1n evolution and
ontogerry, but also becanse of structural biases against generating certain kinds of
novel variations. If these predilections are strong enough, the cat will not solve
the puzzle box, because Thorndike has deliberately designed it to be puzzling, to
have a counterintuttive solution. In particular, the cat’s strong expectation that

locomotor permeability walls that light 15 coming through, have been rendered
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counterproductive by Thorndike’s puzzle, the cat has to generate some very low

probability responses that it cannot generate “wisely’. After frustrating itself with

stubborn repetitions of ‘intelligent’ responses, it may be “by chance’ and

‘inadvertently’ (Guthire, 1954; Guthire & Horton, 1946) generate a mumber of

low-probability responses, among which may be one that releases the trick door.

Equiprobability is both descriptively wrong and analytically nonessential But

variability reaching into responses beyond the already adaptive 15 essential (p.

148).

Campbell’s argument 15 that variations canbe restricted by partial wisdom and
structural biases. This requires producing some low-probability responses which cannot
be generated wisely. One of these responses could lead to the solution.

Uncorrelated subsequent trials. Carnpbell (19600 described the third condition
as follows:

A third essential connotation of “blind” 15 rejection of the notion that a variation

subsequent to an mcorrect trial 15 a ‘correction’ of the previous trial or makes use

ofthe direction of error of the previous one. (Insofar as mechamsms do seemto
operate in this fashion, there must be operating a substitute process carrying on
the blind search at another level, feedback circuits selecting ‘partially’ adequate

variations, providing information to the effect ‘vou're gething warm’, etc)... (p.

381).

In another article, Carmpbell (1974} argued that the subsequent trial 15 not the

correction of a previous incorrect trial as follows:
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Anotheruseful connotation of random 15 that prior mns do not affect subsequent

ones, and in particular the rejection of the notion that the wisdom of later

variations 13 inproved by the lknowledge of the fatlure of the earlier ones. Where

descriptively this does happern, 1t 15 due to additional knowledge. If there 15 known

tobe a solution and a finite number of alternatives, then the elimination of wrong

alternatives improves the chances of successive guesses. . (pp. 150-151)
Campbell’s contention 1sthat an increased probability of corming up with a successful
solution can happen only when there 15 additional lmowledge. Additional knowledge will
elimmate unsuocessfil trials that would otherwise decrease the probability of successtul
guesses.
3.55 Counter-evidence and Evidence of Blind-variation

Weisherg (2006) argued that invention of the light bulb by Edison constiutes
counter evidence to the Darwintan approach. From the Lamarckian view, the invention of
the light bulb 15 an extension of previousresearch. Edison used a platimim burner
because the previous research using a carbon burner failed. Edison’s approach was an
attermnpt to malze a better vacuum to last longer than the platimim burner. However, the
improved vacuun a using platinum burner was not successful. Edisonretumed to a
carbon bumer and succeeded From the Lamarclkian view, there was no brealk from the
previous ideas; hence Edison’s contribution tothe invertion of the light bulb was not a
blind variation process.

In the case of the light bulb, the failure of a platinum burner led Edison to use a
carbon burner. The failure led Edison specifically to use a carbon burner with an

improved vacuun. Therefore, the previous error of using a platinum burner was corrected
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in the subsequent trial inwhich a carbon burner was used. This violates the third
condition of blind variation; the successful trial was stipulated as a result ofthe
nformation that led to the rejection of the previous incorrect trials.

However, from the Darwinian view, there 13 some evidence of a trial-and-errar
process. Edisonused a carbon burner first, and he then turned to a platinum burner,
because he could not improve the vacuum when he firsttried a carbon burner. Even
though he improved the vacuum, the platinum burner was not successful. Enowing this,
Edison returned to a carbon burner, only now with an improved vacuumn. This process
can be seen as trial-and-error process (Darwirnan) in that he could not predict successtul
results.

A well-lmown example of BVER process can be found inthe occurrence of
solutions to scientific problems. Mathematician Henri Poincare was looking for the
solution for the problem lmowm as the “Fuchsian function” for fifteen days. Poincaré
carme up with the solution when he was away fromthe problem. Darwinian scholars can
argue that the solution for the problem was developed blindly in various forms of 1deas,
and that one of the fable solutons came to the mathermnatician’s mind through the
selection process (Hadamard, 1945). That 15 why the mathematician did not realize how
he came up withthe soluton Based on Campbell’s writings, Simonton (1999) applied
other external elements to creative 1deas such as the effect of war in terms of gererating
art worlke

Cnthe basis of the assumption of blind variation, the Darwinian view implies that
the future of new 1deas 15 unpredictable. Since the variants of 1deas are blindly generated,

it 15 ot possible to wentify in advance, priorto trial-and-error processes inwhich the
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idea i3 tried in application, which of therange of 1deas wll prove to be successful. For
nstance, scientists in cancer biology face many questions that have not been resolved,
and they have no rational or scentific knowledge about where the new 1dea cures cancer
will come from and which one of all the possible 1deas will be successtul.

Within the context of economic development, this logic 15, of course, very
unsettling. Insofar as the course of econormic development s strongly influenced by the
growth of knowledge (as per the endogenous growth model), and insofar as the future
growth of knowledge 15 impossible to predict using the rational or scientific knowledge
avatlable only today, we cannot, therefore, predictthe future course of econormic
development. Among other things, assuming that this wiew 1s comrect, rational economic
development planning and policy 15 at best quite difficult.

3.5.6 Selective Retention

COnce variants are produced, they are selected orrejected by selectors. Biological
variarts are selected or rejected by interaction with their environments. Ideational
variarts may go through a sirmilar process. Accordingly, 1deas will be selected or
discarded through their interactions with the ndividuals’ lnowledge and beliefs.
Enowledge and beliefs can be selectors for new 1deas, and they bear upon the new
kmowledge generation process. Selectors canbe scientific laws, personal values, and
mnteraction among commminity mermbers. Selectors can be found in the ‘internal gructure’
of a system or ‘thought about that syster’ (Bowen, 2007, Hevlighen, 1997).

In selection processes, general knowledge and specific expertise canbe standards
that “weed out’ unproductive ideas (Carmpbell, 1960). General knowledge 15 common

kmowledge that has been accepted m the domain such as Geocentrism. Specific
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kmowledge might include for instance the mechanism of planets’ movements. However,
sometimes scientists have to reject common beliefs to come up with new 1deas and
theortes.

Vicarious selection. Bowen (2007 ) referred to Bartley to explain wicarious
selection. Bartley (1987) explained vicarious seledtion as follows:

Take radar as an analogy. Radar 15 used, by a ship, for instance, as a substitute for

moverment, 1.e., going and looking directly. Instead of exploring its environment

directly, with all the attending risks, the ship sends out radar and perhaps sonar.

The radar bean 15 ermitted blindly, and 15 selectively refleded from objeds, their

opaqueness to the wave band wicariously representing their impenetrabilty. Trial

and error 15 thus removed from the full moverment onthe part of the organism and

15 vicariously invested in theradar bean. Sirnilarly with wision, where an

erwironment far beyond the range of probing touch can be represented vicariously

i the 1mage in the visual cortex. This image may be utilized ina vicariows trial

and error search or consideration of potential movements, and itself worls as an

error-eliminating confrol over movement. Successful movernents in thought may

be put irto overt movernent (gtd. In Bowen, 2007, p. 32,

Bartley's (1987) argument of vicarious selection can be summarized in two points.
Firstly, lmowledge can be seen as analogous to ‘radar’ that searches a set of imaginable
possibilities for new 1deas. As radar searches possible obstacles, our lnowledge can test
whether a new 1dea i3 plausible or not by using what we already lmow. Secondly, this

vicarious selection works for eliminating errors. Radar will be used for detecting objects
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and obstacles. Likewise, existing knowledge will be used for eliminating implavsible
ideas.

3.6 Criticisms of Darwinian Theory of Enowledge Creation

3.6.1 Blindness

Another main eriticismof Campbell’stheory focuses uponthe concept of blind
variation The opponents of blind variation insist that ‘prior knowledge’ 15 requured for
kmowledge creation From previous experience the subject can have lmowledge for
strmilar sttuations (Quine, 1969, Moreover, the human mind tends to generate correct
hypothesis in away that 15 rerminiscent of instinet (Peirce, 1958). The use of heuristics
can also be seen with this line of thought that people use ‘rule of thumb’ to find out right
solution (Sinon, 1970). When people generate variants of ideas, prior knowledge 15
mnvolved inthe thought process so it 15 “sighted varation’ (Bternberg, 1998)

However, from the Darwinian camp, this prior lnowledge 15 the product of BVER
process. In order to create knowledge, the thought processes follow the prototypical
BVEER process (Carrpbell, 19600 The opponents of Darwintan theory do not provide any
alternatives that explainsthe way of getting the prior knowledge (Gamble, 1983)

In terms of blindness, Campbell contended that people generate new 1deas without
the lmowledge of whether the new 1dea will be worked out or not. In orderto create new
kmowledge, inventors have to go beyond the lmits of current knowledge. The argument
that new lnowledge 15 based upon previous knowledge 15 not debatable in the Darwirian
view. If we do not lknow a solution, then we have to go beyond the limits of knowledge.

Blind varigtion means that when an individual has an 1dea that goes beyond the lrmits of
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the currernt knowledge, then the new variants of 1deas will be blind for fubure status and
blind for how it will be formed

Lamarclaan theorists insist that 1deas and artifacts are gererated from goals and
designs. This isthe basis of their oppostion to Darwintan theory (Dasgupta, 2004,
Ziman, 2000). In invention processes, new 1deas are developed according tothese goals
and designs. From these goals and designs, new 1deas are formed with full cognizance of
the future success, and goals and designs direct new 1deas.

Dasgupta (2004, for instance, referred to three cases of creative 1deas. James
Watt's “Separate Condenser”, JTagadis Chandra Bose's “Bdonistic Thesis”, and Pablo
Picasso’s “Guernica” He argoed that each of thesethree cases were goal-driven and
kmowledge-driven in contrast to blind variation of the Darwmian view. In another
exarmple, Weisherg (2006) argued that the knowledge of "Watson and Cricl 15 the main
source for the discovery of the DINA structire This canbe an example of the Lamarclzian
view, becaise Watson and Crick’s lmowledge can instruct the discovery of DINA
structure.

Howrever, the sequential development of 1deas 13 not enough to refute the
Darwinian view of blind variation. In other words, scientists, artigs and other creative
thinkers right blindly create new 1deas when they were facing problem situations.
Darwinian scholars may argue that Watson and Crick blindly generated various thoughts
to form their new 1deas and selected one fromthose blind variants. Moreover, the final
steps of discovery of DINA structure involved some evidence that was consistent with the
Darwinian view, specifically trial-and-error of different DINA structures (Weisherg,

2006),
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Some Darwinian scholars believe that new 1deas heawly rely on previous
kmowledge The achueved wisdom and designs will be used for reducing the search space
for solutions of novel problens (Ziman, 2000). The argumert of the Darwinian view is
that even though people can rely on previous knowledge, previous knowledge 15 not
sufficient forthe generation of new 1deas. Previous knowledge can be analogous to radar.
I 15 used as a selector net as an informer. Using radar can reduce the possible search
spaces but it still does not tell in advance which direction the object will come. With the
previous knowledge, we still do not know where and how the brealdhrough 1dea will
COeE.

3.62 Ignorance of Human Volition

Darwinian views are also criticized for not considering the volition of human
beings. Specifically, the concern is that people’s will power 15 involved in a creative
process, and since willpower 15 exercised in pursut of conscous purposes manifest
within the minds of indiwiduals, the process of exercising willpower 15 in some ways
inconsistent with blindness. For ingance, in the Lamardan view, Watson and Crick’s
self-steered research direction in DIMNA research affected the finding ofthe double helix
structure (Weisberg, 2006). The 1dea here 1sthat in the Lamarclian view, the volition of
scientists, not random events, constitutes the main causes for scientific brealdhroughs
(Gruber, 19897

Inresponsetothis critique, Simonton (2005 ) claimed that “motivated
persistence” 15 a part of the Darwirtan framework. Inventors can pursue a project that 1s
based on ther goals. The fact that the origins of ther 1deas are found in blind variation

does not stop them from following goals related to their problems. However, volition
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ttself cannot guarantee the generation of viable new 1deas. Morethan willpower or
volition 13 involved m invention. Focusing on the problem that needs to be solved will
help, and especially sustained focus, but volition alone cannot reach to the solution ofthe
problem.

3.7 Conceptualization of Darwinian and Lamarckian Approaches

The main difference between the two theones 151n the way that they rationalize
the source of novelty (new 1deas). Darwinian theory assumes that evolution operates
upon novelty that stems from random events. When Darwinian evolution is applied to
creative thought, these random evens are speafically termed ‘blind vartation’ In contrast,
a Lamarckian wiew argues that deterministic environmental factors cause the novelty.

In Darwinian theory, random variation in a gene pool first determines the length
of giraffe’s neck, and the longer necked giratfe proves to be adaptive under the
environmental conditions in which longer necled girafte 1s more it interms ofthe
distribution of food. On the other hand, in Lamarckian view, the higher place of the food
causes the longer neck of giraffe.

3.7.1 Darwinian theory

From the Darwinian view, new variarts are blindly generated. Thus, from the
point of wiew of Darwinian theories, elements of unexpectedness, serendipity, trial-and-
errar, connecting different 1deas, chance, sub-consciousness, and random-generation and
kmowledge-selection are expected. Blind variation means that the generation process of

variarts iwolves uncertamty andfor sub-consciousness in the creative thought process

(Carmpbell, 1960; Bmmonton, 19998 Weisherg, 2006).
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Unexpectedness: If creative ideas are formed with blind-variation, the creative
thought process is more likely linked with unexpectedness of finding out new 1deas.
When tdeas are formed blindly people who went through creative thought processes
difficult to expect what will come out of creative thought process.

Serendipity: Serendipity 15 related to the creative process as aside effect or
unaccountable process that inventors experience as a fortunate momert. After thinking
about the problems, creative 1deas can come from out-of-blue (Hadamard, 19457

Trail-and-error: When there are problems that an individual has never
encountered before, the best strategy canbe trial-and-error. And this strategy would be
the only option that 15 simmular to variation-and-selection mechanism (Campbell, 19600,

Connecting different ideas: Sometimes amiziure of two very different 1deas can
yield creative ideas. Moreover new 1deas can be made, whenthe old 1dea 15 applied in
new ways. This can be related with Darwinian theory, because mixtures of two different
ideas or applying old 1deas in new ways can result in unexpected discovery (Carmpbell,
1960).

Eandom-gener ation-and-knowledge-selection: This concept 15 simular to those
in natural selection m that variations are generated randomly and only some of themn are
selected by the environment. In analogy to biological systens, variants of 1deas are
generated randormly and only some of them are selected by Imowledge.

3.72 Lamarckian theory
In contrast to Darwin, Lamarckian theory emphasizes successive phases of

development of new 1deas, rejecting spontaneous and uncertain elemerts. Froma
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Lamarclkian view, there are only conscious elemerts in a generation process of creative
ideas. Larmnarclian theory is related with predictability and extension from previous ideas.

Extension from previous ideas: If a creative idea is generated through
Lamarclian processes, then that new 1dea needs to be informed from previcus lmowledge.
Because old knowledge works analogously to the operation of the environment in
biological evolution, old lnowledge should inform the generation of new 1deas.
Thereforethe previous 1deas are the main sources of novelty for creative 1deas (Weisherg,
2006

Predictability: If new ideas are informed by previous knowledge, then the new
idea could be predictable by examining accurmulation of that previous knowledge.
Moreover, inventors might experience that the generation of new ideas were predictable.
3.8 Difference between Darwinian and Lamarckian theory

The difference betweenthe two theories 15 over the question about whether the
new ideas can be anticipated or not Scholars who view creativity and mvention from
within a Darwirntan framework argue that new ideas are not predictable; variants of 1deas
are blind to their fubure status when they are formed. "Withinthe context of economic
development, this implies that it 15 not possible for centralized economc developmert
planners and policy malers to predict successtul new 1deas, and that instead such
decisions should be made at a level that 15 as decentralized and local as 15 possible. Cn
the other hand, scholars of the Lamarclkian view argue that new i1deas can have
predictable futures, since they follow from the instruction of prior knowledge and
people’s direction. If the process of invention 15 predictable, then it 15 expected to come

from certain directions. Within the contestt of economic developrent, this implies that
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the predictably successtul new 1deas can be finded and supported by centralized
econorric development planners and policy makers.

Toreiterate the preceding, the contragt between Darwinian theory and
Lamarclian theory can be summarized in termrs of the nature of the process of producing
novelty. From the Darwinan wew, blind variation 15 the mechanism for new 1deas. In
confrast, the Lamarclzian view proposes that new 1deas originate through deterrministic
cause-and-effect relationships, caused by elements within the enwironment.

3.9 Arguments on Creative Products

Debate over Picasso’s Guernica Simonton (2007) concluded that the generation
process of Guernica can be seen as a Darwintan process that 15 led by blind variation and
selection. In his study, five judees arranged seventy-nine sketches of Guernica in
sequential order. From this experiment, Simonton argned that the generation process of
Picasso’s Guernica show nonmonotonic vartants, because the judges’ arrangement does
not match the sequertial arder of Guernuca. From his early sketches, the final product of
Picasso’s Guerrica i3 hard to predict.

In contrast, Gabora (2C07) argued that the Darwin's natural selection theory 15 not
eligible for being applied to creative thought process. Gabora’s argument is that the
creative thought process 15 more like the inhentance of previous ideas which is similar to
Lamarclian theory of evolution. Inaddition, Gabora pointed that nonmotorie process of
creative 1dea generation does neot necessarily mean that it 15 a Darwinian process. In other
words, the factthat a given 1dea-generation process 15 non-linear does not necessarily

imply that 1t was Darwinian process,
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In Stmonton’s study (2007, the judges’ arrangement of Guernica sketches clearly
indicates anon-linear process. This non-linear process can be related with a Darwinian
process; if the variants are blindly formed then the generation process of creative 1deas
should show some evidence of non-linear processes. Even though there could be other
explanation for non-linear process, if blmd-variation 15 the condition for novelty, then the
people who generate new 1deas could show non-linear ways of developing ideas.

In another study, Weisherg and Hass (2007) agreed with Simornton m terms of
blindness in creative 1deas. Weisherg and Hass defined blindness as the “individual’s
mnability to predict the outcome of carrying out some operation during creative
production” (p.345) Weisherg and Hass agreed that creators cannot be sure how future
outcormnes will turn out. However, they disagree with the possibilty that free association
of 1deas 15 essertial for the generation of creative thoughts. Free association 15 amixture
of differert 1deas without previous judgment that can be seen as one of the features of
blind variation They support the notion that the creative thought process 15 systematic
process rather than a blind one.

Such arguments as this over the systemnaticity of one approach or the other canbe
applicable to the creative worls of artists and scientists. Howrever, it 15 still difficult to
conclude that systematic approaches carnot be a Darwinian process. Expertenced artists
could be systernatic—they have their owm way of generating new ideas— toward ther
creative works, but this does not eluninate the possibility of free association and
nonmonotonic variarts.

Even though exarmination of the procedural sketches can reflect in some ways

some evidence of the creative thought process, it does not describe the real thought

62



process of invertors. In orderto see whether the creative thought process uwolved isa
Darwinian one, it may be exarmined in other ways as well. One such method 15 that ask
questions directly to the creative thinker or irwentor how they came up with their own

tiovel 1deas.

3.10 Taking Stock

The critics of the Darwinian mechanism of knowledge creation canbe
strengthened if they can provide more definitive ewidence. The difficulty in
distinguishing between genotype and phenotype 1n socio-econormic and cognitive
evolution makes evolutionary theories difficult to be tested. In other words, the definttion
of genotype and phenotype 15 not fully established in social science and this 1s an obgacle
for examining socio-economuc and cognitive evolition

The problem of distingishing between genotype and phenotype in creative
thought processes is also challenging. Indeed, consideration about the distinction tendsto
bring more question than answers. When one sees the thought process that lead to a new
mnvertion, how can one distingush between the two processes? For ingance, was
Edison’s thought processes when he invented the light bulb more Darwinian or
Lamarclian? This leads another question: do different degrees of invention (or thought
process) itvolve different degrees of randomness? Then, there remains the needto
exarmine the differert degrees of invention and different degrees of randomness.

Even though more questions than answers are presented, the Darwirian
framework should be tested 1f for no other reason than that it 15 so highly ramified in

terms of policy implications for economic development. From the Darwinian point of
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view, the fiture of new 1deas 15 unpredictable Therefore, 15 appropriate to develop
systerns of infroducmg various 1dess and allow rigorous selection mechanisms to operate,
regardless of the fad that this can sometimes be a highly inefficient process From the
Lamarclian point of view, the future of new 1deas is predictable. Therefore, it 13

appropriate to develop erwironments that can inform new 1deas.

3.11 Hypotheses

The focal hypothesis of this research 15 directed to deterrmining primacy between
the two approaches m evolution. Given that the received wisdom in biology 15 found in
“the neo-Darwinian synthesis”, the alternative hypothesis 15 the Darwinian approach and
the null hypothesis 15 the Lamarcloian approach. Even though Darwinian theory of
evolution is acoepted as anormto biological scientists, it 15 still in doubt to general
audiences around the United States Moreover, the posability of Lamarclian evolution

has been proposed 1n social sciences (MNelson & Winter, 19523, The main hypothesis may

be stated as follows:

Hpy: The generation process of creative 1deas 15 a Lamarcloian process

H.: The generation process of creative ideas 1s a Darwinian process

From this main hypothesis, the subset of hypothesis that relates specifically to
invertors can be stated as follows:

Hy Inventors will tend to ascribe to a Lamarclian view

H.: Inventors will tend to ascribe to a Darwinian view
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Since the Darwinian view 15 generally accepted in natural science, the null
hrypothesis 1s that inventors are more likely to support Lamarckian theary than are
students. The researcher mitially assumed that Darwinian theory 15 more plansible than
Lamarclkian theory for creative thinlking, becaise the critics of Darwinian theory have not
provide logical evidence to reject Darwinian theory.

If the survey data cannot reject the null hypothesis, then they imply Lamarcloian
theory. Even though the survey data cannot definitively test evolitionary theory, it
provides some evidence ndicative of either Lamarclkian or Darwinian theory. Ifthe data
can reject the mull hypothesis, the Darwimian theory of areative thought will remain.

Hypothesis 1

In Darwirian theory, variants are blindly generated. As we saw in chapter 3,
uncertain elements inthe generation process of inventive 1deas can be thought of as a
Darwinian process. In contrast, variants can be produced with foresight in a Lamarclkian
view. In other words, if the creative thought of invention 15 a Lamarckian process then
mnvertors are likely to lmow where their inventive ideas come from. The Lamarckian
theory argues that erwvironment can instruct the living organism for developing traits.
Likewise our previously fored knowledge can instruct new 1deas in Lamarclzian
processes. Moreover, the moment that irwentors come up with inventive thought needs to
be specified. The generation process of new 1deas needs to be brolken into discrete,
individually-recognizable phases irstead of seeing it as a single contimious process.
Usually, researchers see the whole generation process of creative ideas

From this assumption and specification, the first set of hypotheses 15 as follows:
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H1p: Inventors will show lower level of serendipity than students inther
nvertive thought process
H1,: Inventors will not show lower level of serendipity than students in their

nvertive thought process

Thus hypothesis can be called ‘serendipity’ hypothesis. If the irwentors show
lower level of serendipity than students then the conclusion follows that the data supports
the Lamarckian theory, because Lamarclaan theory argued that the development of new

ideas can come from the certamty of previous knowledge and direction

Hypothesis 2

If the irwentor group shows lower level of unexpectednessthan the student group,
then we can say that this result supports a Lamarclian framework In contrast, if the
mnvertor group shows higher level of unexpectedness than the student group, then it

strongly supports the Darwinian hypothesis.

H2y: Inventors will show lower level of unexpectedness than studerts in their
nvertive thought process
H2,: Inventors will not show lower level of unexpectedness than students in their

nvertive thought process
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If the irwentors show lower level to the question regarding unexpectedness than
the stidents, then it can be concluded that the data supports Lamarckian theory. If the
mnvertor group shows higher level to deliberate effort in generation of inventive 1deas

than the student, then it supports the Lamarclaan hypothesis.

Hypothesis 3

H3y: Inventors will express lower level of hapharardness than students inther
nvertive thought process

H3,: Inventors will not express lower level of haphazardness than students intheir

nvertive thought process

Thus hypothesis can be called ‘haphazardness’. If the invertors show lower level
of haphazardness questions than students, then we can say that the data support the
Lamarclian theory because Lamarclian theory argued that the developmert of new 1deas

can cotne from certain directions.

Hypothesis 4

H4y: Inventors will express lower level of connecting different 1deas than students
in their inventive thought process

H4,: Inventors will not express lower level of conneding different ideas than

students in thewr mventive thought process

&7



This hypothesis can be called ‘divergent thinkiing’. If the invertors show lower

level of divergent thinking than students, then we can say that the data supports the
Lamarclian theory, becanse Darwinian theory argued that the development of new 1deas

can come from connecting two very different ideas together.
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CHAPTER IV

LIETHODS AND DATA

Selection of research field. Irventors in cancer research were chosen as a focus for this
project. The reason for selecting cancer research as a focus field was personal irnterest and

curtosity. An underlying assurmption 15 that the invention process in cancer research 15 not

different than it 15 in any other fields.

4.1 Eesearch Methods

4.1.1 Qualitative research methods

Phenomenological method Cualitative research can in general help provide in-
depth understanding of phenomena A phenomenclogical approach toresearch in
particular was used m this research for answering the frst question about how inventors
carme up with their irwentive 1deas. Becanse this *how’ question does not readily lend
ttself to measurement, the researcher had to ask this question in-person
Fhenomenological research involves understanding someone’s experience from their

viewpoint. Phenomenology focuses on the meaning of personal experences rather than
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on numerical representations, and it 15 useful for providing in-depth understanding of

personal experience (Hurmmel, 2006).

If we want to know about someone’s experience, the best way to acquire the
kmowledge we seelzmay be by listening to their stories. Different people can have
different expertences of the same phenomenon. At the same time one person’s reports of
their own experience may tllustrate a common core of buman beings who have similar
experiences. For instance, we can understand the role of working women inhouseholds
through their stortes (Erider and Ross, 1997). In another example, the experience of
parerting as a guide to chuldren also can provide insights to cthers (Van Manen, 1990
Sirmtlarly, insight may be obtaned through the phenomenological study of creatrnty
using stories from artists, such as meanings of creative worls and creative processes

(Melson and Rawlings, 2007).

For understanding the thought processes that catalyze invention, this project
researched inventors’ stortes. Invertors can experience creative morments in marry
different ways. However, one person’s sory may also shed light on the inventive thought
processes in ways that go beyond his or her own 1diosynerasies. In thisregard face-to-
face mterviews are the main tool used inthis research for gathering stories from

mnvertors’ experience of nvention

Justification of interview sample. The purpose of phenomenological research 1s
to understand phenomenon. The rationale for selecting interviewees 15 similar to the
rationale for stipulating a set of experimental conditions, or selecting a case for dudy.
Specifically, one case would be meaningful 1f it can reject the concerved wisdom in terms

of theoretical testing Therefore the number of interviewees 13 not a critical matter,
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because the purpose of the interview 15 to understand inventors’ experience of irwvention.
Boyd (2001) regards two to ten interviews as sufficient to reach saturation in
phenomenological research. 31 inventors were chosen for this project.

Selection of Interviewees. The mterviewee sample was a purposive sammple. All
were listed in the patent database as having invented something inthe field of cancer
research. The criteria used to seled inventors were stipulated by the researcher. Cne
mnvertor 15 a reciptent of an award from the Irventor Hall of Fame in Aloron, Ohio, and
others are famous scholars who had been repeatedly cited by other scientists in cancer
research. Additionally, geographical prozimity tothe researcher was considered as well.

Profiles of Interviewees

Ian Cheong: Cheong studied law as an undergraduate student m Singapore. After
graduation he worleed for a law firm While he was in the law firm, he had a chance to
see irteresting things in patent applications. This experience stirred his mind and led hum
to science. He went back to college and studied biology.

Cnring his studies in biology he worked with a mentor who had worlzed with
Johns Hopkins University. Cheong cameto Johns Hoplans after finishing bus course in
Singapore, Cheong was in a cancer lab and had the chance to work with what his
predecessor had studied. The subject 15 bacterium that 15 sensitive to oxygen

Cne day when he was thinking about this bacterium, a brealthrough idea came to
his mind. The 1dea was that this bacterium rught be used as an elemert in a cancer drug,
The process, he thought, might go something like this. First, the bacterta will be injected
to the human then these bacteria will be located on tumors which have plenty of oxygen

relatrve to other cells. Becond, the cancer drug will be myected and will affect only those
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timors since the bacteria reside with tumors. Cheong received an award from the
Invertors Hall of Fame for this brealdhrough.

George Stark. Stark irwented a way to attack mammalian cells His lab 1s famous
for developing novel ways to identify mechanisms between proteins and interferon
important for cancer research. Starle's lab produces proteins that are used in labs around
the world.

ERobert Silverman. Silverman and his colleagues have studied how human
protein resists wiruses. They studied the genes that would be responsible for immunity
against some virus infections. In 2002 team of cancer geneticists in other institution
mapped a prostate cancer gene to the same gene that the Silverman’s lab had been
working on for many years. With these developments, Silverman proposed a bacteria
hrypothesis in prostate cancer that had not previously been considered as a possible cause.

Alexandru Almasan Almasan’s lab studies the molecular basis of apoptosis and
cell cycle control regulation. He and his associates made an interesting observation about
an important protein lknown to have a finction in cell oycle regulation, specifically that it
dramatically modified cell function Their discovery put Cyclin-E on a completely
different task because this modified pretein 1s related with cell death Before it had been
kmown that Cyelin-E 15 mmportant for cell proliferation, Almasan also discovered that it
can be importart for cell death

Clemencia Colmenares. Colmenares studied the transcriptional control of gene
expression during developmert of embryos. Her lab uses muce that are laclang the so-
called Sl oncoprotein, which 15 associated with cancer cells. This oncoprotein 15 also

linked with human microdeltion syndrome that affect defects of human face. Colmenares
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1z working on indentifying the speafic genesthat are associated wath facial clefting in
humans.

Carlo Croce Croce speculated that he could isolate cancer genes by destroving
some spectfic chromosomal alterations. And this speculation turned out to be quite
exciting because it enables one to clone and 1dentify oncogenes so that other people can
clone and 1dentity many more of the oncogene.

Interview. The first research question in this project is: how do ivertors come tip
with their rvertive ideas? This question canbe addressed in part by a qualitative method
such as an interview. The rationale behind using an interview 15 not sirmilar to the
rationale behind using a probability sample, i that the point 15 to generalize statistically
to the population. Rather the point 15 to understand the interpretation of invention in
terms of the lived experience of inventors. More specifically, from inventors’ stories the
researcher in this case sought to discern whether their experiences of invention exhibit
the characteristics of Darwinian creative thought processes or not. The process of
analyzing interview results can be summarized in three phases: description of responses,
reduction of responses, and interpretation of responses (Erider & Ross, 1997).

From the inventors’ descriptions of the process of gatting new 1deas, one can
mterpret the meanings ofthe generation process of new 1deas. The interview process did
not specify the two wewpoints of the generation process of nventive ideas, because such
specification might have influenced the interviewees to 1dentify with a specific
frameworle The mam questions of the interview were as follows: Carry o tell me abord
yorr creative wark? Con yor tell me abaut how Yo comme tip with creative ideas? What

were the inportat ficiors i your eperienas of rvention? What are the obstades for
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yarr vertion? The protocol of questions 1s attached inappendiz & The interviews were
recorded by a recording device The recorded interviews were transcribed after
cornpletion by the researcher and professional service agency. From these transcriptions,
the main themes and patterns were analyzed and interpreted by the researcher.

The transcribed expressions werereviewed by the researcher. The researcher tried
to find out any patterns or themes from their responses. In particular, the researcher
focused on any indication of the two theories from their responses. After this process, the
researcher classified the similar responses into themes. For instance, one ofthe themes
frorm the interview was ‘I sturnbled upon the solution” This theme came from the
responses of the inventors who said the solution to their problem was not expected.
Moreover, the words in the inventors’ responses were also used in survey itermns to reflect
mnvertive thought processes.

4.1.2 Quantitative method

Survey design. The second purpose of this project 1s to compare Darwinian with
Lamarclian theory in terms of creative thought processes. In order to this, the researcher
developed a set of survey items adrinistered on a questionnaire. The questionnaires were
developed on the basis of information obtained from the aforemerntioned literature on the
twro evolutionary theories, as well as onthe basis of information obtaired from the
mterviews. For instance, the first interviewee mentioned that his discovery of the drug
delivering method was experienced as being a more-or-less random process. This canbe
viewed as indicative of a Darwinian thought process. Such staterments made by mventors
provided the basis for some of the survey ittems. Moreover, the two evolutionary theories

provided constructs and itemns regarding the Darwinian approach (Carmpbell, 1960,
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Perlkins, 1997, Simonton, 19992, Hodgson and Ermdsen, 20063 and the Lamarclian
approach (Sternberg, 1993, Dasgupta, 2004, Weisberg, 2006, Gabora, 2007,
Survey sample. Two groups of people were selected for this project, mvertors and
students. The irwentors are people who developed significant 1deas in cancer researchy
they were seleded to represert people who develop new and creative ideas. Each
mnvertor has an invention that has been successfully evaluated and legitimized by the
patert systemn. The students who comprised the comparison group were selected to
represent crdinary people who had not demonstrated success at creative thinkzing, as had
the patent holders. The students did not yet contribute to the advancement of scientific
kmowledge The purpose of two groups was to cornpare the responses from
characteristically different sorts of mdiwiduals in terms of simular quesionnaire tems.
The inventor group is comnprised of patentees who registered patent(sY in cancer
research from 2007 to May 2009, From these patents, patents that have ‘cancer’ in
abstract were selected for identifying patentees with inventions related to the field of
cancer research From selected inventors in cancer research, invertors in universities are
selected in order to increase response rate since theresearchers at university are less
frequently moved to another institution than researchers at private commpanies. The
mnvertor sample 15 made up of inventors in cancer research who were atfiligted with a

uni versity.

There is debate shot using patent data as arepresentation ofinwvention becausethere are many
different kinds of patents. This project doesnot support the idea that paterts in general are prozies for
an invertion. Patent data can he seen as bothinwertion and innowation. The project assumed that
patents in cancer research had both properties of mvention and innowation
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Actotal of 500 surveys were mailed-ot to mvertors m universities who have a
least one patent in cancer research. The assurmption 15 that inventors 1nuniversities may
be not so different from inventors in companies.

To compare the mvertor group with a group of non-invertors, a group of
students was drawn. Asking similar questionsto a comparison group highlights the
differences between their thought processes or the different degree of thought processes
between two groups. A convertence sample of students at Cleveland State University
served as a comparison group.

Survey: The basic 1dea of the questionnaire instrument 15 from Hadamard’ s study (1945)
that examined mathematicians’ thought process intheir problem solving, For instance,
Hadamard asked open questions to mathematicians as follows: “What, in your estimation,
15 therole played by chance orinspiration in mathematical discoveries?” (Hadamard,
1945, p.138). Inthis case, rather than asling about math, the researcher developed sat of
hypotheses related tothe two evolutionary theories. These theortes informed the items
used for testing the two theories. The full survey instrument 15 attached in the appendtz
E

Survey items

Dependent variables: From Darwinian theory, the following characteristic
constructs can be specified: ‘unexpectedness’, ‘serendipity’, ‘trial-and-error’, ‘connecting
different 1deas’, and ‘random-generation and knowledge-selection’ Onthe other hand,
Lamarclkian theory leads to the opposite congructs of ‘extension from knowledge” and

‘predictability.” The variables analyzed are comprised of the responses by the
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respondents from the two groups tothese construds. Each construct 15 represented by
one o more ttems on the survey.

Independent variable: There were two groups of subjects in this project. The first
group was made up of inventors who have been 1ssued a patent(s) in cancer research.
Invertors were chosen because they represent people who have demonstrated that they
generate significant creative 1deas. The second group 15 made up of students who have
not been 1ssued a patent(s).

The major parts of the survey canbe divided into two theories in evolution,
Darwinian theory
Unespectedness: In Darwinian theory blind variation 1s related with unexpectedness of
creative 1deas. Unexpectedness includes the expressions, such as ‘a-hamoment’,
‘unespected discovery’, “without ary clue’, “did neot expect’, and ‘no-mtention’ in survey
ftems.

1. T have experienced an 'A-ha' moment in which a creative idea happened unexpectedly.
7. Bometimes a creative idea comes to iy mind at a very unexpected time whenI amnot
really trying to think about solving the problem to which the idea applies.

8 Inmy expertence, the essential part of generating a creative 1dea has come from
unexpected discovery rather than advanced planning.

11. The essence of anew and nvertive idea 15 found inunexpected discovery.

16. Creative 1deas strike iy mind without any advance indication or clue.

18. Usually T have had a creative idea that has come to my mind when I was not trying to
think of it.
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19. WhenI started oy project I didnot exped to end up with the creative 1deas that I
discovered

24 Bometimes I have ended up coming up with a creative 1dea that applied in a problem
that at firs I had no intention of working with

If inventors agree with these ttemns, then we can say that creative thought process 1s more
likely Darwinian process.

Serendipity: Blind variation can malte creative thought process close to serendipitous
motment. Therefore the expression of ‘serendipitous’ and ‘chance’ in the survey tem was
used for operationalizing serendipity.

4. In iy experience the generation of creative 1deas 15 a serendiptous process, so I do not
kmow for sure how creative 1deas have occurred to me.

13. My experience is that the generation of creative 1deas 15 a serendipitous process that
seems to happen almost completely by chance.

23. More substantial and significant discoveries irwolve a greater element of chance.

If inventors agree with these ttemns, then we can say that creative thought process 1s more
likely Darwinian process.

Trail-and-error: Trial-and-error canbe the core of blind-variation-and-selective retention
model. ‘Trial-and-error’ and ‘lots of useless ideas’ were used for operationaliztion.

3. In my expertence, creative thought processes amount to trial-and-error for coming up
with new 1deas.

6. Before coming up with a creative ideathat actually worked in application, I first

considered lots of other 1deas, though most ofthem proved to be useless.
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15. WhenIhave been faced with coming up with new 1deas in problem situations I have
never encountered before, T have tended to respond to the situations based upon trial-and-
Error,

If inventors agree that they produced lots of useless 1deas and trial-and-error, it could be
lead to thought process i3 related with Darwinian theory.

Connecting different 1deas: This concept 15 operationalized by using ‘free association’,
‘connecting two different 1deas’, and *collecting bunch of 1deas”

12. Inmy experience, the free assoaation of haphazard 1deas 15 a first step toward
corming up with new ideas.

21. Thave tended to come up with new and creative 1deas by connecting two or more
other, very different i1deas together.

22. Wy creative 1deas have often started with collecting a bunch of information followed
by making connections at what seerrs to be a subconscious level.

If inventors agree with these ttems, then we can say that creative thought process 15 more

likely Darwinian process.

Fandom-generation and lmowledge-selection: This 15 operationalized by *come up with
ideas unirtentionally’ and ‘use acquired knowledge to select amongst them’

5. In coming up with creative 1deas T have come up with trial 1deas unintentionally, but

have used my previously acquired knowledge to test and select amongst them

If inventors agree with this itemn, then we can say that creative thought process 1s more

likely Darwinian process.
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Lamarclkian theory

Extension from previous knowledge: It 15 operationalized by ‘informed from previous
kmowledge’ and ‘caused primarily from facts, everts, and circumstances outside of noy
own mind.’

2. Wy creative ideas have been informed from my previous knowledge.

10. My creative ideas have been caused primanily from facts, events, and circumstances
outside of my own mind.

20. Wy creative 1deas have always been dired extensions of my previous knowledge.

If inventors agree with these ttems, then we can say that creative thought process 15 more
likely Lamarclian process.

Predictability: Predictability 15 operationalized by using ‘ deliberate effort’, ‘predictable
sequences of thought’, and ‘T have lmown immediately’

9. I can predict that ry creative 1deas will be generated by deliberate effort and hard
work.

14. Thave generated creative 1deas through clear and predictable sequences of thought.
17. When I have come up with a creative idea I have known immediately whether or not
the 1dea would prove to be successful.

If inventors agree with these ttemns, then we can say that creative thought process 1s more
likely Lamarclian process.

Pilot Test: Cnce the survey items were developed, the researcher performed a pilot test
of the survey using 10 doctoral students in the Maxine Goodman Levin College of Urban
Affairs. The reason for selecting doctoral students s that they seemed more likely to have

experienced creative momentsthan undergraduate or master level students, sincethey are
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required to produce novel ideas and hypotheses during their doctoral dissertations. The
purpose of the pilot test was to exarnine the flow of questionnaires, the possibility of
errars, and dimensionality.

Survey process. Once the pilot test was commpleted, the survey was sent out to the
mnvertors by mail. The return envelop was included in the original survey package. A
total of 500 survey packages were sent cut and the researcher expected a 184 response
rate such as 15 generally accepted for a mail-out survey. Atotal of 53 responses were
received (10.6%0).

For the student group, the researcher went to the classroom and distributed the
survey questiornaires. Total of 118 students’ surveys are collected. The researcher went
to the classrooms inthe Levin College of Urban Affairs at Cleveland State University.
Before doing the classroom survey the researcher asked to the ingructor for perrmussion.
The researcher explained about survey and the students filled outthe questionnares
within 15 mimites.

4.2 Analysis Method

MANOVA and ANCOVA were used to analyze the survey data MANOVA was
used whern there are multiple dependent variables and categorical independent variables.
This project has multiple dependert variables that are related to two theories. The
independent variable is ether an inventor or a student. The main purpose of WLANOWVA
was to test whether the two groups were different when considering dependent variables
together. When the MANOV A results were significant, ANOWV A was performedto

exarmine which variable 15 significantly different for two groups.

g1



Multivariate Analysis of Variance (MATNOVA). Multiple Analysis of Variance
(MAANOVA) was utilized to analyze the overall survey data. MANOWVA was used when
there are mmultiple dependent variables and one categorical independernt variable. Reasons
for using MANOV A were two fold: 1) to examine mean differences onmultiple
dependent variables; 2) to exarmine the relationship among variables. Moreover,
MANOWVA analysis determines a lmear combination of variables that masimizes group
differences (Bray & Maswell, 1985).

The multivariate test presents the simultaneous test for group difference
(invertors and students) with dependent variables. These statistics consider both the
between groups’ difference and also the relationship among dependent variables (Bray &
Maxwell, 1985

The main hypothesis of the project 1s that the student and invertor groups are
different inther perspectives regarding their views of for the process of generating

creative 1deas. The survey items ask about their thought processes of creative 1deas.
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CHAPTER V

EESULTS

5.1 Qualitative Results*

Stumbled into the sohation The first theme that the researcher recognized and
expeded fom mvertors’ stortes had to do with reports of an ‘unexpected’ element in
their inventive thought process. The psychological and evolutionary theories indicate
that 1f inventive thought processes are Darwirtan, the inventor will have and experience
some unexpected elements within hus or her creatve thought processes.

After studying Law, Tan Cheong started to have interest in science during the
period when he worked for the law firm. He quit his job in the law firm and wert back to
college to study biology. After taking courses in biology, Cheong had a chance to works in
a cancer research center at Johns Hoplins University. While he worked in this center,
Cheong received an award from ‘Inventor Hall of Fame® for his brealdhrough inthe

delivery method for applying cancer drugs to tumors only. In cormparison to previous

+'The quotations of the interries are provided hiterally. Some of the transcrption was done by professiona
SELCE.
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delivery methods, Cheong’s irwention 15 highly effective and the method 15 far less
harmful for healthy cells (personal communication, 2006).

His inventive process began with the study of a bacterium that 15 sensitive to
oiygen. COne of the lnown features of the bacterium i1sthat it can burst blood cells. The
mnvertive idea of replacing the blood cell with a drug capsule came to his mind when he
was walking around the corridor between his lab and the lkitchen area a worke Cheong
described the moment of having a new 1dea as the 1dea ‘struck” him. Instead of
deliberately searching for an answer, the original 1dea came to Cheong’s mind suddenly,
and & an unexpected time

Solution forthis came before. T didn’t think it was very problem because I

didn’t read enough of . But I stumbled into the solution before T knew the

problemis real problemn Sothat 15 how it tut me. Twas thinking about this

I was looking at the plate. It was strucl me that we don’t have to stick

with this. Let’s male the bug actually do something useful with it

Thus 15 useless property. Imean it burst blood cells. k does not help

anyone. But if we could have it burst something else that use drug instead

of bursting red blood cell, not hemoglobin, this will be pretty awesome. So

it was just a ‘random’ 1dea and I did not know 1t could be done (personal

cotrtrrcation, 20087

Cheong’s expression revealed the unexpected moment of his discovery. Previous
studies showed the property ofthis bacterium that it 15 sensiive to oxygen and has the
ability to burst blood cells. This bacterium can be put into patients and will be attracted to

and reside within cancerous tumors, not healthy cells. The new 1dea 15 to replace the
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naturally occurring blood cell with an artificial cell that contains the cancer drug
Therefore, the bacteria now can burst the cell using the cancer drug. And when the cancer
drug 15 injected to the patient, the drug only affectstumor cells like “delivering pizza to
the right addresses’

Cheong referred to the new 1dea as a “random” 1dea. He did not consider the
problem of cancer drugs that lall healthy cells, when he came up with this new 1dea. His
discovery happened before he conceptualized the problem of cancer drugs. As Cheong
satd he did not know how this discovery could be done in advance. He clearly did not
exped that he would have a momert of generating a new 1dea

Another interview revealed another example of unexpectedness in the inventive
thought process. When asked about the thought process of wention, Stark put hus
experience of irvention as a ‘subconscious’ thought activity as follows:

Ideas come invariety of ways and part of it I've never been really

interested inmy own thought processes. Very often an inventive 1dea

comes from when you are not trying to think of it So you lmow, you get

up in the morning and you're taking a shower and stuff 1s running through

your head and almost & a subconscious level all of sudden you low “obh”

and a realization happens that maybe you can think about in new way

(personal cormmurication, 20087,

Stark described hus thought process as ocourring at an “almost subconscious”
level, as he did not realize how the new 1dea came to his mind. This expression again

confirms the presence of the property of unexpectedness in inventive thought processes.
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The researcher interviewed Eobert Silverman who has a patent on atechnology
for prostate cancer. Turing his career in biomedical research, Silverman was able to
hypothesize that a bacterium may cause prostate cancer. He described his experience of
mnvertion as “unexpected” due to the fact that he accidentally found his wayto this
research project.

We actually did not start ot looking for this virus. Rather, wehad along

path to the discovery footsteps. When scientists start at one place we never

know where you're going toendup. “We follow our discoveries.” Cne

discovery leads to another discovery (personal comrmunication, 20080

Silverman’s experience involved discovertes that led to unexpected outcomes and
research projects. Originally, he studied how infection invades human cells, but his
journey ended up at this uncture irvestigating the viral hypothesis of prostate cancer
These outcomes n scientific research indicate that there are at times elemernts of
wnexpectedness and uncertainty involved in scientific research and invention,

Like raising your arm. Another emerging theme fiom these iwentors’ stortes is
that irwention needs two parts: knowledge and creatimity. Inventors must have prior
kmowledge about their field and at the same time, the irvention process requires creativity
in order to see the problem in different ways. Cheong emphasized that relazation is
critical to creativity:

I think you have to loosen the mmd little bit. The thought process 15 like raising

the arm. One muscle must contract while one muscle must loosen. Creatrnty 15 a

very delicate process of generation. It 1s like a fargiving process (personal

cotrtrrcation, 20087
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As Cheong expressed his ‘raising arm’ metaphor, the invention process needs
extra effort to loosenup the exsting rules and 1deas. Getting the background information
and kmowledge focused upon the problem or situation can be seen as analogous to the
confraction of muscles, and creativity can be seen as analogous to the relazation of
muscles.

In sirmilar way, Stark said that the creative thought process needs baclkground
nformation, and that some part of the generation of creative ideas cammot be controlled
by himn

The 1dea 15 you have to have baclground information Part of it 15 an

active process. You really needto be focused on trying to worls on this

problern and to obtain facts and to think about it But sometimes a good

solution comes to you out of an unexpected time, when you do not really

try to think about 1t. It makes me wonder about how much control we

really have at a conscious level interne of the mventive process in our

mind. I think youneedto be prepared, youneedto have informatior, you

need to have willingness you wart to try something, but sometimes the

solution comes 1na very subconscious way. It 15 interesting phenomenon

(personal cormmurication, 20087,

Stark explained that an individual needs to have knowledge and make effort to
generate an invention However, knowledge and effort are not the sole contributions to
successtul invertive thought processes. Rather, inventive ideas can come inan

wexpected way, We have limited control of our own thought processes. Therefore,

g7



preparedness and a notable degree of personal freedom or liberty needto be available for

the person generating creative ideas.

Croce expressed his wiews about the importance of imagination in addition to
kmowledge as follows: “Imagination is some talent that you have or you don't have in
that you to make that irteresting discovery because if you just based everything about

whatever else will stand out 15 done by cthers™ (personal commmnication, 200%)

Tried different things and one worked. The third theme from the invertors’
experience 15 that they tried different things for the solttion This 15 also linked with the
second theme which is about lmowledge and creativity and how they are used to solve
difficult problems by handling them in different ways to reach the solution (Campbell,
19800, Stark stated that his team of sciertists tried different alternatives and found cut the
solution as follows: “I don't know how to describe it all. We had several different 1deas.
And finally we tried different things. One of them finally worked” (personal
cormrnication, 20097,

It 15 difficult to come up with new 1deas for problems especially when the
problems have not been encountered before or the solution for the problerm 15 not
developed yet. Therefore, different 1deas are tested to seel for alternative options for
addressing the problem. The underlying assumption of thesetrials of 1deasis that we do
not know which one fromthe various 1deas will eventually be the solution

Beinhocker 2006) supported this “rying many different things’ theme by

summarizing as follows:
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In effect, evolution says, “I will try lots of things and see what worls and do more
of what worls and less of what doesn't.” But inthis process of sifting, remarlable
things happen This algorithm learns what the fitness function “wants,”
knowledge of that learning accurmilates in the population of schemata, and the
evolutionary process generates novelty as it searches for fitter and fitter designs (p.

216).

Open to variety. During the interviews, after having been aslked about the helpful
things to mvention, Cheong replied that having interest in many things is important to
creatrity. Cheong said that “One thing maybe prepares the mind and then the moment
will happen. Connecting two things can create something new. I would say be intereged
in many things. It does not mean to not be focused Nothing 15 ever wasted” (personal
cornrminication, 2008). As Cheong articulated the poirt, focused interest 15 important for
corming up with new ideas. However, Cheong also accentuated that a wide range of
mterest also can be useful for coming up withnew 1deas. Cheong’'s wiew indicated that
such interest may be learned. Cheong studied law before he entered into the biomedical
field From Cheong’s reports of his experience, inventive ideas can also come from the
connection of two very different things.

Puossibility of error. Silverman replied with his emphasis on openness to the
possibility of error as a primary condition for scientificreseach

Tou have to be open minded. You carmot be too stuck onwith just one 1dea,

because that means you could be wrong. And vou kind of have to go with

research leads youwhich 15 difficult. T 15 difficult to give up hypothesis that you

working on. You have to be open minded (personal communication, 20080,
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Silverman’s argument was that science can have different hypothesis each of
which contains the possibility of error. Therefore, scientists should open their mind to
different hypotheses. Inhis view, any given theory 15 not the definitive truth about the
phenomenon it rather 15 one feasible explanation based onevidence in the current time
and situation. Inmarry cases, the hypothesis can be wrong and changing hypotheses can
lead to differert and new 1deas.

Extension from previous knowledge The last theme in the interview data 15 that
mnvertive ideas are extended from previcus 1deas. This theme canbe viewed as an
opposte of a defining feature of Darwinian (as opposed to Lamarclaian) theory becanse it
emphasizes previous literature and kmowledge. Even though previous knowledge 15
important for both Darwimnian and Lamarclkian theory, Lamarckian theory emphasizes the
role of previous ideas in that it poststhat creative ideas are mere recombinations or
extensions of old ideas, rather than completely new emergent phenomena. In contrast,
Darwinian theory places more emphasis upon the unpredictability of discovery.
Colmenares expressed her research experience as follows:

And that's where I found these birth defects in the mice that are sirmilar to the

birth defects that humans get frequently. But —so, alot of these 1deas come from

reading and/or hearing what other scientists do (personnel communication, 20050,

Colmenares’ response in this regard 15 closer to Lamarckian theory, since heridea
came fromreading and listening to other scientists. Various sources of information form
the base for new 1deas, however, the way of new 1deas are generated is the matter. Even
though she did not mention amything about deterministic patterns in her research, her

response highlights logical reasoning more conststent with a Lamnarclian approach.
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5.2 Quantitative Results

Sample Statistics. The survey analysis is basedon total of 171 responses,
mncluding 118 fudert responses (65%), and 53 inventors (31%4). There were 78 female
respondents (46%6) and 93 males (54%%). The average age of the respondents was 38 years
old. Cronbach’s alpha 15 0.68 which is close to conclude that the survey itern 15 reliable to
measure one dimension.

With respectto the students group, all were from the Mamne Goodman College of
Urban Affairs m Cleveland State University. There were 68 female students (58%) and
50 male students (42%). Average age forthe student group was 32 years old.

Actotal of 53 out of 500 mail-out surveys were returned from the inventor sample,
malzing the response rate about 10.6%%. Of these, ten were females (2004) and 41 were

males (80%). The average age forthe respondents in the inventor group was 52 years

old.
Table 2
Lescnptive Statisiics

Std.
termns  Mean — Dewation WVariance
21 4 360 0765 0585
RQa* 1778 0.8da 0715
23 3.490 0918 0843
24 2800 1.012 1.024
25 3760 0823 oevs
Q& 3.220 1.033 1.068
7 4120 0,257 09id
Q8 3,500 1.001 1.001
EQ9 25935 1.050 1.102
EQ10 3.065 0911 0830
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211 3510 0.872 07el

Q212 3.400 0,42 (0,200
213 27760 1.015 1.030
F14 2430 0541 0886
215 3180 0,556 0914
216 3.400 1.085 1.176
EQ17 3216 1.054 1.112
218 3.400 1.076 1.15%
219 3.380 1.001 1.002
F20 2684 1,026 1.053
221 3.5080 0.832 0652
D22 35730 0.875 0765
Q23 3070 1.027 1.054
224 35700 0798 0636

*E () means that original data are recoded

Table 2 shows descriptive statistics for each question Criginal datahas beenre-
coded according to the nature of questionnaire in arderto have same meanmng. For
nstance, if somebody answer question #2 with strong agreement(5 in response), it 1s
recoded to 1. Because the question #2 15 based on Lamarckian theory, the response 15
recoced for having same direction with Darwinian responses. All questionnaires from
Lamarclian theory are recoded same way,  After recoding high scores mean that the
resporises are closer to Darwinian theory and low scores mean that the responses are
closer to Lamarckian theory. The hughest mean 15 436 in question#1. The standard

deviation 1s between0.765 in question #1 and 1.085 in queston #16.
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Factor analysis
After having survey data, factor analysis 1srun for grouping items. Eight factors

are drawn using correlation matriz and varimax rotating

Table 3
Total Variance Explained
Initial Eigenvalues Fotation Bums of Bquared Load:

Component | Total % of Vartance Cumulative % | Total % of Variance  Curmulativ
1 [4.138 17241 17241 | 2.832 11801 1
22564 10,682 27923 | 2.0e8 8615 2
311453 7303 35226 | 1.963 2.181 p
4 | 1.581 6. 586 41811 | 1.853 7721 3
511.335 5.562 47374 | 1.589 £.619 4
61 1.195 493 52353 1.579 5.578 4
71.182 4,923 572771 1.539 5414
2] 1.065 4 44 61716 | 1,359 5786 £

Table 3 shows eigerwalues of factors and how much vartance are explained by factors
Eigerwrales, scree plot and variance explained led to eight factors. These fadtors explain

ahout 2% of variance.



Table 4

Factors and itemns

Factors

Ttems

Avray from problem

18. Usually Thave had a creative idea that has come to my
mind when I was not trying to think of it

7. Bometimes a creative 1dea comes to my mind at a very
unexpected time when I am not really trying to think about
solving the problem to which the 1dea applies.

16. Creative ideas strike my rmind without any advance
indication orclue.

Unezpectedness

12 When I started my project I did not expect to end up with
the creative 1deasthat I discovered.

23 More substantial and significant discoveries involve a
greater element of chance.

11. The essence of a new and inventive 1dea 15 found in
unexpected discovery.
8. In my experience, the essential part of generating a creative

idea has come fromunexpeded discovery rather than
advanced planning,

Direct extension of
knowledge

2. Wy creative 1deas have been informed from noy previous
knowledge.

21. Thave tended to come up with new and creative 1deas by
commecting two or more other, very different ideas together.

Trial-and-error

15. When I have been faced with corming up with new 1deas in
problem situations I have never encountered before, Thave
tended to respond to the situations based upon trial-and-ermrar,

3. In my experience, creative thought processes amount to
trial-and-error for corming up with new ideas.

6. Before coming up with a creative 1dea that actually worlzed
i application, I first considered lots of other 1deas, though
most of thermn proved to be useless.

17 When I have come up with a creative 1dea I have knowm
imnmediately whether or notthe idea would prove to be
successiul.

Hard work with external
CAlse

9. Ican predict that my creative ideas will be generated by
deliberate effort and hard worke

14 Thave generated creative 1deas through clear and
predictable sequences of thought.

10 My creative 1deas have been caused primarily from facts,
events, and circumstances outside of my own mund.
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Serendipty 4 In my experience the generation of creative 1deas 15 a
serendipitous process, 50 I do not know for sure how creatis
1deas have occurred to me.

13. My expertence 15 that the generation of creative 1deas 13
serendipitous process that seems to happen almost complets
by chance.

Mo mtertion 24 Bormetimes Thave endedup coming up with a creative 1
that applied in a problemn that at first Thad no intention of
working with
20. My creatve 1deas have always been direct extensions of
my previous lnowledge,

5. In cormung up with creative 1deas I have come up with triz
1deas uruntertionally, but have used my previously acquirec
knowledge to test and select amongst them

1. Thave experienced an 'A-ha' momernt inwhich a creative
idea happened unexpectedly

Free association 12. In 1y experience, the free association of haphazard 1dea
15 a first step toward coming up with new 1deas.
22. Wy creatve 1deas have often started with collecting a

bunch of information followed by malking connections at w
seems to be a suboonscous level

Table 4 presents each factors and items. Rotated factor loading matriz (Appendix E) is
used for this grouping. However, one 1tem (3 203 has cross relationship with other fador
as well. First factor 15 named ‘awa}r fromproblem® Three items are related with first
factor. Third factor 15 called “direct extension of knowledge *, because the tem expressed
that the new 1deas are informed ﬂwoqu__P_revious knowledg_? rather than differert 1deas

and approaches.



LIATOV A

Tahle 5

Mriltivarizte Tests of Invators with the Depedent Variables

Hypothesis  Error

Tests Value F df df Sig

Pillal's Trace 0,242 6195 3 155 0
Wilks' Lambda 0758 6195 3 155 0
Hotelling's Trace 0,32 619 8 1355 0
Foy's Largest Eoot 032 61% 2 155 0

All four tests show significent results (p=0.01). This multivariate test result shows
that there are differences between irwentors and students when the dependent variables
are considered simultaneously. Factor scores are used for dependent variables and two

groups are used for mdependent variable
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Analysis of Combined Items

Tahle &

ANOWV A Fesults for Factor Soores

Sumof df Mean F Sig. Student
Squares Square factor
SCore
Factorscore 1 Between 2.053 1 2053  &841% 000 0145
. Groups I

Awray from Within 124947 162 0.956

problem Groups

Factor score 2 Between 1.004 1 1.004 1.004 0318 -0.051
atroups

Unespectedness  Withm 161.996 162 1
(3t oups

Factorscore 3 Between 135355 1 13555 14.6%4 b 0,128
Gtroups

Direct Within 142445 162 0923

extensionof Groups

knowledge

Factor score 4 Between 0201 1 0.201 0.2 0655 0.023
Groups | . |

Trial-and-error  Within 162799 162 .00
Gtroups

Factorscore 5 Between 0371 1 0.371 0.37 0544 0031
Gtroups

Hard workc wnth  WWithin 162629 162 1.004

external cause  Groups

Factor score & Between 671 1 =671 10218 0002 0159
(3t oups

Serendipty Within 153329 162 0,946
Gtroups

Factor score 7 Between 0643 1 Oeds - 0eds 0423 -004]
(3t oups

No mtention Within 182352 162 1.002
Gtroups

Factorscore & Between 0.988 1 2,988 &1/ 0014 0125
(Gt oups

Free association  Within 157012 182 0.965
Gtroups
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Table & shows ANOV A results using factor scores. Four factors out of eight are
statistically significant. Student group has higher mean factor scores than imwventor group
Three factors(away from problem, serendipity, free association) are linked wath
Darwinian frameworls, and one factor{drect extersion of knowledge) 1s associated with
Lamarclkian theory.

Item Level Analysis

Analysis of Variance (ANOVA). From the WMANOWV A tests, the researcher found
that there 15 group difference between the inventors and the students interms of therr
wiews of the creative thought process. More specifically, there are differences between
groups in terms of their wiew of the degree to which creative thought processes are
Darwinian or Lamarckian Thus, ANOWVA was used to exarmine the indivdual items that

contribute to the difference betweenthe two groups.

Table 7
ANOWVA Results
Sum o df Mean F Sig  Student  Inver
aguares Bouare mearl mean
Q1  Between Groups 0.283 1 0283 0482 0480 4300 4
Within Groups 99238 169 0.597
"RQ2  Between Groups 13502 1 13502 21118 0.000 1966 1.
Within Groups 108053 169 0.639
Q3  Between Groups 0.039 1 0039 00de 0831 3500 3.
Within Groups 142455 168 0.848
R4  Between Groups 2.810 1 9810 10094 0002 3010 2.
~ Within Groups 164237 169 0972
Q5  Between Groups 0.086 1 008 0127 0722 3780 3
Within Groups 114502 168 0682
Q6  Between Groups 0.135 1 0135 0126 0723 3200 3.
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Within Groups 181421 169 1.073

Q7  Between Groups 3429 1 3429 3572 0060 4210
Within Groups 162232 169 0.960

Q8  Between Groups 0.051 1 0051 0051 082 3510
Within Groups 168197 167 1.007

RQ2 Between Groups 3751 1 3751 3452 0.065 3.034
Within Groups 182537 168 1.087

RQ10 Between Groups 1.571 1 1571 1903 0170  3.000
Within Groups 133717 168 0.826

Q11  Between Groups 0.003 1 0003 0003 0954 3510
Within Groups 128492 168 0.765

Q12  Between Groups 12.1486 1 12146 14577 0000 3580
Within Groups 140814 169  0.833

Q13 Between Groups 18902 1 18902 20442 0000  2.980
Within Groups 156268 162 0925 -

RQ14 Between Groups 1.503 1 1503 1703 0194 2542
Within Groups 149175 169  0.883

Q15  Between Groups 0.860 1 080 0941 0334 3230
Within Groups 154520 169 0914

Q16  Between Groups 2.852 1 2852 2445 0120 3490

. Within Groups 195948 168 1.166 B

RQ17 Between Groups 0.175 1 0175 0157 0.693 3.195
Within Groups 188819 169  1.117

Q18  Between Groups 23116 1 23116 22472 0.000  3.640
Within Groups 173843 169 1.029

Q19  Between Groups 0.271 1 0271 0269 0.605 3410
Within Groups 170022 169 1.008

RQ2Z0 Between Groups 1.073 1 1.073 1019 0314 2737
Within Groups 177875 169 1.053

Q21  Between Groups 12.963 1 12968 20954 0000  3.590
Within Groups 104588 169 0619

Q22  Between Groups 0.180 1 0180 0234 069 3700
Within Groups 129902 169  0.769

Q23  Between Groups 0.142 1 0142 0134 0715 3.050
Within Groups 179016 169 1.059

Q24  Between Groups 0.123 1 0123 0192 0662 3680
Within Groups 108065 169  0.639

Table 7 presents ANOWV A results for all varisbles 31 variables out of twerty-four

variables are significant in terrre of statistical significance for difference of group means
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Group means of erghteen variables are not significant intermrs of statigtics. It is

difficult to draw any conclusion from these eighteen items. The possible reason could

be items were not clear enough to be distinguished between two groups.

Table 8
Significart ANOV.A Gravip Meain
Sunof df Mean F Sig. student  inwentor
aouares Gouare rmearl el
EQZ  Between Groups 13502 1 13502 21118 0.000 1.966 1.359
Within Groups 108.053 169 0.639
EQ4  Between Groups 2810 1 2810 10074 0002 3010 2.490
Within Groups 164237 169 0972
Q12 Between Groups 12146 1 12146 14577 0.000 3580 3000
Within Groups 140814 169 0833
213 Between Groups 18902 1 18202 20442 0000 2980 2.260
Within Groups 156268 169 0.925
Q12 Between Groups 2311& 1 23116 22472 0.000 3640 2,850
Within Groups 173843 169 1.029
Q21 Between Groups 12968 1 12988 20554 0.000 3590 4.190
Within Groups 14588 169 0619

Table 8 represents sigruficant items intermrs of differences of group mean. These

tterms’ means are meaningfully different due to vanance between groups. 3oz items out of

24 items are significantly different by groups. WWith the exception of item #21, the

student group shows higher mean than the inventor group, which means the student group

15 mare supportive of Darwinian view than the inventor group.
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Fesearch Hypothesis 1

H1p: Inventors will show lower level of serendipity than students inther
nvertive thought process

H1,: Inventors will not show lower level of serendipity than students in their
nvertive thought process

Sisth factor 15 linked with two items, tem #4 ‘In my experience the generation of
creative 1deas is a serendipitous process, so I do not know for sure how creative 1deas
have occurred to me' and itemn #13 ‘My expertence 15 that the generation of creative ideas
15 a serendipitous process that seems to happen almost completely by chance’ were
designed to measure the ‘serendipity.’ From the wiewpoint of Darwinian evolution,
serendipity canbe seen as a characteristic indicative of blind-variation Therefore these
tterm can be seen as support for Darwinian theory, if the subject agree with the statement.
The students’ mean factor score 15 0159 and inventors’ mean 15 £.372. Thus, we can say

that the inventors are less supportive of the Darwinian view than the students.

Fesearch Hypothesis 2

H2p: Inventors will show lower level of unexpectedness than students in their
nvertive thought process
H2,: Inventors will not show lower level of unexpectedness than students in their

nvertive thought process
First factor 15 related with three ttemns, tem#128 ‘Usually Thave had a creative

idea that has come to my mind when I was not trymng to thinks of 7, item #16
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‘Creative 1deas strike my mind without any advance indication or clue’, and item #7
‘Bometimes a creative 1dea comes to my mind at a very unexpected time when I am
not really trying to think about solving the problemto which the idea applies”’

The iterrs were designed to measure the “nexpectedness’ This has beenre-
named to ‘away fromproblem’ after factor analysis. From the Darwinian theory, the
presence of unexpectedness i3 indicative of blind-variation. Therefore when a subject
agrees with this itemn, 1t can be seen as supportive of Darwinian theory The students’
mean factor socre 130,145 and inventors’ mean factor score 13 20339 Thus, the

students are relatively more supportive of Darwinian perspedive than the mventors.

Fesearch Hypothesis 3

H3y: Inventors will express lower level of hapharardness than students inther
nvertive thought process

H3,: Inventors will not express lower level of haphazardness than students intheiwr

nvertive thought process

Third factor 1s related with two items, ittem#2 ‘My creative 1deas have been informed
from my previous knowledge’and item #21 ‘21, Thave tended to come up with new and
creative 1deas by commecting two or more other, very different 1deas together.” These
tterms were designed to measure the ‘ingruction’ Fromthe Lamarclkian theory the
extension from previous lnowledge canbe seen as more direct process than
wnexpectedness of Darwinian theory. Therefore if the subject agrees with the statement,

this itern can be seen as support for Lamarckian theory. The students’ mean factor score
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15 0 188and iventors’ mean factor score 15 -0.440. We can thus conelude that the

students are more supportive of Lamarclaan wiews in comparison to the inventors.

Research Hypothesis 4
H4y: Inventors will express lower level of connecting different 1deas than students
in their invertive thought process
H4,: Inventors will not express lower level of conneding different ideas than

students in thewr mventive thought process

Eighth factor is related with two items, itermn #1 2 ‘In rmy experience, the free
association of hapharard ideas 15 a first sep toward corming up with new 1deas’ And item
#22 Wy creative 1deas have often farted with collecting a bunch of information
followed by making connections at what seems to be a subconscious level * These itemn
were designed to measurethe ‘free association.” From the Darwintan theory the presence
of an element of randomness can be seen as indicative of blind-variation. Therefore when
arespondent agrees with these itemns, this canbe seen as support for Darwirian theory.
The students’ mean factor score 15 0125 and invertors’ mean factor socre 13 -0.293. We
can accordingly say that the shidents were more supportive of the Darwinian view than

was the inventor group.
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CHAPTER VI

CONCLUSION

6.1 Discussion

The interview data shows that there are both Darwinian and Lamarckian
elements in creative thought process. Even though interviewees expressed elements
of unexpeded discovery fromtheir experience in cancer research, some of thern also
mentioned that previous lmowledge plaved significant role in comung up with creative
solutions for cancer cure. Therefore the qualitative approach led to both unpredicted
and predided elements are involved with generating creative 1deas from inventors’
stories.

Considering the other ttems, tem# 21 (I have tended to come up with new
and creative ideas by comnecting two or more cther, very different 1deas together) 13
the only itern associated with Darwinian theory that 15 more supported by the
mnvertor group than the studert group. The possible explanation for this is that the
creative 1deas might come from when two very different 1deas put together. Inventors

did net support other aspects of Darwinian creative thought, however, this result
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rmight indicate that some elements of their thought processes are hnlked with
unexpectedness like the connecting two very different ideas.

From the MANOWVA result, two groups, the inventor and the studert group,
are different in creative thought process. Fromthe AWNCV A result, the student group
has higher mean factor scores thanthe irwentor group. Three factor scores are related
with Darwinian theory and one factor score 15 associated with Lamarckian theory.
These results led theresearcher fail to reject the null hypothesis of Lamarclaan theory
in creative thought processes. Owverall, the student group supports the Darwinian
view of creative thought more than the mventor group. "With the exception of the
characteristic of divergent thinking, the nvertors m cancer research supported the
Lamarckian view more than the students.

FPossible explanations for inventors support of Lamarckian theory.

Firstly, one of the possible explanations for the invertor’s relatively high support
for the Lamarckian lypothesis canbe found in Cammpbell’s (1960) article. According to
Campbell (1960, the inventors are likely to have experienced a “Eurelra” moment that
actually oocurred at the end of the blind variation and selection process:

To include this process in the gereral plan of blind-variation-and-selective-

retention, it must be ermphasized that msofar as thought achieves innowvation, the

internal ermitting of thought trials one by one 15 blind, laclang prescience ar
foresight. The process as a whole of course provides “foresight” for the overt
level of behavior, oncethe process has blindly stumbled into athought trial that

“fits” the selection criteriorn, accompanted by the “something clicked” “Eurelm,”
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or “aha-erlebins” that usually marks the successful termination of the process (p.

384).

In cther words, at the time the inventors became aware that they aclnowledged a
creative 1dea, they had already been through the BVER process. That 1s, even though the
mnvertors’ responses do not tend to support a Darwinian view of the creative thought
process, the moment that the inventors consciously referred to when responding to the
tterms on the questionnaire might be the cutcome of a BV 3R process. Sourtau (1881) also
contended that invertors might forget allthe agonies and trials that they have had coming
up with new 1deas, once he or she reached the solhition for the new problem

Secondly, Campbell (19607 contended that short-cut to full BVER process needs
to have former process of BVER process. In other words any increase of knowledge
requires BVER process. For instance, scientists who have found the new 1deas would
have used their knowledge, but this knowledge would itself have gone through previous
BVEER process. After having lnowledge through BV ER process, this lmowledge canbe

used without full BVEE process.

6.2 Limitations
6.2.1 Theory

The syrthesis of the evolutionary theory 15 difficult task for testing whether
creative thought behind invention 1s more of a Darwinian or Lamarckian process, &

limitation at the theoretical level 15 related with the distinction between genotype and
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phenctype 1n socio-economic o psychological level. Without the clear distinction of
genotype and phenotype, the result of any examination 15 debatable.

Studies support Lamarckian posability in development of company using rowtine
as the genotype (MNelson and Winter, 1982). Cther examples are habit as social genotype
(Hodgson Enudsen, 2006), and merme asthe wuit of 1dea evolution (Blackmore, 1999),
However, these studies were failed to reject Darwimian theory because there are lack of
evidence mn Lamarckian process. This lack of evidence in genotype and phenotype could
be less problematic for examining the socto-economic and cognitive evolution by
Darwinian theory, because Darwinian mechanism can explain the development of new
outcormes without interaction between genotype and phenotype (Hodgson and Enudsen,
2006

Aswe saw 1n Chapter 3, in order to exarmnine a Lamarckian possibility a
phenctypic characteristic needs to be encodedto genotype, and it needs to be inherited to
next generation Without clear distinction between phenctype and genotype and
mnheritance of acquires characteristic, it 15 difficult to verify creatve thought process
either Lamnarclian or Darwinian process in definitive way.

6.2.2 Survey Design

These theordtical difficulties led the researcher to obstacles of testable hypothesis
and survey items. These difficulties could be partially overcome using interview data and
surveys. Literatures provided directions and elements that are related with two theories.
Eventhough the survey items are clear enough to distinguish between Darwinian or

Lamarclkian theory, they might have some elements that canbe expressed differently.

107



6.3 Future Studies

Different methods, such as experiments, might be used for testng the two theories.
Moreover, the distinction between genotype and phenotype could be lead to further
exarmunation of two theortes. Also, different groups of creative work, such as

entrepreneurs and artists, could be a sample for another study.

6.4 Implications of evolutionary theories

The theoretical debates over Darwintan theory m lnowledge creation often ends
up with etther supporting Diarwinian theory or rejecting 1t. Most critics of Darwirtan
theory in application to knowledge creation do not prowide sound evidence that 1s capable
of being falsified Until we come up with a findamental unit of thought process, it 1s
difficult to provide definttive answers to whether the lmowledge creation process 13
Darwinian or not. Of cowurse, this does not in any way detract from 1ts importance for
econorric development. This projed aims to exarmine how we can possibly see the
kmowledge creation process interns of Darwinian theory,

From the stories given by inventors inthe field of cancer research, one ofthe
main themes 1sthat the generation process of invertive ideas involves uncertainty.
Fespondents indicated that their experience of finding solutions to a problem 15 hard to
anticipate. When the problem was novel, the solution came in particularly unexpected
ways. Another theme 15 that there 5 a need to have both lnowledge and a notable degree
of freedom of magination for developing inventive 1deas. Likze an arm’s moverment, there
15 a need to have focused attertion and relaxation for creative 1deas. Mot only 15 the

accurrlation of knowledge important, but sois the release of constraints on
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individuals—so astorelease their imagmation. The release of constrains 15 sigmificant
for prometing creativity.

The other theme 15 that inventors have tried marry different ideas. The participants
in the study didnot lmow 1n advance what would worle This can lead to the assumption
that the munber of alternatives is related to having inventive 1deas (Carmpbell, 19600 If
many different 1deas are pursued, there may be a greater possibility of finding a solution
to the problem. Operness to variety 15 another poirt to consider. Rates of mvention are
likely to be increased when people are exposed to a variety of fields and 1deas. Even
though various fields and 1deas do not seem to be linked on their face, there 15 a chance
that they are conneded from some cther viewpoint. Moaoreover, scientigs should open
their mind to different possibilities in their research projects, and specifically to the
possibility of emror.

Lastly, previous lmowledge 15 an important sowurce for inventive ideas. There is
evidence that the extension of previous lnmowledge 15 the major source for another
mnvertion. This theme canbe wewed as evidence of supporting Lamarckian theory.

The qualitative analysis thus provides evidence that tends to support Darwinian as
cornpared to Lamarclzian theory. There are Darwirnan themes that reveal the importance
of having different 1deas that can come from unexpected processes when there 13
preparation. However, there is also a clear indication inthe qualitative analysis that
previous knowledge strongly influences the generation of new 1deas. These expressions
of importance of previous knowledge mught tend to support the Lamarckian frameworls
In a Darwinian view, both enough mformation from previous knowledge and unexpected

creative process are required to generate new 1deas. Moreover, increasing the mimber of
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alternative 1deas corsidered as possible elements of the solution that might help escalate
the probability of sclving the problem.

Based on quantitative approaches, a Darwinian theory about knowledge creation
particularly in cancer research was rejeded interms of statistical significance. The survey
data indicate iwentors’ support for a Lamarclkian theory of lmowledge creation. The
possible reason for this results can come from two explanations: 1) inventors experienced
blind-variation, but they forgat this process, and 2) the process of getting previous
kmowledge went through BVEE process (Carmpbell, 1960).

Implications of the Lamarckian approach. If the mventive idea 15 more likely
to have been generated by a Lamarckian process, then may be possible to increase the
rate of generating new ideas by manipulating environmental factors. Moreover, past
successes and future goals can inform decisions to develop only those 1deas that will be
successtul Fromthese characteristics we can possibly foretell successful ideas. Since
generation of new 1deas 15 predictable, ahierarchically orgaruzed and centralized top-
down approachto econormic development planning and policy 15 appropriate; forinstance
through a science-technology development strategy.

The policy implications from Lamarclian theory suggest that cause and effect
relationships within environments are important factors for stimulating higher levels of
kmowledge creation For exarmple, lab facilities and research funds that are designed from
top officials may indoce more knowledge creation in cancerresearch. This also reflects
the necessity of knowledge accurmulation for research, especially for complex areas such

a5 catcer research.
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From environments to subjects If irwentive ideas are more likely generated
frorm Lamarckian processes, then it1s possible to increase the rate of generation of new
ideas by 1dentifiring and manipulating the relevant causal factors in inventors’
environments. The core of Lamarckian theory 15 that erwironmernts can inform the
subjects to develop new traits and 1deas

Asa ftood onhigher places elongates girafte’s necls, centrally planned and
targeted irwestments in lab facilities and detailed econormic plans and policies can, for
nstance, help scientists to develop a cure forcancer. The random elements in Darwirian
processes demand much greater recognition of the underlying complications and
difficulties involved in planning in the lmowledge economy. The Darwinian view
Mggests expanding one’s view of econamic development problerne beyond investments,
to include considerations such as efficient orgamizational design, the degree of
centralization of econormic decision-making, and the roles of uncertainty, information and
transactions costs in day-to-day economic development decisions. In general, centralized
econorric development planners and policy makers can control the knowledge formation
process in Lamarclian theory.

Certainty in knowledge creation: Cne ofthe charaderistics of Lamarclian
theory 15 certainty of fubure status since we can possibly predict from kmowledge of cause
and effect relationships between variables within environments. In Lamarckian theory
historical aspects and fubure direction are important, including accpdation of
fmowledge, pad sticoessas, and goals. Creativity theorids inthe Lamarclian camp argue
that the pricr knowledge of Watson and Crick led to ther discovery of DINA structure.

Moreover, as giraffes develop longer necks to get foods on hugher places of trees, Watson
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and Crick’s research direction lead them to the discovery. From this argument we can say
that by concentrating on the histories of cancer research—or on any other given set of
problems in society—we can possibly anticipate new 1deas that will be successful in the
future.

Focus on a few promising fields: Lamarckian theory emphasizes specific
industries and academic fields that are designed by top professionals rather than focusing
o overall systems, because the theory can tell in advance about the successtul 1deas. As
one can articipate which idea will be successful, one can say which industry and
acadernic field will be prosperous. For instance, the provision of healthcare can be a
primary focus of a wiversity’s mission because many experts predict that the demand for
healthcare will increase. Thus, universities may manly invest in health care programs
with certamnty of fubure success.

Implications of the Darwinian approach. In general, the Darwimian view proposes
diversity and localized control as the major components for the generation of new 1deas
and products because diversity 1s the critical condition for the generation of new variants.
The greatest hope for the discovery of new knowledge 15 found within instibutional
arrangements designed not so much to direct outcomes in targeted aress as to the broad
support of interactions between an unfathomably diverse array of indrrduals. In this case,
each actor 13 1n localized pursuit of his or her own indiwidually different purposes.
Moreover, the Darwinian view recommends taking a ‘systemic approach’ instead of
focusing on ‘few targets’ so that the various ideas will be generated and one of themn will
survive the selection mechanism. The idea 1sto develop evolving systems for producing

blind wariations that can face new conditions in the futire. Tt resambles the human
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imrmne systermn in that it produces various artibodies and selects one that matches the
antigen (FPlotloin, 1997,

According to the Darwinian view, it 15 appropriate to focus onthe overall stock
of currently existing 1deas for future development, since nobody can be sure about the
future status of any of the different 1deas People have limitations about deciding which
ideas will be significant m the future. Francis Heyligen (1991) described it formally as
“at the most fundamental level variation processes ‘do not know” which of the variants
they produce will turn out to be selected”.

For ingdance, when the laser was developed, it was difficult to predict its marry
different uses, from medical devices to weapons. For reason of unpredictability, policy
malzers cannot properly udge which of the current range of 1deas and fields will
posttively lead to success in the fubure. This prompts the strategy of considering overall
acadernic and technological fields as candidates for further development ingead of
mnvesting on a few specific ideas and fields.

The prescriptionto focus on overall fields, however, does not necessarily imply
that 1t 15 a good ideato disregard particular advantages. The strength inthe autornobile
and the bictechnology industries may not guarantee success if econommc development
policy malzers set the goals and directions from the top and resources are lirmited on these
sectors. Alternatively, the Darwinian framework suggests systemns that academic fields
and industries can provide various ideas fromthe bottom Moreover, Darwinian view
promotes diverse acadernic fields such as engineenng, humanities, social science,
medicine, commmuinications, law, and education in order to broaden the oppartunity for

generating various ideas. The corresponding economic policies are highly decentralized,
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leaving the mamum possible level of discretion m the hands of local actors and
researchers in pursuit of their own self-defined and self-determined purposes. If creative
thought 15 a Darwintan process, then organizations and other culbures oriented toward
blind adherence and conformty to the edicts and dictates of authority, and toward
uniformty are not likely to experience equally high levels of invention in comparisonto
those not thus oriented.

In a Darwinian view, the probability of generating creative 1deas will be
ncreased when we can produce numerous variations. It 1s said that if the systemn can
generate more new vartarts there will be more chance to have invention (Campbell,
1960}, Therefore if there i an increase in producing the number of new vartants, then
there may be an increase in the chance of producing new 1deas. Tolerance of individual
differences andtoward admitting emror 15 put at a high premium in a Darwinian regime.

The generation process of creative 1deas needs a selection mechanism that selects
the good 1deas. As the ermironment selects the ones with the best fit, social and
mtellectual systems need to choose the better ones that meet the standard. For instance,
the level of required education can be increased so that the standard for indwiduals also
mncreases. If people learn more various ideas and subjeds, they will recombine those
ideas to come up with different 1deas. In another instance, the educational nstibution can
also merease freedom of knowledge claims and selection standards for students to
generate new 1deas as well (Bowen, 2007,

The selected creative 1deas needto beretained. If a good new 1dea 15 not retained,
then it loses the chance of application. The unique ideas from individuals need to be

tolerated. The systemnthat can support those trials and supporting mistakzes increases the
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chance of producing new ideas. In order to have good 1deas, numerous bad 1deas also
needto be produced (Carmpbell, 1960).

Darwinian implication for economic development

Darwinian theory provides quite different policy implications than Lamarclkian
theory. Due to uncertainty and the serendipitous nature of knowledge creation, the
recornmendations of Darwinian theory focus on promction of the overall acadermic fields
and competing environments. In Darwinian theory the environment 1s not a generator of
new ideas but rather serves as a selector. The process of gereratmg new 1deas 1sblindto
the prediction of successful 1deas. The main argument of Darwinian theory contends that
supporting diverse cultures and opening lmowledge claims are most apt to succeed at
promoting the generation of different and blind 1deas.

Focus on people rather than projects: In many cases, science and technology
policy aims at prometing specific fields of research. The Darwinian approach waould
prescribe making investments in people to come up with various 1deas to find a cure for
cancer. For indance, we can gather smart people from various disciplines and ask them
to investigate and consider new 1deas even though some of those people do net have
background in cancer research

Bottom-up rather than top-down: This is sirmlar to the previous point. Instead
of having centralized plarners predetermmine the direction of new knowledge formation,
the Darwinian view rermains open to new directions. Since new 1deas can come from
beyond the boundaries of current knowledge, it 13 impossible to be certain about where
and how new 1deas ocour The logical wmnplication 15 to provide opporturuty for trial-and-

errar without predetermining the direction.
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Ideas are bound from random process: Much as random processes lead to new
spectes in biological evolution, so random processes lead to new 1deas. Past this poirt,
creative thought process cannot be generalized. Since each mdividnal has different
thought processes, itis difficult to predid patterns of creative thought process. The best
suggestion 15 that creative thought can be generated from random process so policy
malzers and planners can provide settings conducive to creativity, not the specific
directions and expected outcomes.

Tolerance for wrong ideas The natire of knowledge creation 15 that there are
lots of wrong 1deas and only few 1deas can be successful. Therefore we have to tolerate
lots of wrong 1deas in order to see the successtul new 1deas.

Culture for supporting creativity and originality: Eventhough support of a
demnocratic cultiure 15 not diredtly related with the Darwinian approach, it emphasizes the
values of self-imtiative and self-responsibility in ways that go beyond those implied by a
Lamarclkian view. The Darwinian approach emphasizes variety, because it 15 the base for
novelty and variety within the range of available 1deas. In order to achueve this variety, a
culture that recognizes and understands the value of creativity and originality 15 the
fundamental base. Unless this 15 guaranteed, such as with patents and copyrights, the
mechanisie for introducing new 1deas will be harmed.

If Darwinian theory can explain biological evolution by variation and selection as
it 15 accepted inmarry scientists of biology, there 15 still a logically consistent possibility
that the Darwinian theory can be appliedto cther complex systermn which follows
variation and selection mechanism. This posability will remain until new data and

methods defintively reject a Lamarckian hypothesis of lmowledge creation
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AFPFENDICES
Appendix A
Interview Protocol
These are the example questions that might be used in interwiew processes. Some of themn
are modified from Creativify (Csikszentrmihalyi, 19967 and from cormmuttee members’
suggestions. Further clarfications and developments needs to be made before actual

nterview process.

How did yors come v with yair pentie idars?

Did yors kmow beforehand what you were looking jor?

E there ary way y ot carild hove predicted yaur imentive ideas?

Did yors drive yarr pivertive idea directly from yaur past edication or expericnoe?

Of thing ya hove dane inlife, of what are yars mast proid ?

Has there beena particidar project or event that has significwtly mfluencad the

prvertive iden”

Ifthere has been a significant person forpersans) 1 yar L€ who has wfluenced or

stimnidated your tventive idea, how did they nfltsce your pvertive dea?
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Where do the ideas for yair work generally come from?

How impartant raticealily versus Druition w1 your waork?

Have yor ever had aused idex while lying i1 bed, or it a dream?

How do you go abat developiig an ide/praject ?
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Appendix B

survey Instruments
Title: The study of thought process ingenerating creative ideas
The purpose of this gudy 15 to investigate how people come up with creative 1deas. The
following questionnaire asks about your own thought processes as youhave experienced
them while generating creative ideas or invertions. This survey 15 a part of a doctoral
dissertation, so yourresponse will greatly affect the outcome of the dissertation The
study 15 being conducted by Bongpyo Kim, aPh D candidate at the Levin College of
Urban Affairs, Cleveland State University under the supervision of D William Bowen,

Professor of Trhan Studies and Public Admimstration

Tour participation m the study 15 voluntary. You may decline to answer ary of the
questions, and you may quit answering the questionnaire at any time. The information
obtained during the survey will be held in a password-protected computer and will only
be accessible by the researchers onthe project. The results will only be reported in
summary form; no individual responses will be made public. The results are cornpletely
anonymous and there are no personal 1dentifiers attached to themn Please return this

survey within two weeks by using an included return envelop.

If yors Brve cpty quiestions abard your rights a5 o reseqrch participarnt, yat my confact

the Cleveland State Uhiversity Instittitional Review Board af (21 6) 687-3030. Iy aui have

arly qriestions regarding the stidy or this questiorsire, please contact Songpvo Kim,
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440-503-4743, or Dr. Williom Bowen, Levin College of Urbeps Affetivs, CSU (21608 7
0326).
By compleing this survey, you agree to the statement above and understand yvour rights

as a participant in this study.

Signature: Doate:
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Instructions: This survey is about how people come up with creative ideas inthe
process of generating inventions, solving problems and gaining new knowledge.
Take a few minutes to think about a creative moment you have experienced.
Sometimes you've come up with creative ideas for your patent(s), or sometimes you
may have come up with a creative new insight while solving a problem at work or at
home. Youmight also have experienced a moment of “Eureka!” after tryingto solve
apuzzle or a problem that you never encoumtered before. These are the sorts of

creative moments about which we are interested in this survey.

The following staterments are drawn from discussions with inventors and theory and
research regarding the experiences of people who have generated creative 1deas of ther
owrl. Pleaserespondto each based upon your own experience of creative moments. Tse
the following resporse options, 1 ‘Strongly Disagree’, 2 ‘Disagree’, 3 ‘Undecided’, 4

‘hgree’ and 5 ‘Btrongly Agree’ Circle the mumber that best describes your experience.

128



Strongly

Disagree Disagres Undecided Agree

1. T have experienced an 'A-ha' moment in
which a creative idea happened

unexpectedly. !
2. Wy creative ideas have been informed

frorm my previous knowledge. 1
3. In rmry expertence, creative thought

processes amount to trial-and-error for 1

corming up with new ideas.

4. In 1y experience the generation of

creative 1deas is a serendipitous process, so

I do not know for sure how creative 1deas 1
have occurred to me.

5. In coming up with creative ideas T have

corne up with trial 1deas unintentionally, but

have used my previously acquired 1
kmowledge to test and select amongst them

6. Before corming up with a creative idea

that actually worleed in application, I fird
considered lots of other 1deas, though most 1
of them provedto be useless.

7. Bometimes a creative 1dea comes to iy

mind at a very unexpected time when I am
not really trying to think about solving the

problem to which the 1dea applies.
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8 Inrmy expertence, the essential part of
generating a creative ideahas come from
wnexpected discovery rather than advanced
planming,

9. 1 can predict that my creative 1deas will
be generated by deliberate effort and hard
work.

10. Wy creative ideas have been caused
primarily fromfacts, events, and
circurnstances outside of my own mind.

11. The esence of anew and mvertive 1dea
15 found inunexpected discovery.

12. Inmy experience, the free assocation
of haphazard 1deas 15 a first step toward
corming up with new ideas.

13. My experience 15 that the generationof
creative 1deas is a serendipitous process that
seerms to happen almost completely by
chance.

14. Thave generated creative 1deas through
clear and predictable sequences of thought.

15. WhenIhave been faced with coming up
with new 1deas in problem situations I have
never encountered before, T have tended to
respond to the situations based upon trial-
and-error.

16. Creative 1deas strike iy rind without
any advance indication orclue

17. When I have come up with a creative

idea Thave kmown immediately whether or
not the 1dea would prove to be successful.

18. Usually T have had a creative idea that
has come to my mind when I was not trying
to think of it.
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Strongly Strongly

Dizagree Disagree Undecided Agree  Agree
19. WhenI started my project I didnot
exped to end up with the creative ideas that

I discovered. ! 2 3 4 >
20. Wy creative 1deas have always been

direct extensiors of my previous 1 5 3 4 5
kmowledge.

21. T have tended to come up with new and

creative 1deas by commecting two or more 1 5 3 4 5

other, very different i1deas together.

22. Wy creative 1deas have often started

with colleding a bunch of information

followed by making connections at what 1 2 3 4 5
seerns to be a subconscious level.

23, More substantial and significant
discoveries involve a greater element of
chance.

24 Bometimes I have ended up coming up

with a creative idea that applied in a

problem that at first T had no intention of 1 2 3 4 5
working with.

25. How many patert(s) are registered
under your name (please put C 1f none)? D

26. On average, how much fund did you
receive for a research that 15 relatedto a %
patert? -

27. How long have you been in your
research area since you completed your
final degree?

28 Inwhat year were youborn?
23. Are you Fermale Male
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30. What 15 the highest level of education you have received? (Please CHECE. the one

that best applies)
(13 Lessthan High School or GED.  (5) Bachelor’s degree
_ @yHigh schoolor GED (B Master's degree
3y Vocational/Technical Degree ___(MHPhD. orequivalert
@) Associate Degree
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Appendix C Group Means

Item
Group N hlean Std. Deviation Std. Error MMean
i1 invertor 53 4.3 0.4 0108
student 118 439 0763 007
2 inverntor 53 4. 54 0.522 0.072
student 118 4.03 0 896 0082
i3 inverntor 53 347 0.912 0.125
student 117 3.5 0925 0,085
4 inverntor 53 2.49 1.012 0.13%9
student 118 301 094 0.ce
5 inverntor 52 373 0.931 0.129
student 118 378 oS 0.0
6 inverntor 53 3.26 1.041 0.143
student 118 3.2 1.034 0095
7 inverntor 53 391 1.131 0.155
student 118 421 0504 0,083
8 inverntor 51 347 1.065 0.149
student 118 3501 0.9a 0.ce
9 inverntor 52 3.29 1.073 0.149
student 118 257 1.029 0095
Q10 inverntor a3 279 0968 0133
student 117 3 0881 0,081
211 inverntor 52 3.5 0.918 0127
student 118 3501 0835 o.ore
Q12 invertor 53 3 1.074 0142
student 118 3.508 0831 0.ord
213 inverntor 53 2.26 1.022 0.14
student 118 2.98 0,534 0,085
14 inverntor 53 3.66 0898 0.123
student 118 3.4 0958 0088
215 inverntor a3 3.08 0829 0114
student 118 3.23 1.008 0,093
D16 inverntor 53 321 1.081 0.148
student 117 3.49 1.08 0.1
Q17 invertor 53 274 1.146 0.157
student 118 281 1.015 0,093
Q18 inverntor a3 2.85 1.133 0156
student 118 364 097 0088
Q19 inverntor a3 332 1.105 0152
student 118 341 0,954 0088
Q20 inverntor a3 343 1.083 0149
student 118 3.26 0999 0092
221 inverntor 53 419 0681 0.0%
student 118 3.509 0829 0.07a
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Q022 invertor 53 37 0.933 0,128

student 118 37 085 0.078
223 invertor 53 311 1.086 0.14%
student 118 305 1.003 0.0%2
224 invertor 53 374 088 0.121
student 118 368 0761 0.7
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Appendix D Rotated Component Matrix

Rotated Componernt
Ifatriz(a)
Cotrpotient
3 4 5
00es 0103 0,111
-0.037 0. 166 0,075
-0001 -0.082 0,063
-0.109 0,083 0236
-0.091 0087 -0.057
0131 0083 -0.053
-0022 -0026 0012
DA 0035 003
-0582 0025 -0315
0249 0041 0061
-0 00 0oy02 -0
-0295 0675 -0.05
0133 0587 -0.136
0133 0 533 0 381
oov 0117 0
0,179 -0.163 7 0.639
-012 0 -0.255 (427

0778 | 2
0.121
0745 -0062
]
0.693 "0 136
0135 0.
0216 0
0137 T 0658
0499 0535
0 O 002
0051 0.189
006 -0.085
o4 0227
0057 -0.023
0017 -0.084
0352 -0.105
027 0002
0328 019
0342 -0.207
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0,163

0.0

0,123

0. 225

-G.17

0218

0 oa

-0.25%

-00ES

0172

0

-0.07

-0 106

0066

-0.013

0.26

[

0,002

0. 154

0021

0.143

0,126

-0.117

0037

0.193

061

0037

-0.07 1

0,102

0115

0115

-0.27

0072

0,164

0.133

0.075

0218

-0.191

0,296

0016

-0 038

-0.01

011

0073

0.133

-0.185%

0,052

005

-0.153
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0.356

0127

0.075

0.321

0.256

0,107

0.4

0.28

0.23

-0.085

-0.004

0.142

0043

0.111

0.15%

-0.046

-0.224

-0.309

0.02%

-0.507

0.011

-0L125

-0.085

0. 204

0. O

0.0

0,022

0,009 ggg 0.01  -0.005

0.03

-0L003

-0.183

0.14

0.003

0052

Extraction Mehod: Principal Component

Analysis.

Eotation dMethod: Varimas with Kaiser Normalization
a. Rotation corwerged in 21

iterations
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Appendix E

IEE Approval Letter

MMemorandim

To: William Bowen Principal Investigator or Advisor
Urban Studies

Front RichPipariren, G4
Office of Bponsored Programs & Research

Date: April 15,2009

Re: Eesults of IRE Review of your project number: 38349-BOW-H3
Co-Principal Investigator or Studert: Songpyo Eim

Entitled: Inventive Minds in Cancer Cure

The IRB has reviewed and approved your application for the above named project, under
the category noted below Approval foruse of human subjects inthis research 15 for one
vear from today. If your study extends beyond this approval period, you must again
contact this office to initiate an annual review of this research. This approval expires at

11:59pmon 372820140,

By accepting this decision, you agree to notify the IRB of: (1) any additions to or changes
in procedures for your study that modifyy the subjects’ risk 1n any way, and (2) arry events
that affect that safety or well-being of subjects.

Thanlz you for your efforts to maimntain compliance with the federal regulations for the
protection of hnman subjects.
Approval Category: Date: 3292009

Exerrpt Status: Project is exermpt from firther review under CFR 46,101

x Expedited Review: Regular

co: Project file
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