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Key issues

What is innovation?

What is innovative activity?
Diffusion of innovation
Increasing returns

Network effects

Learning

Technological change

Path dependence

Techno-economic paradigms
(and Structural crises)

A new agenda

* Development vs Growth

» Stiglitz-Sen-Fitoussi Commission
 Sustainability
* Change
* Innovation

* Technical change

Entrepreneurship



Solow’s residual - 1956

e Comparative static exploration
e Causes of US manufacturing growth 1911-56
* Observed growth in labour productivity

e 12.5% ‘explained’ by increments in the stock of capital

* “Residual” 87.5%: unexplained ‘technological change’ or ‘improvement in

productivity’



Degrees of technical change

Incremental innovation
Radical innovation

Changes in technological trajectory
* Dominant design

Architectural innovation
Disruptive innovation

Changes in the technological system
* Constellations of technological innovations

Transitions in the socio-technical regime
* Technological, economic, social and political alliances

Changes in techno-economic paradigm
* New key factor in the economy, with pervasive impact, rapidly decreasing cost and
increasing supply



Innovation

e Different from invention
* Time lag

* First economic application of a process or production of a product
(artifact) or service

e Coupling of new technology with a market (a need)
e Cumulative
* |ncreasing returns to innovation

* Aim-Result as well as Process



Types of innovation

* Product or service innovation
* Process innovation

 Raw material innovation

* Market innovation

e Organizational innovation



Innovation process

* Industrial innovation process:

» all the activities from idea conception, requirements analysis or problem
identification to the introduction of a new (or improved) product or the application
of a new (or improved) process

* includes industrial design, R&D, engineering, production and logistics, marketing and
sales

* Fuzzy
* Non-linear
* Interdependent

* Context specific: imitator—adaptor as innovator



Innovative activities — Locus?

* Fundamental research

* Applied research

* R&D

e Experimental development

* Design engineering

* Production engineering / quality control

e Technical services

* Patents

* Scientific and technical information scanning
* Education and training

* Long-range forecasting and product planning

Source: Freeman and Soete (1997 ,p. 267 )



Innovation as Learning

* Transformation of knowledge about technology to knowledge about the production of
products

* Learning occurs in all types of innovative activities from R&D to after-sales-services
* Learning occurs before and after

Innovation often requires unlearning



First and second generation models

First generation (50’s-60’s): Technology push “Linear model”

DESIGN & MANU-
R&D ENGINEERING FACTURING > MARKETING > SALES
Second generation (mid 60’s-70’s): Demand pull
MARKET MARKETING MANU-
NEEDS DEPT. R&D ) FACTURING ) SALES




MovteAa KaVoTopKAC SLadkaoiog

* O Rothwell dtakpivel TEVTE YEVIEC LOVTEAWV TNG KALVOTOMLKN G Stadikaoiac:

1n: povtéAa texvoAoyikng wbnong (technology-push)
2n: povtéAa mpwtokaBedpiog Twv avaykwv T ayopadg (market-pull)

3n: HOVTEAQ ‘TTAVTIPEUATOC TNG TEXVOAOYLKNG EEEALENC E TLG AVAYKEG TNG OLYOP A
(coupling model)

4n: povtEAa AeLtoupyLkng oAokAnpwongc (integrated model), kat

5n: HOVTEAQ CUOTNHLKNAG OAOKANPwWONC Kot SIktuwong (systems integration and
networking - SIN)

I". Zrapmoving



[oappka Movtela tne Kawvotoptkng Atadikaoiog

(o) Teyvoroywkn QOnon (Technology Push)
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To ‘ouleukTikO’ (coupling) LOVTEAD TNC KOWOTOLLLKN G OLadLKAOLOC
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: Topéa
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3rd generation model

Research
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market produce design and and and
analytic test product market
design
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N T

D: Direct link to and from research from problems in invention and design
I: Support of scientific research by instruments, machines, tools

S. Support of research in sciences underlying the product areas



At generation model

R&D

Product
development |

Components |
manufacture |

Product
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Ath generation model -
concurrency

Product
development

omponents

manufacture
Product
manUfaCture Reduced time to market




MapaAAnAn Avarmtuén (Concurrent Engineering)

Mdapxketv
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2uotnuwKn oAokAnpwon kot dtktuwaon
(systems integration and networking - SIN)

* EupUtepn oAOKANPWON OPYOVWTIKWY HOVASWY KOL TEXVIKWY CUCTNUATWV:
* TapAAANAa Kat oAokANpwHEVN (Sla-Tunpatika) Stadkaoia avamtuéng
e avauen mpopnbeutwy vwplc otnv avantuén npoioviwyv
*  EUTTAOKI TIPOWONUEVWV XPNOTWV ALXMAG OTNV AVATTTUEN TTPOTOVTWY
* xpnon opl{OVILWV TEXVOAOYLKWV CUVEPYAOLWY OTIOU XpELaleTal

* Mo enimedeg, EVEAKTEC OPYAVWTLKEC OOUEC, YLOL TOXUTEPN KOAL TILO
amoteAeopatikn ANYn anopacswv:

* gvioxuon tou poAou, TwV ApHOSLOTATWY KoL TOU KUPOUC TWV LECOLWV Kol
KOTWTEPWV OTEAEXWV,

* avtiotolyn evioxuon Twv UTTOOTNPLKTWYV TIPOTOVTWVY KoL TWV ETUKEPAANC EPYWV



2uotnuwKn oAokAnpwon kot dtktuwaon
(systems integration and networking - SIN)

* NMANPWC QVATITUYHEVEC EOWTEPLKEC BAoelc SedopEvwv:
* QmoTeAEOUATIKA cuoThpata Stavoung dedopuevwy

* UETPAOELC (Mmetrics) avamtuéng mpoLOVToC, EUTIELPO CUOTHUOTA, UTIOAOYLOTLKA EUPETIKA
ocuvotiuata (computer-based heuristics)

* xpnon 3D-CAD cuotnudtwy Kal povtelomnoinong e tn BonBela nmpoocopoiwong

e Slaouvdedbepeva ovotripata CAD/CAE yia tnv evioxuon tng eveAL€log KoL Tng
KOATOLOKEUAOLUOTNTAC TWV TPOIOVIWY aro To TPwTta otadla

e AMOTEAEOUATIKEC EWTEPLKES SLaouvdETeLC yia TNV aviaAlayn dedopEvwy Kat
nAnpodopLwv:

* OUVEPYOOLO LE TOUG TIPOUNOEUTEG KATA TNV avarmtuén He dtacuvdedepéva cuotrpata
CAD,

* xprion CAD otnv enadn HE TouC TEAATEC
» amoteAeopatikol Stauvdotl avtarldayng 6eS0UEVWYV LE TOUC OUVEPYATEC o€ E&A



5T generation model

Financial | R&T
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XPOVOC KOl KOOTOQ

LS - 3G process
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Development cost

Japan - 4G process
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Rothwell’s five generations of innovation models

TABLE 2.2 Rothwell’s five generations of innovation models

Generation Key features
First and second Simple linear models — need pull, technology push
Third Coupling model, recognizing interaction between different elements and

feedback loops between them

Fourth Parallel model, integration within the firm, upstream with key suppliers
and downstream with demanding and active customers, emphasis on
linkages and alliances

Fifth Systems integration and extensive networking, flexible and customized
response, continuous innovation

©2005 Joe Tidd, John Bessant and Keith Pavitt



MovtEAa KOWVOTOLKAC SLadKkaoiog -
Mapatnpnoelg - |

[Tapatnpovpe 0Tt omd T YPUUUKE GTO, TOADTAOKN OVVOLLKE LOVTELN AAAALEL TO OVTIKEILEVO TMV
LOVTEA®V

* 1 ko1 2: IyEg KOVOTOMIOG - GTO EMIMEDO TNG OKOVOUTNG

* 3 ko1 4: kavotopik dadkacio - 6To eninedo ¢ entyeipnonc/povaoag, To 3 mepiaiet to 4, To omoio eoTialEl
o€ VO Kpioa EcMTEPIKE GTOTYEID TNG O10OIKAGING, TNV TOPAAANAN Kot OLOKANPOUEVT] GVOT) TG

e 5:otpatnyikn Oedpnon - GUVOAIKA 1| emyEipn o o€ GTPATNYIKY BEdpnon, N doknon tng dwyeipiong
vrepPaivel Ta Oeopcd OPLOL TNG ETLYEPTULOTIKNG OOUNG

H aAlayn avt) ot Oewwpnon couPadilel kon pe Tig mpotepondtnteg oty otkovopio. 'Etot, katd tnv
dekaetio Tov 1990 ta Kuplapya (NTHUOTO GTNV EMLYEIPTGLOKT] CTPATNYIKT 1) TAV:

* OlEMYEPNOLOKN cvvepyasio (GTPATNYIKN SIKTHMOONC)

*  TEYVOAOYIKN GLCGMPEVGT (TEYVOAOYIKY] GTPATNYIKN)

*  OAOKANPMGT GTPATNYIK®OV TPOTOVIWMV Kol TAPAY®YNG (GXESUGUOG LLE KPITHPLO TV ‘KOTACKELAGIULOTNTA)

* gveléia (0pYavVOTIKT), SIOYEIPIOTIKY], TPOIOVIMV, TAPAYWOYNC)

*  TOLOTNTO Kol EMIO0CT TPOTOVIMV (GTPATNYIKT S10LPOPOTOINGNG)

* 10 mepPdALOV (TEPIBAAAOVTIKY] GTPATNYIKY), KoL

e 1 ToOTNTO AVATTLENG Kot El0aymYNG otnv ayopd (speed-to-market) (time-based strategy)



Diffusion

* The rate of adoption or assimilation of new products or process by consumers
or organizations

 Diffusion rate is critical for:
* The rate of return on the investment in the development of new technology
e The accomplishment of economies of scale
e Further improvement of the technology or investment in new
* Development of related technologies



Aldxuon Kawvotopuliag
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Dynamics of adoption
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Mnyn: Sterman (2000)
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Patterns of innovation diffusion

Cumulative diffusion Point diffusion
(stock) (flow)
R Adopters
# point
Adopters
Y cumulative
Early adopter,
Inhovators

Rogers E. M., (1965)
Bass, F. M. (1969)
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H kotprtuAn tou puBpou daxuong

Kaivotopol Mpwipor uioBethoavTeg | Mpwiun TTAEIOWnEia “Yotepn mAgiopngia YoTeprioavTeg

"To Xdoua"

Alodikagia dIGxuang KalvoTouiag/TexvoAoyiag
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Katnyopieg Kat XopaKTtNPLOTIKA TwV
ULOBETOUVTWYV TNV KaLVOTOULa

Katnyopia Kowa xapaktnpLotika




Product Cycle

Rate of
Major
Innovation

Product innovation

Dominant design

Process innovation

Source: Utterback (1994, p. xvii)

Fluid Phase Transitional Specific Phase
Phase



O kUKAo¢ {wNC TIPoiOVTOoC
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2UOXETLON METAEL TWV SLaOTACEWVY TNG KOLVOTOMLAG

Utterback and Abernathy (1975-78)

*  «TOL XOPAKTNPLOTLKA TNE KALVOTOMLKAG SLASLIKAOLOG KOl Ol KOULVOTOMLKEC OTTOTIELPEC LOG
enxeipnong Oa StapEpouv cuoTNUATLKA cUUPWVA UE TO TIEPLBAAANOV KOL TN OTPATNYLKA
QVATITUENC KoL AVTAYWVLOMOU TNG EMLXELPNONG, KAl UE TO oTadlo avantuéng tng
TEXVOAOylag mapaywyrg mou XPnNOLUOTIOLELTAL OO TNV EMLXELPNON KOl TOUC
QVTAYWVLOTEC TNGY, AVEEAPTNTA ATTO TOHEQ KOlL TEXVOAOYLaL.

pHovada avaAuong n mapaywytkn povada
n avaAvon gotidlel otn petafoAn tng puong TG KAVoToulkng Stadikaoiog

uTtaviooetal cadeig EMIAOYEC yLa TN OTPATNYLKN TWV ETILXELPACEWV

I". Zrapumoving



2>UOYXETLON METOLU TWV TUTTIWV
KALVOTO LJ.'LOLQ (ouvexela)

PuOudég Znuavrtikwyv
KaivoTopiwyv

KaivoTtouia Aladikaoiag

Kaivotopia NMNpoiovrog

I'. Ztapmoving



[TapaAloyec Tou amAou KUKAOU (wNC

¥ S Ao Ty TR0 Ao 80 Brct=moepsv qpdect] cop i Lo T T
myn: Rothwell & Zegvelt (1984)



TABLE 1.2 Stages in innovation life cycle

Innovation Fluid pattern Transitional phase Specific phase
characteristic
Competitive Functional product Product variation Cost reduction
emphasis performance
placed on . . .
Innovation Information on user Opportunities created Pressure to reduce
stimulated needs, technical by expanding cost, improve
by ... inputs internal technical quality, etc.
capability

Predominant Frequent major Major process Incremental product
type of changes in innovations required and process
innovation products by rising volume innovation
Product line Diverse, often Includes at least one Mostly

including custom stable or dominant undifferentiated

Production
processes

designs

Flexible and
inefficient — aim

is to experiment
and make frequent
changes

design

Becoming more rigid
and defined

standard products

Efficient, often capital
intensive and
relatively rigid

©2005 Joe Tidd, John Bessant and Keith Pavitt



Taéwvounon kKAadwv kato Pavitt

2e avtiBeon e toucg U-A, ot Pavitt kat Patel umtootnpifouv otL n
TEXVOAOYLKN aAAayrn €XEL LOXUPO KAQOLKA XOLPOKTNPLOTIKA:
[ to peyeboc Twv EMIXELPNCEWY TTOU KALVOTOUOUV
I tov tumo tou mPoidvVToC Tou aPAYOoUV
I touc oto)0oUC TNC KOWVOTOLOG
O tic mny£g tng kawvotopulag
I tov 1610 tNC Kowvotoulag

AloKpivouv TTEVTE TUTTOUGC KAADWV/TEXVOAOYIKEC TPOXIEC:
O NYEMOVEUOUEVOUC ATTO TOUG TTPOMNBEUTEC

MEYAANC KAiJaKOG

EVTATEWG TTANPOYOPIag

eQPAIWMEVOUG OTNV ETTIOTAMN

€CEIDIKEUPEVOUC TTPOUNOEUTEC
I". Zrapumoving
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A new way of

A new way of

RVING PRODUCING

EACH PARADIGM

A new way of
WORKING

A new way of
CONSUMING

Source: Perez (2007b)



AAM\OYEC OTO TEXVO-OLKOVOLLLKO TapAdELY LA

(Freeman and Perez, 1988, pp 47-58)

" «oUVOUAOHOG AAANAOOXETI{OUEVWVY KOLVOTOULWY TIpoiovTtog, dtadlkaoiag, opyavwIlkwy
Kol SLOLKNTLKWY, TIOU EVOWHOTWVEL £va KPavTIkO aApa otnv duvath mapaywylkotnta
yloo OAn 1 To HEYOAUTEPO HEPOC TNG OLKOVOMIOC Kol avoiyel €va acuvhBlota €upu
dbAopa evkalpLwy yLo eteVOUOELC Kal KEPON»

" o€ KOBE VEO TEXVO-OLKOVOULKO TIOPASELYUA, EVOC CUYKEKPLUEVOC TIAPAYWYLKOC TTOPOC N
€va OUVOAO autwv, O omolo¢ pmopel va mpoodloploBel wg o ‘mopog KAedl Tou
nopadelypatog, EKMANPWVEL TLC TIOPOKATW CUVONKEC:

" gudavws «XOUNAO Kol TAXEWC LELOUUEVO KOOTOGY

" «dalVOUEVIKA, oXeSOV amepLlopLotn MPoodopad yLo LOKPEG TIEPLOSOUCH

" «epdaveic SuvatoTNTEC yla TNV EVOWUATWON TOU VEOU TIOpoU KAELSL o€ TTOAAA TtpoiovTa Kol
Sdladkaoieg og OAN TNV EKTAON TOU OLKOVOULKOU cuoTnuatog. Eite apeoa f (ouxvotepa) peoa
arnd éva ocUVvolo aAANAOCXETIOUEVWY KOLVOTOULWY, OL OTIOLEC KOl HELWVOUV TO KOOTOG Kol

oAAAlouv TNV TTOLOTNTA TOU TIOPOYWYLKOU €€OTALOMOU, TNG EPYACiog Kol AAAwWY TTOpwWV ToU
CUOTHHOTOCY




Change of techno-economic paradigm

a new 'best-practice' form of organization in the firm and at the plant level;
a new skill profile in the labor force, affecting corresponding patterns of income distribution;
a new product mix in the economy, with shift in investment;

new trends in both radical and incremental innovation geared to substituting more intensive use of the new key
factor(s) for other relatively high-cost elements;

a new spatial pattern of investment as the change in the relative cost structure transforms advantages;

a particular wave of intra-structural investment designed to provide appropriate externalities throughout the
system and facilitate the use of the new products and processes everywhere;

a tendency for new innovator-entrepreneur-type small firms also to enter the new rapidly expanding branches of
the economy and in some cases to initiate entirely new sectors of production;

a tendency for large firms to concentrate in those industries where the key factor is produced and most
intensively used, (different branches acting as the engines of growth in each successive Kondratiev upswing);

a new pattern of consumption of goods and services and new types of distribution and consumer behavior.

Freeman and Perez (1988)



FIVE TECHNOLOGICAL REVOLUTIONS IN 200 YEARS

Source: Perez (2007a)

Britain 1771 The ‘Industrial Revolution’ (machines, factories and canals)

Britain 1829 Age of Steam, Coal, Iron and Railways

Britain
USA 1875 Age of Steel and Heavy Engineering (electrical, chemical, civil, naval)
Germany

USA 1908 Age of the Automobile, Oil, Petrochemicals and Mass Production

Each begins in a core country...

USA?

n
EUI’BOO[?[ﬁ’:? 200?77 Age of Biotech, Nanotech, Bioelectronics and new materials?

Other?

USA 1971 Age of Information Technology and Telecommunications >

...and takes around half a century to spread across the world



The historical record: bubble prosperities, recessions and golden ages
Source: Perez (2007a)

INSTALLATION PERIOD TURNING DEPLOYMENT PERIOD

GREAT |rruption Frenzy POINT Synergy Maturity

SURGE Bubble ‘GoldenAge®
17711 o

15t Raouton Canal mania ~ 1793-97 Brri?igh leap
Britain
1820 I

ond g\ggggﬁ\}fa@rg Railway mania 184850  The Victorian Boom
Britain
/1875f3t | and London funded global market - ________________________
ge of oteel an !

3rd  heavy Engineering infrastructure build-up 1890-95 Eielle Ep°f‘”e (Eljrope)
Britain | ;JSA (Argentina, Australia, USA) Progressive Era” (USA)
1908 : : e e

th Age of Qil, Autos The forRlrle twent'.es 1929-33 Post-war

4™ and Mass Autos, housing, radio, R Golden aqe
Production / USA aviation, electricity 1929-43 9
1971 Intemet mania, Telecoms, . o b

th ThelCT emergingimarkets Sustainable global

O™ Revolution e 277 knowledge-society "golden age™?

USA Financial casino & housing g y 9 ge

Source: Perez (2009)

Each Golden Age has been facilitated by enabling regulation and
by policies for widening markets and insuring social stability



Some well-known aspects of the paradigm shift taking place since the 1970s
ASS PRODUCTION FLEXIBLE PRODUCTION

LOSED PYRAMIDS OPEN NETWORKS

TABLE ROUTINES CONTINUOUS IMPROVEMENT

HUMAN RESOURCES HUMAN CAPITAL

IERS AND CLIENTS VALUE NETWORK PARTNERS
- FIXED PLANS FLEXIBLE STRATEGIES
NATIONALIZATION GLOBALIZATION
EE TIER MARKETS HIGHLY SEGMENTED MARKETS

A radical change in best practice ‘common sense’, though unevenly adopted

Source: Perez (2007a)



Regularities (and uniqueness) emerging from the analysis

of successive technological revolutions and their diffusion
Source: Perez (2007a)

REGULARITIES UNIQUENESS
» Atechnological revolution every » Each TEP is fundamentally different
40 to 60 years, with a financial bubble and unpredictable
midway along

* The forms of adoption are socially,

* A sequence in phases of 8 to 15 years politically and culturally determined

(with different business and social climates) _ .
» This leads to geographical and

* Gradual shiftin , historical variety and continuity
techno-economic paradigm (TEP) (“path dependency’)

guiding innovation and organisation

» Each paradigm remains dominant * The initiating “core country’
for more than half a century has a determining weight
(staying beyond its “useful life”) in the initial shaping of the TEP

Sharing that ‘big picture” and its use
for analysing the present and gleaning the future is the object of this talk



Due to the difficulty of social absorption of revolutions and new paradigms
EACH GREAT SURGE IS BROKEN INTO TWO DIFFERENT PERIODS

ETurningi

_ INSTALLATION PERIOD i Point :
20 - 30 years 777?
“Creative

: destruction”

: Battle of the new
: against the old

! Concentration of

Degree of diffusion of the technological potential

Recessions-Institutional changes-Role switch

DEPLOYMENT PERIOD

A A

20 - 30 years

MATURITY

“Creative
construction” :

Widespread application

: investment of the new paradigm

 in new-tech across the economy

! Led by Major Spreading :

: financial technology of social benefits :

: capital bubble ~ Ledby

i From irruption fo production capital  Next

bubble collapse From “golden age’ Installation

GESTATION tomaturity : periog
f-----l"'. IIIII---‘-E/

1
Source: Collaple I me
Perez (2009) BIG-BANG Next big-bang

We are here



Technology

* Different from science

* Not just information, knowledge intensive
* Tangible and intangible

* Aspects of technology

 Embodied (in equipment tangible and intangible)
* Codified (information in books, manuals, plans etc.) and tacit (knowledge)
* Empirical (art)

* Organizational dimension: operational mode, routines, perceptions, culture
* Endogenous
* Know-how, know-what and know-why

* Firm (organization) -specific



Information and knowledge

“Knowledge —in whatever field- empowers its possessors with the capacity for intellectual
or physical action. What | mean by knowledge is fundamentally a matter of cognitive
capability. Information, on the other hand, takes the shape of structured and formatted data

that remain passive and inert until used by those with the knowledge needed to interpret
and process them”

(Foray, 2004, p.4)

Knowledge is the cumulative result learning (processes)

Knowledge different from information

Information “represents the sum total of ‘messages’”

Information is marketable, i.e. exchangeable, transferable
* Knowledge is not marketable

Knowledge is embodied in individuals, organizations, processes



According to the degree of codification:

Wisdom

-

Tacit knowledge

-

Explicit Knowledge

-

Information

-

Data

Tacit

Codified



Knowledge and Technology

Knowledge product space

Fully
codifiable Patents & Scientific
copyrights papers
c Trade
g secrets
4]
© Shared
= expertise ]
\J S &  Fullydisclosed
S Y 7
Completely R
. . ('O .
tacit Q\ Restricted access
Property
S c
&S > S
S

Source: David and Foray (1994)



LEARNING

Learning occurs in organizational settings (e.g. groups, teams, firms, networks,
clusters, regions/states)

Learning is institutionalized

Learning processes are usually associated with specific contexts and locations
* Industries, technologies, geographies

Learning-by-doing
“takes place at the manufacturing (and/or utilization) stage after the product has
been designed” (Foray, 2004, p. 58)

Learning-by-using
“using generates problems; problem-solving capacities are deployed and
learning occurs” (Foray, 2004, p. 62)

Communities of practice:

Learning not only situated but with a social character (Lave and Wenger,
1991, p.122)



Knowledge and learning

* Knowing, not knowing, learning

* absorptive capacity



IPRs (Intellectual Property Rights)

are considered to serve three functions in relation
to the formation of knowledge commons:

* to hinder
* t0 assist

* to have no relation to knowledge commons



o . 3 “Emerging technologies are not
lnnovatlon IS _ developed and commercialized by
individuals or single firms. They are
developed by networks.”

network =
phenomenon | Rosenkopf (2000, p. 337)




* Intended and emergent (unintended) k-networks in
 Alliances

 “cooperative technical organizations”
(professional societies, trade associations,

N etWO rkS Of standards bodies, technical communities etc.)

 Joint authorship
cee o e “Board interlocks”
* “Job changers”
* Electronic communication
Rosenkopf (2000, pp. 344-6)




* “we use the terms knowledge commons and information
commons interchangeably”

“all intelligible ideas, information, and data in whatever
form in which it is expressed or obtained”

“all types of understanding gained through experience
or study, whether indigenous, scientific, scholarly, or
otherwise nonacademic”

”U n derSta nd | ng (Hess and Ostrom, 2007, p. 7-9)

Knowledge as
* “the tragedy of the anticommons in the knowledge arena

”
COm MOonSs ? lies in the potential underuse of scarce scientific resources
caused by excessive intellectual property rights and
overpatenting in biomedical research”
(ibib, p. 11, from Heller 1998)

» enclosure of knowledge products (information), not
knowledge itself




SUBTRACTABILITY
Low High

S Public goods Common-pool resources

Q
% £ Useful knowledge Libraries
) Q Sunsets Irrigation systems
-]
§ . Toll or club goods Private goods
H ,ﬁ Journal subscriptions Personal computers

Day-care centers Doughnuts

(Hess and Ostrom, 2008; p. 9)

Understanding knowledge as commons?




Club

“a group sharing a particular type of impure public good, characterized by congestion and
excludable benefits”

(Buchanan, 1965; Cornes and Sandler 1996; p. 4)

“... diverse definitions for clubs have been stated, depending upon what was being
shared”

[a taste for association, cost reductions from scale economies, cost reductions from team
production, public goods, public factors]

(Sandler and Tschirhart, 1980)



Theory of clubs: mainstream origin?

“... provides the theoretical foundation for the study of for an important class
of ” (Cornes and Sandler 1996; p. 12)

Non-excludability Excludability
of benefits of benefits

Non-rivalry of use, Impure public good

Pure public good

indivisibility of benefits — Club good

“Gradually, the list of impure public goods expanded to include, among others, recreation areas, schools,
highways, communication systems, information networks, national parks, waterways, and the
electromagnetic spectrum.” (ibid, p. 4)



Knowledge is - ontologically - a club good

Easy to exclude: /non—rival \

. . e tacit and explicit
Exclusion mechanism: P

_ . _ _  excludable
barriers to learning (tacit, conjectural

knowledge, situated learning, proximity) * cumulative

* localized — contextual - situational

Inclusion mechanism: _
* sticky

Toll: the cost of learning « dispersed

Learning as initiation: “absorbing gnd being + organizational
absorbed in - the "culture of practice”” (Lave
and Wenger 1991, p. 95) * embedded

* transaction specific asset

Heterogeneous membership:

* asymmetric
* “peripheral participation” .
* political




e fg

“organizations are social communities in which individual and social expertise is transformed
into economically useful products and services by the application of a set of higher-order
organizing principles. Firms exist because they provide a social community of voluntaristic action
structured by organizing principles that are not reducible to individuals”

“a firm's functional knowledge is nested within a higher-order set of recipes that act as organizing
principles. Complex organizations exist as communities within which varieties of functional
expertise can be communicated and combined by a common language and organizing
principles”

Kogut and Zander (1992)



Communities of practice

“groups of people who share a concern, a set of problems, or a passion about a
topic, and who deepen their knowledge and expertise in this area by interacting
on an ongoing basis”

(Wenger et al., 2002, p. 4)

 Participation a prerequisite of learning and knowledge

* Learning as legitimate peripheral participation

* Meaning, “cognition and communication in, and with, the social world are
situated in the historical development of ongoing activity.”

* “knowing as activity by specific people in specific circumstances”

(Lave and Wenger 1991, p. 50-52)




Participation

e Passive: members enjoy the benefits without active
involvement (passive use/consumption)

e Active: members involvement enhances efficiency
and effectiveness, hence benefits (e.g. unions,

Passive vs knowledge)

(Reverse) tragedy of the club - not free

Dynamic clubs

riders, but collective inaction

e Use of knowledge induces participatory learning,
hence knowledge accumulation (reinforcing feedback
loop)




Active
membership
club dynamics

Participation

Sense of
identity and
ownership

Interactive
Learning

Shared
Values, Trust
& Solidarity




National System of Innovation

“the network of institutions in the public and private sectors whose activities and
interactions initiate, import and diffuse new technologies” (Freeman, 1987)

* R&D organizations are “embedded in a much wider socio-economic system in which
political and cultural influences as well as economic policies help to determine the
scale direction and relative success of all innovative activities” (Freeeman, 2002)

« “.. allimportant economic, social, political, organizational, institutional and other
factors that influence the development, diffusion and use of innovations” (Edquist,

1997)



Two major early studies

* Lundvall (1992) interactive learning, user-producer interactions
* Two dimensions

* Structure of production
* Institutional set-up

* Nelson (1993) nations’ R&D systems
* Organizations that promote the creation and dissemination of knowledge

* Each approach single out different factors reflecting their assumptions on the
significance as determinants of innovation activities



Formal Organizations in ISs

P “formal structures that are consiously created and have an explicit purpose”
(Edquist, 2005)

» They are players, actors, agents, stakeholders

firms,

universities,

Research Institutes

Corporate R&D facilities

VC,

public policy agencies (addressing innovation, education, competition, environment etc.)

vV vV v VvV v V9

» unions

P Organizational set-up varies considerably, it is ‘system specific’



Institutions

“sets of common habits, norms, routines, established practices, rules or laws that
regulate the relations and interactions between individuals, groups, and
organizations” (Edquist 2005)

Great variance between countries and regions
* e.g. culture, professional rules, patent laws, rights to university research etc.



Functions in ISs

* Various views depending on the level of analysis, the focus of analysis (firms, policy,
public organizations etc.)

* Edquist (2005) suggests an “overall function” in ISs:

“to pursue innovation processes, i.e. develop, diffuse and use innovations”
all “individual’ functions or sub-functions serve this generic purpose

* We may distinguish in main and supporting functions

Main those that directly pursue innovation

* Supportive those that seek to enable innovation: e.g. creation of human capital, facilitate
interaction or financing



Activities In |Ss

P Edquist suggests a provisional list of activities that serve various functions, but he
mostly describes the functions served e.g.:

R&D — knowledge creation

Education and training — competence building (individual)
Formation of new product markets

Articulation of quality requirements

Networking

Creating and changing organizations

vV VvV VvV VvV VvV Vv V9

Creating and changing institutions etc

» Many activities may be carried out by a variety of organizations or inter-
organizationally



Interaction in ISs

 Institutions influence or govern the set-up of activities and the interaction of actors
performing these activities

* Interaction may be market or non-market (OECD 2002)
* Competition
* Transaction

* Co-operation

* Interactive learning



CLUSTERS

“A geographically proximate group of interconnected companies and associated institutions
in a particular field, linked by commonalities and complementarities”

(Porter, 2000, p.16)

“A cluster 1s a connection of horizontal, vertical

and lateral value adding activities contributed o T

by different actors in proximity to one ( ' & )
another which all act in relation to a \ .‘
specific industry. Together the actors are /J f/
building a value adding web which defines / '\
the boundaries of the cluster. Direct and k \-'
indirect interactions take place between these g 4
actors which may be reflected in strong, u'"\\vf/
medium or weak links.” ¥
(Brown et al. 2007) Subvalue adding <> Lateral actors

D Vertical actors . Horizental acters



The structure and dynamics of local buzz and global pipelines

Source: Bathelt et al., 2004, p. 46




Socio-technical systems

* Socio-technical systems are thought as ensembles of technologies, artefacts, technology
development and use/consumption processes, groups of scientists, users, etc. that address
specific societal functions. Innovations that change the structure and behaviour of such
ensembles are referred to as system innovations, or socio-technical system transitions.

(Geels, 2018)

* Socio-technical systems are actively created, (re)produced and refined by several social groups,
for instance, firms, universities and knowledge institutes, public authorities, public interest
groups and users. Their activities reproduce the elements and linkages in socio-technical
systems. These social groups have their own vested interests, problem perceptions, values,
preferences, strategies and resources (money, knowledge and contacts).

(Geels, 2005)

* A socio-technical system (STS) consists of two co-evolving subsystems: the development and
production of technological artefacts subsystem and the technology and artefacts use
subsystem.

(Adamides & Mouzakitis, 2009)



Industry regime
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Fig. 2. Triple embeddedness framework of industries.
Source: (adapted from Geels, submitted for publication).

(Turnheim and Geels, 2012)



Why there is stability?

Industry regimes are usually stable, because of various lock-in mechanisms and commitments:

1) Commitment to cultural-cognitive institutions (mental maps, beliefs) focuses the
interpretations of actors, blinding them to developments outside their focus. Cognitive inertia
may lead to mis-interpretation of external threats and delays in response strategies.

2) Commitment to mission and identity refrains industry actors from changing their strategic and
societal positioning.

3) Commitment to the existing technical competencies creates resistance against technological
discontinuities.

4) Industry actors are committed to industry-specific regulatory institutions through compliance
mechanisms. These institutions constrain the behavior of industries with incentives and

disincentives.

(Turnheim and Geels, 2012)



Socio-technical transition

Socio-technical transition is multi-dimensional, i.e. it encompasses technological as well as
organizational, institutional and socio-cultural change.

In the course of a transition, new products, services, business models, organizations, regulations, norms
and user practices emerge, partly complementing but more often substituting existing ones.

A socio-technical transition is commonly understood as a fundamental transformation of a socio-
technical system.

(Markard et al., 2016)

Transitions are multi-actor processes that involve interactions between many social groups, e.g.
commercial transactions, political negotiations, power struggles and creation of coalitions.

(Geels, 2005)



] Stabilization

Indicator(s)
for social
development

4 Transition
phases

Acceleration

Time

R Take-off

Predevelopment

* A predevelopment phase of dynamic equilibrium where the status quo does not visibly change.

* A take-off phase where the process of change gets under way because the state of the system
begins to shift.

* A breakthrough or acceleration phase where visible structural changes take place through an
accumulation of socio-cultural, economic, ecological and institutional changes that react to each
other. During the acceleration phase, there are collective learning processes, diffusion and
embedding processes.

* A stabilization phase where the speed of social processes, diffusion and embedding processes.

(Rotmans et al., 2001)



Destabilization

* The (neo-Schumpeterian) innovation studies literature proposes that destabilisation
is caused by ‘disruptive’ innovations, which lead to the decline of existing industries
and undermine the resource base of existing regimes.

* Scholars in industrial economics and economic history propose that destabilisation
is caused by other economic factors such as shrinking markets, changing markets,
and new entrants that outcompete the focal industry (e.g., because of lower costs
or more efficient process technologies).

* Institutional theorists see destabilisation as a de-legitimisation process. The core
mechanism is that a loss of political or cultural legitimacy weakens the support from
important stakeholders (policy makers, wider publics).

* Management and organisational scholars propose ‘inside-out’ views that address
the enactment of destabilisation from a firm-oriented perspective.

(Turnheim and Geels, 2012)



Forces leading to transition

1. Formation forces: related to the potential for societal innovation.
2. Support forces: strengthen or weaken present transitional trends.

3. Triggers or triggering forces: perturb or shock the system.

* Formation forces include the presence of a niche, the presence of new demand and the
presence or appearance of a new functioning.

e Supportive forces include the standardization of practices and routines, the provision of
resources and the exercise of power over the regime or novelty by external or internal centres

of power.

» Triggering forces include crises, systemic failures and exogenous events.

(Frantzeskaki and De Haan, 2009)



While destabilization...

external pressures and endogenous enactment co-evolve with each other,

increasing external pressures weaken the performance of industries (both in terms of
financial resources and socio-political legitimacy).

major policy change is often important in destabilisation, because it shapes both the
direct support for industries (e.g., subsidies) and economic frame conditions (taxes,
import restrictions, regulations).

Public opinion and discourse is important, because it, first, influences the cultural
legitimacy of industries.

(Turnheim and Geels, 2012)



Transition: How do we go from this







The basic elements and resources of socio-technical systems
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Social groups which carry and reproduce ST-systems
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Co-evolution of technology and user
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The emergence of radical innovations in niches

* ‘protected spaces’ as ‘incubation rooms’ shielding them from mainstream market
selection.

* subsidies, by public authorities
* strategic investments within companies (‘skunk works’),
* small market niches with specific (high-performance) selection criteria
* technological niches (experiments in the 1990s with electric vehicles in various European
countries and cities)
* they provide locations for learning processes — ‘platforms for interaction’

* “Apart from demonstrating the viability of a new technology and providing financial means for
further development, niches helped to build a constituency behind a new technology, and to set
in motion interactive learning processes and institutional adaptations-in management,
organization and the institutional context-that are all-important for the wider diffusion and
development of the new technology.” (Kemp, Schot and Hoogma 1998)

* they allow to deviate from the rules in the existing regime
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A dynamic multi-level perspective on

system innovations (Geels, 2002b, p.
1
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Strategic Niche Management

« “.. isthe creation, development and controlled phase-out of protected spaces for the
development and use of promising technologies by means of experimentation, with the
aim of

* (1) learning about the desirability of the new technology and

* (2) enhancing the further development and the rate of application of the new technology” (J.
Schot et al. 1994)
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