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CHAPTER I

INTRODUCTION

In the mud-1980s, economic growth theorists began to consider knowledge asa
critical fador in economic growth, as well as capital and labor. Theorists in economic
growth contended that when capital and labor reach therr limited productivity, knowledge
could lead to firther and perhaps limitless econormic growth Hence, the production of
kmowledge and extension of the lirmits of knowledge emerged as the keys for economic
progress and developmert.

With the newly found focus on knowledge, innovation became a core
phenomenon in economic development (Acs, Anselin, & Varga, 2002b). Imovation was
then considered as a primary sowurce of economic development, and as contributory factor
in terms of increased mumbers of jobs, new products, and productivity. In this regard,
kmowledge creationmay 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 econommic development literature, the generation process through which new



knowledge is created has not been clearly, persistently and systernatically examined.! In
addition, the process of creating new lnowledge has not been integrated theoretically or
practically into economic development literahires. Bowen (2007) argued that 1f
kmowledge creation confributes so witallyto economic progress, then mechanisme of
kmowledge creationmust be specified to achieve optirmam levels of knowledge creation
for econormuc developmert. Moreover, different mechanisms of lmowledge creation may
have different policy implications for economic development policies and practices.

One feasible theoretical basis from which to understand the mecharusm of
kmowledge creation is evolutionary theory. In evolutionary theory as applied to
biological populations, Darwin's model of random variation and natural selection has
beenrepeatedly confirmed and affirmed by a wide variety of scientists. Darwin’s theory
stipulates that variation 1srandomly generated and that indiwidual variants will be
naturally selected or rejedted by factors embedded within inthe environments of the
individuals who carry the variants. On the other hand, some scientists also support
Lamarclkian theory, Lamarclkian theorists argue that instructions origmating from within
an environment and transmitted to biological organisms may be a possible mechanism for
the evolution of biological organisms.

In generating new lmowledge, Darwin's theory stipulates that the generation of
new ideas follows the processes of “blind-varation and selective-retertion” (BVEE)
(Carmpbell, 1960). The term “blind” refers to an absence of foresight or prior deliberation
in the generation of varicus 1deas. When people confront new problere or old problems

that are difficuk to solve, people have to go beyond the boundaries of previous 1deas and

1 Inthiz paper the inventive idea 15 considered as a critical form of loowledge creation. In many cases, it
will be used wrterchangeably wih lnowledge creation.
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kmowledge (Carmpbell, 1960). According to Campbell, the basic mechanism through
which people beginto generate new and creative 1deas1s *blind variation” Blind
variation 15 characterized above all by a lack of foresight of the future status of various
trials. In criticism of this wiew of knowledge creation, scholars have argued the opposite
point that new ideas are generated from ‘sighted variation’ which is based upon prior
kmowledge and goals (Btemnberg, 1998, Weisherg, 2006). This opposite view of
Darwinian theory 15 in many respects similar to Lamarckian 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 kmowledge creation, 15 to exarmine indiwduals who
generate new 1deas. Thus, this study 15 designed to empirically exarnine how inventive
ideas® are generated in the individual mind, as seen from the poirt of view of inventors.
The researcher specifically seelzs evidence regarding whether Darwinian or Lamarcloan
theory 15 amare likely explanation for the generation process of new 1deas. An
underlying assumption 1sthat improved understanding about inventive ideas may help
policy-malkers to design policies that enhance the generation process of inventive 1deas

that affect economic development i the long-term

3 Irventive ideais the critical idea that is the core of the invention. Inthis paper mventive ideas will he
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 fadtors driving
econorric growth and development. Since then, however, knowledge has also startedto
receive consideration as being one of these factors. Today's discussions about the
kmowledge economy emphasize non-physical factors 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 productrnty of manifacturing 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, lnowledge has
gained consideration as an important resource for economic growth, largely because
kmowledge may be characterized by increasing returns (Cortright, 2001, Romer, 1986).

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

in economic growth and development (Bowen, 2007, Romer, 1986 Furthermore,



kmowledge has been considered as apublic good that can be accesed by arry individual.
Enowledge was often not been incorporated expliatly m econormic 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, lnowledge has not been fully
considered as an independent variable that affects econormic growth. However, Romer

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

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

YT=F(K L &) (1)
where E represents regional capital, L represents regional labor, and A represents
regional technology and Imowledge For an ndividual firm level, the model may be
rendered as follows:

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

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

In this model, the growth of lmowledge 15 assumed to be aby-product of the
accurralation of physical capital goods (Snowdon and Vane, 2005). If one firm mvests in

phrysical capital, the productinty of industry ncreases because other firms n same



industry learn from that one firm's investment. These are the poaitive externalities
discussed at length i the economic growth literature (Marshall, 1920, Arrow, 1962,
Fomer, 1986, Cortright, 2001} Accordmgly, on the basis of recognition of posttive
externalities, the industry as a whole benefits from increasing returns while indrwdual
firm does not necessarily do so (Snowdon & Vane, 20057,

Traditional economic theores are based onthe assumption of decreasing returns.
Decreasing returns mmply that at some point the additional inputs of labor or capital wall
result in a smaller amournt of output than previous inputs. Under this assumption of
decreasing returns, a firm or aregion can contimally increase s output by increasing
capital and labor, but the effedt of the increase of capital and labor inpts will eventually
beginto diminish onthe margin. 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 1mplies that contirmed additional
mnputs will result in meressing amounts of output. For instance the development of
software requires millions of dollars for initial investment, but once the inihial copies of
the software are produced additional copies will cost nearly zero (Cortright, 2001).
Moreover, increasing returns come fromthe ‘endogenous’ efforts of entities that seelzan
improvermnent 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 is

aby-product of capital accumulation, the second tteration of the endogenows growth



model added two assumptions: (1) lknowledge creation 15 a deliberate effort which
responds to financial incentives, and (2 the two defining characteristics of knowledge are
non-rivalry and partial excludability (Snowdon & Vane, 20057,

Non-rivalry. Enowledge 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 inihially
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 importance of property
rights for the producers of technology and knowledge (Cortright, 2001).

Partial excludability. Enowledge 15 partially excludable becanse the investment
in specific knowledge does not 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 s 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 mntervention of governmert policy to promote incentives for investmert in
R&D (Cortright, 2001).

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

...... the aggregate rate of discovery 15 endogenous. When moare people sart

prospeding gold or experimenting with bacteria, more valuable discoveries will

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



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

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

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

rate of discovery 15 still determined by things that people do (p. 133,

Fomer (1994) ermphasized that discovery 15 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 (1994 pointed out this
can be true even if the discovery 15 a side-effect of other actiwities, or &5 supported by
government. A similar point about economic developrment 15 made by Flonda (2002)1n
his emmphasis 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 econormic actiwity conducted in search
of profits. Knowledge inthis model 15 an independent variable whose value is produced
within the econormic systern, and that will affect long-term systernic econormuc 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 different for different subsysterns of an econory and this 1s
a fundarmental factor for econormuc 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 cogritive mechanism must berelated with

econorric development. Marten argued that the properties of knowledge and the



generation mechanism for knowledge constitite important and crucial features in
econorric development. In Marten’s argumert, the division of labor provides a base for
new lnowledge creation, but he didnot elaborate upon how the new lnowledge 15
created.

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

Enowledge may be assumed to be created at an indiwidual level (Canpbell,
1960}, Groups of people can affect lnowledge creation processes by putting forth their
opintons and 1deas, and other people’s input can be a factor for the gereration of new
ideas. However, according to Campbell, the ultimate thought process happens inan
individual 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 irwvention and innovation (Bowen, 2007). Invention 15 arguably
the first step inthe process of knowledge creation (Popper, 2002). Thus by extension the
process of invertion 1s a primary concern in sustaining the competitiveness of compantes
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 market 1t 15 an ‘mnovation’ While
mvertion is arguably a fundamental basis and perhaps even an antecedent for innovation,
unless the invertion 15 brought to marke 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 cormpanies and regions can sustain their competitiveness.



Innovation can broadly be defined as “new combinations of old, tried and true 1deas”
(Bchumpeter, 1934 p 66) While this definition of innovation might include both
mnvertion and innovation, different nowledge, skills and abilities are required for each

Invention requires originality and usefulness in sciertific and technological fields.
Ihnowvation, on the other hand, starts with an invention 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 cormmon basis of
creatrvity and creative thought, innovation can broadly be defined as ‘combinations of
new things” Knowledge creation can include innovation that seels “better waysto do
things' and ‘learning throughout a firm’ (Cortright, 2002).

Creativity may inturn be conceived 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 sciertists 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 are new If the
ideas or produds previously exsted, they cammot be considered as creative worls. Past
this poirt, there can be two viewpoints on creativity: whether the worl 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 his or her own life, yet those 1deas may already exist
within some other context. In order to be creative to the world, novel 1deas needto be
new to the world across all contexts Creative works 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 pomnt 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
successfully applied
to marlet

Figrire [ The relationship between knowledge creation, 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 limmitless, so it 15 portrayed without
boundaries. Creafive ideas are the broadest concept underlying irwention and innovation.
Creative 1deas can be the souree for invention, innovation, and new artwork From
creative 1deas both mvention and imovation can be started. Some inventiors are

successtully applied to market (portion B), while cther inventions are not (portion C7).
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There are other innovations that do not requure inventive 1deas, 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 Methods for Studying Creativity

2.3.1 Unconsciousness in Creative Thought

The concept that past experiences canunconsciously affect creative 1deas 15 called
‘unconscious association’ (Gedo, 19800, Past expertences can be described as previous
needs and conflicts that are unconsciously associated with the present process of
creatrity. For instance, the creative worls of Picasso may have beenrelated to his
conflicts with his mother and sister in his chiuldhood (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 withowt a clear
realization of where they came from The concept that thought processes onernted toward
obtaining a solutionto a problem can possibly originate unconsciously, 15 called
‘unconscious processing” (Poincare, 1913) An illustrative example may be found in
Poincare’s selfreport of his discovery of a solution to a mathematical problem
(Hadamard, 1945} Poincare (1913) reported that the mathematical solution appeared as a
sudden realization, which 15 sometimes called an “illurmination” Befare illuminating the
creative thought, there may need to be an unconscious meubation process during which
occurs the preparation for accumulating lknowledge and information about the problem
(Poincare, 19130

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

mnsight (Werthetmer, 1982). This breal with the past may possibly occur unconsciously

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 different
relationships between the constituent elements. For instance, Diarwin's natural selection
required a different approach than Lamarck’s theary, which a the time was the recetved
view. If a solution to a new problem requires more creativity than did solutionsto old
problems, then it may necessitate amoreradical break from past ideas (Carmpbell, 19607,
The works of Poincaré (1913), Csilszentmihalyi (1996, and Simonton (1988, 1929b) are
aligned with this 1dea in that more creative 1deas require brealiing away from prior
kmowledge than do cnes that mux previous ideas.
2.32 Divergent Thinking

Guilford (1950) provided a conceptual and theoretical basis for measuring
creative ability and capacity using creatinty tests. Divergent thinlang may be defined as
thinking 1n a differert way than ordinary thinking Accordingly, brealang from the
accepted rule 15 cructal for creativity (Guilford, 1950). Divergent thinking develops
various ideas, and once these ideas are generated, convergent thinking chooses the best
one. Highly divergent thinking 15 positively related with creativity (Csikszentmthaly,
19965 The explanation for divergent thinking 15 twofold: (1) it generates ideas that
diverge from old 1deas, and (2) a differert type of thought processtakes place, other than
the ordinary process. This second interpretation 15 in opposttion tothe wiew that creativity

15 a product of ordinary thinking (Weisberg, 2006). Guilford' s theory of divergert
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thinking affected the importance of 1deational variants in confronting new problems
(Sinontory, 19990, 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, 1996,
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

Armabile (1983) provided a ‘componential theory of areativity.” The first
cornponert in this theory 15 *domain-relevant skill” which includes knowledge and slkill
relatrve to specific domams. This 1sto say for instance that some people might have more
sensitive artistic or scientific ability than others.

The second component 15 ‘areativity-relevant skall’ which includes two aspects:
abandoning unsuccesstul trials and applying heuristics or rules of thurmb for creativity
such as “When all else fails, try something counter-intutive” (Newell, Shaw, & Simon,
1962).

The third component 15 the attitude of an individual If a person finds intrinsic
motivation in relation to a problem, that person might have ahigher probability of
discovering or mverting a solution to that problem than would a person working 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-high”
strategy. Creative people can see an opporturuty that others may not recognize, so
creative people can buy 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 Inthis respect, according to this theory, creative people are sirmular
to entrepreneurs who apply new 1deas inthe marketplace. In order to malze the most of
these opportunities, people need resources. One set of resources contains the intellectnal
abilities to see the new opporturuty, the ability to see the problem in a new way, the
ability to recognize the importance of the problem, and the ability to persuade other
people of the value of the 1deas. Other resources include knowledge of specific domains,
an independent thinkang style, and a supportive ermironment.

Creative worlk requires that the creative thinkcer have a relevant lmowledge base,
creative capacity, and an environment conducive to the development of new ideas. The
kmowledge base 15 the accumulation of previous 1deas inthe doman. In additionto 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 elemert can influence creative 1deas
negatively or positively.

2.3.4 Evolutionary Theory of Creativity

2.34.1 Darwinian Theory of Creativity

15



The main mecharism of Darwin's evolution theory 15 random variation and
natural selection. The first characteristic of this mechanism 1s that the new variarts are
generated raridamdy. In other words, when vartants occur, there are no intelligert
mechanisie or designs irvolved. There 15 no foresight involved m 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 mechanism of natural selection has been
called “blind-variation and selective-retention” (Campbell, 19600 ‘Blind’ refersto the
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 usether lmowledge for generating
new ideas; they may even in aregimen of blind vartation accurmulate previous knowledge.
The significant poirt 15 that in solving problems, even though people use previous
kmowledge and their intelligence, variants or new 1deas are formed blindly. In Camphbell’s
view, when people are faced with anew problem, they should generate blind variants
first.

Furthermore, Campbell distnguished between expansion of lnowledge and
genuine gains of knowledge. For instance, Copernican heliocentrism represents a germine
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 (Campbell, 1960). Therefore, more radical breakthroughs
require more random elements.
Selective-retention

From the blindly generated variarts, 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 biological selection process,
which 15 a selection process of variants after random rutations are generated. Variants of
ideas will be selected or discarded through their interactions with individuals’ knowledge.
The individual’s knowledge can be a selectorin a generation process of creative ideas.
Cnce the mdindual produces a new 1dea, the interaction among community members can
also be a selection process.
2342 Lamarckian theory of creativity

For Lamarcl, the adaptive traits of living organisms are caused by the
environment. For instance, in Lamarck’s view the placement of food inthe higher canopy
of trees determines that the girafte’s neck will be elongated. According to Lamarck the
variation process 15 mutisted and directed in response to environmental factors. Therefore
an adaptive trait, such as an elongated neck, 1s predetermined or nstructed by its
environment (Flotlkin, 1997

If Lamarclian theory 15 applied to creative 1deas, environmental fadors are
significant determinants of creative thought and invention. On an individual level,
personal kmowledge 15 comparable to the environment. Therefore, personal knowledge 15

the informmer of new 1deas and creative worls. 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 deterministic enwironmental factors
such as previous knowledge and goals inthe generation process of creative 1deas (Perkins,
1981, Wesherg, 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-vartation and selective-
retertion, which 15 to say ones that focus on unusual thought processes, the cogritive
approach focuses on ordmary thought processes. The cognitive approach holds that even
though a new 1dea can have a profound impact, 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 (Mewell & 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 solving,

Weisherg (20067 and Perkins (1981) broadened the cognitive perspective of
creatrvity 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 ordinary 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 thearies of creativity, a distinction can be drawn between
conscious and unconsciows approaches. The cognitive approach differs from other
approaches by nsisting that creative ideas are the product of ordinary thought process.
Scholars who accept the cognitive wiew argue that creative workes are results of the
extension of previous ideas and knowledge. They use sketches and drawings of
mnvertions and artworks as evidence for the proposition that creative work results from
ordinary thought process.

The cognitive view canbe viewed as relatively closeto the Lamarclaan wew 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 wiew creativity 15 most likely to be the extension of
previous knowledge that does not require a breal: fromthe past. These 1deas—support of
consciousness and the extension of knowledge—are inconsistent with the Darwimian
view of blind (preconscious orless conscious) elements in the generation process of
creative ideas.

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

15 the main source of creative outcotmes.
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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-reparts, biographical studies, and hustorical case studies
which emphasize in-depth understanding of creative works.

CQuantitative approaches focus on evidence that can be measured and that may be
generalized to theories and populations. Histortometric studies, quantitative case studies,
and ‘B2 witre’ studies are all quantitative in approach inthat that they emphasize
quantitative evidence for studying creative works. For mstance, quantitative case studies
emphasize sketches and drawings as evidence for creative ideas that are developed from
previous knowledge.

In this paper, both qualitative and quantitative methods were used. In-person
mnterviews were used to provide in-depthunderstanding of the generation process of
mnvertive ideas, as experienced by the inwentor. Inferview results were also usedto
suggest 1deas for terrs onthe survey instrument. In the quartitative tradition, surveys
were usedto examine, compare, and gather data informed by the two aforementioned
theoretical wiews, Darwirtan and Lamarclian, 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 worls 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 reports 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 areativity has been cniticized for
several reasons. Fird, the selfrepott 15 cniticized as not being accurate becanse itis a
retrospective product. People who male selfreports are required to recall previous
thought processes so they rmight net be accurate (Perkins, 1981, Weisherg, 19886, 1993).
This criticism questions the objectinty of findings from selfreports. SBecond, self-reports
are usually not admmistered by a tramned behavioral scientist, so they are less likely to
provide valuable data (Ericsson & Simon, 19%6). Finally, self-reports are criticized as
being less rigorous than quantitative methods such as intesting hypothesis (Weisberg,
2006

These lumutations of self-report and others, such as bias from interviewers and the
tendency to wart to please the investigator, are threats to the validity of this project. For
nstance, the interviews were performed by the researcher and some ofthe expressions
and terms used in the interviews were taleen from Darwinian theory, and were therefore
biased towards it, such as for mstance “unexpectedness” in an inventive thought process.
However, thesethreats did not completely 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 view.

The fact of this sort of disagreemert 15 difficult to reconcile with the proposition 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 contest of Darwinian theory,
especially those related with blind-variation, can pose a limitation on the study.
Fecognition ofthese preconscious elements especially may not be fortheorming 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 processes to
recognize or remmember the preconscious elements within them.

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 sigmificant things and
events clearly. Accordingly, people are more likely to recall the experience of salving
problems that they never encountered before. The invention process can be an impressive
event for mventors and there 15 a high probability that they will remember dearly about
the relevart thought processes

Second, data from self-reports can be valuable since the irwentor 1s the informant
and 15 thus a direct source Even though informants are not well tramned about self-
expression and reporting about their thoughts and expeniences during the process of
mnvertion, they have ability to express their past experiences in their own words. For
nstance, unemployed people can often clearly recall and describe their 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 expenences of creatmg new 1deas and products. Third, self-report can provide
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in-depth understanding that might be difficult to be obtained by cther research methods.
Cther researchmethods in some irstances have advantages of tegability 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 consideratiors 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 mtelligence. They are Si1gmund
Freud (interpersonal), Albert Einstein (logical-mathematicaly, Pablo Picasso (spatial),
Igor Btravinsky (rmusical), Martha Graham (hodily-kinesthetic), T 5. 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 ideas to their environments. In 2003, an eighth
mntelligence, Charles Darwin (natural enwironment), was added to thislist (Gardner,
2003)

The advantage of biographies over self-reports i1s that they are based on verifiable
historical recards (Weisherg, 20067 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. Higtorical case studies examine areative achievernents
for understanding creativity. Gruber (1981) studied ‘natiral selection’ as a tustorical 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 different for all
individuals, thus it 1shard to generalize by examining his notebooks.

Historical case studies can be considered qualitative inasmmuch as they attemnpt to
understand historical cases, but they can alsouse hard evidence to add some accuracy.
Gruber’s (1281} study used Darwin's noteboolss to supplement his qualitative study. One
criticism of historical case studies 15 that the researcher cannot confrol information.
Historical case studies can be helpfil in searching for in-depth understanding, but canbe

difficult if there 15 not 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. Simonton 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
onl the mumber of creative work of the next generation. In ancther instances, Hayes (1981,
1989} found there 15 a need for as mmch as 10 years of experience in preparation for a
creative masterpiece. One of the primary strengths of tustortometric methods 15 that they
can draw some statistical conclusions if data are available (Wetshberg, 2006).

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

the researcher chooses one of Picaso’s works, the quedion 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 critique, Weisherg (2006) suggested choosing
many cases and using various investigators to avord this generalization problem. It 15 also
difficult to get the right data for examination. For mstance, ¢ would be impossible to
exarmine the thought process of Thomas Edison if we do not have any critical data

fn vitro investigations. 7 vifro investigation is a method that tries to reduce the
gap between invive study and experimentation Researchers using i witro study can
extradt a core part of the previous iwention and present thisto a group 1n a controlled
environment. For irstance, Dunbar (19950 used the Mobel Prize example of a ‘regulatory
gene’ that inhibits a certain function of another gene. He presented this example to two
groups of students. Cne group recetved more information about the problemthan the
other group. Btudents who received more information about the problem had a better
chance of finding out the solution that 15 close to the original discovery of Mobel
laureates. The result can be interpreted as supportive of the knowledge and proper

nformation as the key to creativity.
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2.5 Research Questions

It 15 widely agreed that inventive 1deas play a significant role 1n economic
development, especially when they are sources for the mnovationthat, in turn, promctes
econorric development. Thus, this research examines the generation process of inverntive
ideas as a core cornponert of the knowledge creation process. The first quedion of the
project 1s: ow do pwventors come wp with thelr pwventie idans? 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 mechanism, the
second question 1s: does fhe generation process of creative ideas follow a Darwiian or

Lamarckion approadh?
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CHAPTER IIT

EVOLUTIONARY THEORIES: DARWINIAN V5. LAMAR CETAN THEORY

3.1 Evolutionary Theories about Biological Systems

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

The foremost charactenstic of a Darwinian mechanism 15 that the new variants are
generated randomly. Hence, when new variarts are developed, there are no intelligent
designs, mechanisms or foresights mvolved. After these random variarts are generated,
those that are the fittest for the environment are deterrmuned through processes of ‘nahiral’

selection. If a particular variarnt 15 selected by the environment and flourishes, it can
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evolve into anew species. Similarly, if a particular vartant 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 giraffe’s variants are randomly generated
through the reprodudive processes. One of the offspring may be better adaptedto the
distribution of food encountered inthe environmert, particularly m terms of the height of
the canopy. The placement of leaves may determine that one variant 15 more adaptive
than another, but the variants thermselves are not generated by the placemert of the
leaves. In contrast, inthe Lamarclian view, a giraffe acquires a longer necl as aresult of
trying to reach leaves that are growing inhigher places in the canopy of leaves inthe
trees, and in turn these acquired characteristics are inherited by the next generation

Lamarclaan theory refers tothe ‘inherttance of the acquired characters’ as the
mechanism for evolution (Hodgson & Fnudson, 2006, Plotlan, 1997). Lamarclk argned
that variarts are catsed by deterministic factors within environments. This theory of the
‘inheritance of acqurred charaderistics’ 15 generally rejected by most scientists in
biology. Wevertheless, there are still supporters of Lamarclkian theory, especially in the
areas of immune response and socio-cultural evolution (Laurent & Mightingale, 2001).
Detailed description, cortrast and application to 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 contrasted with a
Larmnarclkian wiew of evolution, but the contrast 15 abit different 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 15 more restrictive than Darwinism to the point
that 1t categorically denies the posaibility of the inheritance of acquired characteristics
Thus, while the term ‘Darwinian view’ is used throughout this research to refer to a
confrast with Lamarclian theory, the neo-Darwinist view 15 strictly the one being
contrasted Table 1 shows the distinction between Darwinism and Lamarclkism, and a
further distinction bebween the two variants of Darwinism—Darwinism and neo-

Darwinism (or Weismarti s ),

Table 1

Warking Definittions of Three Doctines

Tertn Defintion

Diarwinism A cansal theory of evolution in complex or organic systems,
involving inheritance of gendtypic instructions by individual units,
random variation within genotypes, and a process of selection of the
consequent phenatypes according to their fitness in their
environmernt.

Lamarckism A doctrine admutting the possibility of the (genotypic) inherttance of
acquired (phenctypic) characters by individual organisms in
evolutionary processes.

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

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

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

Even though debates about Darwinian theory remain today, natiral selection is
almog universally accepted as a plausible mecharusm for biological evolution. Ithas also
in recent years been recetving increased levels of atention in application to human minds
and societies (Hodgson & Fnudser, 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 systemns. Beinhoclker (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 ot that evolution 1s a general-purpose
and hughly powerful recipe for finding innovative solutions to complex problems Ttisa
learning algorithm that adapts to changing environments and accunulates Imowledge
aver tirme (Beinhocker, 200687,

Beinhocker (2006) emphasized that evolution 1s net just ametaphor 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 argumernt that evolution 15 a process through which imovative
solutions occur 15 linked with the generation process of creative 1deas, because many
creative 1deas can be viewed as new solutions for problems. Moreover, Bemnhocler
describes how evolution 1s the principle that leads systems to adapt its environments.

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

In addition to this general view of evolution, the evolutionary wew of the growth
of kmowledge 15 chosen as the framework for this project because it 1sthe proper
frameworl to use onthe assumption that human beings are an immanent part of the
biological system. Plotlkin (1997) contended that lnmowledge can be understood as a
general phenomenon that describes behaviors of living organsms throughout the animal
kngdom, and lman knowledge can be understood as a specific case. Thus, the
biological approach to the growth of human knowledge that drives economic
development 15 argnably a suitable one.

Secondly, the evolutionary view of creative ideas 15 controversial. Review of the
literature revealed mumerous theoretical debates between the Darwinian view and the
Larmnarclkian wew (Simonton, 1999 and 2005, Gabora, 2007). These debates corstitite a
proper conceptual framework from which to examine which approach 1s a better
explanation for creative 1deas in invention From the literature and interview the
researcher develops two sets of contrasting conceptual frameworles. Darwinian view 13
linked with ‘unexpectedness’, ‘serendipity’, ‘trial-and-error’, and ‘commecting different
ideas’ Lamarclaan view is related with ‘predictability’ and ‘extension from previous
ideas.”’

Finally, the policy implications of Darwintan and Lamarckian theories differ in
highly consequential ways, largely related to the regulation and control of lmowledge
formation in society. The Darwinian view focuses on ablind variation and selection

mechanism The associated economuc developmert policies are favorable toward
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cultivating the circumstances that are most conducive to the generation of a large volume
of 1deas, enhanced quality ideas, 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 systern. Moreover, practices of
toleration and support for diverse and individually-different purposive economic
activities are strategies of Darwinian approach. In contrast, the Lamarclkian view
emphasizes environmental fadors and goal-oriented directions. Thus, the economic
development policy of the Lamarclkian wew 15 much more favorable toward hierarchical,
centralized regulation, control, and planning of econormic development activities. Inthe
Lamarclkian wew, those mdimduals who are more attuned to the factors inherent within
an economic system that cause economic development have superior Imowledge 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 regional econormic development
programs and policies.
3.2 Genotype and Phenotype

In order to elucidate and evaluate these two alternative mechanisms of change and
advancement intermms of creative thought, it 15 necessary to malze a distinction surilar 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 eyves themselves, as
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they can be observed by others, comprise the phenotypic characteristic associated with
the corresponding genes a the genotypic level.

Accordingly, for Lamarckian inherttance 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
ont the canopies of trees must result in a longer necls that must be encoded inthe giraffe’s
genes, otherwise the longer neck cannot possibly be inhertted by the next generation

Hodgson and Emdsen (2006) explained the Lamarclian mechanism using the
concepts of genotype and phenotype as follows:

For the comparison [between biology and other applications of evolutionary

theory such as socto-economucs] to be appropriate, it has a least to be upheldthat

acquired characters are encoded in genotype and that the modifications inthe
genotype are passed onto offspring. In fact, Darwin (1859, 1868) himself

believed in both these possibilities (p. 3457

In Darwin’s original theory, the possibility of passing on acquired characteristics
through inheritance was not rejected. One ofthe reasons 15 that the distinction between
genotype and phenotype was not vet 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 genotype and phenotype 15 mmportant when the
evolutionary theory i1s tested. Lamarclian theory 1s based onthat the phenctypic

characteristic 15 encoded to genotype. If this mechanism carmot 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 exarmmine creative thought process. Eventhough possible
genotypes and phenctypes have been proposed for development of 1deas, it 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 genotype and phenotype 15 necessary for extending the
basic logic of biological evolition to a socio-economic level In broader terms, a
genotype 15 a replicator which carries information Simularly, a phenotype can be viewed
as an interactor between an individual or process and its environment; a phenotype
contains an outcormne and actual expression (Dawkins, 1976). Hodgson and Knudsen
(2006 described how Lamarclaan theory canbe exammed using the genotype and
phenctype 1n socio-economic systens 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 another that conveys the acquired

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

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

Meme as Genotype. In socio-econornic evolution the “meme” was stipulated as a
possible unit that carries mformation from one generation tothe next, comparable in
many respects to the gene in biological evolution (Annger, 2002; Dawlans, 1976, Hull,
1982, 20000, An “idea” 15 one of the examples of a meme. Hodgson and Emidsen (2006)
described the difficulty of concerving of memes as members of a genctype as follows:

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

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

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

modified or acquired, but this 15 neither 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 1dea of democracy can be passed from person to person
without necessarily ransmutting the moral standards and behaviors characteristic of
demnocracies. Passing the meme can be thought of copying the memes (genotype)
without passing the phenotype (Hodgson & Enudsen, 2006).

Meme as Phenotype. & meme may also be considered as analogousto a
phenctype (Blackmoare, 1999). This means that meme can be thought of as characterigics
that will be appeared by genotype. In this case, however, the problermn is that that there 15
no answer as to what might be the possible genotype for memes. If a gene 1s the

genotype of a meme (and the meme 13 the phenotype), then it 15 not the Lamarclaan
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process because in general biologist reject the Lamarclaan 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 behawior
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 Tamarckian process that 15 defined in these terms would requuire that the
relevant aspect ofthe phenotype (an acquired thought or behavior) of the first
person was also back-translated mto its genotype Chabit). This may occur when
repeated (phenaotypic) thought or behaviours give rise to new or amended
(genotypic) habits. But the phenctypic behaviowr could be occasional and not
encoded 1n ahabit, yet still be mitated by the second person (p. 3590
Habit as the genotype can possibly be viewed as the outcome of a Lamarckian
process, assurning that the phenctypic behavior 15 encoded inthe genctypic habit.
However, it 15 problematic when the second person imitates the changed phenotypic
behavior not the genotypic habit. Hodgson and Krmdsen's (20067 argument 15 that the
imitation of habit 15 an indirect process; hence the Lamarclian process doesnot 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 Lamarckian process.
Routine as Social Genotype. 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. Worlzers in a company can learn the ‘routine’ for
production and pass it onthrough an inheritance process to fubure worlers (Nelson &
Winter, 1992).

This explanation of business development can be seen as Lamarchkian 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 evolution, and whether 1t follows a
Lamarclkian process. Hodgson and Enudsen (2006) rejected the Lamarckian possibility of
routines, because “Blueprint transmission of routines 15 the nherttance of genotypes.
There 15 no inheritance 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 Lamarclkian process because the routine as genotype did not provide a
feasible mechanism for inherttance of an acquired characteristic. In contrad, the
Darwinian model does not have this shortfall Hodgson and Erudsen (20063 argued that
Darwin's original theory might accept the possibility that a social phenotype (comparry)
can affect social genotype (rowtines) as in Nelson and Winter’s (1982) model. However,
rmch as modern Darwinian theory rejects the possibiliby that phenotypic characteristics
may be encoded in terms of anunderlying genotype, sothis project rejects the possibility
that social phenotype could be encoded into social genotype. This 15 similar to the
position taken by modern neo-Darwinian theory.

The concept of an idea or the broader term meme as a unit of social evolution does neot
clearly provide answers for Lamarclian processes. If the characteristic (expressed

outcorme or phenotype) can be encoded to an 1dea or a meme, andthe copied 1dea can
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