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The Dual Paths to Innovation & Economic Revival

This article is engaged in the problem of educational system development to improve workforce skills
to adapt and innovate. The Creative Combination Model is considered to depict the influence of
creativity contribution on the results of cognitive processes. The difference between eminent and
incremental creativity is considered. The possibility and the conditions of considered issues implication
in educational system are described in the proposed balanced approach.
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A country’s economic prosperity is dependent upon a highly skilled workforce. In turn,
this workforce is reliant on a well informed educational policy. In an increasingly turbulent
global environment a key component of this policy is the need to develop a workforce that is
creative and able to adapt and innovate. Yet despite a renewed interest in the field of
creativity, the discussion as to the role of creativity in national curriculums, and its importance
to economic development, is still largely cursory.

One of the reasons for this limited discussion is that creativity as a field of research is still
an area of debate, measurement uncertainty, and apparent contradictions. Central to these
issues are problems of creativity measurement, and a lack of understanding of the processes
that result in its occurrence. In addition, there is a growing acknowledgement that there may
be dual paths to creative innovation, one path leading to incremental development, the other to
paradigm shifting innovations. Path one is lower risk and in line with current trends in many
national education policies. Path two is higher risk but can potentially result in much higher
returns.

Workforce Development

The development of human capital is central to a nation’s economic development and in
the current uncertain global economic climate there is a need for new ways of thinking, and
innovation. Old models are failing, not just in a financial sense, but also in terms of economic
sustainability and from a moral perspective. Economies that were recently held up as the
successful ‘Tigers’ of economic growth have dramatically failed. Government debt in many of
the world’s largest economies is reaching levels well in excess of national GDP. Add to this
the environmental costs, as well as social failures caused by a burgeoning discrepancy
between the rich and poor, and it is evident that new models of economic development and
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dramatic innovative solutions are needed. In terms of the factors of production, it is only the
human resource that can provide these solutions.

The development of human capital is dependent upon a country’s educational systems and
there has long been criticism of the limitations of these educational systems in developing
creative individuals. The modern father of creativity research Guilford, stated that mass
education methods result in increases in pressures for students to memorize large amounts of
facts and to conform, so as to satisfy prescribed standards [13]. These goals are the opposite of
what is required to develop creative individuals. Despite these assertions, many educational
systems have become more, not less, standardized [8, 11, 14, 15, 29].

As education has become a vast global business, the industry has seen the development of
standardized curriculum and tests. These tests ensure conformity of achievement but promote
education systems that stress specialization, memorization, and rote learning methods. This
results in a paradoxical problem. In the drive for economies of scale and simple testing
methods, educational institutions are limiting one of the key skills required for organizational
and national economic success: creativity.

There is therefore a crucial, and immediate, need for a better understanding of how to
nurture creative thinking. However, research into the creative process has remained a
relatively minor field [6, 36]. One of the limits to the area of creativity research is that until
recently consensus as to the definition of creativity has been lacking. Additionally, there is
still not an accepted model of the creative thinking process. Without clarity in these areas it is
difficult to properly define the creative thinking process, and subsequently how it can be
nurtured.

In terms of what constitutes a creative idea, after over five decades of modern research into
the subject, most researchers now accept two criteria — originality, or the novelty of an idea,
and appropriateness, or the value of the idea [21, 23, 30, 31]. In developing policies to
enhance creativity we need to first understand the creative thinking process.

Creative thinking is a matter of combining distant domains

It is widely accepted that creative thinking involves combination and reorganization
processes [3, 24, 27]. There is also evidence that the ability to combine and reorganize
memories is related to creative success [24, 27]. Subsequently, much of the research into the
creative thinking process focuses on the formation, synthesis, or modification of ideas [5, 20].
Researchers have stated that the creative process involves the creation of new memory
structures either through the combination of distinct concepts, or the new combination of
elements of existing concepts [22, 34]. However, the combination of distinct concepts is a
different process and achieves different outcomes than that achieved by combining existing
elements of concepts. While all creative processes involve some type of combination process,
not all creative ideas are created equal and the path to different types of creative ideas is based
upon different cognitive strategies.

As far back as 1963, Ghiselin noted that the cognitive processes underlying the production
of major contributions may differ from those underlying the production of minor contributions
[10]. Other researchers have also acknowledged a difference [1, 9, 28, 40]. Mumford and
Gustafson suggest that the difference between eminent big C contributions and minor small ¢
contributions, may be that the former entailed the integration and reorganization of cognitive
structures, while the latter is related more to the extension of existing structures [21].

Cognitive networking research by Schilling provides a basis for understanding these
differences in eminent big C and incremental little ¢ creativity [32]. Schilling proposes that
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creative insight occurs when an atypical association is made through random associations.
Schilling notes that insights can help people to solve both everyday problems, as well as
potentially leading to major scientific breakthroughs. This network model provides a basis by
which connections of category elements result in different outcomes. Ideas that are the result
of more distant, or atypical, connections will result in more novel ideas than those that are the
result of more typical, or related, connections.

Combining the conclusions reached by [1, 9, 10, 21, 28, 40] with the research [32, 17]
posited the creative combination model. This model posits that the degree of creative
contribution of an idea is based upon the extent to which new ideas involve the combination of
highly dissimilar, versus similar, domains.
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Fig. 1. The Creative Combinations Model: Big C versus little ¢ Creative Ideas

This model posits that ideas that involve combinations of ideas from within a domain will
be viewed as appropriate. If those combinations are also original then they are small ¢
incremental creative ideas. Alternatively, ideas that combine different, or unusual domains,
and are also made appropriate, will be viewed as big C, or eminent, creative combinations.
Although the concept of domain is simplified in the above model, it is best described as a
continuum. The proximity of knowledge domains to each other is based on the extent to which
society currently associates those domains. This continuum is constantly changing as new
creative ideas are developed and domains not previously associated with each other become
related. For example Alexander Fleming’s discovery of penicillin linked micro biology and
medicine in a new way, and those domains became a lot closer.

While this model is useful for conceptualizing different creative thinking processes, it
leads to further questions that need to be addressed before curriculum can be developed. A
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growing body of researchers has noted that the requirements for big C and little ¢ creativity
are in many respects contradictory to one another. These researchers have shown that
incremental creativity may actually work to retard the development of highly breakthrough
creative ideas [33, 37]. So a central question is: “what do we need to teach to nurture creative
thinking?” Much of the debate in this area has focused on the effect of knowledge on
individual creativity.

In a review of this debate on creativity and knowledge [40], discusses the issues in relation
to two views, the foundation view — that domain specific knowledge provides the basis for
creativity to occur, and the tension view — that there is a U shaped effect whereby knowledge
provides the building blocks for creativity, but over a certain level that knowledge can lead to
habitual behavior and limit creativity. This U shaped effect of knowledge can be expanded to
account for the different knowledge requirements of big and small ¢ creativity.

Small ¢ creativity requires an extensive process of learning, evaluation, and re-evaluation
of the existing information within a domain. A focus on past information as the basis for idea
development suits situations that require solutions that will be accepted, and where immediate
implementation is a priority. This is the situation faced by many organizations and academic
researchers [24]. High domain specific knowledge assists small ¢ idea generation.

In contrast generating big C creative ideas necessitates that a person integrates domains of
knowledge that were previously unrelated. In this case high levels of specialist domain
specific knowledge may actually decrease the likelihood of big C idea generation. An expert’s
strong knowledge of a particular domain means that memory categories from that domain are
likely to be the anchor points for any new combination. These anchor points are so strongly
developed that it is difficult for alternative domain concepts to link in with all the related
memories structures. These anchor point’s act as limiting nodes from which ideas will be
generated, in what is called mental set fixation [38, 39].

Mental set fixation is where strong domain knowledge constrains search behavior by
confining the search to a limited area. One related theoretical construct, ‘structured
imagination’, proposes that when faced with a situation that requires a creative solution, a
person might take a path of least resistance. This means they retrieve an internal solution, and
then adapt that old construct in some novel way [38]. For example, an expert with many well-
developed, memory structures relating to the existing product, will find they limit their
creative search processes i.e. a new fry pan — it has to be round, it has to be made of metal, it
has to have a handle. Moreover, research indicated that when engaged in generative tasks
individuals do not consider the source of the components of their novel productions [19].

Another issue in relation to domain specific knowledge and creative idea generation, is that
a minimum level of knowledge is required in order to generate ideas. While too much
specialized knowledge may result in habitual responses and stringent problem definition, too
little means that the person does not have any basis for developing new combinations. In
summary a minimum level of knowledge is required before creativity can occur, while
specialist knowledge beyond a certain point leads to a drop off in creativity — the U shaped
effect.

This review of the literature provides a number of incremental insights. Specialist
knowledge will foster small ¢, incremental creativity. In contrast, being a generalist will allow
for more bases for big C, creative leaps. As noted in [19] if a person has a large amount of
“‘unconstrained’ prior knowledge with boundaries of knowledge that overlap, then they should
be able to develop better quality solutions. Subsequently, too much knowledge in one
particular area may in fact be what limits big C creativity, rather than too much knowledge. As
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noted by [32], if creative combinations are required between distant domains, the extent of a
person’s knowledge of both of the domains will influence the extent of the node connections
that are made. This is given support by research in [4] that discusses the importance of
teaching with an interdisciplinary approach. This approach provides both the necessary
knowledge for creativity, while at the same time not narrowing down the focus of each
discipline as standalone and unrelated.

Subsequently, it may be that [13] was correct when he proposed that it is not too much
knowledge that limits creativity, but how that information is stored. Focused expertise in an
area may limit big C creative thinking due to automated processing, limiting anchor points,
and a lack of alternative domains as combination points. A diverse range of knowledge of
different fields will allow opportunities for the cross fertilization of ideas and distant domain
links to occur. This diverse knowledge will also allow for these links to be developed in a way
that is understood within at least one of the domains.

So, on the one hand researchers’ state that knowledge is an antecedent to creativity, and on
the other that knowledge can limit creative thinking due to an expert’s highly structured
memory categories. But can expert knowledge limitations be overcome?

In studies of eminent creative individualsfound that notable scientists: read widely in areas
outside their discipline, benefit from random chance events, and/or work on multiple projects
at one time [35]. Each of these factors would allow a person’s anchor points to be expanded;
essentially allowing them to step away from their limited and limiting search model. Other
researcher found that people who move from field to field tend to be viewed as more creative
than those that focus on one field throughout their careers [16]. Additionally, it is well
recognized that many major discoveries have been accidental. These accidental discoveries
result from chance information which is used in the idea generation process.

Researchers have noted another way we can open ourselves up to alternative domains; we
can learn divergent thinking techniques. These techniques force us to think across to unusual
domains to assist in our creative combination processes. Many researchers have looked at the
extent to which divergent thinking skills can be enhanced. Researchers investigating the
mental processes involved in the creative thinking process have identified a range of cognitive
processes and structures that enable more creative outcomes to be generated [2, 7, 12, 25, 26].
Moreover research has shown that these cognitive processes can be enhanced [2]. Hence, it
appears that the cognitive processes underlying the idea generation stage of the creativity
process can be taught, and structured techniques that allow divergent thoughts to occur may be
crucial in individual creative development.

However, divergent thinking skills, while an important process in creative thinking are
redundant unless a person has knowledge of alternative domains with which to make new
connections. Hence, while these skills may have been overlooked in most educational systems,
they in themselves are not enough to ensure creative outcomes. Research [18] showed that the
application of such techniques can assist individuals to develop more original ideas as long as
they possess a certain level of knowledge of the problem domain. However, for domain
novices these techniques have a negative effect on the overall quality of creative outcomes.

Implications
In summary these findings contribute a number of insights that can assist in the
development of a nation’s human capital. In relation to the emphasis on knowledge
development, given the U shaped creativity knowledge curve, a balanced approach is needed.
If we want creative individuals capable of producing big C ideas, our education systems need
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to be broad based and encompass both standard academic and other so called ‘non curricula’
activities, such as the arts. Additionally, we should specifically teach divergent thinking
techniques. Most important however, is the need to recognize that the current drive to mass
standardized education and early specialization in a discipline may not lead to a population
that is able to think outside the current box that we have put ourselves in.

Alternatively, if a society wants to promote incremental creativity it should emphasize
specialist in-depth systems of learning. Despite all of these discussions about the limitation of
knowledge on eminent creativity, this is not to say specialist knowledge and incremental
creativity cannot be as far reaching as eminent big C creativity. Specialist expertise will
increase the propensity for small ¢ solutions, and numerous small ¢ additions will still move
the field out significantly, as the edges of the domain expand. If these small ¢ incremental
changes occur fast enough then the overall result may be as significant as eminent changes.
The other advantage of incremental ideas is that, given they are extensions of the existing
domain, it is easy for experts within the domain to see their relevance. It is therefore easier to
achieve acceptance of small ¢ ideas. Incremental creativity is lower risk. However, this
gradual development will not be recognized as significantly creative, as observers will not
view those ideas as highly original. Incremental ideas will also not provide paradigm shifting
solutions to problems.

This leads to a quandary. Should we encourage the process of specialist systems of
knowledge, or alternatively, educational systems that encourage more broad interdisciplinary
learning to occur? Of course the answer lies in our objectives. If we want a workforce that is
highly efficient and able to make advances within certain prescribed areas, then we should
encourage in-depth specialist knowledge systems. This will result in gradual improvements in
the current systems, incremental creativity, but a lack of paradigm shifting breakthroughs.

Alternatively if we want to encourage a highly adaptive workforce that is able to integrate
ideas across disciplines and think divergently, then a broader interdisciplinary education
system should be encouraged. This method will encourage lateral thinking, but the creative
ideas generated will be higher risk and a lack of implementation may lead to resentment.
Additionally, while interdisciplinary knowledge and divergent thinking is useful for creative
idea generation, extensive knowledge of the combination domains will still be needed to refine
those divergent ideas and make them appropriate and workable.

Which is the best approach? There are no easy solutions, but currently, one of the most
critical aspects of a country’s national policy and long term prosperity is being driven not by
educated discussion about what is best for our societies, but by financial and business
imperatives. Some may argue that a lack of broad systems based thinking has led the world to
its current state of economic and environmental decline. Whatever the view, in deciding upon
our path to future social and economic revival, the debate around the expertise we require to
move our economies, and the world forward, needs to be an informed one.

Summary: The Dual Paths to Innovation & Economic Revival
Economic and social prosperity is dependent upon a workforce that is able to innovate in
times of change. This paper discusses the dual paths to developing a creative workforce. Both
of these paths have different educational requirements. These requirements are discussed in
order to better inform the workforce development debate.
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M. Kunzop, B. Menvnuk
J{BOIiHO} MyTh K HHHOBALUSAM U 3KOHOMHYECKOMY BO3POKICHUIO

Cmamvs  noceswjena npooremam paseumus —cucmemvl 00pA306aHUS, HANPAGIEHHO20 HA
ycogepuleHcmeosatnue 'y mpyoogulx (dakmopog cnocobrocmell K aoanmayuu U UHHOBAYUOHHOU
OesimenvHocmu.  Paccmompena  KOMOUHUDOSAHHAA — MBOPYECKAs MOOelb, KOMOpAs NO3605Aem
NPOOeMOHCMPUPOBAMb  BIUAHUE MBOPUECKO20 (KPeamusHo20) 6KIa0d HA pe3yibmamsl npoyecca
nosuanus. Iloxasana pasuwuya Mmedcoy 3HAYUMENbHLIM U UHKDEMEHMHbLIM —Meopuecmsom. B
NpeonodCceHHOM COANAHCUPOBAHHOM NOOX00e DPACCMOMPEHbL B03MOICHOCU U YCIO08U BHEOPEeHUs!
UCCNe008aHHBIX KOHYEnYUil 6 CUcmeMmy 00pa3068aHs.

Knrouesvie cnosa: meopuecmeo, unHogayuu, cucmema o00pa308amus, OUSEP2EHMHAS MEXHUKA
Mbluienus, 00nacme 3HaAHU.

M. Kinzop, B. Menvnuk
Honsiiianii MUIsAX 10 iIHHOBAWiH Ta eKOHOMIYHOI0 BilpOXKEHHS
Cmamms npucsesiuena npoonemam po3gumky CUCMeMU OCIMU, CNPAMOBAHOI HA B0OCKOHANEHHS Y
mpyoosux ¢hakmopie 30i6nocmeil 0o adanmayii ma iHHO8ayitHol Oisnebnocmi. Cyuacha cucmema
oceimu, na OymKy asmopa, nadyia opmu iHOycmpii 3 po36UmKy CmManoapmu308aHux npoepam ma
mecmie, CNpAMO8aHoOl HA 2AUOOKY Cneyianizayilo ma MAawuHHe 3anam simogyeants 3HAUHO20 00cs2y
HABYATILHUX MAMEPIanis, Wo NepeuKoolicac po3eumKy meopioeo inHogayiinoeo mucienns. Ilpu yvomy
2Youmvcsi 00uH 3 KIOYOBUX (DAKMOPIE pPO3GUMKY — MEOpuiltl nioxXio, wjo 00360158€ NPOOYKYEamu
iHHosayil. A6mop UOLIsE 080 OCHOBHUX WLISAXU CIMBOPEHHS THHOBAYI: NOCHYN06020 (IHKPEeMEeHmMHO020)
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PO3GUMKY, MEHUL PUSUKOBAHULL MA 3ACHO8AHULL HA NPOOOEIHCEHHI ICHYIOUUX MEHOEHYIL PO3GUMKY OCEINU,
ma pywitnux (meopuux) inHosayiti, Oinbul pU3UKOSULl are Nomenyiuno Oinvur egexmusnuil. Ane
npobrema GusHayenHs e@eKmusHocmi Mmeopuol OiANbHOCHI 00 Yb0O2O 4YACy He BUBYEHA Yepes3
8i0cymHicmy nioxoodié 00 il uucenbHoeo GUMIPIOBANHS, YIMKOI MOOeni MEOpH020 MUCTEHHS MAd HU3KU
NPOMuUpIY, o OOCTIOANCYIOMBCS Y CIAmMM.

Aemop npuxooums 00 GUCHOBKY, WO MBOPHICMb — ye nesHa KoMOIHayis pisnux Kouyenyit abo
enemenmis oOuici Konyenyii, ane He 8ci meopui ioei € 0OHAKOBUMU 3a 3HAYUYWICIIO, OCKIIbKU BOHU €
pe3yabmamamu pisHux cmpameziii nisHanus. Aemop npusooums KOMOIHOGAHY MEOpUY MOOelb, KA
noKaszye, wjo pieenb MEOpH020 GHECKY 6 De3VIbmam Rpoyecy NISHAHHA 3aledCumb 6i0 CHynems
nabaudcenocmi obaacmell 3HanHs, ereMenmy KOmpux popmyioms HOBY i0€l0: AKUJ0 OHU HALENCATNb OO0
giooanenux obnacmeil, i0es GU3HAYAECMbCS AK 3HAYYWA MEOPYA KOMOIHAYIsA, AKWO e KOMOIHayisn
efieMenmie Ymeoproemvcs 8 pamkax oOHici obnacmi 3nanns, i0es 8U3HAYACmMbCsl K IHKPEeMeHmHA, MeHu
SHAUYWa ane meic OpUiHAIbLHA.

Asmop eiomiuae, wo Haomipne nocnubnenns cneyianizayii @ nesmiil 06nacmi Ni3HAHHA 3MEHULYE
MOCTUBOCE MBOPHOSO MUCTIEHHSL A UMOGIpHICTb NPoOyKyeanns innosayii. JJanuii U-nodibnuil echexm
3ANEACHOCTI «3HAHHA—THHOBAYIT» NOB A3aHUL 3 MEHMANIbHOI (DIKCAYICI0 MHOJCUHU 3HAHb, Y 36 SA3KY 3
yum 'y cneyianicmie nesnoi npeomemnoi eany3i QOpmMyIOmvcs 8y3106i  (AKIPHI) MOUKU, MOOMO
HEeCNnPOMOJICHICMb 3HAXOOUCEHHs! HOBUX 36 S3KI6 6 00CHIOJNCY8aHill obracmi 3HAHMA yYepe3 HAOMIpHe
3aceolosanns ii kamezopitino2o anapamy. 3 iHuio2o OOKY, OCHOBOIO MBOPUO2O NIZHAHHA € 080N00IHHS
cneyughiynumu 3HanuAMu 061acmi 3HaHHA X04a 6 8 MIHIMAIbLHO docmamubomy obcsasi. Takum uunoMm,
Gopmyeanns snauywux ioeil WasAXoM KOMOIHYBAHHS eleMeHmia Pi3HUX 00aacmell 3HaAHb MOJICTUGE TUULe
34 POWUPEHHA 2PAHUYDL BAACHUX MIHIMATOHUX | He 3aHAOMO NO2NUOIEHUX 3HAHb 6 PIZHUX NPEOMEMHUX
eanysax. [Januil 8UCHOBOK, 00 AKO20 NPUXOOUMsb a8mMOp NIOKPECIIOE 6ANCIUBICING  3ACTNOCYBANHSL
MIHCOUCYUNTTHAPHORO NIOX00Y 8 OC8INi, AKUll, 3 00H020 DOKY, Maec 3anobdicamu opmy8antio AKIPHUX
mouoK, a 3 iHwo2o OOKY — ougepcugikyeamu oceimy uepe3 GugueHHs Gi00aNeHUX 0OHA B8I0 O0OHOT
KOHYenyitl, OUCYUniin, pooomy Hao PisHUMU NPOEKMamil Mmowjo.

OKpim Yyb020, BAANCIUBUM € OCBOECHHS MAK 36AHOI OUBEP2EHMHOT MEXHIKU MUCTEHHS, WO 00360I5E
peanizogyeamu npoyec meopuoco MUCIEHHs Yepe3 Nobyoo8y 36 s3Kie nomidc eiodarenumu i He
sracmusuMu 0OHA OOHINl 00naAcmAMU 3HAHb. SKWO 368 30K MIdC GIOOAIEHUMU eleMEeHMAMU 3HAHHSL
NPOOYKYE HOBe 3HAHMA, 3HAYYWLY [THHOB8AYIO, 8I0CMANbL MidC HUMU CII0 6i0menep 66adiCamu 3HAYHO
MEHWLOI0 HidIc 00 NOOYOO08U 38 S3K).

Imnnemenmayis 6uCHOBKI6, 00 AKUX NPUULOE A8MOp, NOMPEOYE PO3CUMKY 3anpONOHOE8AHO20
30a1aHCc08aH020 NIOX0JY CYMHICMb AKO20 NOAALAE 6 HACMYNHOMY. AKWO 20106HUM HANPAMOM PO3BUMKY
obupamu pywiinuil (meopuuil) IHHOSAYINIHULL PO3BUMOK, HEOOXIOHO POWUPIOBATNU MENCI Cucmemu
oceimu ma 00 CManOAPMHUX AKAOEMIUHUX OUCYUNIIH 3ALYHamu «He NPOSPAMHI» UOU OISIbHOCTI, MAKI
Ak mucmeymeso. Ilopad 3 yum neobXiono nasuamu Ousepeenmuiti mexuiyi mucienns. Lle nosunno
cmeopumu HeoOXIOHI YMOBU CINBOPEHHS 3HAUYWUX PYILITIHUX IHHO8AYT. AKwo e obupamu nocmynoguil
PO3BUMOK, 11020 OCHOBOIO CNIO 88adNCAMU NOOATbULE NOTUONEHHs cneyianizayii 6 mpaouyiinii cucmemi
oceimu. Lle nogunno cmeopumu cApUAMAUSUI KIIMAmM 051 PO3GUMKY THKPeMEHMHUX IHHo8ayill. AKujo
Oani innosayii 6y0ymo 6npoao’cysamuct 6 0oCums WeUOKOMY MeMni, inmezpanbHull egekm mogce
6imu nopieHIOBAHUM 3 PYWITHUM [THHOBAYIUHUM PO36UMKOM. Jani innogayii makodc uUmosipHo 6yoe
necuie ma 3 MeHwuMu pusukamu enposaddicyeamu. Cuio giomimumu, wjo Opyeull HanpsimMox po36UMmKY
cKopiw 3a 6ce He Ha0Acmb MOJICIUGOCTE 8NPOBAOUMU 8 JHCUMMS NApadueMy pywitinux inHosayii ma
301ticHumu AKicHUtl npopug y po3sumxy. Bubip miei abo inwoi cmpameeii epewimi pewim 3anedxicums 8io
3a0ad, IKi CMAgIsAMbCsL neped CUCMEMOIO 0C8IMuU 8 00820CMPOKOBOMY NEPiooi.

Kniouosi cnosa: meopuicme, innosayii, cucmema oceimu, OugepeeHmua mexHiKka MUcienus, oonacmo
3HAHD.
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