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RESUME

Au cours de la derniere décennie, la littérature I§onovation a consacré une attention
particuliere au secteur de la Haute Technologie)(Mdhe telle attention est principalement
attribuable au role essentiel de la HT afin de rnér a la croissance économique, a la
construction de nouvelles économies et a 'améimmadu bien-étre des sociétés. Cette attention
croissante en faveur de la HT, a poussé une pantisidérable de la littérature sur I'innovation

de la traditionnelle basse et moyenne technoldob@v Medium Techs’ ou LMT).

Cet écart au sein de la littérature a attiré haitbe des chercheurs en innovation qui soulignent
actuellement le role important que le secteur d&&T Ljoue pour pousser la croissance
économique et gerer le taux de chdmage présenteamenigmentation. Cette tentative d’amener
une prise de conscience des secteurs universitadhagstriel et financier ne peut pas étre isolé du
systeme national d'innovation ou ces secteurs positionnés. En ajoutant une dimension
supranationale, on note qu'une proportion condid€rdes activités LMT est actuellement en

processus de migration des économies avancéekesersonomies en phase de rattrapage.

bY

Ce travail de recherche vise a valider trois hypsé#ls principales. La premiere traite de la
maturité du secteur des HT vis a vis celui des L&/Havoir si nous assistons actuellement a une
phase de renouvellement et de transformation suivan trajectoire du secteur de
I'électronique. La seconde porte sur les économieses secteurs sont situés, et vise a verifier si
le positionnement dans une économie particuliéue jon réle au niveau de linnovation du
secteur industriel. La troisieme hypothese évalaefdisabilité d'une approche par arbre
phylogénétique pour classer les entreprises dansyltémes d'innovation (secteurs HT et LMT,
économies avancées et en phase de rattrapageluetv@dfier si I'évolution des meilleures

pratiques au sein de ces systemes est réalisable.

Les résultats soutiennent I'nypothése que leswssaties HT et des LMT subit un renouvellement
sectoriels et une phase de transformation. En optnsque les HT et LMT sont des secteurs
complémentaires, il est logique de penser quedesamies qui excellent dans I'un des secteurs
doivent aussi exceller dans l'autre aussi. Ce ifrdearecherche prouve que si cela est vrai pour
les économies en rattrapage, ce ne l'est cepemdantlans le cas des économies avancées. Ces

résultats sont aussi validés en utilisant une aghyrar arbre phylogénétique.
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Mots-clés: - innovation, systeme d’innovation, étimn, économie avancée, économie en phase

de rattrapage, haute technologie, basse et moyeaeologies, arbre phylogénétique.
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ABSTRACT

In the past decade, the innovation literature hadedicated special attention to the High
Technology (HT) sector. Such an attention was pilgndue to the critical role high techs play
to foster economic growth, building new economas] enhancing the well being of societies.
This increasing attention has pushed a considenadnte of the innovation literature from the
traditional Low, Medium Technology (LMT) sectorsmards high tech (HT) sectors.

This deviation in the literature has caught the efannovation scholars who are currently
highlighting the important role that LMT plays tocrease economic growth and manage the
currently increasing unemployment rates. This gitebm increase the awareness of the academic,
industrial and financial sectors to the importanddT cannot be isolated from the national
system of innovation in which those sectors aretipogd. Adding a supranational dimension, it
Is witnessed that a considerable proportion of LEdtivities are currently migrating from

leading to catching-up economies.

This research work targets three main hypothedes filst addresses the HT sector maturity and
whether we are currently witnessing a renewal saksformation phase, following the trajectory
of the electronics sector. The second addresseddbnomies where those sectors are located. In
other words, it assesses whether the innovati@tegfic context for LMT in leading economies
will be as advanced as its HT sector. This leveduth be similar as well in catching up
economies, but with a lesser magnitude then inidgadconomies. The third hypothesis will
assess the feasibility of a phylogenetic tree aggroto classify firms within systems of
innovation (HT, LMT, Leading and Catching ups) amdether the inference of the evolution of

the best practices within these systems is achievab

The results support the hypothesis that HT and L& going through a sectoral renewal and
transformation phase. Furthermore, sindé and LMT are complementary sectors, it is
predominantly argued that economies excelling i@ ohthe sectors should excel in the other as
well. This research work proves that while thigrige in catching up economies, it is not however
in the case of leading economies. These resulte Wwera great extent validated by using a

phylogenetic tree approach.
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CONDENSE EN FRANCAIS

Ce travail de recherche consiste en une analyspamative entre les deux secteurs de la basse et
moyenne technologie (‘low and medium technology’LoiT) et la haute technologie (HT), et
les économies avancée et en rattrapage. En préenietes LMT et HT sont d’abord analysées
comparativement. En second lieu, une dimensionléaomnmtaire est insérée au niveau de deux
groupes d’économies, avancées et en rattrapageddies approches précédentes sont ensuite
testés a l'aide d’'un arbre phylogénétique, afin ctiesser les secteurs et les économies, et
d’analyser I'évolution des caractéristiques higfoement. Dans l'introduction de cette thése,
nous énongons trois hypothéses de recherche msjdar¢roisieme étant plutét exploratoire,
puisgu’elle vise a analyser les systemes d’'innowa(Sl), nationaux et sectoriels, dans une

perspective évolutive. Les trois hypothéses sansilgvantes :

H1: Le secteur HT a mdri et nous assistons actuelieé@aine phase de renouvellement et de

transformation, suivant la trajectoire du secteat'éectronique (Robertsaat al, 2009)

H2 : Le contexte stratégique de I'innovation dansUBST des économies avancées sera aussi
avancé que son secteur HT (Robertson et Patel, 20&7donca, 2009). Ce niveau devrait étre

similaire dans les économies en rattrapage magedimwindre ampleur.

H3: Une approche évolutive utilisant des arbres pidm@tiques est appropriée pour la
classification dwsystemel’innovation et pour la reconstruction de I'hiseodans une perspective

évolutive

Prenons chacune de ces hypotheses tout a tounmet¢ars les conclusions de chaque chapitre,

soit des trois articles qui composent cette thése

Premiere Hypothése H1 :

Le secteur HT a mdri et nous assistons actuelleraenn renouvellement et une phase de

transformation suivant la trajectoire du secteurl@gdectronique (Robertson et al., 2009).

Les résultats présentés au chapitre 2 impliquegraeds changements stratégiques pointant vers
un processus de renouvellement dans les deux sect&s entreprises de HT, tout en se

concentrant sur les produits et I'innovation detuog qui sont essentielles a des stratégies de
différenciation sont aussi occupées par des opésatt grande échelle afin de réduire les codts.

En outre, les entreprises de LMT, caractériséesl'ipamovation strategique de procédé et de
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réduction de colts visent a différencier leurs prsdafin d’éviter la concurrence sévére des
faibles colts du marché&ette innovation de produit est couplée avec desviations de

procédés traditionnels dans les LMT visant a comtinde soutenir les stratégies de
différenciation Un exemple de ces stratégies consiste a utilisepdeduits de haute technologie

tels que les produits des GPT pour améliorer legssus de fabrication.

En raison de leur coherence de structure interndrd® de leur capacité de produire des
technologies a usage général distinguées, lespeistee du secteur HT sont caractérisées par un
mécanisme de capacité d’absorption extrémemertae#fi si on la compare aux entreprises de
LMT. Toutefois, cette capacité d'absorption est mieuxermdée vers I'absorption de
connaissances techniques que vers la prévisiomdagements de marchiéar exemple, ceci est
représenté par une plus forte prédominance despeisies de HT, par rapport aux entreprises de

LMT, quant a limportance de la collaboration avkss universities et la production de

connaissances scientifiques explicites

En dépit de la forte dominance du modéle linéagdidnovation, les entreprises de HT utilisent
efficacement le modéle d’innovation ouver@ar exemple, on voit que les entreprises continuent
de dominer la HT et la production de connaissapeed’interaction entre les entreprises. Cela
est probablement d( a la capacité des entrepresé$Tda investir dans I'appropriation de leurs
connaissances, et de minimiser les risques liasallaboration

Bien que ce soit naturel pour la HT, nos résuliatpliquent que le développement des
connaissances internes dans les LMT ne faiblitepasaison de leur dépendance envers les liens
externes de génération de connaissances, quilsetcouramment dans la littérature récente. En
fait, elle renforce notre compréhension du rendewent du secteur des LMTa littérature
récente (par exemple Tsai et Wang, 2009) , biencqué&ée sur I'externalisation de I'acquisition
des connaissances, démontre que pour les LMT viglajgpement des connaissances internes est
crucial pour renforcer la capacité d’absorption dasreprisesCette constatation s’appuie sur
I'hypothése de la transformation du secteur des LIA&ns ce secteur, les entreprises sont
désormais plus enclin a produire des connaissantases afin de réduire les codts, ou pour

minimiser les risques associés aux externalizations

Alors que les entreprises de HT sont au servicectiests complexes, les deux secteurs sont

étroitement alignés avec leurs clients, mais poes dbjectifs différentsD’'une part, les



Xi

entreprises de HT visent a mieux comprendre lesiesde leurs clients et a produire des
produits plus innovant®’autre part, les entreprises de LMT sont la pgyorandre aupres des
clients et sans doute tester les produits qu’ilsord pas en mesure de tester a l'interne en raison
de contraintes financiéeres

En général, les gouvernements allouent beaucoupdauwessources pour soutenir I'innovation
dans le secteur HEn outre, la protection de la propriété intelleiuest beaucoup plus souvent
utilisée pour des innovations des entreprises de IH€E approbations réglementaires sont
utilisées par les deux secteurs, HT et LMT, de rfiagguivalente Cette constatation est
intéressante, et en contradiction avec notre hysethprincipale pour les LMTCette
contradiction prend en considération les décousegeentes de Mendonca (2009) qui suggérent
que les entreprises des LMT sont actuellementradaerche de l'innovation appropriée et que
les forces de réglementation jouent un réle clésdan secteurCela se justifie par la prise de

conscience accrue du public pour la santé et largédes produits de LMT.

Par conséquent, nos résultats de recherche suppoeiex de Robertsoet al. (2009). Grace a
notre échantillon, nous démontrons que les dewegecdes LMT et HT sont dans une phase de
transformation et de renouvellemelnd HT se transforme pour atteindre plus de matuiaiéant
allusion a une transformation possible, comme ¢aoas du secteur de I'électroniqllesLMT
sont également en transformation au niveau du jrpdu I'utilisation des technologies a usage
général qui ont permis de difféerencier davantageslgechnologies et de créer de nouveaux

marchés

Nous concluons que les LMT et HT passent par unasehde renouvellement et de
transformation sectorielle.

Seconde hypothese (H?2)

Le contexte stratégique de I'innovation dans lesTLdés économies avancées sera aussi avancé
gue son secteur HT (Robertson et Patel, 2007; Mecal®009). Ce niveau devrait étre similaire

dans les économies en rattrapage mais d’'une moiachgeur.

Nos recherches montrent que le développement smidenla R-D est crucial pour la survie des
entreprises, quelle que soit la situation natioaenomique ou sectoriellea production de
connaissances grace a l'interaction accrue audesnLMT est le facteur le plus important en

faveur des économies en rattrapage général, les études précédentes ont montré ejtype
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d’interaction est au cceur du succes des LMT, esomade sa rentabilité, et de la qualité des
connaissances produites par ces interactions &gréifférents acteurs du systeme sectoriel,
comme les fournisseurs et les clier@gs interactions sont toutefois plus significatigee dans
les pays avancés a I'égard de la. IRar conséquent en dehors de la R-D interne, lauptiath de
connaissances grace a des interactions est audrtomadre stratégique d’innovation des LMT
dans les économies en rattrapdgye plus de la connaissance produite a partir desaictions des
entreprises, les économies en phase de rattrapagéenin davantage l'accent sur les
connaissances produites par les universités au gesf deux secteurAlors que les pays en voie
de rattrapage attribuent une attention diversiiédéa fois aux LMT et HT, les économies

avancées sont axées sur la HT

Les LMT dans les deux économies reposent davasiaigane base stable technologigGeci
est en contraste avec la HT qui bénéficie d’unremviement plus dynamique technologigtiait
intéressant, les économies en phase de rattrapaggivent la production de connaissances
comme étant plus dépendante d'une base stable olegimue, par rapport aux économies
avancéesCela donne a penser que si les économies avarmdedes innovateurs dans les deux

secteurs, les économies en rattrapage sont |lestémit

Les fournisseurs jouent un réle clé dans la HTésitdans les économies avancées, par rapport
aux LMT dans ces économies avancéasci suggere que tandis que les architecturesdegs
produits sont encore produites dans les économiascaes, la dépendance a I'égard des
fournisseurs extérieurs a probablement augment®uuavec la tendance générale vers la
modularité du produitToutefois, il est essentiel de mentionner que debharches récentes ont
montré que l'industrie automobile chinoise est ndcent passée de la partie intégrante de
I'architecture a une architecture modulaire quasieste (Wang, 2008). Suite a cette stratégie, les
entreprises achétent des licences ou des copipgedes génériques et intégrent les différentes
composantes en fonction du produit fin@le résultat suggére que les entreprises dans les
économies avancées produisent des produits moekilgitis les composantes sont sous-traitées

aux économies en rattrapage.

En outre, les économies en phase de rattrapageuyapt davantage sur I'innovation de procédé,
en particulier dans les LMT qui semblent étre wteg@ de base dans ces pdys complexité de

la demande dans les économies avancées surpagsedegléconomies en rattrapa@eci
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explique sans doute que les économies avancéésri@e concentrant sur les marchés locaux,
essayent certainement de pénétrer les marchégétsabn outre, les entreprises des économies

avancées font face a une demande encore plus cantpleest satisfaite par 'augmentation de
la modularité des produits

Ce qui est encore plus intéressant est que lesugtarinnovantes, dans les économies en
rattrapage, profitent d'un niveau plus élevé d'asdalité des fonds pour développer leurs
affaires Ce résultat est consistent a la fois dans les HIVEt. Cela montre I'accent qui est mis
sur ce secteur dans les économies en rattrafage confirme le point de vue Gerschenkronien
qui stipule que le succés des économies en ratfeag@pent de leur capacité interne a renforcer
leur réle institutionnel et & investir convenabl@mneans I'éducation, I'innovation et la R-D
(Fagerberg & Godinho, 2005)

Le role important des institutions, selon le pallet vue Gerschenkronien, est clair dans notre
analyse. Les économies en rattrapage ne se coaceprs seulement sur I'éducation, en fait, le
cadre réglementaire des institutions de ces écawnouent un rble clé est évidel@ette
importance est évidente dans le cas de la HT dem#®donomies avancéd¥autre part, les
économies en rattrapage renforcement le role dgiuitions en particulier dans le cas des LMT,
comme moyen de rattraper le retard. Ce résultabggiue, si les perspectives économiques et
technologiques de la LMT sont étudiédzar exemple, les entreprises de LMT qui sont
généralement des experts en exportation, devraieobrder une attention particuliere aux
approbations réglementaires clés a travers leutitutions afin de protéger leurs
investissementsDans la méme veine, puisque les économies en paffeane peuvent se
permettre la dissipation de beaucoup de connaissatecprotection de la propriété intellectuelle
est obligatoire pour utiliser correctement et pgeté leurs innovations provenant
d’'investissements en R:DBCe dispositif institutionnel est soutenu par lesngwnements en

particulier dans le cas des LMT dans les éconosmeasttrapage

Axeée sur les LMT et I'exportation, les institutiodes économies en rattrapage jouent un role clé
dans I'expansion des parts de marché mondibéssentreprises peuvent y parvenir en respectant
les politiques de réglementation avant la phaseafemercialisationDans les économies en
rattrapage, les institutions de protection de lappété intellectuelle contribuent a la capture

efficace de la valeur des innovations, et de peatéur propre production pour éviter I'imitation.
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Nous pourrions donc en conclure que les gouverneméans les économies en phase de
rattrapage accordent une attention particulierelddX. Nos résultats suggerent cependant que

les gouvernements des deux groupes d’ecomomiesdactaune attention supplémentaire a la
HT.

Les entres des économies en rattrapage percoiaertraissance sectorielle rapide dans les deux
secteurs, plus particulierement dans les LMds économies avancées ne semblent pas accorder
la méme attention aux LMT comparativement a la. 187 est indéniable que la HT est le
principal moteur de croissance, son importance rdimiavec le temp&Jne explication possible
est que le secteur de la HT a peut-étre atteirgolamet de sa courbe en S d’innovation
technologique, et se stabilise et devient moinisuient En revanche, le secteur des LMT, qui est
considéré comme l'utilisateur des produits de lg BThaintenant une gamme de technologies a
déployer pour améliorer son processus d’innovatgoutant ainsi a la différenciation de son
portefeuille de produitCela suggere le renouvellement et la transformation ‘vieux’ secteur
percu comme ayant une croissance trés léb@ seulement la différenciation technologique,
offerte par la HT, soutient les entreprises des | lglle va aussi de pair avec la stratégie basée

sur les co(ts

En raison de la dynamique des éléments ci-desdasraiissance percue, les LMT dans les deux
économies sont témoins de I'avancement de leutiém@ntechnologiquePar conséquent, cette
transformation sectorielle et sa redéfinition sévitlentes Toutefois, ce renouvellement et cette
transformation mettent fortement I'accent sur |8&TLdes pays en voie de rattrapage, qui semble

avoir réussi a attirer le secteur des LMT a I'irgér de leurs frontiers nationales

Ces resultats appuient ceux de Robertson et P18} et Mendonca (2009) dans le cas des
économies en phase de rattrapa@ependant, I'analyse de notre échantillon montre ks
économies avancées accordant une attention supputigineed la HT au détriment des LMT

On peut donc conclure que, puisque HEG et LMT sont complémentaires, les économies qui
excellent dans I'un des secteurs doivent aussillexaans I'autre aussCela est vrai pour les
économies en phase de rattrapage, mais ne l'esindapt pas dans le cas des économies

avanceées.
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Troisieme hypothése (H3)

Une approche évolutive utilisant des arbres phyta@gigues est appropriée pour la classification

du systéme d’innovation et pour la reconstructier’distoire dans une perspective évolutive.

De l'analyse phylogénétique, on peut voir que lagctéristigues dominantes sont liées aux
clients, et la réponse a leurs besoins tenant congd complexités différentes inhérentes a ces
interactions En outre, les stratégies concernant les codts etofecurrence, la supériorité
technologique et la compréhension générale derlardique de I'environnement externe sont les
caractéristiques dominantd2ar conséquent, les facteurs mentionnés ci-desgpuésentent les
caractéristiques les plus stables pour tout I'étham étudié Ces résultats suggérent deux
conclusions importanteg\u niveau sectoriel, les résultats suggerent qudifférenciation de
divers facteurs qui caractérisent les HT et LMTshigas évidente, comme l'avait antérieurement
constaté Malerba (2004)

L’interaction entre les entreprises qui a carasé&la plupart des LMT (Santamagtal, 2009;
Tsai et Wang, 2009) occupe une position dominantanga la HT aussiEn outre, le
développement des connaissances au sein de I'eatregst dominante quel que soit le secteur
Cela appuie I'argument selon lequel la capacité@sbgption des entreprises de HT et LMT est
bien développé dans les deux, mais probablement geal raisons différentePar exemple,
Grimpe et Sofka (2009) ont suggéré que la capaliiésorption des entreprises des LMT est
centrée sur les données de marché, tandis quelgoe@ntreprises de HT elle est axée sur les
connaissances technologiques fondamentales etefgés@ En outre, s’il est principalement
avancé que les entreprises des LMT sont plus asidretes codts (Von Tunzelmann et Acha,
2005), les entreprises de HT semblent avoir dép&ame attention récente sur les codts aussi
L’innovation de procédé, qui est principalementsidérée comme une caractéristique principale
des entreprises de LMT (Ghosal et Nair-Reicher@92®antamariat al, 2009; Heidenreich,
2009), est percue comme une caractéristique domeirdes entreprises de HT ain&u niveau
national, les résultats de recherche déemontreffet’ele la mondialisation sur les pratiques
commerciales, en ce qui concerne les caractérestiqiécrites ci-dessu®ar exemple, la
complexité croissante des golts des consommatetrgje son expansion internationale

(Mendoca, 2009) mettrait de la pression sur leseprises pour se comporter d’'une certaine
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maniére unifiéelLes résultats ci-dessus montrent le renouvellem®elat transformation des deux
secteurs étudiés indépendamment du systéme natiamabvation dans lequel ils résident

Lors de I'analyse des mécanismes de productiorodeaissances, il a été constaté que ce facteur
a diminué en importance dans les LMT dans les éo@®avancées, alors que l'inverse s’est
produit dans les économies en rattrapage dansles skcteurs, ce qui confirme les résultats de
Fagerberg et Godinho (2005) de méme que de TsdlVasig (2009) En outre, pour les
économies en rattrapage, la perception des erdespé s'appuyer sur une base technologique
stable est essentiellement réduite & néant, ercylaet dans le secteur de la LMTeci suggére
que le secteur des LMT dans ces économies enpagieane percoit pas de stabilité des outils de
soutien technologique et que ce secteur fass@dgjiation des produits de haute technologie qui

sont percus comme étant dynamiques.

Cela confirme les résultats de Chen (2009) quiiétlithdustrie taiwanaise des outils pour
souligner l'importance des fournisseurs de l'indestMT, dans les économies en rattrapage
(Taiwan) Par conséquent, ce processus de rattrapage paitreitalisé non seulement par les
moyens officiels d’acquisition de connaissancessraassi par des moyens informels qui jouent
un rble essentiel pour les pays dans une situaigorattrapageLa méme chose n’est pas vraie
pour les économies avancées, ou la stabilité es¢nfient percue comme importante dans
I’économie. Ceci suggere donc que les économiegatteapage, sont dans une phase de
renouvellement et donc percoivent les possibild@éme perspective différente en intégrant

produits de haute technologie a leur arsenal tdobitue stable

En étudiant les facteurs qui influent sur l'inndgai nous nous concentrons sur les trois
principaux facteurs de différenciation concernastdpprobations réglementaires comme moyen
d’obtenir un meilleur cycle de commercialisatiom protection de I'imitation, et la protection de
la propriété intellectuelle afin de saisir la valale I'innovationNous trouvons que dans les
économies avanceées, les LMT perdent du terrains rgalelles deviennent de plus en plus
significative pour le processus de rattrapage d&ios paysCe phénomene correspond aux
conclusions de Lichtenthaler (2009) qui a comp&aalyse du portefeuille de brevets entre
LMT et HT sur le continent européefes résultats suggérent que I'agressivité des tsrelams

les LMT est limité et que la diversification techogique des entreprises affecte négativement les

LMT européennes
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En termes de flux de ressources et de croissanas,aonstatons que les gouvernements ont joué
un role clé dans la construction de secteurs ded&ts les eéconomies avancées. Mais dans les
économies en rattrapage I'accent est mis sur lgews des LMTCette aide gouvernementale
est évidente dans les enquétes sur I'innovatiovatzise récentes axées sur le secteur des LMT
et analysées par Tsai et Wang (2008)ont constaté que le gouvernement taiwanaiseage
les instituts de recherche publics & accroitre leapacité de recherche pour stimuler la
compeétitivite des LMT En outre, le gouvernement taiwanais exerce dessiprss sur les
universités pour accroitre la collaboration aves datreprises des LMT, par des moyens de
financement, des subventions et par I'établissemertentres de recherche appartenant a I'Etat
(Lee et Wang, 2003).ichtenthaler (2009) propose d’augmenter le roke gieuvoirs publics dans
les économies avanceées dans le secteur LMT afgtiditire la qualité des brevets : un élément
obligatoire pour augmenter la performances despnses dans le secteur des LMT (Ernst,
2001; Shane, 2001)

Cela met en évidence que la promotion de ces sscest une priorité pour le processus de
rattrapage notamment dans les LML facilité d’obtention de fonds de démarrage estidante
dans les économies avancées par rapport aux ecem@mirattrapagdoutefois, pour les LMT
dans les économies en rattrapage, I'appui gouvesnehet la facilité d’obtention de fonds de
démarrage sont mutuellement exclus@&ci suggére la mise en place d’'une coordinatina fi

entre le gouvernement et les different agents dtésye national d’innovation

L’examen des résultats de croissance des ventesrangue les économies avancées mettent
I'accent sur la HT, tandis que les économies emagzge se concentrent sur les LMT. Alors que
la course pourrait sembler équilibrée quant a dééssance des ventes dans les niches récemment
ouvertes, nos recherches démontrent que les passteapage commencent a mettre un accent
supplémentaire sur la HT ausSe n’est pas vrai pour les économies avancéesemblent avoir

renoncé aux LMT pour la HT, laissant les LMT aurémies en rattrapage.

Ces résultats vérifient les hypotheses H1 et HZnélme que H3. Nous concluons que I‘approche
par arbre phylogénétique pour classer les entespdans les systémes d’innovation (secteurs HT
et LMT, pays avances et en rattrapage) est apgo@t a permis de constater I'évolution des
meilleures pratiques au sein de ces systemes. @witdusion générale de la recherche suggere

que les HT et LMT traversent une phase de transfbom et de renouvellemenit’un des
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principaux moteurs du renouvellement et de la fangation est I'émergence des économies en
rattrapage qui portent attention a tous les sestedustriels, toutefois, avec un fort accent aur |

LMT. Ce résultat a été vérifié statistiquement et efisatit I'analyse évolutive par arbres

phylogénétique.
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INTRODUCTION

In the past decade, the innovation literature hedicated a special attention to the High
Technology (HT) sector. Such an attention was pilgndue to the critical role high techs play
to foster economic growth, building new economas] enhancing the well being of societies.
This increasing attention has pushed a considenadnte of the innovation literature from the
traditional Low, Medium Technology (LMT) sectorsu¢h as the textile, food, and others)

towards high tech sectors (including biotechnolsgielecommunication, and others).

This deviation in the literature has caught the efannovation scholars who are currently
highlighting the important role that LMT plays tocrease economic growth and manage the
currently increasing unemployment rates. This gbtebm increase the awareness of the academic,
industrial and financial sectors to the importanddT cannot be isolated from the national
system of innovation in which those sectors aretipogd. Adding a supranational dimension, it
Is withessed that a considerable proportion of LEdtivities are currently migrating from

developed to developing economies.

From the above, one might imagine that the dewaitoinnovation literature from LMT to HT
was merely on the academic level. On the conttary,focus on HT from leading economies has
been accompanied by a sectoral migration of LMTams catching-up economies, or from
highly industrialized to newly industrialized ecaonies as Robertson et al. (2009) coined it. In
the same vein, Robertson and Patel (2007) obsehatdleveloped economies excelling in HT
sectors, most likely hold a higher innovative parfance in LMT sectors. This finding has been
also supported by Mendonca (2009). The findingRalbertson and Patel (2007), Robertson et al.
(2009) and Mendonca (2009) will be the prime mdtoraof this research work.

If we were to study this kind of interplay betweeational and sectoral systems of innovation,
the time dimension becomes crucial to study. Thekwaf Bruland and Mowery’s (2005)

investigates innovation through time. Consequendlgding the time dimension, a better
understanding of the current sectoral and natisystems of innovation is achieved. Three main
industrial revolutions shaped the current industhame:- the first, second and third industrial

revolutions.



The First Industrial Revolution

Time and history are of high importance when stmgyinnovation. (Bruland and Mowery,

2005).The first industrial revolution was ignite¢ Bteam Power, the second revolution by
electricity, and the third by ICT. From an innowatiperspective, historical change is examined
in light of changes that occur on the economicvégtievel, institutional roles, and changes in
the knowledge generation patterns. This evolutipmearspective would be a sound hypothesis

for the evolutionary theory presented in this reseavork.

Pomeranz (2000) raised a question on the reasonnaftiiern Europe managed to foster its
innovation throughput, while the rest of the waodid not, being on equal foot in the eighteenth
century. Pomeranz refers this to “The acquisitigrtiie major European powers of colonies as
markets for manufactures and sources of food amdnmnaterial, and the development within
Europe of coal as a new energy source” (BrulandMowery, pp 351). Another dimension, laid
by Braudel (1984), Wallerstein (1974), and Land&998) relates the phenomena to the
emergence of property rights as a stimulant foouation. This result is supported by MacLeod
(21988) who found that patenting activities grew agkably after 1750 in capital goods directed
to consumer markets (Berg, 1998; Sullivan, 1990pde the financial and logistic issues
associated with it. Therefore at this epoch, onddcolaim that technological change was a prime
characteristic of the first industrial revolutidb.is important to remember that these industries,
textiles and furniture, were the HT of their timedaare now considered as LT (Bruland and
Mowery, 2005)

Another dimension is the political institutionalacige; defenders of this theory assign the need
for innovation, when political rulers are weakenddte theory is considerably criticized.
Innovation existed in multiple industries, suchtastile, glass, steam power and agricultural
sectors. However, textile and steam power haveghehiweight, with respect to the industrial
revolution, comparatively with other sectors. If were to put innovation pattern in the context
of the first industrial revolution, it should be phasized that is mainly realized on individual
inventors despite the apparent diffusion of scienitleas that had almost no production with the
exception of the glass making industry (Bruland &wlvery, 2005). This is recognized to be
guilds. Codification of knowledge was still embryonat the beginning of the industrial

enlightenment at the beginning of the eighteentntwg. This has changed into more
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codification resulting into technical manuals ambks in the late eighteenth, and beginnings of
the nineteenth century. Two factors mainly shapednstitutional change characterizing the first
industrial revolution. The first factor is the onmgzation forms. The second is the managerial
control of production. As for the first factor, neworganizational forms allowed joint stock
associations, and hence small family based, guiehted firms transformed into larger ones
with a wider scope, and more enlarged productiaiescThe second is the Taylorizm and its
accompanying managerial component that produced filst organized work force.
Consequently, better managerial calibers whereeshts run entrepreneurial based plants. This

could be argued to lay the foundation of the segoddstrial revolution.

The first industrial revolution included industriegsich as iron, steel, coal, textiles, and

mechanical engineering. The revolution was led btaB/UK.
The Second Industrial Revolution

The second industrial revolution, started in Gernmdfrance, and later in the US, by shifting
from the traditional industries developed during first industrial revolution, to include new
industries such as chemicals, optics, and elewtriBruland and Mowery, 2005). During this era,
formal ties between universities developing forrmatl basic science, and the industry became
stronger. This tightening relation was manifested d) formal training of potential inventor
(engineers) took place, while the role of individireventors diminished; b) the role of external
institutions performing the formal education\traigi increased; c) internal, firm knowledge
production mechanisms became more powerful espeeidh the increasing size of the firms
(Bruland and Mowery, 2005). As a result, the maisder firms, who maintained the momentum
for the second industrial revolution, are largelescaertically integrated enterprises, whose
corporate main strategic directive was focusedechrtological/industrial innovation, leading the

second Schumpeterian Mark of creative destrucByaland and Mowery, 2005).

Time is needed in order to link scientific discdesr(inventions) to technological innovations
(innovation). This time for commercialization isedto the lack of manufacturing technologies
that lagged bringing the invention to market. A goexample is Faraday’s invention of
electromagnetism that began to be commercializéal étectrical products during the second

industrial revolution (Bruland and Mowery, 2005).
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The origins of industrial research started in Gerynand were later mimicked in the US in the
beginning of the twentieth century. The first indse industrial R&D labs in Germany, where
established by German firms seeking to commereabkhemical inventions. The role of
universities increased in Germany starting from 1B20s, performing several industry-serving
roles by training engineers and working on R&D pobjwith the industry. The contrast with UK
universities is obvious, a phenomena that expliedeadership of Germany and the US in the

second industrial revolution, and Britain’s lag.

This German national innovation system in thé" X®ntury was the prime factor for the
emergence of new, early entrants who mastered aelnslogies in electricity, and chemical
products. Examples of these firms are Siemens, Bay8ermany and DuPont in the US. Those
firms strengthened their ties with government anwversity labs. Additionally, these firms were
the first practical users of the national patergtay used to appropriate their inventions. This
rise of firms power at the beginning of thé"a@entury, led a wave of creative destruction. This
corporate R&D lab mechanism, has transformed tHe of manufacturing firms from a
secondary role (where the primary was the mainritorg, to a deterministic role, thus reducing
the role individual inventors played in the firstdustrial revolution (Bruland and Mowery,
2005). Not only did these large enterprises coresktimith developing highly advanced in-house
products, those firms additionally scanned the wiafior new technologies build by new
entrants, for acquisition. The technological chamgethe US industry was shaped by the
accelerated growth of the US market, large scafgimeous process production, and finally the
Oil and Gas industry that resulted from increasiéiggnand on the automobiles and internal

combustion engines (Bruland and Mowery, 2005).
The Third Industrial Revolution (After 1945)

After the war, the most important preoccupatiorntted US government is safety, defense and
health. This era is characterized by an increaseiht for governmental spending to foster
R&D. Consequently, the US government has focusedgiivernmental funding to R&D
especially to small firms, in different domainsgéther with pumping additional funds in the
defense sector, that in turned influenced high-tsgtors. As a result, new firms in the computer,
semi conductors industry managed to grow, and readhcumbent position. This are witnessed

the highest collaboration efforts between industng universities. “The relatively weak formal
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protection for intellectual property during the 59#980 paradoxically aided the early growth of
new firms” (Bruland and Mowery, 2005, pp. 367).

To conclude, the first most important trait, of @awation through time, is the innovation systems
that influenced the development of knowledge rdpdsis and innovation. The first industrial
revolution was mainly relying on craft orientedatrand error process, together with a prime
institutional change. The second industrial revolutwitnessed the development of large
enterprises, and what is so called the age ofigeedestruction, with a light influence from the
governments. The third industrial revolution wasntyabased on governmental funding, to fund
high technology sectors, together with an increas#thboration between different institutions
and agents (Bruland and Mowery, 2005). Each ofethegolutions were also nationally bounded,
for instance the first industrial revolution ocaadrin UK, the second, in Germany and later US,
and the third, in the US. Therefore, the aboveflmieoduction of the three industrial revolutions
based on Bruland and Mowery (2005), has demondtrttis kind of interplay between the
national and sectoral systems of innovations, wéilding the time dimension manifested in the

three industrial revolutions.

On the national level, the catching up process fesoimportant, since it does not only capture
the national systems of innovation, but also itsathe dynamics of the catching up process.
According to Fagerberg and Godinho (2005), thehgatcup literature includes three important
views: the first is that of Thorstein Veblen and®dnder Gerchenkron who analyze the catching
up of Germany towards the UK and the role of insitihs to realize the process; the second is
the literature of Asian (including Taiwan, Southr&a and others) catching up towards the
Japanese way; finally the third relates to the ofleechnology and innovation resulting in long

run economic growth.

European history is central to the understandinthefcatching up phenomena. Veblen (1915)
was the first to realize that “recent technologicdianges altered the conditions for
industrialization in latecomer economies” (Fagegbemd Godinho, 2005, p.516). At the

beginning of the industrial revolution, knowledgasmacitly embedded in skilled workers, and
hence knowledge transfer was the result of thes&esss mobility. However, with the recent

advances in the codification of knowledge, latecanoan actually take the full benefit from the
technology without contributing any cost to its diepment. Veblen predicted this catching up
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phenomenon for other countries such as Francej&Uisdy and Japan. Alexander Gerchenkron
(1962) did not share the same opinion as Vebled5L95erchenkron argued that Veblen’s view
of the catching up phenomenon was based on the afatiK and Germany. This form of

industrialization that Britain witnessed at thahei was actually small scale and fitted Veblen’s
view, which did not include the important role afsiitutions. Therefore, according to

Gerchenkron, to succeed, catching ups should dessparate institutional instruments that are
uniquely distinguishable from that of leading ecmies. Consequently, Gerchenkron attributed
the successful catch-up to the role of banks, gowents or private organizations in the

industrialization process (Fagerberg and GodinB052.

More literature explaining the catching up phenoomemf the Asian countries post WWII
followed either Veblen or Gerchenkron views. Howevwaost researchers (Shin,1996; Wade,
1990) would agree that Asian catch-up strategiee vaeuch aligned to Gerchenkron’s views.
Gerchenkron’s view on the role of banks togethéhwovernmental support to promote catching
up is evident in post WWII Japan (Fagerberg and i®umj 2005). The role of banks and
governmental support grew, compared to the privatestors and family ownership that
prevailed before the war. With time, the role of @tate decreased, and the Japanese banking
system was solid enough to sustain the industatthing up. Furthermore, the Japanese case
highlighted the role of process innovation in tlaécbing up process. As such, the Japanese case
was a leading example for other catching up ecoesmni Asia such as South Korea and Taiwan
(Fagerberg and Godinho, 2005).

On the macro view, according to Fagerberg and Gad{2005, p. 524), Abramovitz (1986 &
1994) explains the discrepancies between counp@grmances by “congruence and social
capability”. The first concept is basically how ioaial systems are different from, or similar to,
each other in terms of various economic charatiesisuch as factor supply and market size.
The second concept includes various factors sucktheaseducation level and the levels of
investment in R&D as well as the role of the finahsystem to mobilize resources (Fagerberg
and Godinho, 2005).

Based on the above, this research work therefogetsato analyze the Sectoral and National

systems of innovation from two angles. The firsai€omparative approach; the second is an
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evolutionary one. The purpose behind using thepawative approach is to further enhance our
understanding of the sectoral and national systnisnovation. The purpose behind using an
evolutionary approach is to add the time dimenangportant to explain the current national and

sectoral systems of innovations.

In order to carry out the analyses, the theorefreahework for that research work will be based
on the pioneering work of Malerba (2004), when wrnialy the sectoral systems of innovation.
This systematic approach includes organizatiomsdtitutional, political, social and economic
factors. Consequently, when studying innovationmfr@an Sl perspective, these various
interacting factors ought to be considered, in orte properly understand the innovation
phenomena. In that framework, organizations coudd diher firms (such as suppliers,
competitors, customers, etc.) or non-firm entigash as universities and governmental institutes
(Edquist, 2005). The national system includes fgvoups: the leading and catching up

economies.

Malerba (2004) sectoral system of innovation ismyacomposed of three entities: knowledge
and technologies, actors and networks, and inistitsit First, knowledge and technologies
represent the sectoral knowledge base, technolagiesinputs, and are responsible of the
sector’s boundaries. This is why its box leadsywaghics and growth patterns that influence the
sector’s evolution and transformation. Secamtprs and networksimply represent the various
organizational entities involved in the innovatiggrocess such as firms and financial
organizations, or non-organizational entities sashuniversities. The customers that can take
various forms of organizational structures aredémand creators, and are a fundamental part of
the sectoral system of innovation. Using a knowéebdgsed view of the innovation process, the
different entities are all interconnected by arrowhird, institutions are basically the bodies
responsible of norms and routines, such as pubhdihg institutions, regulation and standards

institutes. Such institutions have both sectordl ational roles.

The representation of our theoretical framework oy follows Malerba’s (2004) view of an

SSI, it also takes into consideration Freeman’'s37)Structure representing the network of
institutions, and their interactions. These inteoas will generate the learning process, a
phenomena that is heavily supported by LundvallOf)9 Due to the dynamic nature of the

interactions and of learning, sectors go througioua dynamic and growth patterns that result.
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The objective of this research work is thereforedpture the main differences between the HT
and LMT, and test whether the sectors are undeggairy transformation or renewal processes.
Second is to introduce the national systems ofvation, to test if the recently reported sectoral
migration is occurring and what governs the diffies between the leading and catching up
economies. The third and final is to capture thawion of those systems of innovations and test
if they match the findings of the first and secdrybothesis. As explained, Malerba (2004) will
be main theoretical framework. The Managing Innmvain the New Economy (MINE) data
addressing the firm’s context of innovation indten sectoral perfectly fits the problematic and
is based on Malerba’s (2004) theoretical framew®tks data however is cross-sectional, hence,
lacking the time dimension. In order to createtthee dimension, and study the evolution of the
sectors/economies, each firm’s input is considaed DNA. Consequently, each firm’s record
will be considered as its respondent perceptiobest practices used in his/her own sector and
economy. | will coin them in that case: perceptnames. Where memes’ are the cultural unit
subject to evolution as Richard Dawkin’s coinedJsing the phylogenetic trees concept and the
parsimony methodology the time dimension is creatadd the comparative approach

complemented.

The rest of the dissertation is organized as fato®hapter 1 presents the literature review
relevant to the thesis; it addresses HT and LMadileg and catching up economies literature.
Chapter 2 addresses the methodology, data descrigtid sequence of the chapters, with respect
to the major research hypotheses. Chapters 3,8 address the major three research hypotheses.
Chapters 3 and 4 will address the sectors, andoates from a comparative stand. Chapter 5
will address the problem of evolution using a plggioetic tree analysis and creating the time

dimension. Chapter 6 presents a general discusanohfinally a conclusion is presented.



Chapitre 1 LITERATURE REVIEW

The literature review will mainly target three ax@e first targets HT and LMT. The second
targets leading vs. Catching-up economies. Thal tisirthe evolution of national and sectoral

systems of innovations.

1.1 High Tech (HT) and Low Medium Tech (LMT)

High technology sectors do not emerge by chanceheRahigher tech sectors could be
considered as the sectors most targeted for grodgla result, such sectors change their nature
and transform with time from high tech to low anddium techs. As we will see later from the
evolution of industrial sectors, each industriatdkthrough was considered revolutionary with
respect to its precedent. For instance, iron, mmachbhand textile technologies are the prime
innovative technologies of the first industrial o&wtion that emerged as a result of steam power
technologies in the United Kingdom (UK). Such tedlogies\sectors were considered the high
techs at the time of the first industrial revoluti@and were later replaced by other technologies
that became the focus of industrial policy. In seeond industrial revolution, electricity was the
key General Purpose Technology (GPT) (Helpman, 1988t led the development of other
important sectors such as automobiles, optics @edhicals. The same phenomenon happened
after the emergence of the information and comnatinio technologies (ICT) sector that became
the high tech of its time at the beginning of t8&0s.

Recent Literature on Low Medium Techs and High $ech

Up until this moment, LMT is regarded as a laggssgtor in terms of growth. This currently
dominant view does not represent equivalently teaiat of those industries on the global level.
For instance, OECD (2003) reports that more th&¥ 82 the global manufacturing exports are
of Low Tech (LT) products (Mendonca, 2009). ChefA0@) reports that according to Lie and
Brookfield (2000), in 1969, the total productionrmoéchine tools worldwide was worth 9M$, this
figure has multiplied to reach 3.7B$ according @rdher Publications (2007). These interesting
figures drive us to further analyze the currenipdled LMT. In such lagging sectors, cost is
often the main preoccupation of firms. In contradil firms, targeting higher returns of
investment on their R&D intensive process followrmof a differentiation strategy (Viardot,

2004). However, with the rising price competitionlower tech sectors, firms started to add a
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considerable differentiation strategy to their oré ones (Von Tunzelmann and Acha, 2005).
Additionally, LMT firms are process innovation amnted (Ghosal and Nair-Reichert, 2009;
Santamaria et al., 2009; Heidenreich, 2009). Tmsiderable lump sum of HT firms is contrarily

to LMT, product innovation driven.

Recent studies demonstrated the importance of L&tTos and the role they play in the modern
industrialized economies. For instance, Kirner let(2009) demonstrated that the Low tech
excelled in process innovation, while lagged intodoct innovation compared to the HT.
Hauknes and Knell (2009) showed that knowledge $lédsom HT to LMT sectors. However,
they find that this flow is not compared to thewlgenerated into science based industries. In
their findings, they find that science based indestare far more dependent on in house R&D.
Using the European community innovation survey &}l&hd the European Union (EU) regional
data to explore the main characterstics of the LiNdustry, Heidenreich (2009) finds that the
LMT industry is more dependent on process innovatidso he finds that firms in the LMT
highly depends on non formal R&D sources of knogkduch as patents, training, etc. In terms
of concentration he finds that the LMT industryyad®s poor growth, if compared to the highly
concentrated services counterpart. Furthermorem@ai and Sofka (2009) performed a
comparative analysis to thirteen European countusmg the third European community
innovation survey (CIS3). In their research, tireyestigated the various sources of knowledge
that firms target when searching for innovative \kiealge. On the one hand, They found that
Low and Medium Low firms will seek to search fordkviedge within customers and competitors
boundaries. On the other hand, they found thatiliedHigh and High Tech firms will

concentrate on suppliers and universities.

Santamaria et al. (2009) addressed the importah@dwanced Manufacturing Technologies
(AMT), training and design to produce innovatiombey also address multiple other sources of
knowledge such as alliances, consulting serviaas j@nt ventures. They found that design and
training are the principle sources of knwoeldgeptoduce product innovations in the LMT
sector, opposite to the HT. However it was founthm case of process innovation that design is

more important in the case of HT, than in the addeMT.

Tsai and Wang (2009) investigated the relationshgiween knowledge acquisition and

adaptation in the Taiwanese LMT sector. In themlgsis they used the Taiwanese innovation
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survey, and addressed two major axis: the firstxernal market based acquisition, and the
second is collaboration with competition, supplia@rsd customers. They found that Inward
Technology Licensing (ITL) does not significantlgntribute to the Taiwanese LMT innovation
performance. They referred this to the difficulfyiegration between old and new technologies.
Furthermore, R&D outsourcing could be problematice do knowledge leaks. Knowledge
collaboration seems to be the best methodologie&rfowledge acquisition in the Taiwanese
LMT industry. Tsain and Wang (2009) found that there firms in the LMT hold a greater

absorptive capacity, the more they benefit frontatration to acquire knowledge.

Chen (2009) finds that SMEs in the Taiwanese mactonls industry make an efficient use of
international events and exhibitions to learn froompetition and further adapt their products.
Furthermore, he emphasized the role of enginedisster technological and knowledge transfer.
Therefore, Engineers in that industry are primenggef technological change. While Chen
(2009) focused on SMEs, Ghosal and Nair-Reich@®9? investigated large firms in the global
paper industry. They found that investment in thechanical technology and measurement
technologies has a considerable impact on the ffayf that industry. Furthermore, learning by
doing is a prime methodology for the global pulplgraper industry. Lichtenthaler (2009)
addresses corporate strategies and patent poritfiaiiee High, Medium and Low tech industries.
For his analysis he uses 136 European firms daen#ébyze technological aggressiveness and
diversification, patent size and quality. He fintleat Medium Tech firms gain less from
aggressive strategies than HT, and that they Logadr firms depend highly on open innovation

due to their lack of commitment to R&D.

Firm’s absorptive capacity is its ability to iddgtiactivate and generally manage knowledge for
the firm’s success (Cohen and Levinthal, 1990).ohpve capacity can therefore be tuned to
seek knowledge about market input, or deep teclgimdbknowledge. Classifying HT would as a
priority focus on an absorptive capacity targetedieep technical knowledge, while LMT would
be primarily focused on the market input side (Ge@rand Sofka, 2009). When studying the
Taiwanese machine tools industry, Chen (2009) fotihvat trained engineers are the main

element of absorptive capacity with respect to Lims.

Technologies could be either developed or acquifedhnology acquisition could take various

forms: using Mergers and Acquisitions (M&As), liggmg contracts (Inward Technology
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Licensing or ITL), or formal and informal coopexetiR&D strategies (Tsai and Wand, 2009).
Technology licensing enables the firm to lowerdtst of production, by primarily focusing on
its core competitive technologies and licensingeoghexternally. One downside of adopting ITL,
is that firms would be supplier dependent, erodimgr competitive advantage on the licensed
products. Tsai and Wang (2009) found that ITL does contribute positively to firm’'s
performance in LMT. They referred this to the lafkintegration capabilities between old and
new technologies. This issue is primarily due te tack of an adequate absorptive capacity.
Accordingly, the authors advise the developmentthaf proper internal R&D structure, to
enhance the absorptive capacity and hence, incrémeseefficiency of external technology

acquisitions.

It is imperative to understand the dependency batwhe two sectors, where LMT is a prime
user of HT (Robertson and Patel, 2007). This irgeethdent relationship puts the two sectors
into a complementary position rather than a cortigetione. Furthermore, an increase of
technology adoption by LMT develops into higherfulfon rates of HT innovations. Adapting
HT products added to the LMT capacity to compete dasign, functionality and quality
(Santamaria et al., 2009). This power of contrgllihe demand that LMT holds, did not refrain
the sector from patenting activities. On the cagtrdMendonca (2009) found that the Food,
Drink and Tobacco sector (FDT) is witnessing anraopdented growth in patenting activities.
Mendonca refers attributes this to the increasisglyhisticated tastes motivated by international
expansion. While the quantity of LMT patenting aittes has been increasing, quality of LMT
patent activities is still lower than that thattbé HT (Lichtenthaler, 2009). It is still however
found that knowledge acquired by patenting acasitis still marginal, in the case of the paper
industry (Ghosal and Nair-Reichert, 2009). Thiprigbably due to the continuing dependency of
the LMT sector on learning by using (Lundvall, 1988arning by interacting, by producing and
searching (Lundvall, and Johnson, 1994) found bgrC{2009). This finding supports that of
Santamaria et al. (2009) and Tsai and Wang (2008jirming that the primary source of
knowledge for the LMT sector is based on the caltabng with customers and suppliers.

Chesbrough’s (2003) open innovation model emphadize role of external actor to enhance
firms’ innovation performance. While LMT is primbri dependent on collaboration with

suppliers to enhance its innovative capacity, #wa increased its competence by the constant
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exposure to the increasing complexity of users aeind@his supplier highly influential role in
the LMT has been highlighted by Chen (2009) andieleieich (2009).

From this short survey of the three revolutionsspreed in the introduction, and the current
status of HT and LMT, it is seen that the trajegtof development of the high tech sectors, and
the stability of lower tech sectors cannot be theet of the moment. Rather, those high techs
were the result of various factors that facilitatedir development, compared to lower techs that
lost their attractiveness due to their lower retaminvestment, and their inability to generate
wealth or foster the required economic growth. Atlde the sectoral systems of innovation
factors, the role of nations with respect to thesetoral dynamics is quite evident. Governments
play a key role towards the development of cersaictors, a result that is very clear in the case of
the US with respect to the third industrial reviat Currently, those dynamics occur under the
form of migration of LMT activities from developeéd developing economies (Robertson et al.,
2009). This nationwide segmentation, and the rbleytplayed into the emergence of the
industrial revolution historically, proposes a leggand catching-up categorization with respect

to systems of innovation.

1.2 Leading and Catching up Economies

The catching up process is “the ability of a coymtr narrow the gab in productivity and income
vis-a-vis a leader country” (Fagerberg and Godir2@)5 p.514). As seen from our analysis to
industrial revolutions, at the nineteenth century United Kingdom is classified as the leader,
will the United States and Germany were in a catghip position. Later the United States took
the lead while others took the followers positidihis was established by coming up with new
ways of organizing production and distribution, ghilnrough innovation (Freeman and Soete,
1997; Freeman and Louca, 2001). When analyzing BC economies from 1960 to 2005,
Schaik and Van de Klundert (2010) discovered thatdatching up process could be subdivided
into two identifiable periods of technological clgen The first is imitation, followed by the
second, based on innovation.

In 2007, the Society of Manufacturing EngineeriB§I€) reported in 2007 that the US is still in
a leading position, however those other nationsaggressively catching up. The main reason

based on which the catching up process will bésapeak is the growing middle class demand
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emerging from non-industrialized economies. Moreptee role of China in the international
arena, demonstrates its attractiveness for offsR&P activities. This ability of the Chinese

sectors to adjust according to demand is receapiparted by Xie and Zedtwitz (2010).

One of the pioneering works aiming to understamddditching up process has been presented by
Alexander Gerchenkron (1962). Gerchenkron has foilvad for the catching up process to
succeed, they should develop distinguished ingtitat instruments. For instance some models
of the catching up process propose a balanced etween international borrowing and domestic
savings to enhance the catching up process (BelRO@B). This highlights the crucial role of
financial and governmental organizations in theustdalization process (Fagerberg, and
Godinho, 2005). Shin (1996) and Wade (1990) folldWerchenkron’s view when studying the

catching up process of the Asian economies in ts¢ YWorld War 1l era.

While various economies are in a catching up pmce® can expect that each country policy
formulation within that group will differ according the characteristics of its own economy. For
instance Wang (2007) found that South Korea pursaedSchumpeterian scale-based
technological development. In contrast, Taiwan wseneo-Marshallian network based

technological development. Some of catching up ecoes was under a social regime. Those
social regimes, for instance in the Former Sovieiod (FSU), Central and Eastern Europe
experienced economic growth in the periods of 1B25and 1945-80, respectively (Gomulka,

2010). Starting the 1980s, this growth was latgyoged by a stagnation period, especially after
shifting towards market-based economies. This enintransition from a tightened government

control towards free market orientation necesgitéteavy governmental support, through well-

established governmental institutions.

This governmental role in the catching process besn witnessed in various catching-up
economies such as South Korea, Singapore and TaiWwarand Yang, 2008). For instance
Lofgren and Hsieh (2009) studied the three econsnimpharmaceutical innovation and
industrial development. They found that catchinggopernments encouraged public investment
in basic research. Moreover, those governmentzedilvarious influential industrial policies to
promote the industry. It includes public investméntbiomedical hubs and R&D tax credits.

Furthermore, the role of universities in the catghup process is not only limited to the pure
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academic\scientific contributions but additionallby establishing effective integration of

academic institutions into the industrial developtghase (Mazzoleni, 2008).

On the product architecture level, catching up eaaes are currently experiencing what is
labeled the ‘Quasi Open Modular Architecture’. Ttyipe of architecture has been witnessed by
Wang (2008) in the Chinese automobile industrys#ichitecture consists of licensing parts that

can fit various products or architectures, henteeang a low cost competitive strategy.

When analyzing the video compact disk in China, e Zedtwitz (2010) found four important
factors that affect the catching up process. Flostal demand plays a key role into shaping
innovation strategies. Second, the innovating fmma catching up economy cannot isolate itself
from the leading economies suppliers. Third, is ifm@ortant role of inter-firm alliances to
produce advanced technological innovations. Foamtt final, is the integration capacity of the

follower to mix and match various technologies hnatcompetitive scheme of pricing.

This complementary role between developed and dpirej economies, influence positively the
quality of the final products produced. This kindtading patterns is also responsible for the
diffusion of knowledge between leading and catchups. This result has been found by
Cavallaro and Mulino (2008) when studying the trdutween Central, Eastern European
countries with their European Union (EU) partnerorbbver, in order to apply such factors
firms’ flexibility to adapt to market conditions bugh an enhanced absorptive capacity is
mandatory. This flexibility enables firms in thetdaing up economies to compensate for their
latecomer position. This is supported by the figdiof Li and Kozhikode (2008) when studying

the Chinese mobile phone industry.

The above factors should not marginalize the intiegacapacity of domestic firms in the
catching up process. When studying the Chinesedelmunication equipment industry, in the
period of 1980 to 2002, Fan (2006) found that timvation capability of firms was the prime
success factor of the catching up process. Farsgareh suggests that in house R&D

development as a priority, supplemented with exealliances is essential for a successful catch
up.
Generally, If we were to examine the catching upcpss, it is important to mention the Asian

experience, specifically that of Japan. After thee@d World War, Japan underwent various

structural changes. The role of government andauamtic intervention was very important in
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the early phases of the catching up process. (Baggmland Godinho, 2005). This intervention
was represented into activist economic and a ptiotésm trade policy. In that restructuring, old

industries were phased out in favor of more pragvesindustries. In that a variety of strategies
were used including a combination of economies aafles adapting to the growing demand,
product differentiation, as well as increasing tearning mechanisms. The fruits of such a
strategy were manifested in the steel industryp $hiilding, car manufacturing and consumer
electronics. While there are some evidences ofymbidinovation, process innovation dominated
the Japanese Catching up process, specially thaniaegional types that enabled the
implementation of scale economies, efficient ineeyntmanagement, a superior quality products.
(Fagerberg, and Godinho, 2005).

The Japanese catching up process was a role madetHer Asian economies such as South
Korea, Taiwan and Singapore (Fagerberg and Godi2d@5). Al these countries, underwent

strict industrial structural changes led by catghup economies governments. For instance,
South Korea, and Taiwan pushed highly intervendigips to protect local industry such as tariff

protection, financial support, and product quatitita restrictions. While addressing export,

catching ups ha recently emphasized policies thapat R&D and Innovation. This does not

eliminate the specifities of such economies. Fatance, South Korea still highly depends on
family owned groups, versus Singapore that maiefyethds on foreign multinationals. Taiwan’s

industrial structure, on the other hand, is dong@dawith private SMEs (Fagerberg and Godinho,
2005)

While the Japanese catching up was self finanted,df South Korea depended extensively on
foreign lending. Assuming more debt, the South daoreconomy was vulnerable to the end of
the 1990s financial crisis. This highlights the orant role that institutions and policies play in
order to shape the catching up process. (Fagedmergodinho, 2005)
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1.3 Systems of Innovations and Evolution

Evolution is about changes that occur with timeaublution of systems of innovation is taken as
a framework, it is important therefore to highlighe changes that occur with time, with respect
to those systems of innovations. Sectors with theductions of technologies are the resultant
of industrial revolutions. These revolutions, witieir radical technology production are also
coined the ‘high tech’ of its time. For instancena@dler (1962) when studying the American
enterprises, argued that year 1850 is quite rerbélkes the beginning of the development of the
US railways, an event that is impartial toward fleirishing of the US industrial revolution

(Mokyr, 2000). This finding combines three impottaiements: time, transportation on the
sectoral level, and the United States on the nakisystems of innovation level. Such interplay
between systems of innovation and time is therefsegential if following an evolutionary

approach. This form of integration of historicaldance with a broader conceptual framework in
the field of innovation, is a task that (Brulanddaviowery, 2005) foresaw as very important for

future research.

From the above, we can witness the interplay betvggstems of innovation, time and industrial
revolutions. In order to use an evolutionary maafethange, we need to conceptualize a general
understanding of technology. In this, technologyl we viewed in the form of practice and
knowledge. Practice and knowledge are two main @orapts that fit evolution, since both are
subject to incremental changes with time, and algest to variation and selection. Such a
conceptualization will enable us transform the tjoesaire information to knowledge and
practices cultural units. In what follows, | wilddress technology, technology and practice,

knowledge, and technology as practice and knowl@ugee same order.
Technology

Technology is not that isolated from culture andt@@l and national boundaries. For instance,
technological change is a critical component ofural evolution where behavior is the result of
Darwinian biological evolution (Mokyr, 2000). If wisolate technology from cultural aspects, it
often misses the Darwinian interpretations sine atiolution of technology is quite rapid by
nature (Mokyr, 2000). When studying economic chamgevever, the evolving culture of

technology is an important aspect of the accumaratif complex knowledge (Cordes, 2005).
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Furthermore, such an isolation of technology framtural aspects would minimize the role that

technology plays as an expression of varied hunugpgses or wants (Cordes, 2005).

In a cultural, socio-economic context, technologgvimles “strong guidance regarding how to
improve practice” (Nelson, 2000, pp 68). Technatagevolution could therefore introduce new
ways of doing that lead towards significant impnoesits to new business practices (Nelson,
2000). Consequently, this will enable us understanow best practices evolve, facing

technological change. For instance, when tryingexplain technological evolution, Nelson

(2000) mentioned the case of the American autoraatmimpanies, who suffered to understand
how their Japanese counterparts operate (Nels@®)20his example includes both sectoral and

national systems of innovations arguments.

Nelson (2000) classified technological evolutiomoifiour schools of thought. The first is the
evolutionary epistemology led by Donald CampbeB74) who studied knowledge evolution.
This school seeks a better fit between understgnalird reality. Technological variation occurs
blindly and selection is the prime factor to be sidered when studying technological evolution.
The second group includes historians of technolegyo, starting from an interest in
technological change, as opposed to the epistemajogup that starts with the evolution of
knowledge, then study the evolution of technologypart of a knowledge-centered interest.
Competition shapes technological selection, hemareong the various technologies solving
problems, the best is selected. Technologies ageefttre always improving. Technology
historians see technologists’ judgments as agentshé users. Third, sociologists often see that
technology is evolving and that a community is ired in the selection process; however the
communities’ definition is often broad. They ofte@e needs based on a political process, with a
bandwagon characteristic. In the social contextigdaConstructivism in Technology (SCOT)
argues that all technology is socially constructa] consequently it reflects a certain groups
interest rather any technical or economic crité@anstant, 2000). The fourth is composed of the
economists who study how technology fits user neeshsl that this market is the main
community for the study of technology (Nelson, 2D0this research work is positioned between

the first and second group of scholars.
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Technology as Practice

In the previous session, we have asserted thatdémy cannot be isolated from its cultural and
socio-economic boundaries. In this section, we wdt more abstract seeing technology as
practice. Firms exist to develop technological picid through its production processes (Mokyr,
2000). Members of the firm in the past, often merslmd the same family — jointly carry the
technique of production. Each time the firm produtiee goods it specializes in; it acts as the
vehicle of that technique. Even though this guilditure has changed since the industrial age
when control and ownership were separated, the Imsdeowever still valid with a varying
structure. Furthermore, we can additionally thirikkexhnology not only as a technique is not

only a vehicle, but also an interactive structurénthe environment (Mokyr, 2000).

This leads us to see technology as “practice ardengtanding” (Nelson, 2000). Practice is
actually the selection process, and understan@pgesents how users understand the technology
and the community of technologists. Therefore, hil general the understanding could be
unified, the selection process as a practice cbeldlifferent (Nelson, 2000). Therefore, what
evolves in technology is information not artifa¢Eeck, 2000 Ch 18). Since what matters for
evolution are ancestor-descendent lineages, teapical change could therefore be interpreted
in terms of combinations of cultural units (mem&pfstant, 2000). In that context, the selection
of information occurs in technology through theiabprocess embodied in recursive practice
(Constant, 2000). This recursive (could be businesgineering, financial or juridical) practice
yields reliable and valid knowledge, and with tinttee product of knowledge and practice gets
better (Constant, 2000). Following this line ofdight, smaller steps of business practices lead to
radical breakthroughs. Consequently, even breaktm® can be viewed as incremental
innovations. This way, evolution is justified (Ctest, 2000, pp. 224). “Recursive practice is
then highly effective process in technology’. WHeablves in technology is information and
reliable knowledge. Consequently what really mattir inheritance. As a result, technology
evolution is about descent and the various modifinatechniques. Recursion in technological

practice, leads to increasingly reliable and vihdwledge (Constant, 2000).

When thinking about practice, however, we shouktalint the rationale behind the practice.
Rationale according to (Constant, 2000) has twonmnga. Thefirst is that technological design

and practice is a logical or deductive enterprlsethat context four variations are proposed:
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Science finds, industry applies (Wrong); Technolb@g its own logic (wrong, or not proven);
Search for solutions to technological problemsagidally complete (wrong); Technological
problems are logical amenable to algorithmic capt(wrong) (Constant, 2000). Tree=cond
meaning interprets technological practice as imeat purposeful and goal directed; therefore
technological change is neither fully rational moational in the sense of an ignorant uniformed
process. Instead, the process is a-rational irsigidgt are the product of blind variation and
selective retention (Constant, 2000). Consequetiiy evolution of technology could be
following neither the Darwinian nor the Lamarckitnacks; it is rather a set of selection of

processes, not one model in all its details (Canis2900).

DNA is the main method of replication for biologicaganisms. How can this DNA model be
paralleled in our context? Fleck (2000) answers tuestion by asserting that technologies
require knowledge that is stored tacitly in skillgdrkers. Pacey (1983) called for a broad notion
of ‘Technology Practice’; therefore, technology kkbbbe resumed in a practice, such as the
practice of medicine (Fleck, 2000). According te@®g it is all tied to cultural values. Artifacts
are not just pure material; they are an embodineérituman and organizational practices and
procedures. Therefore the notion of learning-byidoiand learning-by-using to generate
knowledge will be central to our forthcoming argunhef the evolution of those practices. As a
consequence, products and technologies themseivestfit the Darwinian evolutionary theory,
because according to the authors it is like foaisin the “bones and ignoring the soft tissues”.
Knowledge is then the key. (Fleck, 2000)

Knowledge

Knowledge inside any environment, consists of ideasten reports categorized as either tacit or
explicit knowledge types, like that embedded im&i employees (Mokyr, 2000) This type of
knowledge is the main element that governs the utemlary structure (Mokyr, 2000). In
Dawkin’s (1976) definition, a unit of that knowleslgs labeled ‘meme’. This structure of the
environmental knowledge constrains firms’ traitschiaracteristics but does not fully define it
(Mokyr, 2000), technology is only a subset of us&fiowledge. The term knowledge therefore
does not only represent scientific knowledge bsb ahcludes a larger set of business practices
that make a certain technology selection (MokyQ@®O0 This view is consistent with that of

David’s introducing learning-by-using and learnimg-doing (Arrow, 1962) hence, supporting
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this knowledge based view of the firm. Furthermdre,asserts that organizational capabilities
contain complex forms of knowledge that no one Isingdividual can comprehend or hold
(David, 2000).

Mokyr (2000), Constant (2000) and Stankiewicz (20&l0concentrate on knowledge base of the
firms and their core competencies. Therefore a msntke unit behaving like a gene from an
evolutionary perspective. The problem here is thames do not distinguish between ideas and
practices; which is really important (Fleck, 2000he survey questionnaire used in our analysis
however solidifies the link between the technoldgyowledge and practice. This view therefore,
will be a mirror to the real world interaction (\Mdenti, 2000), which includes the various
organizational aspects (Nelson, 2000; FairtlougBp0). Another issue when using this
knowledge-based view is that it lacks the humannege While the survey questionnaire
overcomes such an issue it remains to acknowldugeknowledge is necessary but not fully
sufficient however (Fleck, 2000)

Technology as Practice and Knowledge

From our previous analysis it becomes clear that gbcio-economic, cultural and technical
knowledge are all significant in technology praetids a result we can abstract technological
products as historical fragments of human and ketiterprise (Burns, 2000). It is important
therefore not to isolate developing technologi@snfrtheir social environment, and the social
groups within which they try to fit (Burns, 200Qpstitutions are a perfect carrier of such a
knowledge-based setup, where for instance “teclgndd evolution can be altered by
institutional changes that bring knowledge anddfglof different social groups into the variation
selection replication cycle” (Burns, 2000). Accarglito (Burns, 2000), memes are major players
motivating technological change. They compose #gous components of human knowledge
and the collective activities of various human g®uincluding crafts guilds, industrial
corporations, R&D and the various institutions. r&fere, the technological evolution cycle
highly depends on memes or techno memes in thedéxgical context (Burns, 2000). On the
demand side, the evolutionary perspective is albgets’ accumulated knowledge and about
linkages between services of tools and wants. Tiseadlarge amount of historical evidence that
societies often tried to avoid hardship labor byaating technical progress (Mokyr, 1990;
Cordes, 2005).
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1.4 Major Research Hypothesis

Based on the above this research work will addtes$ollowing major hypothesis:

H1: The HT sector has matured and we are currentligyessing a renewal and transformation

phase, following the trajectory of the electrorsestor (Robertson et al., 2009).

H2: The innovation strategic context for LMT in leagieconomies will be as advanced as its
HT sector (Robertson and Patel, 2007). This levél me similar as well in Catching up

economies, but with a lesser magnitude then inregagconomies.

H3: An evolutionary approach using phylogenetic trisesppropriate for the classification of Sls

and for the reconstruction of history from an evioloary perspective.

The following chapter will address the approachkdetogy used for each hypothsis.
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Chapitre 2 RESEARCH APPROACH AND MAJOR HYPOTHESIS

2.1 Research Objective

The objective of this research work is thereforedpture the main differences between the HT
and LMT, and test whether the sectors are undeggairy transformation or renewal processes.
Second is to introduce the national systems ofvation and test if the national systems of
innovation play a key role into those sectoral dyita. The third and final is to add the time

dimension by capturing the evolution of those gyst@f innovations and test if they match the

findings of the first and second hypothesis.

2.2 Theoretical Framework

The theoretical framework governing this researohkwollows that of Malerba (2004). In that
framework the various agents operating in the batied of the Sectoral and National systems of

innovations are presented.

Figure 2. 1 Theoretical Framework based on Malerb2004)
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In figure 2.1, the sectoral system is presentedhleyvarious sectoral agents, including firms,
customers and institutions. Institutions can be egomental, or academic and financial

institutions. Those entities are presented frokm@awvledge based view. This knowledge based
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view allows, knowledge circulations between theia#s agents. This disembodiment of

knowledge permits us to understand the systemoivation from an evolutionary perspecive.

Table 2.1 identifies the factors that explain thearetical framework. The same factors are used
to address the three major research hypothesis. faator will hold a different label in different
chapters to fit the scene of the paper\chapter.th@rsake of simplicity, | hereby will use the
naming convention used in chapter 5 labled numfvera 1 to 32 for each factor associated to
explain its origins in the litterature following Nésba (2004).

“Evolutionary theory provides a broad theoretitamework for the concept of sectoral systems
of innovation” (Malerba, 2004, p. 14) because ihcels the sectoral dynamics that include
learning and knowledge (Factors : 3,4,6,9) at #mter of the analysis. Where for instance, the
interactions between those various entities leadsettoral dynamics and growth that later leads
to sectoral evolution and transformation as preskint the arrows in figure 2.1. Of course, those
sectoral boundaries are also nationally boundedréffbre, this whole theoretical framework is in

close interaction with the national systems of watmns those sectors are located.

Consequently, various cognitive aspects affecti¢hening process (Nelson, 1995; Dosi, 1997;
Metcalfe, 1998). Agents or population of agents sareject to bounded rationality. Hence their
rationally bounded decisions are contained and dednby various factors that include
technology, knowledge base and the institutionaitext in which agents operate (Malerba,
2004). Sutton’s (1991, 1998) taxonomy for instatadees into consideration the inability of the
firm to control or foresee factors that are beyarfdm’s ability to invest in a certain technology
or not (Von Tunzelmann, and Acha, 2005). This argnirsupports the ‘bounded rationality’
paradigm. Hence, it supports the randomness ofatami that characterizes the Darwinian
evolution. Knowledge therefore is able to redefseetors boundaries (Factors: 28,29), and re-
shape the innovation process. Additionally, knogkedoes not diffuse automatically and freely
between firms (6), but has to be absorbed throingé (Malerba, 2005). As a result firms facing
the same environment, share the same set of |lggpaitterns, organizational forms and behavior
(Malerba, 2004). Consequently, following an evalnéry argument, sectors should differ clearly
(Pavitt, 1984) across those various factors we hatkr introduce. Evolution, as discussed, is
generally about variation and natural selectionlekba (2004, 2005) identifies the evolutionary

approach on three basic axes: variety creatiormiftdogies, products, and firms), replication



25

(promoting inertia and continuity) and selectiorediicing the variety and discouraging
ineffective utilization of resources). Variety ctiea includes products (Factors: 15,16),
technologies (Factors: 7,8,14,26), institutionsc(es: 10,11,12,20), firms, strategies (Factors:
17,19,25,30,31,32) and behavior. The severity lafcien is sector dependent (Malerba, 2004).

Consequently, new knowledge and technologies aatex (Factors: 2,4,5,6,7,8,9) (Nelson and
Rosenberg, 1993) thus contributing to sectoralesystlifferentiation. Additionally, new firm
entry, with new products, technologies (Factor:,2Bhow-how, knowledge, as well as
universities (Factors: 3,4) and sectoral institngi@add to this sectoral differentiation (Audretsch,
1996; Geroski, 1995; Malerba and Orsenigo, 1999ns€quently, the evolutionary approach
that reinforces the notions of selection and vwrigéneration considerably better explains
industrial dynamics and sectoral transformatiors@dtoral systems (Factors: 24,27,28,29). The
evolutionary approach also includes beliefs, objestand expectations (Malerba, 2005).

This co-evolution and transformation of sectorastegns could occur on the technological
regime, learning regimes or patterns of innova(idialerba, 2004). Innovation activities might

shift from a Schumpeter mark | to mark Il or vicersa. The knowledge base might change
incrementally (Factor: 18) or radically (Factor:)2m the case of incremental increase (Factor:
18) in the knowledge base, a dominant design ermenge large enterprises dominate (Utterback,
1994). In the case of breakthrough knowledge, hewawew technology producing firm entries

are encouraged (Jovanovic and MacDonald, 1994;masland Anderson, 1986; Henderson and
Clark, 1990; or on the user\demand side,Christerseth Rosenbloom, 1995). Therefore

according to Malerba (2004), this co-evolutionarggess is sector specific and affects various
elements including technology, demand (Factors, 1h2 knowledge base ( Factors: 3 to 9), and

learning processes, as well as firms, non-firm pizgions and institutions.



Table 2. 1 Factors explaining the theoretical frameork

26

Factors \ Chapters, Papers & Variables

Chapter 3 (1st paper
Variables)

Chapter 4 (2nd
paper Variables)

Chapter 5 (3rd
paper Variables)

1-Nature of customers and of their needs

Customer and product operation Cust_Expert_H5 ANEXp 1
Customers needs complexity Cust_Need_H5 ANComp 2
2- Technical knowledge production mechanism

Intensity of knowledge production through univ. Univ_KnowInt_H7 ANUnNiv1 3
Sectors contribution to scientific knowledge Univ__KnowCont_H7 ANUniv2 4
Sectors systems integration Sup__Know_H6 KTSys 5
Knowledge productiothrough interactio Know__Firms_H: KTOut 6
Technologies build on latest technologies Know_Tech_H4 KTStabl 7
Firms reliability on a stable tech. base Know__Depend_H4 KTStab2 8
Knowledge accumulation from inside the firm Know_Grad_H4 KTIn 9
3- Factors influencing innovation in firm’s sector

Reg. approval critical for commercialization Gov__Regu_H9 IReg 10
Time and resources deter me too innovation Comp_Regu_H8 IReglm 11
IP protection to capture value Comp_Val_H8 P 12
General Purpose Technologies (GPT) Tech_GPT_H3 KGpt 13
Utilization of diff. tech. in firms products Sup_Tech_H6 ANSupp 14
Products interconnectability Sup__Ext H6 ANMod 15
Products dependability Sup__Trans_H6 ANStd 16
Cost reductio Strat__CostScale_t ANCostSc 17
Process innovation Strat_ProdProc_H1 ANInnov 18
Cost based competition Strat_Cost_H1 ANCost 19
4- Resource inflows and growth in the sector

Government allocating resources Gov_Res_H9 IGov 20
Ease of startup funds Strat_Fund_H1 ANFin 21
Sales growth Strat_Sales_H1 DGGrowth 22
High sales growth through new niches Strat_Niche H1 DGNiche 23
5- Competitive dynamics in the sector

Comparative high pace of change Comp_Change_H8 DGPace 24
Entry with breakthrough innovations Comp_Prod_H8 DGEntry 25
Rapid advancement of technological frontier Tech_Speed_H3 ETTech 26
Unpredictable transformation by externalities Strat_Trans_H1 ETTrans 27
Sectoral boundaries redefinition Tech_Sect H3 ETRedef 28
Anticipated sectoral development AbCp_H2 ETDev 29
Incumbent competition Comp_Rival_H8 DGichal 30
Competition eroding advantage Comp_Advant_H8 DGRchal 31
Cost Competition Comp_CostSub_H8 DGCost 32
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Case studies of high technology (HT) sectors restewy Malerba (2004) demonstrate the
following. Interaction between knowledge (Facto&:to 9), actors (Factors: 1 to 9) and
institutions (Fators: 10,11,12,20) shaped the diguof the system of innovation in the
pharmaceutical sector. Weaker protection (Factd®;11,12) induced imitative strategies
(Factor: 11), and stronger ones led the Italianeges industry to disappear in this sector
(McKelvey et al, 2004). Oligopolistic structures started in thée¢em sector due to the
separation of telephony and broadband. However,ctrerergence motivated a fluid market
structure, with new actors and users (Factors: Opgn standards were created and new actors
rose such as ISP and ICRs the telecommunication sector (Edquist, 2004pv@h of software
products emerged due to the role of open stand@astor: 15) and open source approach,
various licensing agreements emerged in the sadtwsactor. Generic products that hold
customization utilities (Factors: 14,15,16) haveeeged. Internal firm specializations (Factor: 9)
emerged to this need for providing highly custorbiegproducts (Factors: 15,16) in this sector
(Steinmueller, 2004).

Case studies of low and medium technology (LMT)t@scalso reviewed by Malerba (2004)
demonstrate the following. Technology (Factors:, 148 demand, markets and institutions
shaped the co-evolutionary process in the chersmetbr (Cesaroret al, 2004). Environmental
issues further shaped the co-evolutionary procasshis sector. Developed countries have
observed the rise of environmentally safe produ@svernments (Factors: 10,20,21) imposed
regulations (Factors: 10,11,12) to minimize podati Firms in the sectors used process
innovation (Factor: 18) to make their products geze Demand from advanced customers
(automotive, aerospace and defense) (Factors: sh@ped the machine tools industry, thus
incremental innovation became dominant. PatentiRgctors: 10,11,12) has been growing
strongly in recent years. Furthermore, computeerdts became more needed in this sector
(Wengel and Shapira, 2004).

Mowery and Nelson (1999) study the long-term evotubf various sectors over time and across
countries. They demonstrate that co-evolutionancgsses differ greatly across sectors. Some

are motivated by sales growth (Factors: 22,23) radlical product development (Factor: 25),

! Internet Service Providers (ISP) & Internet Conferoviders (ICP)
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while other sectors are mainly dependent on teclywes (Factors: 7,8,14), demand, institutions
and firm organization as well as strategy. Thiscpss of co-evolution between the different

sectoral agents is sector specific and path deperiitialerba, 2004).

2.3 Data Description

Data used is the data collected throughtout the BMp¥oject (2005-2007). The MINE project

survey’s main goal was to identify the various wagdue is created, and captured. Hence, the
scope of analysis included orgniaztional policigsategies, innovation management practices,
and R&D structures. The aim in this strategy ordyers the sectroal dynamics. Therefore out of
the multiple sections included in the survey, dhly first section addressing the context of firm’'s
innovation in firm’s own sector is examined. InttBaaxis are examined throughout this research
work. The first is Demand, second, is knowledgedpotion mechanisms, third is factors

influencing innovation in the firm’s own sectorsufth, the resource inflows and growth in the
sector, and finally fifth, the dynamics occurrimgthe sector. As previously explained the factors
included in that part is based on Malerba (2004¥sceptualization of the sectoral systems of
innovations. Data is crossectional and does notesddthe historical factor. Since the data
perfectly fits the first two research hypothesis time element is not included to provide the
historical dimension. Section 2.4.1 will addressg first two hypotheses. Section 2.4.2 will

address the missing time dimension to the dataxbynining the phylogenetic trees approach.

It is important to mention that the sizes of firar® diversified. The following tables (2.2 and
2.3) will show the number of firms with the resejpecfirms’ sizes in the studied samples used in

the study.



Table 2. 2 Firms’ sizes in Leading and Catching Ups

Criteria Leading Catching Up Total
Count 120 45 165
Small (<100) % within Employment Category 72.7% 27.3% 100.0%
% within Industrialization Category 39.2% 18.8% 0.
% of Total 22.0% 8.3% 30.3%
Count 43 62 105
Medium (>100 & <500) % within Employment Category 41.0% 59.0% 100.0%
% within Industrialization Category 14.1% 25.9% 3%.
% of Total 7.9% 11.4% 19.3%
Count 143 132 275
Large (>500) % within Employment Category 52.0% 48.0% 100.0%
% within Industrialization Category 46.7% 55.2% B0.
% of Total 26.2% 24.2% 50.5%
Count 306 239 545
Total % within Employment Category 56.1% 43.9% 100.0%
% within Industrialization Category 100.0% 100.0% 0010%
% of Total 56.1% 43.9% 100.0%
Table 2. 3 Firms’ sizes in HT and LMT
Criteria HT LMT Total
Count 92 137 229
Small (<100) % within Employment Category 40.2% 59.8% 100.09
% within Sector Category 33.7% 29.6% 31.19%
% of Total 12.5% 18.6% 31.1%
Count 54 85 139
Medium (>100 & <500) % within Employment Catega 38.8% 61.2% 100.0%
% within Sector Category 19.8% 18.4% 18.9%
% of Total 7.3% 11.5% 18.9%
Count 127 241 368
Large (>500) % within Employment Category 34.5%) 65.5% 100.09
% within Sector Catego 46.5% 52.1% 50.0%
% of Total 17.3% 32.7% 50.0%
Count 273 463 736
Total % within Employment Category 37.1%) 62.9% 100.09
% within Sector Category 100.0Y 100.0% 100.09
% of Total 37.1% 62.9% 100.0%
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2.4 Research Methodology

2.4.1 Comparative Approach (H1 & H2)

In order to address the first two major researgboliyeses, t-test of equality of means are used in
order to carry out the comparisons between thewuarsystems of innovation and with respect to
the five identified axes (Shown in Table 2.2). Wiéispect to major research hypotheses H1 and
H2, the methodology used, with the data descripioexplained in details in the methodology
sections of each of the chapters 2 and 3 respéctives previously explained, the research work
will be using the first section of the Managing dwation in the New Economy (MINE) survey.
This first section addresses the innovation coriteitte firm’s own sector. Since each chapter (2,
3 and 4) will be handling the data a bit differgntlue to the difference in the theoretical
frameworks proposed, Table 2.2 introduces the suelements, with its variable names. This

way a unified view for the reader will enable fugtlhunderstanding of the results and findings.

The answers on the survey are presented in a Likeate from 1-7, where 1 denoting the
respondent ‘totally disagree’, and 7 denoting ttgtagree’. The first hypothesis will be tested by
including 736 firms of the MINE database. The Hpresented by 273 firms, and the LMT of
463 firms. The second hypothesis needed to idetitdycountries where firms are located. Some
firms had the countries missing, therefore wereonsd from the database. Consequently, the
total number of firms reduced from 736 firms to 5#fs to test the second hypothesis. In that,
HT leading economies were represented by 111 fifrhe. HT Catching up economies, by 88
firms, LMT leading economies by 195 firms, and fipd.MT Catching up economies by 151

firms.
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Table 2.4 below presents the sectoral\economiegaes@gtion matrix.

Table 2. 4 Sectoral\Economies segmentation

HT HT
Leading Catching up
111 firms 88 firms
LMT LMT
Leading Catching up
195 firms 151 firms

Sectors representing the HT include the ICT ineigdielecommunication and information
technology firms, pharmaceutical and biotechnoldigms, and the aerospace. The LMT is
represented by the manufacturing, automobile, pug paper as well as the services sector.
Leading economies are presented by Canada, Fradkcand USA. Catching up economies are
presented by China, Taiwan, South Korea and Peews Was included to represent Latin
America, since it exhibited unprecedented growtlhia year 2007 that amounts to 9% due to

aggressive govrnmental trade liberization stratégease see www.cia.gov).

Axis one, targets the nature of customers and ttesds. This axis is presented by two questions.
The first addresses the extent by which customergige significant expertise about the firm’s
product operation. Furthermore, it addresses thmeptexity of customer needs in the second

question.

The second axis addresses the technical knowledmgugtion mechanism. It addresses, the
intensity of knowledge production through:- the gemaic field, the magnitude of data, papers
and ideas to academic research, the integratisgpsdéms and equipment, the interaction between
firms, building on other firm’s technologies, rdliaty on a stable technological base, and finally

through the gradual accumulation of knowledge froithin the firm.

The third axis addresses the factors that influemoc®vation, in the firm’s own sector. It

addresses how critical the regulatory approvabisttie commercialization of new products, the
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time and resources needed to limit imitation sg&® the role of intellectual property to enable
firms capture value from innovations, the geneyalit application of the technologies produced,
the variety of technology used in the firm’s owroghucts, the inter-connect ability of the firm’s
products with others, the reliability on many othechnical systems, the cost constraints and
reduction mechanisms, and finally the role of psscennovation compared to product

innovation.

The fourth axis addresses the resource inflowsgrodth in the firm’s own sector. It addresses
the governmental allocation of resources to supgsearch and innovation, innovative startup’s
ability to access funding. Growth is addressed tigressing the comparative sectoral growth
compared to other sectors, and the sales growththat firm’s own sector.

The fifth and final axis addresses the strategid aompetitive dynamics in the sector. It
addresses the pace of change compared to otherssectarket entry for competition due to
innovative products production, the rapidity by efhthe technological frontier is advancing, the
external factors forcing unpredictable transformdi the sectoral boundaries redefinition, un
anticipated significant sectoral development, inbant challenge, rivalry strategies, and finally
the attacks by low cost substitutes.

The data used in the survey holds a main disadgansathat it is subject to the agency problem.
For instance the respondents might be encouragvfoly a certain answer or not, or due to
competition or position in the company agents migbit be very encouraged to give the most
accurate answer. Furthermore, the perception afegondents could be different throughout the

questionnaire for the different firms, thereforenight lead to some variation in the answers.

The advantage of this questionnaire is that it Section perfectly address the factors used to
analyze any generic system of innovation. Hencdabtrs used perfectly fit the main research
guestions. Moreover, the questionnaire addressesegens, and opinions, therefore
respondents answers could be easily be transfotmediture memes subject to evolution (The

third research hypothesis H3)
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2.4.2 Phylogenetic Tree Approach (H3)

Before proceeding with the methodology used to douhie phylogenetic tree, a general
introduction aims to give a general view of thelsoased in evolutionary economies to address
the various policy, and micro economic issues.JVolionary economics simulation is greatly
useful when studying complex socio-economic behavibe main advantage of simulations over
analytical methods, is that it is not bound by ¢aists (Nelson, 1982). One main disadvantage
of orthodox modeling is that it does not take intmsideration, the model's time dependence.
Due to this, simulation in the field of Industri@arganization (I0) developed to be a widely used
tool for researchers, policy and decision makexaniples of simulations from the field of 10 are
numerous, for instance, (Malerba, Nelson, Orseaigh Winter, 2001) implemented a simulation
model to understand the dynamics of competition iaddstrial policies and its effect on the
computer industry. The researchers targeted asttitamd intervention policies that aim at
protecting new entrants in a given industry. Thedeiahey built takes into account several
variables that affect firms’ decision, such aspt&ing strategy, R&D cost, and advertising
expenses. In the same vein, (Malerba and OrseBifil) have studied the market structure and
regulations, and how they affect the pharmaceutnzhistry using an innovation history friendly
model. The study indicated a low level of concdrdgrain the aggregate market, and highlighted
the importance of innovative firms to foster thdustry’s overall innovative capacity. Moreover,
the study showed that the role of innovative finsi@ffected by demand growth, together with
the increase in technological opportunities. Onghatents side, the study showed that an increase

in the patent protection, leads to greater cona#otr.

In addition to the above growth models, game théay been widely used to model the strategic
behavior of firms with respect to R&D managemenan@ theory is one of the tools used by
Industrial Organization (IO) economists to underdtdehavior of firms and industries as a
whole. Before the emergence of game theory, 10 @mists used industry analysis or cross
section regression studies to analyze firms/indess(iShaprio, 1989). Game theory, according to
Shapiro (1989), is the only coherent tool of lodicatudying strategic behavior of firms. The
application of game theory touches various fielflsc@ancern such as: investment in physical
capital, investment in intangible assets, stratemintrol of information, horizontal mergers,
network competition and product standardizatiomtiarting, and others. In what follows | will
target the use of game theory to model the strateghavior of firms in R&D.
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With respect tanvestment in R&Das R&D is considered an intangible asset, investsnesn
generate intellectual property, or know-how thatrigcial for enhancing the competitive position
of a firm. Funding of R&D is an important exampleivesting into the firm’s intangible asset
(Shapiro, 1989). Park (1987) investigated equilibriR&D investment, for firms that hold
different innovation potentials. In his model heswawsed a two-stage game, with two players
(firms).  With respect taCollaboration in R&D Katz (1986) has analyzed the effects of
cooperative research. In his analysis, member fagree to share the costs and benefits of a
research project before undertaking it. Katz (198@gstigated the Nash perfect equilibrium of
the game, by using the backward induction methodthé game formulation, the number of
players can include up to N number of players @xmBefore competing in the stage of
production, each firm choose its level of R&D whilsing as given the parameters of any
cooperative research agreement. If a firm doesowimit to the cooperative research agreement
it goes on its own and bears all of its R&D cositdirms use the cooperative agreement, costs
are shared among firms (Katz, 1986). Prior to chmpgheir R&D levels, member firms in the
cooperative R&D chose the R&D cost, and the outpharing rules, while taking into
consideration the equilibrium of the development gmoduction stages respectively. In the
membership stage, n-firm agreement maximizes tthestny profits. Firms will form an industry
wide agreement if side payments with compared tonbseship decision are feasible (Katz,
1986). If we examine the output and welfare effexftthe four stage game, it is noted that the
cooperative research agreement can have coupldéfemfise on welfare. First, the agreement
motivates sharing between partners, and lowersstpenditures needed to achieve a certain level

of R&D. Second, the agreement affects equilibrierrel of effective R&D.

Amir (2003) used game theory to develop a two-stagdel ofProduct market competition and
R&D. The prime aim of the model is to provide an iptiegeneralization of previous results
targeting the comparative performance of coopezativd non-cooperative R&D within research
joint ventures (RJV). The model, takes into consitien the structure of the profit maximizing
R&D cartels. This model handles the case wheresfiommpeting in a product market, jointly

start to cooperate on R&D expenditures, as wal&snal spillovers.

With respect tdiffusion of a new technologiReinganum (1981) has modeled diffusion of new
technology. She considered an industry that cansistwo firms that use the best technology.

An assumption is that both firms are operating asiNequilibrium output level (Reinganum,
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1981). The model assumes that a given time, anvatiom is announced. This innovation will
enable reduce firms costs and consequently inciiesapeofits. Consequently, both firms should
take the decision whether to adopt the technolagyob. The strategy adopted is based on two
basic factors: the amount of discounted cost optadg the new technology, and the strategy of

the other competitive firm.

In what was presented, models start with a preddfset of rules\parameters that the modeler
chooses. Those models are quit efficient to undedsthe impact of policy formulations from an
evolutionary perspective. However, those modelsnoarserve us to understand historical
occurrence, or for any classification purposesoBepresenting the proposed methodology, it is
important to note that if we non-carefully examthe innovation phenomenon from a bird eye
view, one might seem encouraged to think it isearely random, due to the complexity of the
innovation process. Such a stand is the same tieatan defend with respect to any chaotically
observed phenomenon. Chaos theory states thatrdeistic laws can finally breed apparently

unpredictable structures (Stewart, 2003).

While the deep emergence in chaos theory is nodatkén our context, mentioning it only
clarifies that in the mid of apparently chaoticajatome hidden apparent structures are still there
to exist. The question is just how. Data colleatedross sectional meaning the absence of any
historical data. Evolutionary biologists face tteeme problem. They collect huge amounts of
DNA structures and try from that cross sectiondhdauild evolutionary structures. The main
tool is by building phylogenetic trees. Building ybgenetic trees can therefore serve in
classification of species, as well as to study elaelution of species characteristics across the

evolutionary tree.

One of the most widely used techniques used totearisphylogenetic trees is parsimony.
Parsimony methodology advocates the use of thenmaimi number of evolutionary steps in order
to come up with the best tree that presents afsgata. It is important to mention that for the
more number of species\firms we have, the higherniimber of trees to be tested in order to
come with the most parsimonious tree. For instafare? species we need 1 rooted tree. For 3
species, 3 possible taxonomies should be tried.species can be represented by more than 34

million trees (Felsenstein, 2004). The PHYLIP saitev can solve this algorithmic problem to
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solve problems with high number of species (Likeour case, 500+ and 700+ firms illustrated
before).

Let us consider 3 firms, with 4 characteristics.afoteristics are coded in binary format. ‘0’
highlights a characteristic that does not existileva ‘1’ an existing character. For 3 firms, 3
taxonomies are available as in the Table 2.5 below:

Table 2. 5 Firms and characteristics table

Firms\Characteristics Char1| Char2 Char3 Char4

Firm A 0 0 0 0
Firm B 1 1 0 0
Firm C 1 1 1 1

The number of trees space is calculated by thedmnﬁ% where n is the number of firms

(Felsenstein, 2004). The first 10 firms, shownragx@ample are presented in Table 2.6 below.

Table 2. 6 Species and number of trees (Source: Felsenstei®02)

Specie\Firms | Number of Tree
1 1

2 1

3 3

4 15

5 10t

6 94t

7 10,395

8 135,13!

9 2,027,025
10 34,459,42
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Figure 2.3 shows the 3 possible taxonomies foetfirens with a rooted tree.

A B c A C B B C A
1
1
1 1 > 4
2 2 43 2 3
3
4 1
2
6 Evolutionary steps 6 Evolutionary steps 4 Evolutionary steps

and the most
parsimonioustiree

Figure 2. 2 Three tree taxonomies: represents daia Table 2.5, where the tree on the extreme rightsathe most

parsimonious tree with 4 evolutionary steps.

For the first taxonomy (Extreme left in figure 2.3Ye assume all characteristics start from 0
status. In other words, each characteristics Insidting is O (or does not exist). Starting with
characteristic 1 at the root, firm A will remainWhile B and C will change status from 0 to 1.
Therefore, we mark 1 on the C branch, and 1 orBtheanch (2 steps). Moving to characteristic
2, same as characteristic one, A will stay 0, whiland C will change status from 0 to 1 (2
steps). For characteristics 3 and 4, only firm d whange the status from 0 to 1 (2 steps).
Therefore the total number of evolutionary step8 steps, to represent the 3 firms (A, B and C),

with the 4 characteristics as shown in Table 2.5.

If we examine the middle taxonomy, it is intuititehave the same number of evolutionary steps
as the first taxonomy since, the branch alignmend, the data representation is an exact mirror
like. Therefore, Characteristic 1 will take 2 stegsaracteristic 2, 2 steps, while three and faur,

step each resulting in two additional steps. Tiueeethe total number of steps is 6 steps, as well.

If we consider the last taxonomy (extreme leftg ttumber of steps will be different due to the

change in the tree taxonomy. In the third casesesfirms B and C share the same change for
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characteristics 1 and 2, it is enough to place tseoond to the root. This saved two additional
steps needed if they were separated as the pretwaugaxonomies. Changes occurring to
Characteristics 3 and 4 however, are a sole craistot for firm C; therefore it always adds two

steps. Therefore the total number of evolutiondeps in that case is 4 steps. This taxonomy

(extreme right) is the most parsimonious tree.

In other words, if we take the tree at the left, @@ see that it takes 6 evolutionary steps to
represent data in Table 2.5. The best method tbthpoevolution is to start by characteristics.
The first characteristic (char 1) is representedddyand 1 for firms A, B and C respectively. In
this example, we assume characteristics changesdtaim 0 to 1. So to represent Char 1, Firm
A, has a ‘0’ implying no change in status. However,the same characteristic, firms B and C
both hold 1s. That needs two steps. The same goeshéracteristic 2, A keeps the 0 status,
while B and C change their status, that needs tWditianal steps. For characteristic 3 and 4, only
firm C needs to the status from 0 to 1, and thateeadditional 2 steps. The total steps then for
the overall representation of characteristics ibl@&.3 for the first taxonomy is 6 steps. Now we
move to the second taxonomy (the middle one). &t tase, if we follow the same process, it
will result in 6 evolutionary steps as well. If vigllow the same process for the third (on the
extreme right) taxonomy, this will result into 4cdwtionary steps. Therefore the last tree is

selected as the most parsimonious tree, in thespaee representing data in Table 2.5.

This solution is informative. If we look to figu&3, we can see that firms B and C, are the most
similar, and that is what is coined the “commonretialerived characteristics” approach. As we
have seen, firm A did not witness any change in@rgracteristics, where it stayed in a 0 status
for all characteristics. This makes firm A quittdiguishable from firms B and C. Firms B and C
however, they went through more common changestefdre, when constructing the tree, the
taxonomy that separated A the most, and groupeddB @G the closest, was the one with the
minimum number of evolutionary steps. The first tta@onomies (the left and the middle), put
firm A together with firms B, and C on the same &wénch respectively. For this reason, it took

more evolutionary steps, showing that this is hetdptimum taxonomy that represents the data.

Furthermore, assuming common ancestors, chardaierisand 2, are common between firms B
and C. Therefore the characteristics had to goutfiroone change only, since the taxonomy

allowed having these changes at the root. Theretbese characteristics did not have to go
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through any changes at the final branch tips. Thé#te reason why this technique is suitable to
classify the firms, as well as to understand thelwion of characteristics across the most

parsimonious tree.

2.5 Research Approach

This research will be conducted in three main st&épe first major hypothesis (H1) will aim to
highlight the differences between, and the dynamicsiT and LMT. This will enable us test the
first major hypothesis (H1):

H1: The HT sector has matured and we are currentligyessing a renewal and transformation

phase, following the trajectory of the electrorsestor (Robertson et al., 2009).
The first major hypothesis will be the focus of @teax 3.

The second major hypothesis (H2) aims to highlitiet differences between the two sectors,
LMT and HT, with respect to leading and catchingagonomies. According to Robertson and
Patel (2007) and Mendonca (2009), economies ergelii HT are most likely to excel in LMT.
This will enable us test the second major hypoth@4?):

H2: The innovation strategic context for LMT in leagieconomies will be as advanced as its
HT sector. This level will be similar as well in €€hing up economies, but with a lesser

magnitude then in leading economies.
The second major hypothesis will be the focus cdyiiér 4.

The third major hypothesis will be rather explorgtand will serve to analyze the National and
Sectoral Systems of Innovations (SI) from an evoh#try perspective. The evolutionary
approach will serve to assess the classificationSksf and to reconstruct history from an

evolutionary perspective. This formulates our tlardl last major hypothesis (H3):

H3: An evolutionary approach using phylogenetic trisesppropriate for the classification of Sls

and for the reconstruction of history from an evioloary perspective.
The third major hypothesis will be the focus of Gtea 5.

The comparative approach will be with respect tee fsectoral systems of innovation axes:

demand, knowledge production mechanisms, varioctera affecting innovation in the studied
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sectors, resource inflows and growth in the seatat finally dynamics in the sector resulting
from various competitive strategies.

The five axes will constitute the selected varialitem the ‘context of innovation in your sector’
section in the MINE survey questionnaire (Pleassk ltable 2.2). The first axis will target
demand, including the nature of customer and theeds. This axis addresses the customer’s
expertise, and complexity of needs. The second aXlsaddress the knowledge production
mechanisms. In this axis, knowledge production rae@ms include knowledge generation from
the academic field, through systems integratiot@rifirms interactions, or gradual accumulation
inside the firm. The third axis will include then@us factors influencing innovation in the firm’s
own sector. This axis include regulatory approvatgellectual property protection (IPP),
products inter-connect ability, process\producboiation and cost constraints. The fourth axis,
addresses the resource inflows and growth in tme’diown sector. In that axis, government
support to Research and Development (R&D), eastaofup funds and sales are addressed. The
final and fifth axis will include the strategic amodmpetitive dynamics in the sector. This axis
addresses the pace of change, entry, incumberivascompetition, cost competition, as well as
sectoral transformation and redefinitions. Tablé Bereafter present the various axes, and

variables used with the corresponding variable rsaiméhis research work.

The first research questiontargets the main differences between HT and LMiih wespect to
the above-mentioned axes. Chapter 3 addressessthe$earch question, and the major research
hypothesis (H1) The second research questionadds a second dimension to the sectoral
systems of innovation. In that, two supranationadugs\economies, leading and catching up
economies, are compared with respect to the twimrseand the same axes. By this, | aim to
understand whether national systems of innovatamtribute to the differences found between
the two sectors or not. This will mark the introtlao of the second major reseataypothesis
(H2). Chapter 4 addresses the second research queshienthird research question will
investigate the differences between the two syswnnsnovations (National and Sectoral) from
an evolutionary perspective using phylogenetic tealysis. Such a technique enables us to
classify and understand the characteristics ofditelonging to both systems of innovations.
Furthermore, the technique enables us trace cleaistats, and their evolution in a stepwise
fashion. This will address the third and last magsearchypothesis (H3) Chapter 5 addresses
the third and final research question.
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2.6 Important Remarks, Limitations and Some Critiques

Before proceeding to the research work it is imgurtto address some important remarks,
limitations and critiques. Some of the critiquegto$ research work address the broad definition
of HT, versus LMT. Of course the HT can hold seleharactersitics. For instance it is currently
the most targeted for growth, often concerend ittduct innovation, holds R&D expenditure
more than 5% of business revenue and others. édietliefinitions are viable. For the time being,
sectors characterized with all the above are tlmteBhnology, Pharamaceuticals, Telecom and
ICT and Aerospace. Such a broad definition is basedhe OECD classification used for
instance by the Australian Government, Departen@ntnnovation, Industry, Science and
Research for year 2008. Same applies to the Low Madium techs when the Australian
government launched a recent research study aduyebe LMT sector. Of course this highly
aggregate form holds some disadvantages, sinae# dot address sectors specifities. However,
such an approach enabled addressing the sectatatien in a much precise way. That is, when
dealing with evolution, in an ecosystem, the larier population of firms is, the more adequate
the result of the evolutionary tree is. This wa® af the main reasons going through such a
highly aggregate sample. Furthermore, while sutlaggregation might not offer the accuracy
needed when performing case studies for instamee,approach is usefull addressing policy
related issues, like the ones presented in Res@alady (2009).

It is also important to mention that while labeliHF as a provider of tools and materials; here |
am addressing the technologies produced by theliThat context, | refer to the important
seperation between technology and products (Fr&ffi9). According to Freddi (2009), this
anaytical speraration is important, since « praslaict not overlap with technologies, but can be
instead seen as expressions and embodiments obtegres » (Freddi, 2009, pp549). Therefore,
technologies should be thought of as bodies of kedge. Consequently, the emergence of new
products « can distroy existing ones, the same doeapply to the same extent to technologies »
(Freddi, 2009, pp549). As a result, while of ceuksT products are dependent on LMT ones,
and vise verca, | argue that technologies, as bagfi&nowledge, are generally transferred from
HT to LMT.

It is also important to highlight that since thissearch work is addressing a wider sectoral

spectrum, some counter examples exist due to itidyraggregate approach. For example, when
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stating that the HT firms are generally focused daveloping GPTs, it is argued that the
pharmaceutical industry does not provide any simgélication that rate as a GPT. But here,
again we are addressing products vs. technolof@ssure GPTs, cannot be argued to offer
general purpose products, rather, they offer tbrnelogies that have the ability to diffuse to
other sectors. Examples of which is the biotechywlon food processing and computerised
cutting in clothing (Freddi, 2009, pp551).

When assessing the customers and complex neesglsmiportant to mention that some products
provided by the ICT like Google, iTunes, Facebooll athers could be generally perceived to
address simple needs. However, the complexity ofahel lies in other hidden factors, like
performance, search time, and accuracy in the ch$google, and that differentiated it from
other search engines. The general simple needing gecial networks has hidden embedded
needs like privacy, security, and database handéolgnologies that become extremely complex

if one considers the numbers of users associated.

The thesis follows a comparative approach. Whenpeasimg HT to LMT, | do not address one
characterstic of one sector on the absolute leVherefore, the analysis should be more
considered from a comparative, relative stand,amofbsolute one. For instance, a hypothesis
supporing the fact that LMT is more dependent dfaboration than HT, have to be considered
only in relative terms. For instance, it is notwable that HT highly depends on this kind of
collaboration. However, when compared to LMT, | bgpesized that LMT would be more
dependent on collaboration, as a vital activitye tluthe nature of the industry in general, and its

inability to aquire knowledge with other expensiweans.

Since the analysis provided hereafter is primaltiigsed on Malerba (2004) theoretical
framework, it does not address the role of MNCdests importance (Malerba, 2004, pp 34).
The importance of the MNCs lies in the cross bowglemeration of innovation and knowledge

flows, together with offshore investement in R&D.

Another final critique is regarding the terminolog§ leading and catching up conomies. It is
important to mention that the process of catching isi a highly dynamic process. The
terminology of catching up in this research worldr@dses the process from an innovation
perspective rather from a pure economic standthEumore, the terminology is highly relative to

the leader and follower. For instance, if we takeit8 Korea as an Example, it is a leader with
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respect to some emerging and other catching upoedes such as Brazil, while in a catching up
position, when compared to leading economies swchtha United States. This is from an

innovation perspective.
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3.1 Abstract

In the past decade, innovation studies have mémalysed on the high tech (HT) sector due to its
soaring return on investment, and the critical iblglays building new economies. As a result,
the innovation literature focus has deviated fréwe traditional, low and medium tech (LMT) to
HT sectors. This study, among a series of recgnilflished work, stresses the importance of
LMT sectors from an innovation perspective. Ressliggest that a renewal and transformation is
occurring to both sectors. LMT is shifting towadiferentiation, while HT is increasing its cost
awareness dimension. Furthermore, HT firms aregubwoth the linear model of innovation as
well as the open innovation model. Firms in LMT ttla@e generally conceived to be supplier
dependent are enhancing their internal knowledgedymtion mechanism to support their
differentiation strategy and are still the usertbé general purpose technologies that HT
produces.

Keywords -Pavitt taxonomy, Product innovation, Process inriimrg Knowledge production,

Open innovation, Linear model of innovation

3.2 Introduction

After the Second World War, the US government Igpécial attention to various strategic
industries. The most important of which were: de&ersafety and health (Bruland & Mowery,
2005). This focus materialized by increasing gowerntal spending to foster Research and
Development (R&D) in the targeted sectors. As aegoment intervention policy, R&D
industrial funding became more rooted in the dgw@lent of the various target industries. This
laid the definition of the ‘Linear Model’ of innotian; a model that relies in its core premises on
boosting internal R&D to invent new technologie®nSequent to this Schumpeterian (Mark 11)
movement, the HT sector evolved rapidly to incllaee incumbent firms. Those firms were
R&D centric, and basically created demand througkirt radical innovations. Pushing
technologies and educating the customer base,thvemraain ingredient of those large firm’s core
strategic directive. This Mark 1l era, typicallyom 1945 to 1980, was characterized by weak
formal protection. Not a surprising assertion irdle#nce most of the firms at that time depended

on secrecy, due to the linear model of innovati@ytgenerally adopted.
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In the early 1980s, as a prime reaction to the weak of protection and the increasing role of
venture capitalism, new firm entries increased éiiually. Small Medium Enterprises (SMES),
that were often seen as non-threatening startedve wf creative destruction. This wave led to
what is coined ‘The third industrial revolution’ g§erberg, 2005). Radical products that
primarily depended on specialized knowledge, ceaenew breed of firms. Firms that were
knowledge driven managed to threaten the existehtarge well established, incumbent firms.
This turbulent, extremely dynamic environment i&ey characteristic of new, HT industries
compared to LMT mature industries. This somehovepahdent rise of the HT sector, created a
sector that has distinguished, unique charactesisticompared to the classical LMT sector. At
the beginning of its rise, the HT sector was sulreated to serve major governmental projects.
Later, due to the convergence of technologies hadise of standards, the applicability of HT
products became wide, and covered all non-govertaheontracts and sectors. As a result,
bidirectional dependability emerged between HT a&MT, where the former became the
supplier of the later. To put it simply, the HT s®ctook the role of the main supplier, and the

LMT sector the user’s role.

LMT is classically regarded a lagging sector inmerof growth, innovation and various other
economic indicators. Recent studies, however, detrated that LMT is currently witnessing a
major renewal and strategic shift. In the year 2006@ OECD (2003) reported that the Low
Technology (LT) sector alone, contributed to mdrant 32% of global manufacturing exports
(Mendonca, 2009). Growth in LMT is highly noticeablFor instance, in 1969, the total
production of machine tools represented 9M$ (Lid Bnookfield, 2000). In 2006, according to
Gardner Publications (2007), this amount has reh8tieB$ (Chen, 2009).

Our results suggest a renewal in LMT accompanietutiper adjustments in HT firms’ strategy

both in the firm and external to the firm leveldielTpaper is organized as follows; Section 1
includes a short review of the pertinent literafutee theoretical framework and the research
hypotheses. Section 2 presents the survey datmettfeodology used, the selection of variables,
how they relate to the research hypothesis andttiberetical framework. After, the paper

explores the primary results in Section 3, andl®ied by a detailed discussion that includes
the validation of hypotheses and implications fritra results in Section 4. Section 5 concludes

with future research work projected.
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3.3 Theoretical Framework and Research Hypotheses

The theoretical framework of the paper will addreagous factors divided into two groups. The
first group of factors is firm specific and thgecondgroup addresses external factors (with
respect to the firm). The first group will includéhe firm’'s strategy, absorptive capacity,
technology and knowledge management processesseldomad group will include the influence
of customers, universities and government as exttemtities to the firm. Figure 3.1 shows the
conceptual framework, based on which hypothesesl@reloped. The study will be carried out
on the firm level and the two views (from withindaoutside the firm) are presented. Figure 3.1
shows the interactions and dependencies betweendiffexent agents considered in the

theoretical framework.

EXTERNAL
Cuslomers, ENVIRONMENT
Suppliers < >
SUmniversilics

_

Innovation

Knowledge [« /

Strategy

Y

‘lechnology

FIRM

Figure 3. 1 Conceptual framework
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3.3.1 Firm specific factors (from within)

3.3.1.1Strategy

LMT firms are traditionally focused on cost basdchtegy. This mature sector has already
developed its major breakthrough innovations angpitaized on them. Later, the sector was
primarily focused on enhancing the manufacturing services processes altogether. With severe
price competition, firms fighting for survival ifat sector have started to shift their strategies
from cost driven strategies towards differentiatisinategies (Robertson et al., 2009; Von
Tunzelmann and Acha, 2005). Differentiation is iealrout by putting more focus on product
quality and enhancing the manufacturing procesdewtaintaining competitive prices. Classical
examples include, the use of software programsotdrel manufacturing tools, and the use of
database programs to manage inventory, in manufagtéacilities. As a result, firms in LMT
created a demand to the HT sector to provide théim tlve necessary technologies. This is a
phenomenon that created a sort of dependabilityd®st the two sectors, LMT as the user, and
the HT serving as the supplier. This dependabaig not evident in the early 80s when the third
industrial revolution was still in its early begings. This strategic renewal on the firm’s level is
due to two main factors. The first is the matuwefycertain technologies provided by HT that
could be exploited by LMT firms. The second is th&ture of those technologies that are
generally fit for deployment in LMT. This categonf technologies was labelled ‘General
Purpose Technology’ (GPT). GPT is defined as aneldyy that helps change, in a radical way,
existing technologies (Freddi, 2009). GPT is cleslr the output and the maker of industrial
revolutions. For instance, the steam engines, ate@madical innovations, ICT products are all
considered GPT. The HT is the product of the thirdustrial revolution, characterized by
producing GPT (Fagerberg, 2005). The ICT for instams constantly explored by LMT to
enhance its information systems, and is an exaofpdeGPT. It is important to note that General
Purpose Technologies (GPT)s are technologies tnat the ability to spill out of their home
industries to other older industries (Von Tunzelmaand Acha, 2005). Consequently,
technologies defined as GPTs “Often have the ptigseof being able to become pervasive,
through their take-up in one industry after andti{&reeman and Perez, 1988; Freeman and
Louca, 2001). Industries able to drive that kinddghamism are therefore considered GPTs

(Helpman, 1998). As a result, it can generally bestdered that ICT is considered a GPT. This
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is evident from the innovation that ICT spills ovfeom its own sector to other classical LMT
sectors that are heavily dependent on their owdyms. ICT managed to diffuse in almost all
sectors in our society that range across the variow and medium technologies like textile,
chemicals, automobile manufacturing and so on. &lmdustries adopt the various ICT products

(such as software, hardware, telecommunicationpegemt) in their manufacturing process.

HT firms are usually focused on differentiation d@odus (Viardot, 2004). This is natural since
those firms’ main competitive advantage is to pdevisuperior technologies, to serve other
sectors (including the LMT). Consequently, unlike LMT that is cost centred, HT firms focus
on R&D investment, and protecting their innovatigeas. Differences in firm objectives across
the two sectors, is definitely a key factor inflegrg the variability of strategy formulation and

execution. This brings us to our first hypothesigting to firm strategy:

H1: Firm StrategyFirms in HT follow a combination of focus and difatiation strategy, while
firms in LMT are cost focused. Firm in HT are protiinnovation focused, while in LMT firms
are process oriented (Ghosal and Nair-Reichert92@antamaria et al., 2009; Heidenreich,
20009).

3.3.1.2Absorptive capacity

The firms’ ability to identify, activate and manageternal sources of knowledge for success is
what is generally referred to as the firm’'s absweeptcapacity (Cohen & Levinthal, 1990).
Increasing a firm's absorptive capacity increagssawareness of market and technological
trends. This assists in predicting future developimengages into various forms of innovation
through the combination of various accumulated Kedge. As a result, search strategies should
align with a firm’s own absorptive capacity. In LM& generally stable industry, innovation
success is dependent on firms’ absorptive capé&mitysed on the market input (from customers
and competitors). In contrast, innovation successHT firms is dependent on the absorptive
capacity focused on deep technological knowledgeexpertise (Grimpe & Sofka, 2009).

On the one hand, LMT firms enhance their absorptaeacity by hiring resources that support
the firm’s search strategy, focused on market inR@sources usually include personnel with
generalist profiles, in the various financial arethnological areas. For instance, on the
technological side, when studying Taiwan’s macho@ industry, Chen (2009) found that the

industry depended heavily on trained engineerssé&lemgineers were the principal ingredients of
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their firm’s absorptive capacity. Furthermore, tivegre key elements in the knowledge transfer
process. On the other hand, HT firms, whose comapetitive advantage is technological
superiority, are expected to be more focused ohlyitgchnical staff with deep technological
knowledge in their field of expertise. This depdpnitiy is obvious when examining the market
mobility trends, and the way HT firms attract higlvained, research oriented technical resources
in their R&D departments. That in mind, we state second hypothesis on absorptive capacity
as:

H2: Firm Absorptive Capacityin HT, firms are gradually accumulating knowledgenfi within,
while firms in the LMT benefit more from externadlaboration and interactions. Furthermore,
firms HT search strategy should be better duedo thore efficient absorptive capacity (Grimpe
& Sofka, 2009).

3.3.1.3Technology, Knowledge and R&D management

Technologies can be developed in house, or acquitetl us first examine technology
acquisition. Technology acquisition can take sdvésams: through the use of Mergers and
Acquisitions (M&ASs), Licensing Contracts (Inward drenology Licensing-ITL), formal or
informal cooperative modes of R&D together with labbrative networks agreements on
technology activities (Tsai & Wang, 2009). ITL's meacharacteristics are: helping a firm to
lower its cost and allocate extra focus on markgetia own technologies; facilitate technology
acquisition, since the supplier might not be wdlito sell the technology; decreased competitive
advantage, since other firms could be using theeseohnology (Zahra et al., 2005). It was
however found by Tsai and Wang (2009) that ITL doessignificantly contribute to a firm’s
performance in LMT. The main difficulty referred by the authors is the integration between old

and new technologies.

According to Tsai & Wang (2009), outsourcing andetising technologies might penalize
technological innovation. First, firms should clgadentify their core competitive advantage to
choose the right suppliers. If not, firms run ahhigsk of inefficiently utilizing their outsourcing
and licensing agreements. Second, the misidengifgih potential technological problems can
clearly lead to false choice of patents rights.aAesult the technological integration process is
mismanaged. Finally, firms might be lacking exsertin outsourcing activities. As a result firm’s

absorptive capacity should be properly engineayezhsure the maximum gains from technology
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transfer and acquisition especially if the knowlkedgquired is complex and tacit. As external
technology acquisition triggers organizational fé@ag, the absence of firm’s internal knowledge
process development is an obstacle. As prior irs@oR&D increases a firm’'s absorptive
capacity, in turn it enhances the external techmoblcquisition process.

In LMT, firms are highly dependent on externalizikgowledge intensive processes. This is
primarily due to two reasons. First, the daily matof the knowledge needed is generally not
intense and is often centred on process innovailiberefore, even with the internalization of
technology development, the return on that formnohousing is humble. Second, in the case
where highly intense knowledge is needed, exteinglithe development, through one of the
externalization mechanisms if obviously more ecoicors a result, firms in LMT traditionally
seek knowledge from identifiable, limited sourcesf experts in their industries that are usually
HT. For this reason, technological competitive adage decreases, since competitors absorb the
same knowledge from the same sources.

Externalization necessitates technology fusion.hfietogy fusion is the integration of the
various sources of knowledge to produce one tedgyo{Kodama, 1992). In his study, Freddi
(2009) excludes the role of IT in the fusion pracbased on the fact that IT is regarded in LMT
as a separate body of knowledge. Accordingly, tbe of IT as an example of GPT in LMT
should be ignored. This statement cannot be geredafor all segments of IT, where for
instance it neglects the role of open source sofiwhat can allow changes to its core
architectures and embodiment of knowledge in ite donctions. Consequently, it could be
argued that the role of IT, as a product of HT WTL is evident, both to enhance process
innovation and to serve as a fusion medium to Hr@us technological sources in the LMT. This

brings us to our third hypothesis on technology:

H3: Firm Technology:In HT, firms are generally focused on developingTGRvith high
modularity. In contrast, firms in LMT are focusedproduce systemic products and technologies,

based on technologies offered from suppliers.

As a result, interdependence occurs between theséwtors, where LMT generates the demand
and HT acts as a supplier that fulfils it. Thisemtlependability is of significant impact on both
sectors. For instance, if LMT decreases its demBiidwill suffer a tremendous decrease in its

revenues, putting at risk its in-house R&D. Andcsirthe LMT is generally positioned as a user
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(Robertson & Patel 2007), and the HT as the pragduddT could be seen as one of the main
factors influencing the HT innovation diffusion pess. Therefore, an increasing technological
adoption by the LMT, results in higher diffusiortas for the HT innovation. The ability of the

LMT sector to diffuse innovations enhances its bdg of adapting the innovations to their

internal use. In the same vein, this puts morespireson HT to produce configurable, modular
products to markets. This phenomena of adaptatfoconfigurable products, added more to
LMT price competition wars. It enabled the sectorcompete on design, functionality and

quality (Sanatamaria et al., 2009).

This shift and renewal phenomena occurring at th&T Lfirm level is motivated by the
increasingly sophisticated tastes driven from maéonal expansion, while maintaining high
standards for safety and regulations provided bgrmational and governmental regulators. This
can be witnessed in the Food, Drink and TobaccoTjHDdustry. For instance, in studying
patenting activities, Mendonca (2009) found that #hood, Drink and Tobacco (FDT), is
witnessing an unprecedented growth in patentintyiies. This recent growth is explained by
the change in tastes due to the internationalizatibthe industry, where tastes became more
complex, diversified and with the general directfeenhancing the standards for safety and
regulations. Generally it was found that patentgeha stronger impact on firms in HT than in
LMT, and that the effect of the patent portfoliaesiis highest in HT, compared to that of the
LMT. However, Lichtenthaler (2009) found that theatity of the patent portfolio is higher in the
case of HT than that of LMT.

Patenting is one way of appropriating firms’ R&Dv@stments. The OECD classifies industries
according to the percentage of investment in R&hwespect to turn over. According to OECD
(1994), HT firms are generally investing more t&f in R&D, while LMT less than 5% and LT

invest less than 0.9% in R&D. This typically loweastment in R&D explains the LMT’s low

intensity of R&D and the marginalized importance kifiowledge appropriation through

patenting, like that found in the paper industrh@Sal & Nair-Reichert, 2009). This in turn has
affected the likelihood of the LMT sector to briagy radical innovations, and increased its
propensity to further invest in process innovatiomyre tied to learning by doing, or learning by
using (Lundvall,1988) or further including learnify interacting, learning by producing and
learning by searching (Lundvall & Johnson, 1994jisTis confirmed by Chen (2009) who shows
that the main value creation in LMT is primarilyedto craftsmanship, learning by doing, training
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and experimental knowledge. This is a contrasth® BT that is mainly focused on radical
innovation and formal R&D activities.

When considering knowledge, apart from technoldlyicgpecialized firms, customers generate
ideas and solutions that are tightly integratedhwite problem being faced. Their knowledge is
tacit and is difficult to evaluate. In contrastaiwstomers, R&D organizations and universities are
extremely theoretical and their knowledge is usuallbit distant from the application. As a
result, firms in HT are always faced with adaptatissues when using university based
knowledge. Despite this adaptability requirementjsi found that collaborating with R&D
institutions is more likely to exhibit a higher deg of innovativeness, a reason why HT are the
main beneficiary of the explicit knowledge develdpey formal ties with universities and
research labs. Due to tacit nature of the knowlexigellated, LMT firms use imitation strategies
with a leakage risk. In that context, suppliers am@onsiderable source of knowledge, providing
various components of the final product (Grimpe &ka, 2009). Consequently, firms in LMT
seek market knowledge and are more inclined t@vollhe open innovation model, while HT
generally follows the linear model of innovation avl the R&D is the main seed of innovation
in that sector.

This externalized vision of knowledge acquisitioroddens the scope of knowledge search
(Grant, 1996), as in LMT. However, it does not allihe necessary depth of knowledge search to
create unique radical technologies. This is a eshtto HT that is characterized by the necessary
breadth of knowledge search to diversify its tedbgical frontier, together with the required
depth, to provide distinguished breakthrough intiovs. This mix of breadth and depth search
distinguishing the HT differentiates the sectorhwé remarkable return on R&D. Depth and
breadth search strategies can be found in the wfoklursen & Salter (2006), Katila and Ahuja
(2002) and Grimpe & Sofka (2009). Our fourth, aast| hypothesis of the section is thus:

H4: Firm Knowledgein HT, the primary source of knowledge development isrivake and from
collaboration with research institutes and universi Patenting activities are the form of formal
R&D output for HT. For LMT, the primary source ofndwledge development is from
collaborating with customers, and suppliers (Saatéaret al., 2009; Tsai and Wang, 2009). This
form of collaboration in LMT encouraged learning 8ging and learning by using (Lundvall,
1988).
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3.3.2 External to the firm factors (from outside)

Chesbrough’s (2003) open innovation model emphaglze role of external actors to enhance a
firm’s innovation performance. There are four idiged interconnected factors by Chesbrough
(2003) that push toward the direction of open iraimn: increasing mobility and availability of
skilled workers, venture capital market making fsiadailable for entrepreneurs, external options
to introduce new ideas, increased capabilities xderaal suppliers. The first two points

characterize the HT sector, whilst the two latatrads the LMT sector.

On the one hand, various studies focusing on imdlisiusters have identified various factors
that lead to such agglomerations. The increasedilitgobf skilled workers has certainly
increased the competitive advantage of the vawtusters in different continents. As initiated by
Saxenian (1994) in Silicon Valley, this can be wgsed in Ottawa, Montreal, Cambridge, etc.
This availability of skilled workers has been foutml be attributable to the proximity of
universities, competitive and complementary firimsthe firm’s own cluster. The majority of
those relatively new clusters were dominated by HW&ctors, which often include
telecommunication, biotechnology and aerospaceh&umore, a number of studies like that of
Niosi (2003) have targeted venture capital and hbwnotivates innovation in the various
clusters, and examples are extremely wide for Hhdithat depended heavily on venture capital

to grow from a small size to a large enterprise.

On the other hand, this informality in knowledgeansfer and production added to the
dependability on external agents as users with asogemands has contributed positively to the
various LMT industries such as the automobile inguéCarlsson, 1995; Chen, 2009). These
interactions between LMT and complex users’ demandseased the competence of LMT,
through the various means of learning, and probsamiving techniques addressing complex
users’ needs. The constant interaction between [ikiis and their clientele not only affected
mastering technological ‘process innovation’, gableveloped those firms’ market intelligence,
learning from their customers the latest technalalgand market trends. These issues raise the

next four hypotheses concerning customers, sugpligiversities and competitors:

H5: CustomersHT firms are serving customers with more complerdse while LMT firms
depend on their customers to provide expertise tapmduct’s operation. Furthermore, it is

expected that LMT would be relying on technologresduced by LMT. Technologies offered by
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HT to LMT are modular products to fit their exigiirenvironment. Therefore, technologies

acquired by LMT customers are developed to fit apens of other technical systems.

H6: Suppliers:In LMT, knowledge and technologies are acquiredulgh interaction with
external entities, such as suppliers and custorirdirms are less dependent on suppliers then
their peers from LMT (Chen, 2009; Heidenreich, 200hile HT could be seen as entrepreneur
dominated, the LMT is supplier dominated. H6 aimsamfirming Pavitt (1984) taxonomy.

H7: Universities: In HT, firms depend more on collaboration with warsities, than LMT.

Consequently HT firms are expected to bring intem&nowledge in the academic fields.
H8: CompetitorsHT firms depend less on collaborating with compatithan the case of LMT.

The role of government is historical, and uniquehea development of HT. This role does not
have the same effect on LMT at present. One resstrat governments are mainly focused on
industries that provide higher returns on investmbigher GDP and employment rates. While
there is evidence of the failure of governmentitedly provide innovation to the industry, the

supporting role of government in Taiwan has meabsarsuccess (Chen, 2009). This brings us to

our last hypothesis on the role of government:

H9: Government:Governments are more focused on the HT due todtsmanic benefits.
Consequently, governments offer HT firms more resesiand more tools to regulate and protect
firms’ technological edge. This focus is expecethe less for LMT.

Of course, hypotheses from “within” (H1 to H4), airdm “outside” (H5 to H9) are full of
commonalities that are complementary in nature idl$@/ seen in Table 3.1. The purpose here is
to give a clear picture of the interaction betw#dsnfirm and its environment. This interaction in
our view is based on knowledge sharing, and tedgyohcquisition between the various entities

in the model presented in figure 3.1.
3.4 Data, Variables and Methodology

3.4.1 Data

A survey questionnaire was sent to more than 90@sf(in the scope of project MINE) of which
736 were considered in our analysis. The questiontargeted five areas addressing the context

of innovation of the firm in its own sector. Thesti regards the nature of customers and their
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needs. The second focuses on the nature and estestientific and technical knowledge
production. Thirdly, the factors that influence awation at the firm’s own sector are examined.
The fourth presents the resource inflows and grawtthe sector. Fifth, the firm’s strategic and
competitive dynamics in its own sector is explorEde answers are based on a Likert scale from
1 to 7. At one end, ‘one’ denotes that the respohdetally disagree’, at the other end, ‘Seven’
implies a ‘totally agree’ response. The details dascription of each factor in the corresponding

area is explained in the next section.

The study is thus based on firm level data. AlinBrare sorted according to their primary
activity, and are also confirmed by their North Aman Industry Classification System

(NAICS). The questionnaire is targeted to firmsvarious industries, and countries. Countries
include Canada, China, USA and others accountin@@3%, 19.8% and 14.9% respectively of
the total sample size. Industries include all higth firms such as the ICT (including

telecommunication and information technology firmpharmaceuticals and biotechnology as
well as aerospace accounting for 56%, 31% and E3fectively. All other sectors are identified
as LMT in our analysis, they include manufacturiagitomobile industry, pulp and paper as well
as services (including banking, insurance and dionguservices) accounting for 12.5%, 7.3,
7.1% and 72% respectively. In our database, thecefisists of 273 firms, and LMT of 463

firms.

3.4.2 Variables

This section presents the variables and how theyribote to the validation of our research
hypotheses. Table 3.1 highlights how each entiégg@nted previously in Figure 3.1, is linked to
our research questions. Of course each variablgomels primarily to one or more research
question, and provide us indirectly with complenaentinformation about the rest of the

qguestions. The resulting matrix is presented ind atl.

Please note that in table 3.1, each axis, hasptaultariables. Each variable primarily addresses
one of the entities in the conceptual frameworkkedrin bold with a boldx'. A variable can
give indications regarding other variables and othgotheses too, and this is marked with a
regular 'x’. The name of the variable is compossddalows ‘a_Hb’, where ‘a’ is the primary
entity\variable, and ‘b’ refers to the hypothesisnber.



57

Customers¥Firms in the survey were asked about the natutéedf customers and their needs.
Two questions were asked regarding this issue siagedirst, to which extent customers provide
a significant expertise about how the firm’s producperate (Cust_Expert H5). Second, firms
were asked to identify the complexity of customegeds (Cust_Need_H5).

Government:Firms are asked on the role of regulatory approtalscommercialize their
technologies (Gov_Regu_H9). Firms were later asieedther time and resources are needed to
obtain regulatory approvals, and whether this @scerevents the imitation process
(Comp_Regu_H8). Furthermore, the question of hawllactual property protection facilitates
the value captured from innovation is also congide(Comp_Val H8). The last question
addresses whether the government allocates suifficésources for firms to perform R&D and

innovation in general, or not (Gov_Res_H9).
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Table 3. 1Linking Variables to Research Hypotheses

Axis Variables Cust. Gov. Sup. Comp. Uniy. Know. Tech. tratggy Ab. Capacityf
Cust_Expert_H5 X X X X
Customers
Cust_Need_H5 X X X X X
Univ_KnowInt_H7 X X X
Univ__KnowCont_H7 X X X X
Sup__Know_H6 X X X X X
Knowledge Know__Firms_H4 X X
Know_Tech_H4 X X X X
Know__Depend_H4 X X
Know_Grad_H4 X X
Gov__Regu_H9 X
Comp_Regu_H8 X X X
Comp_Val_H8 X X X X X X
Tech_GPT_H3 X
Factors
) Sup_Tech_H6 X X X
Influencing
Innovation Sup__Ext_H6 X X X X X
Sup__Trans_H6 X X X X
Strat__CostScale_H1 X
Strat_ProdProc_H1 X X X
Strat_Cost_H1 X X X
Gov_Res_H9 X X X
Resource
Strat_Fund_H1 X
inflows and
Growth Strat_Sales_H1 X X X X
Strat_Niche_H1 X X X X
Comp_Change_H8 X X X
Comp_Prod_H8 X X X X
Tech_Speed_H3 X X X
Strat_Trans_H1 X
Strategy and
. Tech_Sect_H3 X X
Competition
AbCp_H2 X X X
Comp_Rival_H8 X X
Comp_Advant_H8 X X X X
Comp_CostSub_H8 X X

Supplier: Firms are questioned about whether their new tolgies are built on the latest
technologies of firms in the sector. Two questi@iress whether the firm use different
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technologies in their own products (Sup_Know_H®@)j & the operation of the firm’s product
relies on other technical system operations (SuphTid6). Finally two questions will address
the external environment to the firm (Sup_Ext H&)d ahow it forces unpredictable

transformations (Sup_Trans_H6).

Competition: Competition is explored from various angles. Fiestquestion is asked whether
interactions between the various firms in the saewor result in new technological knowledge
(Know_Firms_H4). Second, a firm is asked whetherdppropriation of knowledge succeeds in
minimizing the imitation strategies by firms (Coniegu_H8), and whether seeking this kind of
appropriation sustain the firm's efforts to captwalue from innovation (Comp_Val_H8).

Furthermore, firms were asked various direct qoastiwith respect to their competitors. One
area addresses the frequency of entry of rivals doe new innovative products

(Comp_Advant_H8), and its effect on the pace ohmémal change in the firm’s own sector
(Comp_Change_H8). The rival position versus incumbdirms is further explored

(Comp_Rival_H8), and whether those dynamics eradembent advantages including lost cost

substitutes or not (Comp_CostSub_H8).

Universities: The role of universities is explored by two direptestions, the first addresses
whether the knowledge production process in thelawmé&c domain is intense and addresses
directly the need of the firm in its own sector (WrKnowint_H7). The second addresses the
contribution of the firm and its sector to academ@search via papers, data and research ideas
(Univ_KnowCont_H7).

Knowledge:Knowledge is addressed in various questions irsthreey. In terms of knowledge
production, questions are addressed to firms onthehetheir knowledge is the result of
accumulation inside the firms (Know_Grad_H4), or asprocess of externalization by
interactions with other firms (Know_Firms_H4), awusters (Cust_Expert H5 and
Cust_Need_H5), or universities (Univ_KnowInt_H7 ahkbhiv_KnowCont_H7). Knowledge
appropriation is also addressed, as well as iecetin firm’s strategy. Of course since knowledge
touches every entity in our model, secondary infdram could be derived from most of the
questions. For instance, asking about the utibrabf cost reductions to increase the scale of
operations implies that this demands a specifi@e tgp knowledge but the question does not

address knowledge directly. Therefore, in table Babwledge (as a vertical category) is marked
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for most of the questions when another part oftéiide addresses knowledge directly (as an axis
in its own right). The relation between knowledgel dechnology is examined by the variable

Know_Tech_H4 and Know_Depend_H4 tests dependability

Technology:Technology can be investigated as an embodimernoWwledge. Therefore the

majority of questions addressing knowledge willsmme extent touch technologies as well.
However, technologies are addressed directly irethmain areas, integration (Sup_Ext H6),
modularity (Sup_Tech_H6) (Sup_Trans_H6), and ienidy as a general purpose technology
(GPT) (Tech_GPT_H3) for some sectors. Consequewthgther the technologies produced by
the firm are used by a wide variety of applicati@ams of interest, notably to distinguish firms
producing GPT from those that do not. Questionsrexiihg the above are captured from 4

different questions in the axis labelled ‘Factorfuencing innovation’.

Strategy: Strategies shape and get shaped by the varioumdaacluded in figure 2.1 and the
reason for these strategic directives can be sdnsedthe majority of factors presented in table
1. The main 3 general strategies firms would follawe: cost (Strat_CostScale H1)
(Strat_Cost_H1), differentiation (Comp_Prod_H8) @wcus (Strat_Niche_H1). From an
innovation perspective, product and process inmowva(Strat ProdProc_H1), linear or open

model of innovation could be added in the strategientation of the firm.

Absorptive CapacityThe well being of absorptive capacity is examitie@dugh a question to
firms addressing their knowledge about significadetvelopments in their own sector. This
indicates the firm’s ability to search for knowled@gAbCp_H?2).

3.4.3 Methodology

This paper tests for the equality of means betwé#Erand LMT. The original sample size is 273
for HT firms, and 463 for LMT firms. To assure tb@nsistency of results, given the inequality of
the sample size, the 463 sample is divided intoramalom samples of 273 (Split half 1) and 190
(Split half 2) firms. Consequently, the same télstét are conducted on the original samples are
also executed on the divided LMT sample (Split Ha#fnd Split half 2) with respect to HT. This
methodology will help identify any discrepancy rigisig from the different sample sizes with
respect to test’s results and implications. Theilltesare included in Table 3.2 across all three

samples will ensure the conformity of results.
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In order to use the t-test for different sampleesjave should first analyze the data to test if the
two samples follow a normal distribution. Commonsts$efor normality of data are the kurtosis,
and skewness test. The values of kurtosis and sesnare found to be around ‘0’ and are in the
interval [-1, +1]. Therefore data is normally distrted. Consequently, Levene’s test is used to
test the equality of variances, between the twopsesn In the Levene test, i£p.05 then the t-
test for unequal variances and unequal sampleisinsed. If p>0.05 then the t-test for equal

variances and unequal sample size is used.

Table 3.2 presents the results of the t-tests qaakty of the means between HT and LMT and
are analysed in the next section. Results front-tests illustrate the significance of the results
by a 2 tailed representation. Consequently, theltaed of the 2 tailed representations is divided
by two to ensure the interpretation on a one taslesle. Those are the values presented next to
each factor in Table 3.2. In Table 3.2, non sigalfit p values are labelled (NS) and are
shadowed. This presents in general, which fact@® wonsistent across the three samples, and
which were not. In the ‘Split Half 1’ and ‘Split H&2’. NS factors are highlighted similarly. For
each of the three samples (Original samples, dg@lit 1 and Split half 2), the first column
represents the mean response for the HT sectosettend column represents the mean response
for the LMT sector, the third column shows the pueaof the test for equality of the mean and

the fourth column shows the significance in terrhstars, four stars being the most significant.

3.5 Results

For Customersaccording to the analysis of means, all threts tegpport the fact that HT firms
dominate LMT firms in the complexity of customereds (Cust_Need_H5). This is however
false when customers offering expertise to firnesetamined (Cust_Expert_HS5). In Split half 2,
the difference is not significant for the samplel 60 firms. From that, we can primarily highlight
that HT firms are serving more complex clients thizat of LMT firms. However, firms in both

sectors are closely aligned with their customedeeBorknowledgefindings demonstrate that

HT is much more dependent on explicit knowledgeltesy from research labs and universities,
if compared with the LMT (Univ_Knowint_H7 & Univ_KewCont_H7). This reveals the close
relationship between HT firms and universities awhdemic institutes, and their dominant
reliance on the classical linear model of innovatidcSeeking new knowledge, compared to the
LMT, firms in HT benefit tremendously from interamis between the various firms in their own
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sectors (Know_Firms_H4). Systems integration andutayity are more intense in HT than in
LMT (Sup_Ext H6 & Sup_Trans_H6). Consequently thepehdency on suppliers is high
compared to LMT (Sup_Tech_HG6). One striking reguthe significant difference between LMT
and HT when the firm is asked about is reliancetten same stable technological base. LMT
relies far more than HT on a stable technologicadeb(Know_Depend_H4). This shows the
dynamic nature of HT compared to the technologyoaature LMT. Another, consistent result is
that firms in both sectors produce knowledge basedgradual internal accumulation of
experience (Know_Grad_H4). All results are consister all factors in the three comparisons.

This highlights the consistency of all finding réswg from this knowledge axis.

Factors influencing innovatiom the firm’s own sector provide interesting resuFirst, it was
expected that HT will advance the LMT sector whemparing the importance of regulatory
approvals. Our findings suggest that LMT and HThbs¢ek regulations (Gov_Regu_H9), and
that regulations limit imitative strategies in batctors (Comp_Regu_H8). Those results confirm
recent findings that suggest that LMT firms arerently seeking regulatory approval ever more
than before due to, for instance the more aggressaalth regulations imposed by governments
and the international communities. Those findings eonsistent across the variants of the
sample, suggesting certain robustness. HT, as gehowed higher deployment of intellectual
property protection (Comp_Val_H8). HT firms are mdikely to capture value from innovation
using IPs than their peers in LMT. In terms of mladty, integrations, interconnectivity, results
of HT exceeds that of the LMT (Sup_Tech_H6, Sup_B®& Sup_Trans_H6), supporting the
previous argument that suppliers in the HT aredalstuntegrating various components into their

products and hence depend on their suppliers ipribeess of product development.
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ORIGINAL SAMPLES SPLIT HALF 1 SPLIT HALF 2
Axis Variables HT  LMT HT  LMT HT  LMT
N=272 N=46: P/2 N=27¢ N=27¢ P/2 N=27¢ N=19C P/2

Customers Cust Expert H5 52: 4.9/ 0.0068 ** | 52; 4.8 0.006% ** | 527 501 0.059( NS
Cust_Need_H5 581 520 0.0000** | 581 513 0.0000*** | 581 529 0.0000**
Univ Knowint H7 | 4.95  4.41 0.000( *** [ 49  4.3€ 0.000( *** | 4.9t  45( 0.001( ****
Univ_ KnowCont H7 | 479  4.12 0.0000*** | 479  4.07 0.0000*** | 479 420 0.0000****
Sup__Know_H6 557 4.7¢ 0.000C *+ | 557 4.7¢ 0.0000 *+* | 557  47€ 0.000( ****
Knowledge Know Firms H4 | 470  4.29 0.0000** | 470 4.30 0.0010*** | 470  4.28 0.0015 ***
Know_Tech_H4 48. 447 0.000: *+ | 48/ 446 0001 *** | 48/  4.4E 0.0048 ***
Know_ Depend_H4 | 4.26  4.70 0.0000** | 4.26  4.74 0.0000*** | 426  4.64 0.0055 ***
Know_Grad_H4 538 538 0.4630 NS| 538 538 04730 NS| 538 537 0.4615 NS
Gov__ Regu Ht 457 446 0.2358 NS| 457 447 0287 NS| 457 444 0.244( NS
Comp_Regu_Ht 3.8¢ 376 0.169¢ NS| 3.8¢ 377 0217 NS| 3.8¢ 374 0.198( NS
Comp_Val_H8 477 417 0.0000%* | 477 420 0.0000*** | 477  4.11 0.0000 ****
Tech GPT_H3 521  4.69 0.0000** | 521 468 0.0000*** | 521 471 0.0005****
Factors Influencing Sup_Tech_H6 566 516 0.0000** | 566 515 0.0000*** | 566 517 0.0000****
Innovation Sup__Ext_H6 5.8/ 537 0.0000 *+* | 58/ 547 0.001(*** [ 58/ 52¢ 0.000( ****
Sup_ Trans_H6 535 4.89 0.0000** | 535 493 0.0010*** | 535  4.83 0.0005****
Strat CostScale H | 4.9¢ 5.0: 0.365( NS| 4.9¢ 516 0.098 NS| 49¢ 48F 0.181( NS
Strat ProdProc H1 | 4.13 4.44 0.0045 ** | 413  4.49 0.0030 ** | 413 4.36 0.0600 NS
Strat_Cost_H1 479 513 0.0015 *** | 479 522 0.0005** [ 479 500 0.0685 NS
Gov Res H: 3.8 3.1€ 0.000 ***+ | 3.8 3.1 0.000 **** | 3.8  3.17 0.000( ****
Resource inflows arf Strat_Fund_H1 3.51 3.1C 0.000¢ **** [ 3.51  3.0¢ 0.000C *** | 351 3.1& 0.014f **
Growth Strat_Sales H1 435 3.65 0.0000** | 435 3.70 0.0000*** [ 435  3.58 0.0000****
Strat_Niche_H1 472 410 0.0000** | 472  4.16 0.0000*** [ 472 4,02 0.0000 *=**
Comp Change H¢ | 4.9¢ 3.7 0.000C *** [ 4.9¢ 3.8 0.000( *** | 4.9¢ 3.65 0.000( ***
Comp_Prod_H8 430 3.4z 0.0000 ** | 430 3.4z 0.0000 *** | 430 3.4z 0.000( ****
Tech Speed H3 | 5.06 3.78 0.0000*** | 506 3.84 0.0000*** | 506 3.70 0.0000****
Strat_Trans_H1 48( 458 00120 ** | 48C 47C 0208 NS| 4.8C 4.3z 0.000% ***

Strategy and
Competition Tech_Sect H3 481 419 0.0000** | 481 433 0.0000*** | 481  3.98 0.0000**
AbCp_H2 432 3.89 0.0000** | 432 396 0.0040 ** | 432  3.80 0.0000****
Comp_Rival_H8 517 495 0.0185 * | 517 492 0.0215 * | 517 4.99 0.0815 NS
Comp Advant H8 | 458 4.4¢ 0.316( NS| 45t 4.4€ 0257 NS| 45 455 0.465( NS
Comp_CostSub_H8 | 4.41 455 0.1375 NS| 441 460 0.0970 NS| 441 4.48 0.3265 NS

Note: **** **x xx * rapresent significance at te 0,1%, 1%, 5% and 10% levels respectively

Table 3. 2 t-test results (original samples and LMT split sampls)
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Moreover, technologies produced in the HT are useda wide variety of applications. This
confirms that HT, as a breed of the third industrevolution, is producing general purpose
technologies (GPT) (Tech_GPT_H3). Those resultsansistent across all samples. Two out of
three samples, confirm that LMT is much more conedrwith cost reductions derived by
increasing the scale of operations. However, adlulte are not significant. This result is
interesting, since it demonstrates that HT is corex® with production scale exactly like scale
intensive sectors. In the same vein, all sampledirco that most of the firm’s products face
several cost constraints, with only one non sigaiit sample. This suggests that LMT firms are
generally more cost focused (Strat_Cost_H1). Hmdirlso try to minimize cost by increasing
the scale of operations (Strat_CostScale H1). athges confirm that LMT firms are more
concerned with improving production process thatlfy brings higher returns that product

innovation (Strat_Prod_Proc_H1). One of the theraes is however non significant.

Examiningresource inflows and growthlesults are consistent across all samples, arididig

that resource inflows and growth are more dynamid¢ dominant in HT than LMT. Results
suggest that governments still allocate more ressuto support R&D and innovation to HT
(Gov_Res_H9). Dynamism in the sector, represenyedniry of innovative start-ups that have
easy access to funding far dominates in HT thabMiT (Strat_Fund_H1). Furthermore, sales
grow significantly faster in HT than LMT (Strat_8al H1). This growth in sales is actually
boosted by new niches, in a turbulent sector. Huggests that HT firms are following a
differentiation and focus strategy (Strat_Niche_Hbmpared to LMT that mainly focus on cost,

and enhancing process innovation (Strat_Cost_H1).

Analyzingstrategy and competitiofirms in HT are faced with a remarkable fast patehange
compared to LMT (Comp_Change_H8). In HT, rivalseentnarkets due to their innovative
products (Comp_Prod_H8). Technological advancemacdelerates at a very fast pace
(Tech_Speed_H3). Results for Comp_Prod_H8 and Tyméed H3 enormously differentiate
HT from LMT, with the highest significant differeamf means across all questions answers. In
HT, external factors are forcing unpredictable sfarmations (Strat_Trans_H1). This result is
not significant in Split Half 1. However we notiteat the significance level is very small. This
indicates that both LMT and HT are influenced byradictable transformations. The turbulence
of the sector and breakthrough innovations arenthr characteristics of the HT sector and the

results are consistent for all samples. CompetiBagxtremely severe in both sectors but slightly
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higher in HT (Comp_Rival_H8). Another important u#tsis related to low cost substitutes
(Comp_CostSub_H8); all results across all samplesnon significant for that factor. However
in all samples, LMT is slightly higher than HT fismThis suggests that LMT still is focusing on
cost; however HT too is facing severe cost suligiitiattacks. Finally the results concerning the
variable AbCp_H2 suggest that HT have a better kedge search strategy than LMT,

indicating a more coherent and efficient absorptapacity.

3.6 Discussion

This section will revisit our hypotheses and veriflyether they were validated by our analysis.

3.6.1 From within

H1: Strategy: Results suggest that HT firms are still generalhclined towards more
differentiation, while their peers in LMT are moneclined towards cost. Those results were
however not of high consistent significance. On ¢me hand, firms in HT are seen to put
considerable weight on cost reductions througheasing the scale of operations. Equivalently,
the tests indicate that a good portion of LMT firae realizing the importance of product
innovation compared to process innovation, whilerghis a considerable reference that
differentiation and product innovation dominate K, and that cost focus and process
innovation dominate LMT. Those results are not @igaat across all samples, and sometimes are
not significant. Consequently, results are implymagjor strategic shifts and are pointing towards
a renewal process in both sectors. Firms in HT levfucusing on product and breakthrough
innovation that are fundamental in differentiatisinategies are also occupied with large scale
operations to minimize cost. Those results araesteng, and their market proofs are numerous.
Take for instance, Telecommunication Equipment Macturers (TEM). TEM firms are
identified as HT, innovating and bringing produdts market through product innovation.
However the same firms are producing large scaldymtion goods such as routers, multiplexers
and others. It is obvious that firms in that segtredrthe industry, while focusing to bring new
innovations to market, are getting more cost awlaea they previously were. This new strategic
shift combining a mix of differentiation and costtis is one of the major strategic directives that

those firms followed after the internet bubble boor2001.
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On the other hand, LMT firms, which are mainly feed on process innovation and cost, are
bringing new innovations to market and are aimingdifferentiate their products. Recent
literature confirms the shift towards differentaatibut the majority of literature would still claim
that LMT firms are still focused on process innawat Those results are apparently opposing in
principle, however they are complementary. Firmd.MT while seeking differentiation from
other firms could seek the enhancement of theirufsaturing process, and in that case they
would seek process innovation. Those firms cowd &ly to introduce new products to market in
order further differentiate them from competitiancrease market share, and enhance their

profitability. According to our analysis, H1 is eeted.

H2: Firm Absorptive CapacityResults suggest that firms in the HT sector areadterized with

an extremely efficient absorptive capacity mechanig compared to LMT. Firms in HT are
expected to have a higher ability to search forxpaeted market trends. On the one hand, this
distinguished configuration in HT enables firmsimberact with various internal and external
entities to absorb and develop technical knowle@yethe other hand, LMT firms seem on the
contrary to be in the process of renewal, by boddinternally on a stable technological base,
while firms in HT are still faced by unexpected keirmoves. This suggests that while HT firms
are better equipped internally to develop knowledfgeir external market interactions do not

serve them well to predict unprecedented movesowicg to our analysis, H2 is rejected.

H3: Firm TechnologyResults suggest that HT is a prime producer of G&Tpared to LMT.
Those GPTs serve a wide variety of applications,iateroperable, modular and configurable.
This explains the reason why firms in HT are algyneith their complex customer needs.

According to our analysis, H3 is accepted.

H4: Firm KnowledgeOur results suggest that HT firms are more actiteraally than LMT. In
the same vein, both sectors generate new knowligdgetheir gradual accumulation internally.
Those results again highlight a strategic shift emewal especially on the LMT side. On the one
hand, results suggest that HT firms far dominateTLfivms in the collaboration with universities
and production of explicit scientific knowledge. @equently, HT firms are still highly
dependent on the linear model of innovation. Thisnohation of the linear model did not
however nullify the importance of open innovatiarhere it is seen that HT firms still dominate

knowledge production by interaction between firfitis is probably due to the HT firms’
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capacity to invest in appropriating their knowledge act that minimizes the risks related to
collaboration. On the other hand, HT and LMT firare also dependent on internal knowledge
development from within. This is natural for HT,vilever apparently deviating from the results
of recent literature that emphasizes the dependehciMT on external links. We find this result
logically satisfactory and in fact complement soreeent finding on the performance of LMT
firms. Recent literature, like Tsai and Wang (20@@monstrates that while focused on the
externalization of knowledge acquisition for LMT,owever, they also emphasized the
importance of internal knowledge development tddbtie firm’'s absorptive capacity. It was
found that, if LMT firms increased investments internal knowledge capabilities, their
absorptive capacity enhances, and this rendergxteznalization of knowledge more efficient
and beneficial to the firm. This finding again Hights a transformation in the LMT sector. In
this sector, firms are now more inclined to produnternal knowledge. This could be due to cost
reason, or to minimize externalizations risks, amcteasing differentiation. According to our

analysis, H4 is rejected.

3.6.2 From outside

H5: CustomersHT firms are serving complex customers. This ia& that is confirmed by our

findings. Despite this complexity, both sectors alesely aligned with their customers. Our
findings lead to a logical explanation: It is trilat both sectors align almost equivalently with
their customers, but for different reasons. Onahe hand, firms in HT align to understand their
client’'s needs and hence produce more innovatiedymts. On the other hand, LMT firms are
there to learn from customers and probably test {®ducts that they are not able to test

internally due to financial constraints. Hence, isiaccepted.

H6: Suppliers:If we take as a fact that, LMT firms are the clgof the HT ones, our results
show that technologies produced by the HT fit aemwdriety of applications. Those products are
highly configurable and adaptable to fit the vasawstomers’ demands. Consequently, we can

deduce the LMT firms are supplier dominated, andd#ccepted.

H7: Universities:HT firms are much more dependent on universitie$ @xplicit knowledge
transfer than LMT. This finding suggests that Hiimi follow the linear model of innovation.
However, this dependability on the linear moded, wiot affect HT firms to equivalently consider

open innovation. HT firms are seen very able to tevathe mix of the two strategies of
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innovation. Historically, HT firms are products ahiversities. This close relation with the
academic research institutes, were not droppeddamarket changes. In fact, this relation
advanced, while adapting with the open innovati@deh to cope with the changing concepts of

design, and modularity. Hence H7 is accepted.

H8: Competition:HT firms are still dominating external collaboratiavith firms, compared to
LMT firms. This is probably due to the intellectymbperty protection that surrounds innovations
of HT firms. Consequently the risk of external natetions is often less with HT than LMT. As a

consequence, H8 is rejected.

H9: Governmentin general Governments allocated much more ressuccgupport innovation
for the HT sector. Furthermore, intellectual prapgorotection is much more often used to
appropriate innovations for HT firms. Regulatory pepvals are used by both sectors
equivalently. This finding is interesting, and a@aalicts our primary hypothesis for LMT. This
contradiction supports recent findings of Mendoi(2@09) that suggest that LMT firms are
currently seeking to appropriate innovation and tiregulatory forces play a key role in that
sector. Since the war of standards and regulatorge$ has dominated HT for a couple of
decades, regulation is dominating the LMT sectowal. So in general, governments are
supporting the HT to produce more innovation andulaing the industry. In contrast,
governments are not supporting the LMT equivalerdhyd are controlling the regulatory forces
of that sector. This is driven by the increasedlipidwareness for health, security and safety for

LMT products. Our last hypothesis H9 is thus regdcs well.

3.7 Implications for Theory and Practice

On the theoretical level, one major implicationtlos transformation and renewal process is the
OECD sectoral classification itself. This new tfansation implies an expected increase of
investment in the LMT sectors that are currentlynessing support to enhance their firms’
internal R&D. This phenomenon will most likely clggnthe definition of OECD of LMT. While
generally, the OECD classifies high tech firms ¢oitvesting more than 5% of their turn over on
R&D, an increase in that direction might lead tshét from some of the medium-high tech firms
to the high tech zone. In the same vein, with theent economic crisis, the cost awareness
regime that HT firms are increasingly deployinggether with the tightening of internal R&D

investment, the classically defined high tech fitimst will cease to invest in R&D will probably
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slip to more of a medium tech industry, accordiaghte OECD definition. If a leader-follower
process emerged, together with a consistent flowigl tech firms reducing R&D investment,
the whole sector might transform, and join a loalassification. This suggests the redefinition of
the OECD to the sectors undergoing the renewaltem$formation processes. Otherwise, we

might witness high tech firms slipping into lowetegories of sectoral classification.

In practice, the various agents presented in theempavill be affected by this renewal and

transformation process. Universities that probaldpended more classically on high tech firms
for contracts might need to diversify their colladtion agreements to include low and medium
tech firms. This necessitates that firms in LMT iethincreasingly depend on internal research,
increase their collaboration with universities Battit can provide the same role it does with the
HT industry. High tech firms that are seeking tonhere cost aware, however are least likely to
change their innovation mix to increase their dejeacy on universities than internally, due to
their cost minimization process. Furthermore, Gowegnts that have once encouraged HT,
should be more aware that HT might not be ablaittaén and provide the same growth levels it
once provided, and hence the encouragement of M€ might be more helpful in order to

increase economic growth, and decrease unemploynatest

3.8 Conclusion and Future Research Work

A renewal and transformation is occurring to bdte tMT and HT sectors. LMT is shifting
towards differentiation, while HT is shifting towlr cost focused strategy. Furthermore, HT
firms that are proven to be generally following timeear model of innovation are equivalently
utilizing the open innovation model. And firms ilMOI that are generally conceived to be
supplier dependent are shifting to produce intekmdwledge. This renewal process did not
misbalance the supplier, user role that HT and Ly respectively. In fact our results show
that LMT is still the user of the GPT that HT preds. Additionally, HT firms that are expected
to have a more developed absorptive capacity somastfail to predict market transformations
compared to their peers in LMT. In the same veiN|TLfirms seem to be developing their
internal technological arsenal that makes them ldap@ build on a stable technological base.
Governments give more support to the HT. Howeveth bsectors are equivalently under
pressure from regulatory forces. This again resgsrour hypothesis that both sectors are going

through a transformation and renewal phase.
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The study at hand, has comparatively analyzedwoe HT and LMT sectors. The analysis has
brought interesting results; some supporting exgstiterature and others that were not. The
general picture confirms a transformation of bahtsrs. The HT sector, that often brought non
traditional strategies to innovate and bring prasluo market, is also considering classical
techniques used by the mature of industries of LMhe LMT sector that is classically viewed

as a lagging sector compared to the HT, is seeking traditional strategies, such as more
focusing on differentiation than cost, and focusiag internal innovation to increase it

competitive advantage. Extending the analysis efgresent findings, our future research work
will include two additional dimensions to our curteanalysis. The first is a cross country
analysis, and the second is across firms variaes @and structures. This in turn will deepen our
current understanding of the transformation andeweh process that those two sectors are
undergoing.
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4.1 Abstract

In the past decade, innovation literature has maangeted high-tech (HT) sectors due to their
higher returns on investment and important rolbuiding new societies and economies. While
the high-tech sector is still of a leading impodaywhether medium and low tech (LMT) sectors
should be equivalently considered when analyzimg lterm economic growth, in both leading
and catching-up economies, is a fundamental quesiibis paper is our second milestone
comparatively analyzing HT and LMT sectors from ianovation perspective, while using a
National System of Innovation (NSI) approach. Tkeeeayal aim of this paper is to find the main
principles that govern the difference between the industrial segments (HT and LMT) while
controlling for supranational boundaries. In ord@rmeasure the effect of NSI, countries are
divided into two groups: leading and catching-upreznies. Our results suggest that, with
respect to HT, leading economies could be considéhe innovator, while catching-up
economies are the imitators. Furthermore, HT idilegeconomies relies on product modularity
to outsource various components probably to firmsatching-up economies. Catching-ups are
putting greater emphasis on universities to prodenmevledge. In addition, firms in catching-up
economies benefit from high accessibility to fumasorder to grow various industrial sectors,
specially the LMT. The role of institutions and gonments with respect to regulatory policies,
intellectual property protections amd high importance for firms in catching-up econesi
especially in LMT. As a result of those importateps, the various agents in catching up
economies have achieved sustainable growth, notalihe LMT. In contrast, the same growth
is witnessed for the HT with respect to firms imdeng economies. Our results suggest that
catching-up countries are strategizing for thist@at evolution, renewal and transformation
process for both sectors, but with a stronger esiplean LMT.

Keywords:Knowledge, systems of innovation, catching-up, émd medium technology, high

technology
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4.2 Introduction

Recent history witnessed two major wars that shalpedvorld, the World War | and Il. Prior to
the two wars and in the $&entury, the United Kingdom led the industrialatesion and started
generating various advancements in different imcalssectors such as manufacturing, mining,
transportation, and others. The products of suchnt@ogical innovations marked the birth of a
new world, a world that was dominated by a radjycalew industrial and technological
innovation setup that we still live up to. Whetlrarovation brings war, or war brings innovation
is a complex question, which is out of the scopetlns paper. However, it remains
unquestionable that leading nations from a teclgicd innovation perspective enjoy wealthier
economies and healthier sustainable growth.

Therefore it is interesting to develop an undeditagn of the differences between the leading and
catching up economies, and how after the World Wathe two groups of nations dealt with
technological innovations. In addition to the na#bsegmentation, and due to the notion of
convergence, it is imperative to understand howstmae factors that shaped the supranational
system of innovation also shaped, and were shapgethé various sectors. It is important to
highlight that after the World War 1, the US dealied a special attention to innovation in
defence, safety and health (Bruland & Mowery, 200Bhis extra attention led to the
development of the High Tech (HT) sector, whichaatied a great deal of investment from the
various leading countries following in the footpdeof the US. As a result, other traditional Low

and Medium Tech (LMT) sectors lost their importatza great extent.

Recent studies (Von Tunzelmann, N. & Acha, V., 2ébertson et al., 2009, Santamaria et al.,
2009) have demonstrated the increasing importaht®d in innovation studies, a sector that
has long been neglected in favour of the highlyammg HT sector. The LMT industry,
classically thought of as mature and slow, hadestao shift from a cost based strategy towards
a differentiation strategy. Furthermore, while HIdd.MT dominated the developing as well as

the developed countries almost equivalently, sord lactivities is witnessed to be shifting
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towards newly industrialized countries (Robertsbale 2009). The renewal and transformation

of any industrial sector is therefore inevitable.

This study among a series of a recently publishedkvaims to highlight the importance of

LMT, compared to HT, while adding another compaetdimension: the leading versus the
catching up economies. Controlling for supranati@yastems will enable us to understand the
context of innovation and whether it differs betwdbhe two groups or not. For instance, it is
found that due to globalization, firms aiming totisg international customers needed to
properly analyze the complex global taste whilepkeg safety and healthy regulation into

perspective. It is further found that developedntaas that enjoyed active HT, had other sectors

industrially active as well Mendonca (2009).

Therefore the main topic that concerns this papethe relationship between leading, and
catching up economies, with respect to HT and LKdustries, from an innovation perspective.
This is achieved by analyzing more than 500 firnstridbuted in the two types of economies
(leading and catching up), in both the HT and LMdcters. A system of innovation (SI)

approach is used including the various agents rigyatesent the core of national systems of
innovation (NSI) and sectoral systems of innova{i86l). Using t-tests for the comparison of
means between the four groups highlighted (in Tdbl¢ will enable us uncover the differences

between different systems of innovation.

Our results suggest a renewal and transformatiothenHT and LMT is taking place. This
renewal process is not in isolation of the nati@ystem of innovation. While leading economies
are primarily focused on HT, catching-up econonaes more diversified, however put more
focus on LMT. The paper will follow with the thedieal framework, methodology, results,

analysis and finally conclusion.
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Table 4. 1 SSI & NSI comparison map

HT LMT

(Leading vs. Catching up) (Leading vs. Catching up

(Group 1) (Group 2)

Leading Catching up
(HT vs. LMT) (HT vs. LMT)

(Group 3) (Group 4)

4.3 Theoretical Framework

The theoretical framework will explore two dimensso The first dimension presents systems of
innovation that include both sectoral systems nbuation (SSI), national systems of innovation
(NSI), and the theoretical framework based onweegystemic approaches. The second presents

the literature of catching-up and leading econorfii@® an innovation perspective.

4.3.1 Systems of innovation

This research work follows a ‘systems of innovati(®l) approach. This systematic approach
for viewing innovation stems from to the necessfy incorporating innovation within its
surrounding environment which constitutes the aeitgants of the innovation process (Edquist,
2005). This environment consists of the various drtgnt aspects that breed innovation,
generally including organizational, institutionapolitical, social and economic factors.
Consequently, when studying innovation from an &ispective, these various factors ought to
be considered, in order to properly understandrthevation phenomena. This systematic view,
does not consider the mentioned entities in ismhatbut in an interaction framework. For
instance organizations could be other firms (likp@iers, competitors, customers, etc.) or non
firm entities such as universities and governmentditutes (Edquist, 2005).
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Systems of innovation can be national, sectoralragobnal (Edquist, 1997First, the National
System of Innovation coined by Freeman (1987) caddfined as “The network of institutions
in the public and private sectors whose activiiied interactions initiate, import and diffuse new
technologies” (Edquist, 2005). Following Freemanelddn (1993) and Lundvall (1992)
published two books on NSI:, Lundvall (1992) platd#sraction between the various agents, and
learning centrally in the analysis, while Nelso893) focuses solely on a nation’s research and
development systems, as a catalyst of the innavamiocess. Both Lundvall and Nelson define
NSI by determining the factors influencing innowati (Edquist, 2005)Second,the sectoral
approach developed by Breschi and Malerba (199% more emphasis on production, and
utilization of technologies by the various sectdisird, regional systems of innovation were first
introduced by Cooke et al. (1997), concentratehenlocal interactions between organizations
(Edquist, 2005).

Figure 4.1 presents our sectoral and national systtheoretical framework. This national
system will bypass geographical boundaries to oklthe two groups studied, the leading and
catching-up economies. According to Malerba (2084)toral innovation is affected by three
main entities: knowledge and technologies, actand aetworks, and institutions. First,
knowledge and technologiespresent the sectoral knowledge base, technaslagié inputs, and
are responsible of the sector’s boundaries. Thishyg its box leads to dynamics and growth
patterns that influence the sector’s evolution gadsformation. Second@ctors and networks
simply represent the various organizational emtitrevolved in the innovation process such as
firms and financial organizations, or non-organadl entities such as universities. The
customers that can take various forms of orgammatistructures are the demand creators, and
are a fundamental part of the sectoral system mmfvation. Using a knowledge-based view of
the innovation process, the different entities aténterconnected by arrows. Thindstitutions
are basically the bodies responsible of norms antires, such as public funding institutions,

regulation and standards institutes. Such instigthave both sectoral and national roles.
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Figure 4. 1 SSI and NSI Theoretical Framework

The representation of our theoretical framework ordy follows Malerba’s (2004) view of an
SSI, it also takes into consideration Freeman’'s87)Structure representing the network of
institutions, and their interactions. These intéoas will generate the learning process, a
phenomena that is heavily supported by Lundval@2)9Due to the dynamic nature of the
interactions and of learning, sectors go througtoua dynamic and growth patterns that result
into the evolution of the sector and its transfdiora Each block in Figure 4.1 will be

represented in the questionnaire used for our reiseand described below.

In order to process to our analysis, two main qaestremain to be answered:

1. What is the main difference between LMT and HT aditw to each of the variables of

our theoretical framework?

2. What is the main difference between leading andhiiagg up economies according to

each of the variables of our theoretical framework?
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According to figure 4.1, the LMT and HT are addeskdrom sectoral/national systems of
innovation. Table 4.2 illustrates our general ustierding of the importance of each element
based on the literature, classified into low, hagtd moderate. Knowledge and technologies are
investigated from five angles. The first and secareladdressing whether firms gain knowledge
by accumulation from inside the firm (KTIn) or rathby interactions with other firms (KTOut).
Furthermore, systems integration (KTSys) is considdéo be a way of exchanging knowledge
about the various systems standards, especiallyebet the various suppliers. The last angle
considers whether knowledge is actually the pradnodf a stable (KTStab) or more dynamic
technological base. Recent literature suggest thif firms depend more heavily on their
suppliers, and hence are more oriented towards @pevation, whilst HT firms are more
oriented towards the linear model of innovationpeteling mainly on their internal R&D
production, while using collaboration and open watmn to develop technologies that cannot
be provided from within the firm. Both sectors igttate systems; however, due to the modularity
that is currently very widely used in HT, we camerlly claim that the HT would be more
dependent on systems integration than LMT. HT ésveid to be more of a turbulent sector that
enjoys dynamic technological change, compared td ltWat is considered to be more stable,
mature and less dynamic. Furthermore, the HT is rttan producer of General Purpose
Technologies (GPT), while the LMT is the main us€iGPT (Robertson et al., 2009, Freddi,
2009) (KTGPT).

The element relating to actors and networks cansiuniversities, firms, customers (demand)
and finance. HT is very dependent on scientificvikdedge that is mainly the main production of
universities (ANUniv), compared to LMT that is matependent on practical solutions that are
widely shared between customers and suppliers. ihighy; universities were marked with
‘low’ with respect to LMT, while it is ‘high’ withrespect to HT.

Firms’ strategy can include the following: suppligiependency (ANSupp), modularity
(ANMod), war of standards (ANStd), cost\differetitm orientation (ANCost), or
process\product innovation (ANInnov). While botlttees depend on suppliers, however LMT

(specially the low techs) is definitely a suppligminated sector according to Pavitt’'s (1984)
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taxonomy. For this reason, LMT is assigned a ‘highportance, while HT is assigned a
‘moderate’ importance for supplier dependency. Winilodularity is commonly used across the
various sectors, comparatively, HT products areemoodular than LMT ones. Due to this
modularity, standards have a higher effect on Hanttheir counterparts. In addition, LMT as a
mature sector is considered to be cost orientedeWMT is rather oriented towards technological
differentiation. Furthermore, demand is generallgrencomplex in HT than in LMT. With

respect to financing, it is expected that HT i®er@ng better financing, than classic sectors.

Regarding the role of institutions, regulations€¢ff are an important aspect when it comes to
the diffusion of HT technologies. This factor isdéed crucial for LMT especially with the
increasing role of globalization, and the rise afious health and security international policies.
As HT is to be considered a principal componerthefknowledge economy, knowledge in that
sector is a product that should be protected. HefoeeHT, the role of intellectual property
protection (lIP) is generally more central than foMT. Governmental funding and support
(IGov) is still generally directed to HT due to itaportant role in our current economies. In

contrast to HT, LMT does not enjoy much of thatsap due to its slow growth.

Dynamics and growth are represented by variousifa¢hat include growth (DGGrowth), pace
of change (DGPace), firm entry (DGEntry), incumbdimtns challenge (DGlchal), rival

challenge (DGRchal) and battles of cost (DGCos$).HY is more dynamic and provides more
growth than LMT, all factors are marked with ‘high’ favour of HT, with the exception of two

factors. Incumbent firms challenges is not low W, where in fact incumbent firms enjoy

early mover advantages that are hard to penetyatvdd new entrants. The other factor relates
to battles of cost, where generally mature secoesmore inclined to be more competitive on
cost rather than younger sectors that use techicalodifferentiation as a core competitive
advantage. Finally, with respect to sectoral evmtuand transformation, it is measured by four
main factors: technological frontier advancemeniT&ch), sectoral transformation (ETTrans),

sectoral redefinition (ETRedef) and unpredictaleletsral development (ETDev). Since HT is a
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Table 4. 2 HT and LMT from an SSI\ NSI view

SSI & NSI Basic .
Components Elements Variable LMT HT
Accumulation Inside Firms KTIn Low High
Firms Interactions KTOut High Low
Knowledge and Systems Integration KTSys Moderate High
Technologies Technological Stability KTStab High Low
General Purpose Technologies (GPT) KTGPT Low (Using High (Producing)
Universities ANUniv Low High
Supplier Dependency ANSupp High Moderate
Modularity ANMod Low High
Firms Strategy War of Standards ANStd Low High
Actors and Networks Cost Orientation ANCost High Moderate
Process\Product Innovation ANInnov Process Product
Demand Customers & Complexity ANNeed Low High
of Need
Finance ANFin Low High
Regulatory IReg Moderate High
Institutions Intellectual property 1P Low High
Government Funding & Support IGov Low High
Sectoral Growth DGGrowth Low High
Pace of change DGPace Low High
Firm's entry DGEntry Low High
Dynamics and Growth
Dynamics Incumbent firms challengd DGichal Moderate High
Rival challenge DGRchal Low High
Battles of Cost DGCost High Moderate
Technological Frontier Advancement ETTech Low High
Sectoral Evolution and Sectoral Transformation ETTrans Moderate High
Transformation Sectoral Redefinition ETRedef Moderate High
Unpredictable sectoral Development ETDev Low High

more dynamic and growing sector we can infer ttsaséctoral evolution and transformation will
be higher than LMT across all factors. Howevergcsirecent literature supported the propensity
of LMT transformation and redefinition, we can geally claim that the two factors could be
assigned a ‘moderate’ mark.
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4.3.2 Catching-up and leading economies

“Catch-up’ relates to the ability of a countrytarrow the gap in productivity and income vis-a-
vis a leader country” Fagerberg and Godinho (2p(&l14). In the nineteenth century, the United
Kingdom was classified as the leader, while thetéthBtates and Germany were trying to catch-
up. This process of narrowing the gap betweendhddr and the follower was not the result of
pure imitation. Indeed it was done by bringing neways of organizing production and
distribution, in other words through innovation dEman and Soete 1997; Freeman and Louca
2001). These two thoughts of innovation versus imitatioocpss have been examnied by Van
Schaik and Van de Klundert (2010) when analyzingOEICD economies from 1960 to 2005.
They found that two sub-period of technological i is identifiable. The first is based on
imitation; the second is predominantly based omwation.

In 2007, the society of manufacturing engineeri8gé, 2007) highlighted that the US is still
leading the entrepreneurial performance; howeuwleranations are catching up. It is estimated
that by 2020, this catching up process will besapeak. This will be due to multiple reasons the
most important of which is that middle class conesumdemand will emerge from non-
industrialized countries. Furthermore, China isdmeing the most attractive destination for off-
shore R&D activities. When analyzing the compadcdplayer in China, Xie and Zedtwitz

(2010) stated that innovation is mainly pulled bgdl markets rather than technology push.

According to Fagerberg and Godinho (2005), theheatcup literature includes three important
views: the first is that of Thorstein Veblen andg®dnder Gerchenkron who analyze the catching
up of Germany to the UK and the role of institusdio realize the process; the second is the
literature of Asian (including Taiwan, South Koraad others) catching-up to the Japanese way;
finally the third relates to the role of technologyd innovation resulting in long run economic

growth.

European history is central to the understandinthefcatching-up phenomena. Veblen (1915)
was the first to realize that “recent technologicdianges altered the conditions for

industrialization in latecomer economies” (Fagegb@nd Godinho, 2005, p.516). At the
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beginning of the industrial revolution, knowledgasmacitly embedded in skilled workers, and
hence knowledge transfer was the result of thes&exss mobility. However, with the recent

advances in the codification of knowledge, latecanoan actually take the full benefit from the
technology without contributing to any cost of dsvelopment. Veblen predicted this catching-

up phenomena for other European countries suchaame, Russia, Italy and Japan.

Alexander Gerchenkron (1962) did not share the sapm@on as Veblen (1915). Gerchenkron
argued that Veblen’s view of the catching-up pheaomwas based on the case of UK and
Germany. This form of industrialization that Britéhas witnessed at that time was actually small
scale and fitted Veblen’s view that did not inclutte important role of institutions. Therefore,
according to Gerchenkron, to succeed, catchingsipsuld develop separate institutional
instruments that are uniquely distinguishable fridrat of leading economies. Consequently,
Gerchenkron attributed the successful catch-uphéorole of banks, governments or private

organizations in the industrialization process @fagrg and Godinho, 2005).

Literature explaining the catching-up phenomendhef Asian countries post WWII followed
either Veblen or Gerchenkron views. However moseaechers like Shin (1996) and Wade
(1990) would agree that the Asian catch-up strategiere much aligned to Gerchenkron’s
views. Gerchenkron’s view on the role of banks tbgewith governmental support to promote
catching-up is evident in post WWII Japan (Fageglkend Godinho, 2005). The role of banks
and governmental support grew, compared to theaf@iinvestors and family ownership that
prevailed before the war. With time, the role of state decreased, and the Japanese banking
system was solid enough to sustain the industaathing-up. Furthermore, the Japanese case
highlighted the role of process innovation in tlagching-up process. As such, the Japanese case
was a leading example for other catching up ecoesmi Asia such as South Korea and Taiwan
(Fagerberg and Godinho, 2005).

On the macro view, according to Fagerberg and Gad{2005, p. 524), Abramovitz (1986 &
1994) explains the discrepancies between counpggformances by “congruence and social

capability”. The first concept is basically how ioaial systems are different from, or similar to,
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each other in terms of various economic charatiesisuch as factor supply and market size.
The second concept includes various factors suckheseducation level and the levels of
investment in R&D as well as the role of the finahsystem to mobilize resources (Fagerberg
and Godinho, 2005).

4.4 Data and Methodology

4.4.1 Data

Data is the result of a survey questionrfagent in the scope of project MINE to more than 900
firms. Firms with substantial missing data for @malysis were eliminated and only 545 firms
were considered in our analysis. The study usessesectional data that should provide excellent
insights into a wide range of descriptive issudsaf@ler, 1962). The answers are represented by
a Likert scale from 1 to 7, where ‘one’ denotesrspondent disagreement of the statement and
at the other end, ‘seven’ implies a ‘totally agreesponse. The study is thus based on firm level
data. All firms are sorted according to their pnignactivity, and are also confirmed by their
North American Industry Classification System (NAIC Leading economies in our sample are
represented by Canada, France, the UK and the @&#ching-up economies include China,
Taiwan, South Korea, and Peru. These 7 econome®dsv3% of the critical mass of their

overall sample in their own group.

4.4.2 Methodology

This paper tests for the equality of means betw€Emand LMT, across industrialized and newly
industrialized economies. Firms sample size reptesg HT leading countries (Group 1), HT

catching-up economies (Group 2), LMT leading caestr(Group 3), and LMT catching-up

2 We are thankful to Prof. Roger Miller for provigdims with the survey questionnaire, and the datheérscope of
project MINE used in this study. Only selectediafles from the questionnaire were selected aratlepted to our

problematic and the theoretical framework accorging
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economies (Group 4) are 111, 88, 195, 151 firmgae®vely. The t-test for equality of means is
carried out with groups 1 vs. 2, 3 vs. 4, 1 vsn@ fnally 2 vs. 4.

In order to use the t-test for different sampleesjzdata is tested for normality for the various
sample sizes. This first verification is carried by checking the kurtosis and skewness of the
data. The values of kurtosis and skewness are faubé around ‘0’ and are in the interval [-1,
+1]. It is concluded that data is normally disttidadl Levene’s test is carried out to verify the
equality of variances, between the various samphethe Levene test, if49.05 then the t-test
for unequal variances and unequal sample size ad.u$ p>0.05 then the t-test for equal
variances and unequal sample size is used. Ealghitathe next section presents the results of
the t-tests for equality of the means between Hreus groups from 1 to 4 (In table 4.3). The t-
test results follow a 2 tailed representation. €fame, the result of the 2 tailed representatians i
divided by two to transform the two-tailed scal¢oim one-tailed scale. In results tables, non

significant p values are labelled (NS) and are shed.

4.5 Results

4.5.1 Knowledge and Technologies

Accumulation of knowledge inside firms across therfgroups is comparatively non significant
(KTIn). However, with all averages above 5 on thmls, it shows that internal R&D
development is crucial to firms’ survival, regamsidts economical or sectoral boundaries. This
support’s other researchers’ findings like Tsai adng (2009) demonstrating that even firms
with a higher dependability on external R&D, penfdbetter when improving their internal R&D
absorptive capacity. Results show that knowledgeeggion through interaction (KTOut) in
LMT is the most significant across all groups, avdur of the catching economies. However
these interactions are significant in leading ecoies with respect to HT. When comparing
groups 1-2, and 2-4 results are non significane Most significant result, when it comes to
systems integration (KTSys) and the knowledge gd#adrduring such a process is the HT in

leading economies, when compared to the LMT in shene economies. HT of leading
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economies views systems integration as a moreicgticess than the same sector in catching
up economies. However, if the two economies arepesed, LMT in catching up economies

relies more on system integration to generate kadgd.

LMT in both economies rely more on a stable tecbgichl base (KTStab). This is in contrast to
HT that enjoys a more dynamic technological enwviment. Interestingly, Catching-up
economies, perceive knowledge generation to be aependent on a stable technological base,
compared to leading ones. This could hint that evitile leaders are the innovators in both
sectors, the catching-ups are the imitators. GéRergpose Technologies (GPT) is the product of
HT. However, if comparing catching-up and leadeith wespect to GPT (KGpt), results are non-
significant, suggesting a kind of closeness inwhg knowledge is used to produce GPT in both

economies.

4 5.2 Actors and Networks

When comparing HT or LMT in catching up economiasn-significant results occupy the
majority of the innovation context (see 2 vs. 4able 4.3). This probably suggests that the HT
and LMT sectors are similarly viewed by catchingegpintries. In both types of economies, HT
is more aligned with universities (ANUnivl & ANUMYy to produce knowledge than LMT.
However, when the two economies are compared dbngyofor one sector, catching-up
economies are seen to be putting extra focus owlkdge produced from universities. This
result supports the findings of Mazzoleni (2008)wvaiscovered that for a successful catching up
process, academic institutions have to contribatthé development of firm level capabilities.
This kind of close interaction between the acadeamd industrial sectors, together with the
government has been emphasized by Tu and Yang X2008romote Taiwan’s Science and

Technology (S&T) contribution to the catching-upgess.

Suppliers play a key role in HT located in leadcayntries, compared to LMT in their own
economies (the leading one) (ANSupp). This suggéstiswhile the core products architectures
are still produced in leading economies, the depeoy on external suppliers probably increased

particularly with the general trend of product miadiy. This is supported by Xie and Zedtwitz
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(2010) who found that on the supply side, suppliess leading economies play a key role for
firms in China to produce world-first products aimthovations. For instance, in both types of
economies, HT still is more dependent on productiutarity (ANMod). However, leading
economies are probably incorporating modularityheir firm’s innovation strategies better than
catching up economies. A good explanation is tinatsfin leading economies produce modular
products, and then outsource components to catchimgeconomies. This downstream
integration capability is essential for catchingegonomies to succeed (Xie & Zedtwitz, 2010).
Furthermore, this intra-industry trade has incrdge®ducts quality, and enhanced the catching

up process for Eastern European countries andEhepartner (Cavallaro and Mulino, 2008).

This could be one of the reasons why HT in leadampnomies became more suppliers
dependent. For that reason our results show teattindards war (ANStd) is better mastered by

leading economies especially in the HT sector.

Cost is represented by two variables, one relaiemb$t as a constraint facing firms (ANCost),
the second is related to reducing cost by incrgasie scale of operations (ANCostScl).
Generally more than 50 percent of the results aeftd all comparison. For instance, with
respect to cost as a constraint (ANCost), the siggificant comparison is that comparing LMT
and HT in leading economies (1vs3) in favour of IMT. This demonstrates the most of the
firms in the two economies generally perceive @sta major determinant for their strategic
directive, with a higher emphasis on LMT in leadeapnomies. Furthermore, scale contributing
to cost reduction (ANCostScl) is the most significavhen comparing LMT in both economies,
in favour of Catching ups. This hints that catchings are probably using higher scale
production to minimize cost in LMT, probably duetteeir relatively lower cost of labour and
scale intensive operations. This mix between irtggn capabilities, with competitive pricing
has been stressed by (Xie & Zedtwitz, 2010).

Investigating the role of product process innovatm the firms’ level (ANInnov), Catching-up
economies rely more on process innovation, espgcralLMT that seems to be a core sector.

This shows in the comparison of 3vs.4 and 2 vsTHis is consistent with our general
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understanding that reinforces the high value of LtdThe catching up process. In other words,
since LMT is generally considered to be processovation driven, firms in countries
encouraging LMT should be also highly focused owcpss innovation. That finding is
consistent with those of Merikull (2010), studyiegstern European countries. Based on the
Estonian community innovation survey (CIS), it wiasind that innovation affects positively
employment growth in the Estonian LMT sector, whére stronger effect was caused by

process innovation. This highlights the importaotprocess innovation to the catching process.

HT is generally facing a more complex demand (AN@peompared to LMT. The complexity
of demand in leading economies surpasses thateotdkching up economies. This probably
explains that leading economies, while focusinglazal markets definitely try to penetrate
foreign markets. This is evident from the behaviafirAmerican multinational enterprises
scattered all over the globe that aim to satisfynaed from various global users. The rise of
product modularity certainly enables firms to bettestomize their products to fit a variety of
customer needs and demands. In addition to contplesxperienced customers (ANComp)
about product’s operation hold the highest sigarite for the LMT sector when the two
economies are compared. This demonstrates the tamper of clients to firms in the LMT
specially in catching up economies that seemsgdblyivalue the role of interaction with clients
to better customize demand.

What is even more interesting is that innovativartatps, in catching up economies, enjoy a
higher level of accessibility of funds to grow thbusinesses (ANFin). This result is consistent
in both the HT and LMT. However, the LMT holds ay#éigh significance. This result supports
the findings of Hsieh and Lofgren (2009), highligigt the importance of funds accessibility for
the catching up process in Korea, Singapore and/arai Fund could take the form of public

investments and grants or Foreign Direct Investr(ieDt).

4.5.3 Institutions

Catching-up economies are more concerned with atmyl approvals (IReg) in the LMT sector.

This suggests that catching up economies that ang dependent on exports take regulations
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seriously before their product commercializatioragdh as a part of their institutional setup.
Furthermore, in both sectors, catching-up countsesm to be taking important measures to
avoid any imitation strategy (IReglm) of their owmovations. This is even more apparent from
the fact that intellectual property protection JliB very significantly in favour of catching ups
versus leading economies, and in the two sectdms. 8ffectiveness in utilizing the intellectual
property system indicates the importance of effitie capturing value from innovations for

firms in catching up economies.

Governmental support (IGov) is witnessed in thehhigch industry in both economies. While
this support is clear in the case of leading ecaasnit is important to further analyze it from the
catching-up economies angle. If we take the biaphaeutical sector in South Korea, Singapore
and Taiwan, Hsieh and Lofrgen (2009) relate thehsag up process in that sector to two
important government related factors. First, isghblic investment in R&D. Second, is the role
of catching-up governments to promote high tectlusties by promoting public investment,
establishing R&D tax credits. According to Hsietlddrorfrgen (2009) this governmental role is
indispensable for the catching up process espgciallthe high tech industries. It is also
important to mention that catching-up governmemts raixing the sources of funds between
FDIs and local governmental funds. This mix in Hmarces of funds has been proven to be a

success for the catching up process (Bellone, 2008)

From a comparative approach the results are irfgignt. Still leading economies and catching
up economies are giving extra attention to thatosat compared to the LMT one. However

some more focus is given to LMT in catching ecoresmi compared to the leading economies.

4.5.4 Dynamics and Growth

Catching-up economies, with respect to both sectars witnessing a remarkable growth
compared to that of leading economies (DGGrowthhisTgrowth reaches the highest
significance for LMT, but HT is still over shadowgri.MT in leading economies. The dynamics
of this growth are further supported by the sevegmlables representing the pace of change
(DGPace), firm entry (DGEntry) and rival challeng@&GRChal), as well as battles of cost
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(DGCost). For instance, the pace of technologidahnge (DGPace), induced by entry
(DGEntry) in catching-up economies is very clead anth a very high significance in the LMT
sector. This result demonstrates that catchingegn@mies are already following the latest
recommendations of the OECD economic survey of 201t recommendation of OECD
(2010) aims to reduce the cartels effect in oradesttengthen competition and enhance the
catching-up process. When comparing HT and LMTaittlting up economies, we can find that
the HT industry is characterized with a higher gnéte. This hints towards the flexibility of HT
firms in catching up economies: a phenomena thppats the findings of Li and Kozhikode

(2008) when analyzing the Chinese mobile phonestrgu

This rise in the role of entry (DGEntry) is oppodegl a somehow relaxed role of incumbent
firms (DGIChal) that are only able to control coripen in their own economy. Catching-up
economies are pushing the HT renewal and transftaymgrocess by maintaining a cost

competitive (DGCost) advantage, as a core strdtagyeir firms.



SSI & NSI Group |Group |Group |Group 1vs. 2 3vs. 4 1vs.3 2vs. 4
Basic Elements Variables] 1 2 3 4 P/2 P/2 P/2 P/2
components HL HC LML LMC [1-2] [3-4] [1-3] [2-4]
Accumulation Inside Firms KTIn 543 53B 532 5}0.273ENS |0.336CNS |0.142CNS |0.2605E NS
Firms Interaction KToOut | 4.58 | 4.7€ | 4.05 | 4.5¢ |0.144f NS _|0.000f *** |0.003( *** |0.173( NS
Knowledge & Systems Integratic KTSys | 5.62 | 5.3¢ | 4.5€ | 5.0C |0.099t ** |0.003f ** |0.000( **** |0.015( **
Technologies]  Technological Stabilit KTStarl | 4.8€ | 4.8C | 4.3t | 4.4¢ [0.380( NS |0.250f NS _|0.003f *** |0.057( **
9 Y | KTsStab: | 3.9¢ | 4.5¢ | 4.51 | 5.0z |0.003f *** |0.000f *** |0.004f ** |0.006E ***
General Purpose Technolog e [ -
(GPT) Broductio KGpt 5.12| 5.21| 4.60 4.840.351CNS |0.0445 0.0055 b.0510
Universitios ANUnNivl | 4.8C | 5.2z | 4.0t | 4.6€ |0.021( *** |0.000C **>** [0.000C **** [0.001t ***
ANUnNiv2 | 4.5z | 4.92 | 3.51 | 4.7Z |0.029f ** _|0.000C *** |0.000C *** [0.162( NS
DSUpp"er ANSupp | 5.83| 5.34 522 52 0.0085 |0.471CNS |0.0000**** |0.276ENS
ependency
Modularity ANMod | 6.28 | 5.41 | 5.51 | 5.2C [0.000( *** [0.034( ** __|0.000( **** |0.165t NS
Firms _ War of Standarc | ANStd | 5.9¢ | 4.7€ | 4.92 | 4.8z |0.000( *** [0.263( NS__|0.000( **** |0.384L NS
Actors and | strategy” __ o . TANCosScl| 4.8¢ | 5.2€ | 4.7¢ | 5.4¢ |0.034t ** |0.000C **** [0.295¢ NS [0.121C NS
Networks ANCosl | 4.7¢ | 4.8¢ | 5.27 | 5.1C [0.269! NS [0.136( NS _|0.002f *** |0.135( NS
Pr?:fs\\lz‘:f(’;:uc‘ ANInnov | 422 | 4.20| 4.33] 4.740.455ENS |0.0100~ |0.284CNS |[0.0040**
Customers & ANExp | 5.0¢ | 5.32 | 4.68 | 5.4C |0.085(** |0.000( *** |0.013( ** _|0.350f NS
Demand Com,ﬁ’(':a’gty of | ancomp| 5.92| 553 526 5.04 0.0150¢ |0.117ENS |0.0000** |0.0040%*+
Finance ANFin 3.3¢ | 3.67 | 2.91 | 3.4€ Jo.082(* 0.000( *** [0.011( ** _|0.167C NS
Regulato IRec 2447 | 4.5€ | 4.1t | 4.77 |0.346f NS _|0.002t > _|0.097C * 0.225( NS
9 b4 IReglr | 3.4¢ | 4.3z | 3.3Z2 | 4.3Z2 |0.000f **** [0.000( **** |0.252( NS _|0.466( NS
Institutions Intellectual properl 1P 4.4z | 5.2¢ | 3.77 | 4.8Z2 |0.000( *** [0.000( *** |0.000F **** |0.0L11E **
Govemg‘f;;oprt’nd'ng ‘ 1IGov 3.86| 3.71| 3.0 3.3¢0.249CNS |0.0875* 0.0000**** |0.0345**
Growth DGGrowtt] 4.0 | 4.5¢ | 3.0e | 4.4t |0.007( *** [0.000( *** [0.000( *** |0.239( NS
DGNiche | 4.7¢ | 4.5¢ | 3.91 | 4.4€ [0.169! NS _[0.000% **** |0.000( **** |0.267% NS
Pace of chang DGPac | 4.8z | 5.2€ | 3.3€ | 4.3Z |0.023t ** _|0.000( *** |0.000( *** |0.000( ****
Dynamics and Firm's entn DGEntny | 4.1¢ | 4.6C | 3.0 | 3.91 [0.039(* _ [0.000( *** |0.000C **** |0.000F ****
Growth Dynamics '”C‘érr:‘atileerr‘]tgfgmf DGichal | 5.27| 5.18] 4.87 4.9§0.311CNS |0.3565ENS |0.0050* (.0995 *
Rival challeng | DGRcha | 4.5¢ | 5.0C | 4.2Z | 4.97 |0.012(** _ [0.000( *** |0.017( ** _ |0.445( NS
Battles of Cos DGCos | 4.3z | 4.92 | 4.5z | 4.67 |0.004( ** |0.206f NS |0.178( NS |0.109t NS
Tec%?,'gﬁf:rhzon“e ETTech | 4.97| 524 333 4.3F 0.0960 |0.0000*** |0.0000**** |0.0000****
Evc?li%tg)r:aaln Sectoral Transformatio ETTran: | 4.7€ | 4.9t | 4.4¢ | 4.87 |0.157: NS _|0.010( ** __|0.074Ef * 0.314% NS
Trap oo o Sectoral Redefinitior ETRede | 4.95 | 4.82 | 4.1C | 4.2€¢ |[0.289( NS_[0.150( NS_|0.000( *** |0.003( ***
Unpredictable sector. ETDev | 4.08| 4.84]| 3.63 4.4f 0.0009* [0.0000*** [0.0095*** (.0200 **
Developmer

Notes: **** **x ** * represent significance athe 0,1%, 1%, 5% and 10% levels respectively.

Group 1 = HT Leading countries (N=111)
Group 2 = HT Catching up countries (N=88)
Group 3 = LMT Leading countries (N=195)
Group 4 = LMT Catching up countries (N =151)

Table 4. 3 Mean comparison analysis between the #ogps
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4.5.5 Sectoral Evolution and Transformation

Finally, the fifth set of rows Orrort Reference source not found. addresses the sectoral evolution and
transformation. HT, compared to LMT, in both catchup and leading economies is witnessing
a higher advancement in its technological fronfi€f Tech), sectoral transformation (ETTrans)
and redefinitions (ETRedef). Furthermore, it isgeéred to be dominated by unpredictable
sectoral development (ETDev). However, if we confioo sector, catching-up economies seem
to be more strategizing for this sectoral evolutmm transformation process. This suggests that
catching-up economies are a prime player into #mewal and transformation of the both

sectors, with a stronger emphasis on the LMT.

4.6 Analysis and Discussion

4.6.1 Knowledge and Technologies

Internal R&D development is crucial to firms’ swal, regardless its economical or sectoral
boundaries. For catching-ups, this result is ire lwith Fan's (2006) (Wei et al.,, 2005)

recommendation when studying the Chinese Teleconuation Equipment Industry (TEI). The

author asserts that for a successful catch-up,hén TEI should focus on in house R&D
development together with their focus on exterfigreces.

Also this result supports the findings of Fagerbend Godinho (2005) who stated that catching-
ups such as South Korea and Taiwan invest more 184 of their GDP in R&D. This

demonstrates the race with leading countries hkeldS, France and the UK.

Knowledge generation through interaction in LMTthe most significant factor in favour of the
catching economies. In general, previous studies/etl that this kind of interaction is central to
successful LMT, due to its cost efficiency, and kigh quality of knowledge produced due to
interactions between the various actors of theosalcsystem, such as suppliers and clients.

These interactions however are significant onlieading economies with respect to HT.

Result 1. Aside from internal R&D development, Keoge generation through firm’'s

interactions is central to the strategic innovatioontext of LMT in the catching up economies.



95

In terms of knowledge generation through systerteggmation, on the one hand, HT of leading
economies views systems integration as a moreatgtrcess than the same sector in catching-
up economies. On the other hand, LMT in catchingegonomies relies more on system

integration to generate knowledge

Result 2: Leading economies are more efficientipgusystems integration in the HT sector,
while catching-up economies are utilizing systetagration in the LMT sector.

LMT in both economies rely more on a stable techgichl base. This is in contrast to HT that
enjoys a more dynamic technological environmenterbstingly, catching-up economies,
perceive knowledge generation to be more deperateiat stable technological base, compared
to leading ones. This could hint that while thedlers are the innovators in both sectors, the
catching-ups are the imitators. General Purposédi@ogies (GPT) is always the product of
HT. However, if comparing catching-ups and leadeith respect to GPT, results are non-
significant, suggesting a kind of closeness inwhg knowledge is used to produce GPT in both

economies.

Result 3: In both economies, HT relies on lesslstadchnological base, while LMT utilizes a
more stable one. However, catching-up economies gererally using a more stable
technological base than leading economies.

Result 4: The leaders are innovators, while catghips are imitators.

4.6.2 Actors and Networks

Results suggest that in catching-up economies, bethors are similar; none is gaining extra
attention over the other. Moreover, catching-upnecoies are putting a higher emphasis on
knowledge produced from universities to benefithbséctors. This supports the comments of
Fagerberg and Godinho (2005) indicating that witdlatling economies hold a higher percentage

of university enrolment, catching-ups are not fanf reaching the same level.

Result 5: While catching-up economies assign arsified attention to both the LMT and HT,
leading economies are focused on HT. Additionaigglizing its importance, catching-ups
economies are putting a greater emphasis on uritiesgo produce knowledge.
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It is important however to highlight that some ¢étg up economies such as Mexico, have been
found to be less dependent on direct collaboratiim universities, rather on university industry

collaboration as a source of technological knowge(idorma, 2005)

Suppliers play a key role in HT located in leads@pnomies, compared to LMT in their own
economy (the leading one). This suggests that wthidecore products architectures are still
produced in leading economies, probably the depeyden external suppliers increased
specially with the general trend of product modtyatHowever, it is essential to mention that
recent research has found that the Chinese auttemiloiustry is recently shifting from the
integral architecture to a quasi open modular gechire (Wang, 2008). Following that strategy
firms buy licenses or copies of generic parts auelgrates the various components depending on
the end product.

Result 6: Firms in leading economies produce madyleoducts, and then outsource

components to catching up economies.

Result 7: Catching-up economies rely more on proa@sovation, especially in LMT that seems
to be a core sector.

The complexity of demand in leading economies sgpsa that of the catching up economies.
This probably explains that leading economies, evfocusing on local markets definitely try to
penetrate foreign markets.

Result 8: Leading economies firms face an even rmomplex demand that is satisfied by
increasing products modularity.

What is even more interesting is that innovativertatps, in catching up economies, enjoy a
higher level of accessibility of funds to grow thbusiness. This result is consistent in both the
HT and LMT. However, the LMT holds a very high sigrance. This shows a focus on that

sector in catching up economies. This supports Gleeschenkronian view that successful

catching-ups depended more on their internal ghititenhance their institutional role to invest

properly in education, innovation and R&D (Fagego&rGodinho, 2005).
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Result 9: The economic system of catching-up ecesom perceived to better facilitate
accessibility of funds to grow the various indudtsectors with a high significant result for
LMT.

4.6.3 Institutions

The important role of institutions, supporting G#rsnkronian’s view, is clear in our analysis.
Catching-ups do not only focus on education, int fde regulatory framework in which
catching-ups institutions played a key role is ewid This importance is obvious in the case of
HT in leading economies. More importantly, thiserad paralleled by a similar role in catching
ups with respect to LMT. One the one hand, leagitnomies protect their HT investments by
developing the appropriate regulatory policies. tBa other hand, catching-ups are reinforcing
the role of institutions especially in the caseLMT, as a mean to catch-up. This result is
logical, if the economic and technological perspest of LMT are investigated. For instance,
LMT firms in catching-ups, that generally are expeith export, should give key attention to
regulatory approvals through their institutionsonaler to protect their investments. In the same
vein, since catching-ups cannot afford much knogéedlissipation, intellectual property
protection is mandatory to properly utilize inndeas and protect their R&D investments. This

institutional setup is supported by governmentgeigily in the case of LMT in catching-ups.

Result 10: Focused on LMT and export, catchingngitutions play a key role to expand their
global market share by seriously adhering to retia policies before the commercialization

phase.

Result 11: In catching up economies, intellectualperty protection institutions play a key role

of efficiently capture value from innovations, grdtect own production to avoid imitation.
Result 12: Governments for both economies are giwemtra attention to HT. However;
governments in catching-up economies are givingadgtus to LMT.

4.6.4 Dynamics and Growth

The result of the above factors resulted into dyinarand growth of the LMT sector especially

in catching-ups. Leading economies are seen toob®ysfocused on HT, with probably a
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diminishing growth. Catching-ups perceive growthboth sectors with a clear growth in LMT,
that leading economies seemed to be not giving natteimtion for the sake of HT. While it is
unmistakable that HT is the main engine for growthis statement could be losing its
absoluteness with time. One explanation is thatpdihaps has climbed its S shaped curve of
technological innovation, and getting to be mora stable and less turbulent sector. In contrast,
LMT that is considered the user of the HT producw mas a variety of technologies to deploy
to enhance their process innovation, thus addindifterentiate their products portfolio. This
suggests the renewal and transformation of suchaeold slow growth perceived sector. Not only
does technological differentiation, offered by tH& technologies support LMT firms, in fact
this is coupled with a cost based strategy.

Result 13: In terms of growth, firms in catching-egonomies perceive more growth in both
sectors with a higher significance for LMT. Stiietr leading counterpart is more focused on HT
that takes the lion’s share of attention.

Result 14: The pace of technological change intgate up economies in the LMT sector is
clear. In addition, firms in the catching-up econesare driving a cost based strategy in the HT

sector pushing for a renewal and transformationqass.

4.6.5 Sectoral Evolution and Transformation

As a result of the above dynamics and growth elésnethe LMT in both economies is
witnessing advancement in its technological franttend hence, this sectoral transformation and
redefinition is evident. However, this renewal amansformation places strong emphasis on
LMT in catching-ups that seems to have managedtttach that sector to its own national

boundaries, and finally lead this transformatiod esnewal process.

Result 15: compared to LMT, in both catching up &atling economies is witnessing a higher

advancement in its technological frontier, sectdrahsformation and redefinitions.

Result 16: Catching-up economies are strategizamgHis sectoral renewal and transformation
process with a stronger emphasis on the LMT.
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Figure 4. 2 Conclusion LMT, HT, Leading and Catchirg Ups

Figure 4.2 shows the various dynamics affectinghesector and each economy. Arrows
represent the dynamics. Breakthrough innovatiors taohnologies are commercialized to the
HT sectors in catching ups (Arrow 1). Catching upgate the high techs produced in leading
economies, and proceed to process innovation. Dywite competition, and relatively lower
cost, these HT stand a higher chance of penetratiibs in both catching ups (Arrow 2) and
leading (Arrow 4). Due to the extreme focus of bhatg ups on LMT, and the process of
migration of LMT from developed to developing cates, catching ups stand higher chances of
commercializing their LMT products with the LMT t#ading countries (Arrow 3). While HT of
leading economies can provide high quality techgiel® to the LMT in the same economy
(Arrow 5), it is more probable that those techn@sgand products are acquired from catching

ups due to lower cost, and the increasing produality.

4.7 Conclusion, Limitations and Future Research Work

The prime aim of this research work is to differatg HT and LMT between firms in leading
and in catching-up economies. The research worpge®d a theoretical framework based on

Sectoral Systems of Innovation (SSI) and Natioryat&ns of Innovation (NSI). This framework
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included knowledge and technologies, actors andar&s, institutions, sectoral dynamics and
growth, and finally, sectoral transformation. Oesults show that firms in leading economies are
generally more focused on HT, while catching-upnecoies are focused on both, however with
a stronger focus on LMT. Firms in catching-up ecui&s rely on a stable technological base in
all sectors, while HT firms in leading economies aiitnessing a rather more unstable, dynamic
technological base. This suggests that, with rdéspecHT, leading economies could be
considered the innovator, while catching-ups ame ithitators. Furthermore, HT in leading
economies relies on product modularity to outsowma@eous components probably to firms in
catching-up economies. In contrast, LMT that dostsdemand extensive innovative capabilities

is led by firms in catching-up economies who maptecess innovation.

This technologically driven race did not emergechbgnce. Our study shows that catching-ups
are putting greater emphasis on universities talywe knowledge. In addition, we found that
catching-up economies provide higher accessibiiityfunds in order to grow the various
industrial sectors, specially the LMT. This focus bMT and export empowered the role of
institutions that in turn play a key role to expaheir global market share. Consequently, the
role of institutions and governments with respectrégulatory policies, intellectual property

protections aref high importance to firms in catching-up econosniespecially in LMT.

As a result to those important steps the variousntgin catching up economies have
undertaken, sustainable growth is achieved, notabllye LMT. In contrast, the same growth is
witnessed for the HT, with respect to firms in legdeconomies. While it could be argued that
catching-ups are mastering LMT, evidence suggestekiensive efforts are put into HT as well
using cost based strategies. Moreover, our genesalts suggest that catching up countries are
strategizing for this sectoral evolution, renewal @ransformation process, for both sectors
however with a stronger emphasis on the LMT. Thesailts call for a renewed international
industrial policy that takes into consideration tharious changes in the global markets,
supported by Aiginger (2007), and the various OE@DO06, 2007, 2010) economic survey
reports. One limitation of the analysis is thathwit groups of course differences exist. For
instance, Taiwan and South Korea while put in tmes group some differences exist between

both economies, like found in Wang'’s (2007) work.
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Our present results are limited by the collectedssrsectional data that does not give any
historical or chronological aspect of studying gwolution of the various characteristics in the
studied context. Our future research work will adeyolutionary models of change for further
research to understand the evolution and transtoomaf both sectors, with respect to leading

and catching-up economies.
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5.1 Abstract

Evolutionary theory has and is still offering a stamtial impact to our understanding of systems
of innovation. This approach that was none interaily introduced by Joseph Schumpeter in the
beginning of the Zb:entury did not materialize on the evolutionaryeleuntil the work of the
new-Schumpeterian school. This school's fundamebtabkthrough is the mutation of the
innovation process from an evolutionary perspegtireluding the use of evolutionary
metaphors and techniques. This mutation of innomaind evolution resulted into various
literatures, including growth models that have besately used to explain and study innovation
and its impact on policy formulation and decisioakimg. This research work aims to
empirically identify the differences that charatersectoral and national systems of innovation
using a phylogenetic tree approach. The resultaté dkfom a survey that addresses firm’s
innovation both on the sectoral and national lewels be considered as a pool of perception
practices or cultural units (meme). Hypothesizihgttdecision makers’ perceptions follow a
universal Darwinian track, a phylogenetic treeaastructed using the parsimony technique and
results are analyzed. Our results show that théogkwpetic tree, using parsimony enables us to
differentiate between the various sectoral andnatisystems of innovation being studied. This
research work opens the door for the use of swtiniques, adopted from evolutionary biology

to classify and study the evolution of firms fronogs sectional data.

Keywords: Evolution, phylogeny, parsimony, innamatisectoral systems, national systems

5.2 Introduction

When studying the influence of time and history tbe emergence of industrial revolutions,
Bruland and Mowery (2005) included two importansteynic approaches in viewing innovation,
even though not specifically: the national and @@ttsystems of innovation. Innovation is one
of the prime factors responsible of the variousasgits affecting sectors and nations. Joseph
Schumpeter was the first economist to clearly pimpiine role of innovation on the formation of
business cycles. The neo-Schumpeterian schooliételson and Winter (1982) later developed
various innovation centric models to conceptual@ehumpeter’'s work in an evolutionary

framework. The resultant work of this school cdmited to the development of various models
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including growth and history friendly models. Whiseich models are of high importance, a
complementary approach would be an important stegnhance our understanding of the
complex innovation process. Our complementary agpras to view systems of innovation in
terms of practice perceptions or cultural units rfred. From that stand, populations are
considered to hold the various perceptions to timeier and outer spheres of knowledge, with
respect to their sectoral and national systemsimdvation. The inner world will represent the
agent’s view of the internal firm practices. Thetesuview will equally represent a decision
maker’s view to the world outside the firm’s bourida. Consequently, any decision maker’s (or
agent) perception will be function of the inner amater world all together. Hence, one can
argue, that when a decision maker is asked aboattain practice, his/her transmitted opinion
will be his perception of the practice. These petioas are quite important, since these are a
mix of the actual nominal measures, such as phulitty and other measurable factors, together

with the physiological factors that regular economdicators usually do not absorb.

In the knowledge-based view that this paper taleesh business practice perceptions are
codified by means of a questionnaire. Assuming ensial Darwinism (Hodgson, 2002)ross
sectional traces of such practices can lead torehenstruction of the phylogenetic tree, or
‘historical’ tree of firms’ perceptions. The unit analysis is cultural memes, aggregated on the
population of firms that belong to either high teclogy (HT) or low medium technology
(LMT), and in leading (i.e. developed) or catching (i.e. developing) economies arranged in
four cells of a matrix. This technique enablesausdmparatively analyze the four groups of the
resulting matrix in a stepwise analysis of the ahtaristics and see whether they stand the

phylogenetic parsimony test. The use of parsimasya methodology to build the phylogenetic

% According to Dawkins (1976) metaphor.

* The main issue when dealing with universal Darsrimiffom an economic perspective is its incorporatd
random variation: a notion that occupies the midhaf Darwinian evolution theory. While decision reek are
rational, one would marginalize the probabilistariation process. However, this can be contrasyequiestioning
what is really rational, and relevant to what. Rarmore, assuming that rationality is the samesacimdustries and
countries implies that agents have the same rditiprend could be subject to various spectrum dbrimation
completeness. Such discrepancy would certainlyctffee various economic agents’ perceptions ofitgeal
Moreover, it turns out that this variation procesgaot that random, as this kind of variation isy@n to be also the
product of environmental stress that shapes thati@r process.
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tree, requires the important hypothesis, in addito that of universal Darwinism, that firms’
characteristics evolve on a phylogenetic tree itiatmizes the number of evolutionary steps. In
other words, the version that we know of historyhie most optimum. Our results show that
reconstructing history, using the phylogenetic tapproach enables us to differentiate sectoral
and national systems of innovations and to undedsthe differentiating factors between the

various groups of firms.

The remainder of the paper is organized as foll@gstion 2 presents the theoretical background
of the paper with respect to two axes: Darwin’tlgeof evolution in an economic context and
the national and sectoral systems of innovatiomfran evolutionary perspective; section 3
describes the research hypotheses derived frorfitéha&ture review; section 4 presents the data
and methodology; section 5 provides the resultstie 6 discusses the implication of these

results; and finally, section 7 concludes with atlank towards future research work.

5.3 Theoretical framework

When studying sectoral and national systems ofuation, time and history are of significant
importance. This is presented in the works of Brdlaand Mowery (2005) studying the
emergence of the12" and & industrial revolutions. The three revolutions tenviewed from
the systems of innovation angle. For instance fitise industrial revolution, led by the United
Kingdom, witnessed the development of industrieshsas iron, steel, coal, textile and
mechanical engineering products. In the beginnifighe 20" century, transforming from a
position of catching-up to the leader of the secmistrial revolution, Germany, and later the
US, mastered large scale continuous process piodutttat included the automobile industry,
internal combustion engines, as well as oil andeggdoration machinery. Led by the US, the
third industrial revolution included ICT, biotecand pharmaceuticals, the currently identified
high tech sectors. Factors characterizing the esmery of each revolution are different. For
instance, the first industrial revolution depenaedthe role of individual inventors, and on the
emerging role of institutions to foster technol@jichange. The second industrial revolution
however, witnessed the emergence of the bond betweigersity and industry that brought the
first concept of industrial in house R&D labs inr@®any. The third industrial revolution was

primarily based on an unprecedented governmentetase in R&D support.
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Taking these industrial revolutions into perspestiwgan inform on how various economic
characteristics can shape history. The charadteyigir practices, of firms located in each nation
or sector identifies the nation to be in a leading catching up position, and the sector, to be a
high tech (HT), or a low medium tech (LMT) secthlistorically, environments in which firms
are located, are a modified version of their pastrenments, or in biological term, of their
ancestral environments. This is supported by KuideB2) who asserts that the current form of
everything we see now, is a variant of somethingenia the past. This quote is not limited to
technologies, but also applies to firms’ practicéhis argument is the root of Darwinian
evolution. In evolutionary biology, biologists hyhesizing Darwinian evolution use DNA to
reconstruct the tree of life of the various specligkewise, cross sectional data collected from
firms located in various sectors and nations cablenus to reconstruct a tree of life. While this
temptation to map technological innovation intodiaamies that mirror the ‘tree of life’ has been
revealed by Ziman (2000, Ch. 4), it has not madliegd to date.

In order to justify the utilization of evolutionamgchniques to build the phylogenetic tree, the
supporting foundation of the Darwinian track of kmMmn is first explored followed by the

systems of innovation and evolution with the assted survey characteristics.

5.3.1 Evolution

In this section, we explore the three main comptmeh natural selection: variation, selection
and adaptation (Jablonka and Ziman, 2000; Cord¥%)2 According to Maynard Smith (1986),
for Darwinian evolution to take place, three praiesrshould characterize the population being
studied: First, the entities must able to multiflg. one gives rise to one or two or more);
Second, there should be variation of charactesigizross the population being studied; Third,
variation must be hereditary. Therefore, the clasgion of firms into groupings based on
similarity with Darwinian evolution, assumes a coamancestor (Jablonka and Ziman, 2000).
In our case, we have two objectives: First, to gifgsfirms according to their characteristics;
Second, to test whether a phylogenetic tree woukg gs reliable information about any
historical indications regarding the developmentsgétems of innovations. In our case, the
genetic structure of firms (that should direct heit practices) should allow us to group them

according to the various environments (sectors eswhomies) to which they are subject. We
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thus hypothesize that firms’ characteristics\peasi should be similar if subject to the same
system of innovation. Consequently, firms with $&mpractices should be classified in the same
group and put on a common lineage. This type ofigirg is based on the hereditary principle.
As a consequence, when building the evolutionaeg,tbranching constitutes a historical

reconstruction.

Here, it is important to highlight the differencetiveen genotype and phenotype. A genotype is
what an organism holds in its own DNA structureisTBNA coding does not necessarily
translate to the apparent characteristic of thamsgn. However, when the genotype potential is
actualized, it is transformed from genotype to mtgoe (an apparent characteristic).
Environment plays a key role to actualize genotigp@henotype. For instance, in the case of
plants, the same plants with the same genotypellysievelop different phenotypes when
planted in different locations (Jablonka and ZimaAQO0). In our case, perception practices
should be considered the firm’s ‘genotype’. Theraggte of such perceptions would constitute
sectors and economies aggregate genetic percepfomss ‘phenotypes’ are their apparent
performance and measurable criteria. Thereforeatjgeegate of firm perception (memes) are
considered the population genetic code. This gemetie is transmitted from one environment
generation to another. If the same practice is usatifferent economies or sectors, it should

translate to a different phenotype or performatiugs justifying the classification of firms.

DNA variations are called mutations. These statianges/mutations include “an addition,
deletions of bases, change in the position andntimber of sequences, and changes in the
number of chromosomes and data sets” (JablonkaZzandn, 2000, p. 16). While to a great
extent, these apparent changes might seem rancmantrresearch has discovered that the
assumption that the variations that occur to DNA rast ‘blind mistakes’ as previously thought.
In other words, it shows that the variation processsot that random after all. In fact, it is
strongly suggested that during evolution, changesharacteristics are subject to “environmental
stress” (Jablonka and Ziman, 2000, p. 16). In &mldib these environmental stresses, adaptation
to scarce resources is a crucial force of evoluf@ordes, 2005). When changes occur to DNA,
characteristics are inherited, while carrying aerahtive characteristic or a non-functional one

(Jablonka and Ziman, 2000). This argument levets dttack on universal Darwinism due to
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random variations. It reinforces the notion thatwis explained to be random could in fact be
reactions to environmental stresses. Transposittgdar economic environments, variation to
differentiate between leading and catching up ecves, HT and LMT firms will be subject to

the various environments firms are subject to.

Turning now to adaptation, evidence shows thatreetyaof engineering products are subject to
re-occurrence due to selection pressures on than@rgs, or in other words, adaptation
(Jablonka and Ziman, 2000). According to David (0Gdaptation can generally take three
forms. The first is the adaptation by revision: 'td the pure Lamarckian track and is based on
informed trial and error revision. It is basicadlyrecursive practice. It is direct and efficiens. |
disadvantage is that it needs sufficient intellgemo keep going, and might be trapped into a
local minimum (due to bounded rationality for ingta). The second is adaptation by selection,
the Darwinian track, otherwise called adaptationcbystrained variation and selection. These
variations are made from a specific mechanismslIthe mechanism of trial and error or
reinforcement learning. Its disadvantage is thaindludes many trial variations, so it is
inefficient. On the positive side, it does not neeakch intelligence. If variation is wide enough,
it can escape the trap of local minima. Finally Dai2000) adds the adaptation by coding that

includes a step of Darwinian and another step afdrakian adaptation.

On speciation and macroevolution particularly, deéinition of species and how they should be
grouped is still a debate among biologists. Speeias usually related to geographic isolation
(Jablonka and Ziman, 2000). This argument is advaligument to be used to differentiate
economies and sectors. Practices, if used in diftefocations or sectors, will yield highly

differentiable results across the various systeihmsnovations.

Much effort in the literature trying to map techogical evolution to Darwinian evolution is
actually directed to resolve the paradox betweeratmn and evolution in a technological
context. Some argue that technologies are cre&eage evolution is not liable to explain
technologies. Others like Dawkin will defend evaat saying that any design could be
developed using a blind trial and error (the blimdtch maker). Furthermore, in an effort to
narrow the gap of applicability between evolutiomdacreation, advocates of the ‘Universal

Darwinism theory would assert that our human cagmiis the product of natural selection;
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hence selection principles are to be considerdalddka, 2000). More importantly, with respect
to technological evolution, Griffiths and Gray (¥%uggest that the unit of evolution should be
the organism’s development through its life cyciet through generations (Jablonka, 2000). A
central hypothesis in Darwin’s theories is thatylapons evolve not individual organisms. This
is why the unit of analysis in our case is popoladi rather than individuals. In our context,
practices framework escapes the product or techgdite cycle constraint, and thus could be
more analogous to evolving Darwinian populations. dAgeneral conclusion, there is enough
“diversity and relatively blind variation in a pdation of technological entities to sustain an

evolutionary process” (Ziman, 2000, p. 7).

5.3.1.1Low, Medium and High Tech Sectors as Technology andractice

Recently, some technological innovation scholaasteti to study technology from a cognitive
angle. According to Stankiewicz (2000), technoldgym a knowledge perspective could be
analyzed according to the following four evolutioneegimes related to our industrial sectors. In
the Craft Regime, technologies are poorly standaciand with high unit costs. Technology
development is gradual and no distinction existBvbeen design and production activities.
Guilds are an example of technology accumulatiahlaarning, by transmitting knowledge and
skills from one generation to another for examgleowledge accumulation is artifact bound and
local. Therefore, the design space is fragmentedismcoherent. Accordingly the potential of
production is reduced based on these constraiots {lech). In the Engineering Regime, design
is separated from production. Knowledge is codifietio building blocks identified as
engineering science (LMT & HT). The Architecturaédtme is concerned with the design of
complex multifunctional systems. Therefore, it degee on the craft and engineering regimes.
Architectural development is purely about desigherEfore the designer in that case tries to
absorb user’'s needs and design the complex tedfieslthat fulfill their needs. It is hard to
define and accumulate (LMT & HT). Finally, in theegearch Regime, discovery and new
products/technologies is the most basic ingrediéits design space. These regimes are natural
science based, for instance biotech and pharmae&ut{HT). The author refers to social
construction of technology, organizational learniagd economics of knowledge, technological

systems and systems of innovation. This is wheoud&ng the organizational and institutional
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implications (which is the social dimension) of haological and cultural evolution
(Stankiewicz, 2000).

Sectoral demand is subject to natural selectioweds For instance foraging strategies like the
application of technology or cooperative foragingsheen selected due to natural selection
forces that favored behavioral strategies that @core on physical effort (Cordes, 2005). As a
result the above regimes are responding to dentetdst itself subject to natural selection. This
demand, in the form of ‘acquired wants’ emergesaAssult, value is created in a certain sector.
This creation of values involves cognitive learnimgd consumption of knowledge about the
various inputs, tools and services. Firms are endtiher side, watch such sectoral changes and
are fulfilling those (Cordes, 2005). Automated maehy emerged to replace man’s hands and
mind in production. Consequently the motivationuse technological evolution is primarily

based on the need to avoid excessive physicaltgciind the need for physical ease.

5.3.1.2Geography/Economies as Technology and Practice

Previously we have discussed speciation and iesinbd the variation of species due to isolation
that we have deemed similar to practice. We comclutiat it plays a major role to differentiate
economies and sectors. Some researchers (Macfaaehélarrison, 2000) have questioned the
main difference between England and Japan, in teimssing of machinery for the former
versus human powers for the latter until the 2Gthtary, and the trajectory of technology
deployment. Due to economic and geographical caimssrthey found that, in Europe, in order
to solve problems, they built machines, while ipalg they innovated in the social organization
and deployment of labor. Hence “Japan led the imgws revolution, and in Europe the
industrial one” (Macfarlane and Harrison, 2000,8p). This explains why Japan mastered its
industrial organization after the World War I, ao@me up with its various organizational and
quality strategies. While the leading economiethat time, were primarily focused on product
innovation. Therefore, long-term economic developinfellowed different sources for different
nations because of differences amongst environm@itsmond, 1997). For this reason, the
learning histories of people differ, and differecultural and institutional setups mandated
different paces in technological progress in ddféreconomies and societies (Weber 1993;
North, 1981).
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From an innovation perspective, according to Caonsf2000), developed countries were more
advantaged compared with less developed economnigwd main factors: First, higher level of

resources to experiment, thus higher ability t@rate the costs of failures and experiments;
Second, positive evaluations from military, pobiicand economic history. Consequently the

evolutionary foundation of collective learning @ihded in more developed countries.

This evolutionary approach enables us put more asiplon path dependence, when analyzing
systems of innovation. For instance, often thirdrldiocountries strategize on acquiring
technologies from developed countries to be ableatoh-up. While this model is reasonable, it
lacks the activity side. This is demonstrated by #ritifact-activity model of Fleck (2000).
Technology transfer to developing countries is sudficient due to the lack of human element
that includes tacit embodiment of mandatory knog&edThis includes the role of the highly
trained, complex users that play a key role to tigwand diffuse the technology (Von Hippel,
1988; Fleck, 2000).

5.3.2 Sectoral and National Systems of Innovation & Evoltion

The objective of this section is twofold: first,are sectoral and national systems of innovation
from an evolutionary angle; second, explore andfgléhe various factors used in the survey.
Survey factors used in our analysis are basedegdheral framework of systems of innovation
explained by Malerba (2004). Malerba’s systemsnobvation framework include knowledge,
institutions, as well as actors and networks. Actand networks include universities, firms,
finance, and customers representing demand. Theders lead firms to witness various
dynamics that lead to sectoral evolution and t@mnsation. Beside each argument supporting

each characteristic, we will refer to its numbezdig Table 5.4 in parentheses.

“Evolutionary theory provides a broad theoreticainiework for the concept of sectoral systems
of innovation” (Malerba, 2004, p. 14) because iagals the sectoral dynamics that include
learning and knowledge (3,4,6,9) at the centethefdnalysis. Consequently, various cognitive
aspects affect the learning process (Nelson, 188%i, 1997; Metcalfe, 1998). Agents or
population of agents are subject to bounded rditgn&lence their rationally bounded decisions

are contained and bounded by various factors titdide technology, knowledge base and
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institutional context in which agents operate (Made 2004). Sutton’s (1991, 1998) taxonomy
for instance takes into consideration the inabiityhe firm to control or foresee factors that are
beyond a firm’s ability to invest in a certain tactogy or not (Von Tunzelmann, and Acha,
2005). This argument supports the ‘bounded ratiphgbaradigm. Hence, it supports the
randomness of variation that characterizes the D&w evolution. Knowledge therefore is able
to redefine sectors boundaries (28,29), and reeshthp innovation process. Additionally,
knowledge does not diffuse automatically and frdedyween firms (6), but has to be absorbed
through time (Malerba, 2005). As a result firmsifiagcthe same environment, share the same set
of learning patterns, organizational forms and b&ha(Malerba, 2004). Consequently,
following an evolutionary argument, sectors shodiffer clearly (Pavitt, 1984) across those

various factors we will later introduce.

Evolution, as discussed, is generally about vamaéind natural selection. Malerba (2004, 2005)
identifies the evolutionary approach on three baggs: variety creation (technologies, products,
and firms), replication (promoting inertia and dantty) and selection (reducing the variety and
discouraging ineffective utilization of resource¥ariety creation includes products (15,16),
technologies (7,8,14,26), institutions (10,11,12,20ms, strategies (17,19,25,30,31,32) and
behavior. The severity of selection is sector ddpah (Malerba, 2004). Consequently, new
knowledge and technologies are created (2,4,5,8)7@lelson and Rosenberg, 1993) thus
contributing to sectoral system differentiation.dittbnally, new firm entry, with new products,

technologies (25), know-how, knowledge, as weluawersities (3,4) and sectoral institutions
add to this sectoral differentiation (Audretsch969 Geroski, 1995; Malerba and Orsenigo,
1999). Consequently, the evolutionary approach thatforces the notions of selection and
variety generation considerably better explainsigtdal dynamics and sectoral transformation
of sectoral systems (24,27,28,29). The evolutiorepgroach also includes beliefs, objectives

and expectations (Malerba, 2005).

This co-evolution and transformation of sectorasteyns could occur on the technological
regime, learning regimes or patterns of innovaidalerba, 2004). Innovation activities might
shift from a Schumpeter mark | to mark Il or vicersa. The knowledge base might change

incrementally (18) or radically (25). In the cadeireremental increase (18) in the knowledge
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base, a dominant design emerges and large enesplisninate (Utterback, 1994). In the case of
breakthrough knowledge, however, new technologydyeomg firm entries are encouraged
(Jovanovic and MacDonald, 1994; Tushman and Ander$886; Henderson and Clark, 1990;
or on the user\demand side,Christensen and Rosenpl®95). Therefore according to Malerba
(2004), this co-evolutionary process is sector #igeand affects various elements including
technology, demand (1,2), the knowledge base @,tand learning processes, as well as firms,

non-firm organizations and institutions.

Case studies of high technology (HT) sectors regtbwy Malerba (2004) demonstrate the
following. Interaction between knowledge (3 to &tors (1 to 9) and institutions (10,11,12,20)
shaped the evolution of the system of innovatiothexpharmaceutical sector. Weaker protection
(10,11,12) induced imitative strategies (11), amdrger ones led the Italian generics industry to
disappear in this sector (McKelvey al, 2004). Oligopolistic structures started in thiedem
sector due to the separation of telephony and baoadi However, the convergence motivated a
fluid market structure, with new actors and usér)( Open standards were created and new
actors rose such as ISP and ICRsthe telecommunication sector (Edquist, 2004pv@h of
software products emerged due to the role of opendards (15) and open source approach,
various licensing agreements emerged in the sadtveactor. Generic products that hold
customization utilities (14,15,16) have emergeterimal firm specializations (9) emerged to this

need for providing highly customizable products,{8) in this sector (Steinmueller, 2004).

Case studies of low and medium technology (LMT)t@scalso reviewed by Malerba (2004)
demonstrate the following. Technology (7,8,14), dad) markets and institutions shaped the co-
evolutionary process in the chemical sector (Cesaial, 2004). Environmental issues further
shaped the co-evolutionary process in this seBteveloped countries have observed the rise of
environmentally safe products. Governments (10;20,thposed regulations (10,11,12) to
minimize pollution. Firms in the sectors used psscénovation (18) to make their products
greener. Demand from advanced customers (automagvespace and defense) (1,2) shaped the

machine tools industry, thus incremental innovabesame dominant. Patenting (10,11,12) has

® Internet Service Providers (ISP) & Internet Conferoviders (ICP)
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been growing strongly in recent years. Furthermooejputer scientists became more needed in
this sector (Wengel and Shapira, 2004).

Mowery and Nelson (1999) study the long-term evolubf various sectors over time and across
countries. They demonstrate that co-evolutionapncgsses differ greatly across sectors. Some
are motivated by sales growth (22,23) and radioadiyct development (25), while other sectors
are mainly dependent on technologies (7,8,14), ddmanstitutions and firm organization as
well as strategy. This process of co-evolution leetw the different sectoral agents is sector
specific and path dependent (Malerba, 2004).

This interplay between sectoral systems and ndtisystems is therefore inevitable. While
sectoral systems could be generally invariantonati systems are variant according to Malerba
(2004) as well as Breschi, Malerba and Orsenig@@20This is evident for instance in the case
of the pharmaceutical sector (HT) (McKelvetyal, 2004), where the innovation process differs
across countries due to patterns of competition mmadket structures. Furthermore, in the
pharmaceutical sector, product approval regulapoovided incentives for more innovative
strategies for capable firms and countries. Difiees across countries according to Malerba
(2005) in sectoral systems have considerably affedountries performance. An additional
example is in the semiconductors industry, where évolution of the industry has been
different, depending on the countries from whicaytiemerged. Consequently, environment and

conditions are different across sectors and ecoe®that hold different institutions.

5.4 Research Hypotheses

This section targets to build the testable reseaygiotheses. The major research hypothesis
targets two main areas. The first is related tdfitisé part of our literature review, elaborating o
how far one of the methodologies used (in our gaaesimony technique) can explain the
evolution of both national and sectoral systemsbvation and hint towards a working model
of universal Darwinism. Furthermore, we test whethaumerical example stands the parsimony
test, in an evolutionary perspective. The secongbthesis targets the details of sectoral and

national systems of innovation evolution if thesfihypothesis is validated.
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An importanta priori emanating from our literature review is that tedbgg and practice has
been reduced to knowledge. This definition fits terious schools of thought including
evolutionary economics and epistemology. Consetjyehe use of knowledge perfectly fits the
description of cultural memes that we considerrgsponse to the research questionnaire. As a

result, universal Darwinism is justified, with &8 previously explained properties.

Hypothesis (H1)National and Sectoral systems of innovation, wipeantized, are identifiable

and evolve parsimoniously.

In other words, the evolution of systems of innavatfollows a Darwinian Track. In a sense,
each of the four groups of firms (HT or LMT in Lead or Catching ups), will hold a slight
change from their ancestral environment. As a tedfuthis common ancestral relationship, it is
anticipated that firms belonging to the same gratip more probably join the same ancestral
nodes. Furthermore, since the parsimony technigjused, the evolution of such groups should
follow the most optimum path, i.e. the total numloérsteps for the characteristics to evolve

should be the minimum.

Hypothesis (H2)Leading Economies are highly differentiable froatehing up economies.

Similarities between sectors are however anticgpalberefore, based on the sectoral systems of

innovation argument, we subdivide Hypothesis H2 imto sub hypotheses:

Hypothesis (H2.1)1 MT in Leading Economies are similar to LMT in Catg ups and the

same is true of HT in Leading and Catching up Ecoies.

The innovation process is highly differentiable aasr countries/economies due to the various
patterns of competition, market structures anditingins (McKelveyet al, 2004; Malerba,
2004, 2005). On an evolutionary level, this différation between various economies due to
differences in environments is supported by Diam(i#b7), Weber (1993), North (1981) and
Cordes (2005). Governments provide a supporting tolfoster innovation, as in the case of
Taiwan (Chen, 2009). LMT activities are shiftingrin industrialized to newly industrialized
countries (Robertsoat al, 2009). Supporting Gerchenkron’s (1962) view, ficial institutions
and governments play a key role in the catchingrgress (Shin, 1996; Wade, 1990). This

support is primarily directed towards increasingeistment in R&D in catching ups economies,
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and higher support to university based knowledgelyetion systems (Fagerberg and Godinho,
2005).

Hypothesis (H2.2)High Tech (HT) are highly differentiable from Ldedium Tech (LMT)
Sectors

This differentiation is dependent on the severitgealection, and is sector dependent (Malerba,
2004) and is related to firm entry, developmenneW products and technologies, know-how,
knowledge, universities, and sectoral institutighadretsch, 1996; Geroski, 1995; Malerba and
Orsenigo, 1999). HT firms should be characterizetth \&@ more efficient absorptive capacity,
(Grimpe and Sofka, 2009) as HT firms are primaséeking to develop knowledge internally,
while LMT firms utilize external collaboration andteractions with customers and suppliers
(Santamariaet al, 2009; Tsai and Wang, 2009). HT is serving custsméth more complex
needs than LMT.

Breakthrough innovations characterizing the HT @euatll motivate firm entry (Jovanovic and
Macdonald, 1994) and this should reflect on ther/deenand side as well (Christensen and
Rosenbloom, 1995). On the strategy side, HT firnesdafferentiation oriented, while LMT are
primarily cost centered. Furthermore, HT use producovation, while LMT are more process
oriented (Ghosal and Nair-Reichert, 2009; Santaaedral, 2009; Heidenriech, 2009).

5.5 Data and Methodology

5.5.1 Data

Data included in our analysis is composed of°F#tfs of the Managing Innovation in the New
Economy (MINE) database. The database data is -sexd®nal and decision makers
perceptions are represented by a 7-point Likertesoahere ‘one’ denotes the respondent
disagreement with the statement and, at the otiebr'seven’ implies a ‘totally agree’ response.

Firms are categorized in HT or LMT according toithgrimary sector of activity and the

® The complete sample of 700 firms will be useddomparison purposes because it contains firmscératot be

classified into the matrix of Table 5.1
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American Industry Classification System (NAICS) eodbectoral systems could be examined
broadly or narrowly. According to Malerba (2009)etbroad analysis allows the capture of all
interdependencies and linkages related to the médransformation, while a narrow analysis
allows the testing of certain specific relationghiphis is why we have chosen HT and LMT as a
broader sectoral definition. Furthermore, firms greuped into two groups, leading and catching
up economies. Leading economies in our sampledecfums originating from Canada, France,
the UK and the USA. Catching up economies inclutdng& Taiwan, South Korea, and Peru.
Consequently, any of the 545 firms included in shedied sample should belong to 1 of the 4

groups shown in Table 5.1.

Table 5. 1 Sectoral and National Classification

HT LMT

(Leading versus Catching up)Leading versus Catching up)

(Group 1) (Group 2)

Leading Catching up
(HT versus LMT) (HT versus LMT)

(Group 3) (Group 4)

5.5.2 Methodology

The main methodology utilized in this paper to infiee phylogeny is parsimony. Generally,
parsimony indicates that simpler is better. In stayic context, the parsimony technique is the
applied heuristic algorithm to Ockham'’s razor, diBn logician who arguing that entities must
not be multiplied beyond necessity (according torden Webster definition). According to
Felsenstein (2004, p.139), Gafney (1979, p. 98gdtthat “[i]t seems to me that parsimony, or
Ockham’s razor is equivalent to logic or reasonabse any method that does not follow the
above principle would be incompatible with any pcéde or causal system”. Wiley (1981, p.
111) adds that “with no external criterion, we &veced to use parsimony to minimize the

number of add hoc hypotheses (Popper, 1968, p. T#8) result is that the most parsimonious
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of the various alternates is the most highly cosrabed and therefore preferred over the less
parsimonious alternate”.

The use of Parsimony could be seen as a generatiztitat most economists would avoid.
Similarly, Chandler’s pioneering work analyzing thistory of the American enterprise tried to
seek generalizations that most historians woulddags well (Nelson, 2000). Furthermore, as
argued by Hull (1988), “in order for selection pess to operate the entities must be organized
into populations integrated through time by destcentFleck, 2000, p. 250).

As explained, the parsimony technique is a heartbiat seeks to deduce a phylogeny based on
the minimum number of evolutionary steps to repmespecies with known characteristics.
Parsimony defenders often have criticized thesttedil inference technique to infer phylogenies.
The first area of criticism is that statistical @ardnce requires knowing too much about the
evolutionary process (Farris, 1983; Felsensteir§4p0Furthermore, evolutionary events are
historical and hence not repeatable, as Kluge (L8S3erts that “[a]s an aside, the fact that the
study of phylogeny is concerned with the discowarigistorical singularities means that calculus

probability and standard statistics cannot appy &t historical science”.

The philosophy of parsimony was first introducedBxnwards and Cavalli-Sforza (1963) as an
evolutionary tree that includes “the minimum netoaimt of evolution” (Felsenstein 2004, p.
126). As a result, the tree with the minimum numiifegvolutionary steps is considered the most
parsimonious tree. For one proposed tree, each ewailsteps is calculated for each character
and summed up to the total number of evolutiontepss Heuristics then are used to search in
the tree space for the best tree that holds thenmam number of evolutionary steps, using
branch and bound (first used by Hendy and Penn§2)l® infer phylogenies). Two algorithms
are generally used to count the evolutionary cheine Fitch and Snackoff algorithms, both of
which are known to be giving the same results @reein 2004). To imagine the level of
complexity, forn number of firms, the number of possible treeis3)!/2"n-2(n-2)!, wheren is

an integer greater than 1, and assuming a bifmgatee (Felsenstein, 2004).

In our analysis, a characteristic is binary codeking the value ‘O’ if a characteristic exists, or
‘1’ if does not. Characteristics evolution is battional, meaning a trait could evolve from 0 to 1

or vise versa. In our Likert scale, decision makeesceptions equal or less than 3 is coded as 0
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and 1 otherwise. This architecture allows puttiryenweight on characteristics that generally do
not exist. The parsimony technique allows firstiest our primary classification, and second, if
the classification is correct, to test which cheastics are influential in the evolution of
systems of innovation. In the parsimony model, thee with the minimum number of
evolutionary steps is selected. In order to reheloptimum tree, 138 trees appear in the solution
space, of which the most optimum is selected. Imigortant to note, that we have chosen the
Wagner parsimorfythat allows a characteristic to change its stéts 1 to 0 or the opposite.

Additionally each characteristic is considered ¢éarilependently evolving.

The intermediate nodes in the tree are transitmaes of ancestral environments. In the context
of this research, our environment is classifiedmfrthe perspective of sectoral and national
systems of innovation. Therefore, by using parsiynon the classification level, we will infer

that ancestral environments will be the environmethhat most resemble the current
classification. By examining the important trarmital nodes, we can determine which
characteristics ‘were’ influential to distinguistet various branching that lead us to the
categorization of industries and national econonfi#dT vs. HT and catching up vs. leading

economies). By choosing parsimony, it is necessargonsider environments that we can
currently study on the cross sectional level, ate@vation of previous systems of innovation

with a slight variation. The minimum number of \&ions across characteristics will group
certain firms together, which will constitute thaincestral environment in the various depths of

the tree.

5.6 Results & Analysis

Running parsimony on our data yields a tree, shiowfgure 5.1 , which generally distinguishes

4 clusters of firms (on the leaves of the tree)atidition to the 4 identified groups of firms

" In our analysis, the ‘Pars’ method from the PHYId&ckage (Version 3.69) is used. The parsimony aueth
used (using Pars.exe in our case), will use Wagaeimony, which is a method that allows multiplates, and
allows changes among the states. According to RF&lisiem (2004), the Wagner method originated frork &ied
Dayhoff (1966) and Kluge and Farris (1969). Fordisplay of Figure 5.1, the Dendroscope softwatergion 2.3)
developed by Husoat al. (2007) is used. For the output of Tables 5.2,a58 5.4 the Mesquite software (Version
2.71) (developed by Madisson and Maddison, 200@sed to track the characteristics evolution actbesmost
parsimonious tree.
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(delineated in four boxes) and their architectirigure 5.1 shows 2 principal transition nodes
labelled A’ and B’.

(Group 4)

(Group 1)

Figure 5. 1 Primary resulting phylogenetic tree with the unidertified 4 groups

In the resulting tree, Group 1 is at the root. Braon to groups 2, 3 and 4 are established by
following the transition arrowA of the schematic version of the tree presentedgaré 5.1. At
the head of arrow, Group 2 emerges independently from Groups 3 amchith are subsequent
to the transition arroM. This suggests that the main characteristics o1l were the prime
characteristics from which the rest of the groupsemed and ‘evolved’. After evolving
following arrowA, one additional evolutionary step gave ‘birth'Gooup 2 and three additional
steps generated Groups 3 and 4. Nodes A’ and Bramsitional nodes: node A’ is the resulting
evolutionary transition from Group 1 to Group rfr A’, the transition arrovB leads to node

B’ from which Groups 3 and 4 evolved.
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We now turn our attention to identifying the comipios of the groups, and the values of the 425
nodes with respect to the 32 attributes that charige each firm on the tree. Let us first examine
the resultant tree node values without taking tighlighted tree into consideration. Table 5.2
presents the number of 1s and Os for each nodethifdecolumn (titled ‘1’), counts the number

of nodes for which each of the 32 characteristcgniportant (value 1) and the fourth column

shows the equivalent proportion (%) of nodes. Twesth and eighth columns count the number
of Os, i.e. the number of nodes for which the ctiaréstics are not important (value 0), and the
equivalent proportion (%) of nodes. We have laloetlee nodes that could take the value 0 or 1
without affecting the tree structure as 0.5; as wikk see later, these nodes are not very
informative because they do not appear on anyit@msiodes and their sample size in the tree
never exceeds 3% of the total number of nodes rigrcharacteristic, for the 500+ firms (the

focal sample of analysis). In order to test theststency of the analysis, we have used two
different samples in our database, one of 545 fi(B@+ or the main sample) for which the

results are presented in Table 4.2 and the othesisting of 736 firms (700+), which is not

shown in the table. In the eleventh column of TabRis the number of evolutionary steps that
were necessary for the 32 characteristics to evimldependently on the tree. In other words,
each characteristic had to go through these numdfesseps in order to represent the whole

population (545 firms) on the most parsimonious.tre

The above factors give us a general idea of themBmhcharacteristics, i.e. a large number of 1s
for a particular characteristic across the evohary tree hints that this characteristic do not
differentiate among firms nor between the four tdesd groups, i.e. the sector and the economy
in which this firm operates. In contrast, an egléaa mix of Os and 1s in the characteristics’
importance for the node suggests a more dynamiactaistic and presumably allows more
differentiation between the 4 groups. Furthermdree number of evolutionary steps per
characteristic provides an idea of the stabilitpedor each characteristic. In other words, the
higher (lower) are the number of steps, the momadyc (stable) is a characteristic. In Table
5.2, we have segmented the characteristics intorotipg, the top 10 (the most stable
characteristics), the bottom 10 (the most dynarharacteristics), and the middle 2 groups, each

with 6 characteristics, resulting in 32 characterss
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Char. Factors 1 % 05 % 0 % 500+ Firms 700+ Firms Evo. Steps AvgEvo.Steps

9  New knowledge results from the gradual accumuladioexperience inside firms 414 97% 0 0% 11 3% 9 9 40

1  Customers provide significant expertise bout howproducts operate 393 92% 0 0% 32 8% 1 14 56

15 Products must interconnect with other productsateehvalue for customers 390 92% 0 0% 35 8% 15 2 36

2 Customers served by firms in our sector have verypiex needs 388 91% 0 0% 37 9% 2 15 29

14 We use many different technologies and technidatisos in our products 385 91% 11 3% 29 7% 14 30 40

16 The operation of our products relies on the opematf many other technical systen 380 89% 2 0% 43 10% 16 1 a7

17 Large unit costs reductions can be obtained byasing scale of operation 377 89% 2 0% 46 11% 17 5 45

19 Most of the products of our sector face sever cosstraints 375 88% 3 1% 47 11% 19 16 43

30 Established competitors constantly challenge ositipos 375 88% 2 0% 48 11% 30 17 50

13 Technologies produced in our sector are used Variaty of applications 363 85% 7 2% 55 13% 13 31 60 44.6
5  Our sector continually integrates many new systentsequipment 359 84% 5 1% 61 14% 5 19 49

31 Myriads of actions by our rivals continually erooier advantage 348 82% 5 1% 72 17% 31 7 46

7  New technologies build on the latest technologfestioer firms in the sector 342 80% 4 1% 79 19% 7 13 61

32 Our products are constantly under attack from logt substitutes 335 79% 2 0% 88 21% 32 27 62

3 Knowledge production in the academic fields reléfanour sector is very intense 330 78% 0 0% 95 22% 3 6 53

27 External factors are forcing unpredictable tranmsfmion in our sector 329 7% 2 0% 94 22% 27 8 35 51
8 Allfirms in our sectarely on the same stable technological | 324 76% 1 0% 10C 24% 8 32 58

28 The boundaries of our sector are undergoing a megafinition 312 73% 1 0% 112 26% 28 28 48

6  New knowledge result from intense interactions leemvfirm: 311 73% 2 0% 11z 26% 6 23 60

23 Sales in recently opened niches within our seatmwgxtremely fas 30¢ 73% 6 1% 11C 26% 23 12 51

18 Improving production processes brings much highemrns than product innovation 308 72% 7 2% 110 26% 18 8 58

12 Intellectualproperty protection enables firms to capture alhlue from innovatic 29t 69% 2 0% 12& 30% 12 18 63 56.2
10 Regulatory approval is a critical prerequisitedommercializing a new product 286 67% 0 0% 139 33% 10 4 54

4 Our sector contributes a lot of data, ideas, apeipgd academic research 277 65% 4 1% 144 34% 4 10 53

26 Technological frontier advance very rapidly in sector 276 65% 0 0% 149 35% 26 29 45

24  The pace of change of sector very fast comparethters 273 64% 3 1% 149 35% 24 26 48

29 The sector undergoes significant development tblabdy anticipated 252 59% 6 1% 167 39% 29 24 62

22 Sales grow very fast compared to other sectors 241 57% 0 0% 184 43% 22 22 59

11 Time and recourses deter me too innovation 218 51% 4 1% 203 48% 11 11 46

25  Entry with breakthrough innovations 207 49% 0 0% 218 51% 25 25 53

20 Government allocating resources 176 41% 2 0% 247 58% 20 20 59

21 Ease of Startup funds 146 34% 4 1% 275 65% 21 21 74 55.3

Table 5. 2 Factors ranked from the highly dominan{Existent=1) to the highly mixed between 1 and 0
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Table 5.2 provides important information in columnge (500+ sample) and ten (700+

sampl&). First, the ranking in terms of decreasing domaeaof the characteristics for each of
the 4 groups is almost identical for the two samgE00+ and 700+), with the exception of the
factors marked in bold. This means that the obthinee is very stable. In the first group, there
are 2 un-matched characteristics, which appeandudown in the 700+ ranking, in the second
group there are 3, and in the third group ther& imn-matched characteristic. The group that
holds the exact match between the two sampleseidagt group, which is the group with the

most equivalent number of Os and 1s. The 700+ Sample is only used for the means of
comparison with the 500+ sample. The 500+ sampleesl in our analysis, since it contains data
about leading and catching-up economies, not plpp@presented by the 700+ sample.

Furthermore, the smaller is the average numbevafiigonary steps (last column of Table 5.2),

the more dominant is the group of characteristiosughout the tree. The higher number of
evolutionary steps increases with a more equal ofiX0s and 1s, i.e. with the increasing

importance of Os with respect to 1s, the highemtm@ber of evolutionary steps a characteristic
has to go through in order to reach its final afecsgtion (in one of the four groups).

Second, a higher number of 1s is associated wihfohlowing characteristics: knowledge
accumulation inside firms, understanding customeeds, cost, competition and mastering
technologies in terms of deployment, integratioml a®velopment. These characteristics are
therefore dominant across all firms, and hence faonevolutionary perspective, all intermediate
nodes with such characteristics will have a valfiel,owhich do not allow differentiating
between sectors or economies. Since these fag®rgeay common regardless of the associated
system of innovation, it indicates that these fectoould not provide an efficient way to classify

firms into their systems of innovation, whethertbe country or sector levels. All firms in our

8 Characteristic 9 (new knowledge...) occupies thet fiank, i.e. with the most number of 1s for treetnodes, for
both samples. In the tenth column, the second kighank is occupied by characteristic 14 (different
technologies...), followed by characteristic 2 (cos¢os served by firms...). As such, column ten is gmbsented
to compare the ranking obtained from the 500+ &b@k7samples. The other results presented in tHe tefer to
the 500+ sample.
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sample more or less similarly strategize internakigardless of the system of innovation within
which they are located.

As the last group (with the most equal share oa®d 1s) suggests, firms’ perception of their
external environment is interesting to monitor.arsense, it conveys that while firms could
generally be strategizing internally accordinghte same principles, they have different external
environments to interact with: regulation, knowledgyenerated from interaction with
universities, and various external dynamics suckases growth, intellectual property protection,
and entry with breakthrough innovation. The highestber of Os is directed towards the
easiness of obtaining start-up funds (characteri2fi), and government resource allocation
(characteristic 20). Dynamics resulting from thesgéernal factors are primarily due to nation
specificities with respect to allocation of fundsfoster R&D. This could also be due to sector-
focused policies, where for instance HT firms arpeeted to have higher resources allocated for
R&D than LMT. Hence these factors are expected dordsponsible for the differentiation
between firms on the systems of innovation leveheWer it be on the national or sectoral
levels, the structure of the tree will enable ufutther explore this dimension. The same applies
for the bottom 10 characteristics. This generah@ration of the results is extremely important
for entities such as the OECD that rely on clasation. It tells that classifying firms according
to investment in internal R&D might not be the magipropriate methodology. Instead,
governmental resource allocation and spending maygmsidered as a prime-differentiating

factor between sectors and economies.

Each firm is labelled with a code that enablesdentification on the tree. Thus, counting the
number of firms belonging to each of the 4 categpodescribed previously allows us assign and
identity each of the four groups on the tree. Qirse, each of the identified groups will contain
firms from the 4 predefined categories, as welbter firms that do not belong to the studied
category. Table 5.3, shows the number of firmsazhecategory in each of the identified groups.
Due to differences in the sample sizes of LMT arld His evident that the percentages will be
more dominated by the LMT sample. In order to oware this, we have considered the
percentage of each group compared with its ownm(ehaded in grey). For instance, for firms

belonging to the high tech sector in leading ecaeenthe highest percentage across all groups,
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is located in Group 1 (G1). The high tech sectocatching up economies is more dominant in
Group 3 (G3). The LMT in leading economies is daaminin G2 and LMT in catching up
economies in G4.

Table 5. 3ldentification of groups according to HT, LMT industries and Leading, Catching up economies

2.G1 3-G2 4-G3 5-G4
Start Intermediate o HT T (LMT o
Groups Nodes Nodes (HT % Catchi % Leadi % Catchi % Totl
Leading)
ng) ng) ng)

Gl 1 2-13 24 25% 19 20% 34 35% 19 20% 96
G2 A 15-22 15 12% 7 50 84 65% 24 18% 130
G3 B’ h-k 28 23% 25 21% 34 28% 34 28% 120
G4 B’ d-g 44 22% 37 19% 43 22% 74 37% 199
Total 111 88 195 151 545

This classification allows us to associate the rdoshinant group of each category to each of the
four branches as we first illustrated in Figure. e resulting schematic tree is shown in Figure
5.2.

LNMT
Catching

HT
Catching

LMNMT
Leading

Leading

Figure 5. 2 The final abstracted results based ongosimony
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The successful identification of the categoriestbb@ most parsimonious phylogenetic tree,
contributes to Hypothesis one (H1). Figure 5.2siitates that HT firms in leading economies are
at the root of the phylogenetic tree. This sugg#ss considering the most parsimonious tree,
high tech sectors in leading economies can be deresi as the origin of the practices for the
rest of the sectors/economies. Reconstructing réee in such a structure corresponds to the
emergence of the high tech sectors in leading en@® The other sectors/economies covered
by the survey derive their best practices baseith@test practices emerging from HT in leading
economies. This result hints towards the renewahsformation and migration of LMT from
leading economies to catching-ups. Heindenreicl®@gR0for instance, has found that LMT is
shrinking in the case of Western Europe. Catchipgeconomies, however, follow Robertson
and Patel (2007) rules that hints towards the cemphtary nature between HT and LMT: in
short a nation excelling in producing HT should adingly excel in LMT
technologies\products. This renewal and transfaonairocess could be primarily motivated by
the dominance of the best practices that the hégh sectors in leading economies adopted and
pushed or leaked out. In order to reach the nodef &igure 2, arrowA goes through 12 nodes,
or evolutionary steps, to reach the first transitiode, where the LMT leading sector branches
out. This indicates that the next sector/economay Was influenced by practices of HT firms in
leading economies was the LMT in leading economiéss result reinforces the importance of

national systems of innovation, to support the wexi@f mature sectors.

Arrow B, goes through four transition nodes to get fromdend’ to node B’. So compared to one
step to reach LMT in leading economies, three audht transitional steps were needed to
evolve and adopt the best practices of leading @o@s in catching up economies. Again this
result reinforces the previous argument concermatjponal systems of innovation. This hints
towards the migration of LMT activities\practicesorh leading towards catching-ups for
instance (Heindenreich, 2009; Robertson et al.9260llowing the same line of argument, one
additional step was needed for these best pradiicdsminate catching up economies, further
supporting the national systems of innovation argimlt is noticeable however that, on the
tree, there is no differentiation between sectersnach as in the leading economies. Therefore,
one would argue that in leading economies the mdiffee between the two categories of sectors

in terms of practices is highly differentiated. Té&me is not true in catching up economies,
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which probably see, or treat, both types of seaqrslly with no special attention to one sector
compared to the other.

Now that the groups are identified, number of titaos nodes identified, we turn our attention to
the characteristic changes with respect to the sradd identified sectors. Table 5.4, represents
the evolution of the characteristics across theerddading to each of the 4 groups. Transition
nodes are identified with T at the top of the caturfihe first column is the origin node of any
sectoral transformation/evolution. For instanceeanAd was the source of transition for the LMT
sector in leading economies, but also the sour@alditional transition periods (from nodes a, b,
c to node B’) that led to the catching up econonsiestors. Therefore the first node to reach
these sectors was node B’ that then branched tmtiode d in the case of LMT catching up
economies, and node h in the case of HT in catchphg@conomies. The implied evolution of
each characteristic is read in the table fromtieftight, going through the sectors, highlighted
above the node labels, or transitional steps, wimicludes multiple nodes in the case of catching
ups (a, b and c). In dark grey highlight, are shda characteristics that had 1s across all
sectors and transition nodes. When comparing trege with the top group in Table 5.2, only
one characteristic (15, product interconnect-ahilitith only one 0) does not appear in the first
group of Table 5.2 and additional transitional rodéth only 1s appear forcharacteristics 5, 6, 7,
27, 28, 31, and 32, which all appear in the topahsategorisations of Table 5.2.
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HT Leading T LMT Leading T |Transition LMT Catching HT Catching

CIN Factor 2345678910111213A'[1516171819202122A | a b 1d e f Th i j k

1 Customer and product operation 111111111 1 11 111111 1
2 Customers needs complexity 11111111
3 Intensity ofknowledge productionituniv. 00111111
4 Sectors contribution to scientific knowledge 1111111
5 Sectors integratic 11111111
6 Knowledge production through interact 11111111
7 Technologies build on latest technoloy 11111111
8 Firms reliability on a stable tech. b 00001111

©

Knowledge accumulation from inside the il1111111
10 Reg. approval critical for commercializatior0 00000 00
11 Time and resources deter me too innovatiO 0000001
1Z IP protection to capture value mii111
13 General Purpose Technologies (GPT) 11111111

14 Utilization of diff. tech. in firms products 11111111
1E Products interconnectability 1111111
1€ Products dependability 11111111
17 Cost reduction 11111111
18 Process innovation 01111111
19 Cost based competition 11111111
2C Government allocating resources 00000011
21 Ease of startup funds 00000111
2z Sales growth 11111111
23 High sales growth through new niches 1111111
24 Comparave high pace of chan 11111111

25 Entry with breakthrough innovatio 00011111
26 Rapid advancement technologicafrontier 11111111
27 Unpredctable transformation bexternalities 11111111

28 Sectoral bounaries recefinition 11111111
29 Anticipated setwral developmer 11111111
30 Incumbent competitic 11111111
31 Competition eroding advanta 11111111

PRRRrRPRPRRrRrRRPRoOO|IRPREPRPRREPRPRRREIPRPRER,RERP®TAH
PRrRRrRPRPRRrRrRRRrROIRPrRPRPrRPRPrRrRPORRER LR E P @
PR RrPRPPRrRrRrRrrProOolRRrPRrRRRrPRPRRrRrRrPRPRPRPER,R, PR, R oA

h
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
1
1
1
1

PR rPrRrroolrorolRrRrRrRERERRRERPRIPEPRRERRER
PR RrPRPRPRRrOORoOOlRRrRRERREPERLRLPRERPREPRERL,RLERER
PR RrPRPRPRRrOORRrOORRRPERREPERRLPREPRIEPRERL,RLER
PR rRrPRPRRrOR(PFRrRoO|IRRPEPRPRERRLPERIPREPRERERERLE RO
PR RrPRPRRrRrRrRPRORIPREPEREPRERRRERPRPEPRER,RLE R
PRRRrPRPRRrRrRrRPRORIPREPERPER,RRERPRPEPRRORE R
PR RrPRPRRrRrRrlrrRrORPRrRRPRERrRRPRERrRrRPORPRPRERRE R
PRRPRrPRPRPRRrRrRROCOOIRPRRRPRERREREPRRERPRRIPRRER,RERER
PR RRrRPRRrRrR(RPoOoOlRRrRPRPRPRERRLPREPRIPOREERRERLE -

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
1
1
1
1
1
1
1

PRRRrRPRRrRrRRPRPRORPREPRPEREPER,RORPRIPRERRER
PRRPRRrRPRPRRrRORPRRORPREPREPREPRERRLRORPRIEPRERRR
PR RrRPRRrRrORPRrRORPREPRERREPER,RRPREPRERRLR
PR RRrPRPRRrOoORrRrRORPREPRERREPERRLRRERPREPRERRLR
PR RrPRPRRrOoORFOoRORPRREPERREPRERL,RREPRPRIEPRER,RLERER
PRPRRrRPRPRRrOOFRORRIPRREPREPREPEPRRERPRIEPRRER,RER
PR PRPRrRPRPRPOOCOCORRIPRREPREPREPREPRRRERPREPRERRPR
PR PRPORPOOCOCORRIPRREPREPRREPRPORRIPRIEPRERRR
RPRrPRPORrPOOCOCORR|IPRrRRPRERRPRPORRPRIEPRROR R
RPRrPOPRPPOOCOCOOR|PRrRRPRERRPRPRPOOCORPRIEPRLREROR R
RPRrPRPORPOOO0OOOO|RRrRRERRPRPOOCORPRIEPRLREOR R
RPRrRPrRrPRPRPOOO00OO|lRRrRERRPRLPOOCO(RPRIEPRLRREROR R
RPRPRPRrRPPRRrRRRPRPOOCOIRPRRPRPORRERRREIPRIPRERRR

32 Cost competition 11111111

Table 5. 4 The evolution of characteristics passinigy the transition nodes and leading to the four idntified groups

5.7 Discussion

From Table 5.4, we can see that the dominant ctersiics (populated with 1s highlighted in
dark grey) are related to customers, and fulfillthgir needs with the various complexities
incorporated with such interactions. Cost and cditipe strategies, technological superiority
and the general understanding of external envirom@hedynamics are the last dominant
characteristics. These represent the most stal@deaderistics throughout the sample. These
results suggest two important findings. On the @actt level, results suggest that the
differentiating element is not that obvious betwéEhand LMT with respect to various factors
as previously found by Malerba (2004). Furthermaditee interaction between firms that
characterized most LMT (Santamaegal, 2009; Tsai and Wang, 2009) is dominant for HT as

well. In addition, knowledge development from withihe firm is dominant regardless the sector.
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This supports the argument that absorptive capadfitfirms in HT and LMT firms is well
developed in both but probably for different reasoRor instance, Grimpe and Sofka (2009)
suggested that LMT firms’ absorptive capacity isueed on market inputs, while for HT firms it
is focused on deep technological knowledge and régpe Furthermore, while it is
predominantly thought that LMT firms are more cdsven (Von Tunzelmann and Acha, 2005),
HT firms seem to be following a recent cost focasvall. Process innovation that is dominantly
thought to be a main characteristic of LMT firmsh@Sal and Nair-Reichert, 2009; Santametria
al., 2009; Heidenreich, 2009), is seen to be a donhicharacteristic of HT firms as well (see
characteristic 18 in table 5.4). On the natione¢lethe above findings demonstrate the effect of
globalization on business practices, with respedhe above characteristics. For instance, the
increasing complexity in consumer tastes, andrtsrinational expansion (Mendonca, 2009)
would put pressures on firms to perform in a cartaiified way. The above results suggest a
renewal and transformation of the two studied gsect®gardless the national system of

innovation within which they reside.

The second step consists in analyzing the chardjiatacteristics (from 0 to 1 or vice versa) and
how they impacted the formation of the 4 groupsTéable 5.4, Os are highlighted in light gray.
From a bird’s eye view, apparent dynamics occlerdfie transition node A’, the origin of the
formation of LMT/leading and both sectors of thécbing ups. Furthermore, if we look from the
characteristics point of view, we can see that rob#the changes happen from characteristics 20
to 23, dedicated to the measure of growth, in &udito some other scattered characteristics.
Each changing characteristic will be examined ftbm top of the table, according to 4 groups:
knowledge production, factors influencing innovatioesources inflows and growth, and finally

strategy and competition.

The first group relates to knowledge. Characterigti explains the importance of the bond
between the sector and the academic field. It msarkable that this factor has dropped in
importance in LMT in leading economies, while thmposite happened in catching up economies
for both sectors; this supports the findings ofdragrg and Godinho (2005) and Tsai and Wang
(2009). Furthermore, in catching up economies #regption of firms to be relying on a stable

technological base is predominantly nullified, esgky in the LMT sector. This suggests that
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the LMT sector in catching ups does not see arilgyain its technological supporting tools
and hence that the LMT sector in catching up ecae®ns mainly interacting and integrating
high technology products that are perceived to yoeaunhic. This supports the findings of Chen
(2009) when studying the Taiwanese Tool industingssed the importance of suppliers for the
LMT industry, in catching up economies (Taiwan).cAaingly, this catching up process could
be achieved not only by the formal means of acagiknowledge, in addition informal means
play a pivotal role for countries in a catching pgsition. The same is not true for leading
economies, where that stability is highly perceivaesl important across the economy. This
therefore suggests, that catching up economiegarey through a renewal phase and hence
perceive opportunities from a different perspectoyeintegrating high tech products to their

stable technological arsenal.

Turning now to the factors that influence innovatiwe find that a strong difference between the
first three characteristics and the rest of thegmaty. Factors, 10, 11, and 12 are concerned with
regulatory approvals as means to a better comntieatian cycle, protection from imitation, and
intellectual property protection to capture valueni innovation, respectively. For these three
factors, catching up economies are completely @pdl with ones. This demonstrates the
importance of such measures to capture value frmovation in these countries. The interesting
result is the LMT in leading economies is losing@wgrd with respect to such activities. This
result both supports Mendonca (2009) and contadiit inference regarding Robertson and
Patel (2007). Mendonca, following the argument ob&tson and Patel (2007), suggested that
developed countries excelling in HT, will certairdgvelop higher performance in lower techs,
since both HT and LMT are mutually dependent. @sults suggest that the above argument is
valid for catching up economies, but does not matahresult for leading economies. However,
Mendonca, forecasted this sustainable trajectaghlighting that especially low tech industries
are an important opportunity for countries lackangigh tech sector. From here, we can deduce
the significant importance of LMT to the catching process. This phenomenon of LMT losing
grounds to HT in leading economies matches therfgsdof Lichtenthaler (2009) who compared
patent portfolio analysis between LMT and HT on Ehgopean continent. His results suggest
that patents’ aggressiveness in LMT is limited ahdt technological diversification has a

negative effect on LMT firms, as well as a low patguality.
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In terms of resource inflows and growth, we finé flollowing results. Government allocated
resources (characteristic 20) are important indhage of HT and LMT in leading economies,
however both ceased to consider this factor as ritapb This is not the case for the LMT in
catching up economies. From an evolutionary petsgeave can thus assert that while
governments played a key role into building sectordeading economies, in catching up
economies, the focus is on LMT sectors. This gavemtal support is evident in the recent
Taiwanese innovation survey focused on the LMT weand analyzed by Tsai and Wang
(2009). They found that the Taiwanese governmeenh@®uraging public research institutes to
increase their research capacity to boost LMT cditiyveness. Moreover, the Taiwanese
government is putting pressures on universitiegiéoease collaboration with LMT firms, by
means of funding, grants and establishing stateedwasearch centres (Lee and Wang, 2003).
Lichtenthaler (2009) suggests increasing the gowemal role in leading economies with
respect to LMT sector to increase patent qualitymandatory element to increase the
performance of firms in the LMT sector (Ernst, 2(8Hane, 2001). This highlights that

promoting such sectors is a priority for the catghiip process, especially in the LMT.

The ease of start up funds (characteristic 21) setmbe dominant in leading economies
compared to catching ups. However, for LMT in catghup economies, both factors (20 and 21)
are mutually exclusive, in terms of Os and 1s, yimgl that when governmental support dropped,
the ease of start up funds emerged for LMT in gatclup countries, probably through foreign
direct investments (FDI) trying to capitalize frosectoral growth. These results support
Gerchenkron’s (1962) view, that financial instituts and governments play a key role in the
catching-up process (Shin, 1996; Wade, 1990). Maedhe above evidence proves that LMT
activities are shifting from industrialized to ngwhdustrialized countries as Robertseinal.
(2009) state.

Factor 22, explaining sales growth compared toroseetors is also worth examining. On the
one hand, HT in leading economies and LMT in caighips are entirely populated with 1s. On
the other hand, the LMT in leading countries andifl€atching ups are entirely populated with
0s. This hints towards national directives withpexs to sectors, i.e. leading economies are

focusing on HT, while catching ups are focusingLdilT. While the race might seem balanced,
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factor 23, explaining the sales in recently openietie growth, demonstrates that catching ups
start to put extra focus on HT as well. This is trae for leading economies that seem to have
given up on LMT to the benefit HT, leaving LMT tatching ups.

Finally, our results on strategy and competitiomaamtrate on factors 24-26 and 29. The
importance of these characteristics reinforce aavipus findings, with an entire population of
Os for LMT in leading economies, and a completeytetion of 1s in catching up economies for
both sectors. The perception of technological chegebaracteristic 24), entry with breakthrough
innovations (characteristic 25), technological fren advancement (characteristic 26) and
turbulence of sectors (characteristic 29) are peedeas very important by both sectors in
catching ups, and by HT in leading economies. THimgkngs support Heindenreich (2009, p.
483) who states that “LMT industries are shrinkingVestern Europe, and companies in these
industries are relocating to Eastern Europe”. Rathoeakthrough innovation sharpens the
ability to internally transform the LMT sector, this radical new knowledge is properly
absorbed (Freddi, 2009). This could be one argumsepporting the rapid transformation of
LMT in catching up economies. Furthermore, entryhwbreakthrough innovations, which is
dominant for catching up economies, is generaliyntbto be associated with closer bonds with
university and research institutes (Tsai and Wa&0§9); a strategy that has been implemented
by the Taiwanese government in the 1970s, estamjjstine Mechanical Industrial Research
Laboratories (MIRL) and the Industrial TechnologgsRarch Institute (ITRI) (Chen, 2009).

5.8 Conclusion and Future Research Work

Our analysis shows that while on theoretical graundnhiversal Darwinism still has its critics
(Khalil, 2009, this should not refrain from usingo&utionary biology methodology to classify
firms, sectors or economies. This paper demonstthtd such methodologies, offer a reasonable
framework to explain evolution, on both sectorad amational systems of innovation. The
methodology used enabled us to explore a stepwisleteon of best practices environments. In
addition, it enabled us to further classify firnSuch an evolutionary view enhanced our
understanding of the evolutionary process that miglve occurred. Furthermore, it sharpened
the comparative approach to understand both dieatsiin and evolution of firms.
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For a proper conceptualization of this researchkweg should separate for a while between the
theoretical framework and the methodology used. mbthodology used, parsimony is generally
used to validate Darwinian evolution due to itsigdophical idea that matches to a great extent
the Darwinian one. That is, characteristics evg\vima minimum number of evolutionary steps.
This shortest path represents the selection prabassnakes the most adequate characteristics

survive the various environmental stresses.

The theory however needs to be closely examine@ Nbo Darwinian track supports the
ideology that various minor changes occurring aveubstantial period of time create a variety
of distinct species, similar to the Darwinian apgmio. Species\cultural meme survival is based
on the extent by which these modified charactegsgnable the entity to get selected and
survive. On the technological level, it is gengréfiought that if we consider the technology as a
unit of analysis, the technology selection, andatem extends over the period of the technology
development only, by constantly improving it. Irathview, the technology itself, including its
introduction and incremental innovations, is lirditey the scope of the technology introduction
until its maturity and declining lifespan. Whileighview is still debated by epistemologists,

economists and technologists, the Lamarckian apprisastill highly plausible.

However, if technology is seen as a set of pragtittee Darwinian track becomes sufficient. It is
not an exaggeration if one imagines that a curpesactice is a derivation from a previous one.
Moreover, best practices generally can surpasssfilifietime until they become dominant in a
certain sector or economy. Therefore, Technologgn&dgement and Technology management
could be abstracted into technical or manageriactpres. Hence, the idea of Universal
Darwinism can accurately represent the evolutioraadector or economy from a practices
perspective. On speciation, it is logical to thihlat practices used by the same multinational
differ according to geographic location. Such arfaf adaptation is subject to the various socio-
economic and cultural environmental stresses. Eurtbre, the diffusion of practices that is
witnessed in the case of multinationals could diffose, mutate, vary, adapt and get selected by

educational and academic institutions.

This kind of speciation due to geographic locatibas witnessed the diffusion of the various

civilization practices since the civilization of @ent Egypt, and its effect on the various other
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civilizations emerging within the same Mediterrameaontinent. This argument is also
appropriate for the emergence of the current westarlization that was ignited by the first
industrial revolution: a revolution that gave rise three consecutive ones, with various
technologies such as communication and transpamtacilitating the acceleration of industrial
development through a short time span. Thereférene looks to the current economic scene
nowadays, through an evolutionary lens, one cantlsedraces of ancient core practices that
probably changed their form but maintained theseese. For instance, internal knowledge
development is a new form of the predominant caltum ancient times to maintain knowledge
for knowledge holders aiming to differentiate thekass, on the account of collaboration. This
practice emanating from knowledge secrecy, sincgeah Egyptian monks, and the guild
dominant culture till its destruction by Adam Sméhd the division of labor is an example of

how practices can change across time, and geography

The application of the presented methodology, stpdddy the proper theoretical perspective
with historical data enables us to further analytory, carefully examine substantial practices

pitfalls to create a better future for generatitmsome.
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Chapitre 6 GENERAL DISCUSSION

This research work aims to comparatively analyzeTLdhd HT, in leading and catching up
economies. In order to reach the research objective LMT and HT sectors are first
comparatively analyzed. Second, an additional egudimension is inserted that consists of
leading versus catching up economies, with respedhe same set of variables. The two
previous approaches were later tested using a géykdic tree in order to classify sectors and
economies, and analyze characteristics evolutistotically. In the introduction of this thesis,
we identified the following three major researclpbtheses, the third being rather exploratory, it
aims to analyze Systems of Innovations (Sl), Natioand Sectoral, from an evolutionary

perspective:

H1: The HT sector has matured and we are currentiyessing a renewal and transformation

phase, following the trajectory of the electrorsestor (Robertson et al., 2009).

H2: The innovation strategic context for LMT in leagieconomies will be as advanced as its
HT sector (Robertson and Patel, 2007; Mendonca)2dis level should be similar as well in

Catching up economies, but with a lesser magnitivele in leading economies.

H3: An evolutionary approach using phylogenetic trisegppropriate for the classification of Sls

and for the reconstruction of history from an evioloary perspective.
Let us take each of these hypotheses in turn atel tste main conclusion from each chapter.
First hypothesis H1

The HT sector has matured and we are currently vessing a renewal and transformation

phase, following the trajectory of the electronissctor (Robertson et al., 2009).

Results presented in chapter 2 are implying maj@tegyic shifts and are pointing towards a
renewal process in both sectors. Firms in HT, wifdeusing on product and breakthrough
innovation that are fundamental to differentiat&strategies are also occupied with large scale
operations to minimize cost. This new strategict slumbining a mix of differentiation and cost
focus is one of the major strategic directives tHat firms are currently following after the
various industrial, and financial economic systesiakeouts following the Internet bubble burst

in 2001. Furthermore, LMT firms, characterized wipnocess innovation and cost based
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strategies, are bringing new innovations to magket are aiming to differentiate their products
to avoid severe market cost competition. This pebaunovation is coupled with the traditional
process innovations in the LMT to further suppbdit differentiation strategies. One example of
such strategies is to utilize high tech productghsas ICT products to enhance the
manufacturing process.

Due to their coherent R&D internal structures, tliestinguished ability to produce GPT, and
externally active behavior, firms in the HT sectme characterized with an extremely efficient
absorptive capacity mechanism, if compared to LM&wever this absorptive capacity is better
geared towards absorbing technical knowledge thedigting market moves. For instance this is
represented by a higher dominance of HT firms, wt@mpared to LMT firms, in the level of

collaboration with universities and production &pkcit scientific knowledge

Despite the high dominance of the linear modehabivation, HT firms are efficiently utilizing
the open model of innovation. For instance, itasrsthat HT firms still dominate knowledge
production by interaction between firms. This islpbly due to the HT firms’ capacity to invest
in appropriating their knowledge, and minimizing ttisks related to collaboration.

HT and LMT firms are dependent on internal knowkedigvelopment. While this is natural for
HT, our results imply that internal knowledge deyshent in LMT did not weaken due to their
dependency on external links to generate knowleadech is commonly found in recent

literature. In fact, it reinforces our understargdiof the renewal of the LMT sector. Recent
literature, like Tsai and Wang (2009), demonstr#tes while focused on the externalization of
knowledge acquisition for LMT, internal knowledgewlopment is crucial to build firms’

absorptive capacity. This finding supports the ¢sfarmation hypothesis of the LMT sector. In
this sector, firms are now more inclined to produnternal knowledge. One viable reason is for
cost cutting purposes, or for minimization of theks associated with externalizations, and

increase differentiation.

While HT firms are serving complex customers, be#ttors are closely aligned with their
customers, but for different objectives however. tha one hand, HT firms align to better
understand their client's needs and produce marevitive products. On the other hand, LMT
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firms are there to learn from customers and prgbtdst the products that they are not able to

test internally due to financial constraints.

In general, Governments allocated much more ressur support innovation in the HT sector.
Furthermore, intellectual property protection isamumore often used to appropriate innovations
for HT firms. Regulatory approvals are used by bse#ttors equivalently. This finding is
interesting, and contradicts our primary hypothésisLMT. This contradiction supports recent
findings of Mendonca (2009) that suggest that LMm$ are currently seeking to appropriate
innovation and that regulatory forces play a kele rm that sector. This is driven by the
increased public awareness for health, securitysafety for LMT products.

Hence, this research results supports the viewaliieRson et al. (2009). Through our sample,
both LMT and HT are going through a renewal anddf@mation phase. HT is transforming to
reach more maturity, hinting towards a possibladfarmation like the case of the electronics
sector. LMT is also getting transformed where oe fioduct level, the utilization of GPT

enabled it further differentiate it technologiesl ameate new markets.
HT and LMT are going through sectoral renewal andansformation
Major research Hypothesis one (H1) is validated andccepted.
Second Hypothesis (H2)

The innovation strategic context for LMT in leadingconomies will be as advanced as its HT
sector (Robertson and Patel, 2007; Mendonca, 2009)is level should be similar as well in

Catching up economies, but with a lesser magnitaden in leading economies.

Internal R&D development is crucial to firms’ swal, regardless its economical or sectoral
boundaries. Knowledge generation through interactioLMT is the most significant factor in
favor of the catching economies. In general, previstudies showed that this kind of interaction
is central to successful LMT, due to its cost édficy, and the high quality of knowledge
produced due to interactions between the variotwsof the sectoral system, such as suppliers
and clients. These interactions however are siamti only in leading economies with respect to
HT. As a result aside from internal R&D developmekiowledge generation through firm’'s
Interactions is central to the strategic innovatontext of LMT in the catching up economies.
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In addition to knowledge produced from firms’ irdetions, catching-up economies are putting a
higher emphasis on knowledge produced from unitressito benefit both sectors. While
catching-up economies assign a diversified attantio both the LMT and HT, leading

economies are focused on HT.

LMT in both economies rely more on a stable techgichl base. This is in contrast to HT that
enjoys a more dynamic technological environmenterbstingly, catching-up economies,

perceive knowledge generation to be more deperateiat stable technological base, compared
to leading ones. This suggests that while the ksadee the innovators in both sectors, the

catching-ups are the imitators.

Suppliers play a key role in HT located in leadewpnomies, compared to LMT in their own
economy (the leading one). This suggests that wthiecore products architectures are still
produced in leading economies, probably the depwy®n external suppliers increased
specially with the general trend of product modtyatHowever, it is essential to mention that
recent research has found that the Chinese auttenmloiustry is recently shifting from the
integral architecture to a quasi open modular &échire (Wang, 2008). Following that strategy,
firms buy licenses or copies of generic parts amelgrate the various components depending on
the end product. This result suggests that firmgading economies produce modular products,

and then outsource components to catching up edesom

Furthermore, catching-up economies rely more org®® innovation, especially in LMT that
seems to be a core sector in these economies.orhplexity of demand in leading economies
surpasses that of the catching up economies. Tioisaply explains that leading economies,
while focusing on local markets, definitely try penetrate foreign markets. Moreover, firms in
leading economies face an even more complex deittetds satisfied by increasing products

modularity.

What is even more interesting is that innovativartatps, in catching up economies, enjoy a
higher level of accessibility of funds to grow thbusiness. This result is consistent in both the
HT and LMT. This shows a focus on that sector ittliag up economies. This supports the

Gerschenkronian view that successful catching-igggedded more on their internal ability to
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enhance their institutional role to invest propernyeducation, innovation and R&D (Fagerberg
& Godinho, 2005).

The important role of institutions, supporting Garsnkronian’s view, is clear in our analysis.
Catching-ups do not only focus on education, int fde regulatory framework in which
catching-ups institutions played a key role is ewtd This importance is obvious in the case of
HT in leading economies. More importantly, thiserad paralleled by a similar role in catching
ups with respect to LMT. On the one hand, leadicgnemies protect their HT investments by
developing the appropriate regulatory policies. tBa other hand, catching-ups are reinforcing
the role of institutions especially in the caseLMT, as a means to catch-up. This result is
logical, if the economic and technological perspest of LMT are investigated. For instance,
LMT firms in catching-ups, that generally are expeith export, should give key attention to
regulatory approvals through their institutionsonaler to protect their investments. In the same
vein, since catching-ups cannot afford much knoggedlissipation, intellectual property
protection is mandatory to properly utilize inndeas and protect their R&D investments. This

institutional setup is supported by governmentgeigily in the case of LMT in catching-ups.

Focused on LMT and export, catching up institutiptes/ a key role in the expansion of global
market shares. Firms achieve this by adhering tgulagory policies before the
commercialization phase. In catching up econonigsllectual property protection institutions
contribute to the efficient capture of value frammovations, and protect own production to avoid
imitation. We could thus conclude that governmentsatching-up economies are giving extra
focus to LMT. Our results however suggest that goavents for both economies are giving
extra attention to HT.

Catching-ups perceive rapid sectoral growth in be#ttors, more so in LMT. Leading
economies do not seem to give the same attentionbM® compared to HT. While it is
unmistakable that HT is the main engine for growtthjmportance is decreasing with time. One
explanation is that HT perhaps has reached theofops S-shaped curve of technological
innovation, and getting to be more of a stable lesd turbulent sector. In contrast, LMT, which
is considered the user of the HT products, nowahaariety of technologies to deploy to enhance

their process innovation, thus adding to the dafiation of their products portfolio. This
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suggests the renewal and transformation of suchaeold slow growth perceived sector. Not only
does technological differentiation, offered by thE technologies support LMT firms, in
addition this is coupled with a cost based strategy

As a result of the above dynamics and growth elésnethe LMT in both economies is
witnessing advancement of its technological fran#dend hence, this sectoral transformation and
redefinition is evident. However, this renewal amansformation places strong emphasis on
LMT in catching-ups, which seems to have managedttact the LMT sector within its national

boundaries.

Those results prove the findings of Robertson aatd|F2007) and Mendonca (2009) in the case
of catching up economies. However, our sample shibvas leading economies giving extra
attention to HT on the account of LMT.

Since HT and LMT are complementary, economies eknglin one of the sectors should excel
in the other as well. This is true in Catching upcBnomies, not true however in the case of

leading economies.

H2 is validated, accepted in the case of catchingp®@economies, and is rejected in the case of

leading economies.
Third hypothesis (H3)

An evolutionary approach using phylogenetic treesappropriate for the classification of Sls

and for the reconstruction of history from an evdionary perspective.

From the phylogenetic analysis, we can see thatdthrainant characteristics are related to
customers, and fulfilling their needs with the wals complexities incorporated with such
interactions. In addition, cost and competitionatgtgies, technological superiority and the
general understanding of external environmentaladyos are dominant characteristics.
Therefore the above mentioned factors represenmtbet stable characteristics throughout the
studied sample. These results suggest two impofiadings. On the sectoral level, results
suggest that the differentiating element is not tdious between HT and LMT with respect to

various factors, as previously found by MalerbaO@0 Hence supporting the renewal and
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transformation hypothesis examined through the fwsd second objectives in this research

work.

The interaction between firms that characterizegtnidT (Santamariat al, 2009; Tsai and
Wang, 2009) is dominant for HT as well. In addititmowledge development from within the
firm is dominant regardless the sector. This sujgptite argument that absorptive capacity of
firms in HT and LMT firms is well developed in bothut probably for different reasons. For
instance, Grimpe and Sofka (2009) suggested thaf filvhs’ absorptive capacity is focused on
market inputs, while for HT firms it is focused deep technological knowledge and expertise.
Furthermore, while it is predominantly thought tha¥T firms are more cost driven (Von
Tunzelmann and Acha, 2005), HT firms seem to bé&wvoehg a recent cost focus as well.
Process innovation, which is dominantly thoughtb® a main characteristic of LMT firms
(Ghosal and Nair-Reichert, 2009; Santamatiaal, 2009; Heidenreich, 2009), is seen to be a
dominant characteristic of HT firms as well. On tiaional level, research findings demonstrate
the effect of globalization on business practicesh respect to the above characteristics. For
instance, the increasing complexity in consumertegasand its international expansion
(Mendonca, 2009) would put pressures on firms téop@ in a certain unified way. The above
results suggest a renewal and transformation ofwioestudied sectors regardless the national

system of innovation within which they reside.

When analyzing knowledge production mechanismsag found that this factor has dropped in
importance in LMT in leading economies, while thmposite happened in catching up economies
for both sectors; this supports the findings ofdragrg and Godinho (2005) and Tsai and Wang
(2009). Furthermore, in catching up economies péreeption of firms to be relying on a stable
technological base is predominantly nullified, esgiy in the LMT sector. This suggests that
the LMT sector in catching ups does not see arfyilgyain its technological supporting tools
and hence that the LMT sector in catching up ecae®ns mainly interacting and integrating
high technology products that are perceived toysenohic. While this might seem to contradict
the findings of chapter 3, in fact it shows thainfran evolutionary perspective, the perception of
less stability supports the recent innovative sges firms in LMT catching up economies are

pursuing.
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This supports the findings of Chen (2009) who, wkadying the Taiwanese Tool industry,
stressed the importance of suppliers for the LMdustry, in catching up economies (Taiwan).
Accordingly, this catching up process could be ebid not only by the formal means of
acquiring knowledge; in addition informal meansypéapivotal role for countries in a catching
up position. The same is not true for leading eaurs, where that stability is highly perceived
as important across the economy. This thereforgesig, that catching up economies are going
through a renewal phase and hence perceive opp@sufirom a different perspective by

integrating high tech products to their stable tetbgical arsenal.

When studying the factors that influence innovatie focus on the three main differentiating
factors concerned with regulatory approvals as éana better commercialization cycle,
protection from imitation, and intellectual propegrotection to capture value from innovation,
respectively. It is found that LMT in leading ecomes is losing ground with respect to such
activities, while highlighting the significant imgance of LMT to the catching up process. This
phenomenon of LMT losing grounds to HT in leadingbreomies matches the findings of
Lichtenthaler (2009) who compared patent portfditalysis between LMT and HT on the
European continent. His results suggest that pgitaggressiveness in LMT is limited and that

technological diversification affected European LK¥ms negatively.

In terms of resource inflows and growth, we findittlgovernments played a key role into
building HT sectors in leading economies; howewergatching up economies, the focus is on
LMT sectors. This governmental support is evidenthe recent Taiwanese innovation survey
focused on the LMT sector and analyzed by Tsai Wahg (2009). They found that the

Taiwanese government is encouraging public researstitutes to increase their research
capacity to boost LMT competitiveness. Moreovere thaiwanese government is putting
pressures on universities to increase collaboratitim LMT firms, by means of funding, grants

and establishing state owned research centres dhdeWang, 2003). Lichtenthaler (2009)

suggests increasing the governmental role in Igadoonomies with respect to LMT sector to
increase patent quality: a mandatory element tcease the performance of firms in the LMT
sector (Ernst, 2001; Shane, 2001). This highligimis promoting such sectors is a priority for the
catching up process, especially in the LMT.
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The ease of start up funds is dominant in leadamnemies compared to catching ups. However,
for LMT in catching up economies, governmental sup@and the ease of start up funds are
mutually exclusive. This hints towards a fine copation between government and the various

agents on the national system of innovation.

When examining sales growth results show that tepdconomies are focusing on HT, while
catching ups are focusing on LMT. While the racghthiseem balanced sales in recently opened
niche growth, demonstrates that catching ups &igotut extra focus on HT as well. This is not
true for leading economies that seem to have gijeon LMT to the benefit HT, leaving LMT

to catching ups.

These findings correctly verified the findings of H and H2, hence H3 is validated, and

accepted

The feasibility of a phylogenetic tree approach ¢tassify firms within systems of innovation
(HT, LMT, Leading and Catching ups) is verifiablenal enabled the inference of the evolution

of the best practices within these systems
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CONCLUSION AND RECOMMENDATIONS

This research overall finding suggest that HT arMTLare going through a renewal and
transformation phase. One of the main drivers ef thnewal and transformation process is
emergence of catching up economies that give foeuwsl industrial sectors, however, with a
stronger emphasis on LMT. This result has beerfigdristatistically and using phylogenetic

trees analysis.

On the theoretical level, one major implicationtlos transformation and renewal process is the
OECD sectoral classification itself. This new trfansation implies an expected increase of
investment in the LMT sectors that are currentlynessing support to enhance their firms’
internal R&D. This phenomenon will most likely clggnthe definition of OECD of LMT. While
generally, the OECD classifies high tech firms éamvesting more than 5% of their turn over on
R&D, an increase in that direction might lead &hét from some of the medium-high tech firms
to the high tech zone. In the same vein, with theent economic crisis, the cost awareness
regime that HT firms are increasingly deployinggether with the tightening of internal R&D
investment, the classically defined high tech fitimat will cease to invest in R&D will probably
slip to more of a medium tech industry, accordinghte OECD definition. If a leader-follower
process emerged, together with a consistent flowigl tech firms reducing R&D investment,
the whole sector might transform, and join a lowlassification. This suggests the redefinition
of the OECD to the sectors undergoing the renewdlteansformation processes. Otherwise, we

might witness high tech firms slipping into lowextegories of sectoral classification.

Since some of the witnessed innovation dynamicgWwased on national systems of innovation,
such a classification of sector should take intesateration variations occurring on the national
levels. Hence, this research work calls for a regteimternational industrial policy that takes into
consideration the various changes in the globalketartaking the various OECD economic

survey reports into consideration.

In practice, the various agents presented in thEempavill be affected by this renewal and
transformation process. Universities that probaldgended more classically on high tech firms
for contracts might need to diversify their colladtion agreements to include low and medium

tech firms. This necessitates that firms in LMT iebhincreasingly depend on internal research,
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increase their collaboration with universities kattit can provide the same role it does with the
HT industry. High tech firms that are seeking tonbere cost aware, however are least likely to
change their innovation mix to increase their deleaicy on universities than internally, due to
their cost minimization process. Furthermore, Gowernts that have once encouraged HT,
should be more aware that HT might not be ableistasn and provide the same growth levels it
once provided, and hence the encouragement of MiE inight be more helpful in order to

increase economic growth, and decrease unemploynaterst

Furthermore adding to the above factors with resfectwo sectors, our general results suggest
that catching up countries are strategizing fas #actoral evolution, renewal and transformation
process, for both sectors however with a strongephasis on the LMT. This international
policy aiming to master LMT by catching up coungran the account of the leading ones, should
trigger the question whether LMT is still of strgit® importance to leading countries. If this
proves to be the case, much attention should bengie LMT with respect to the various
economic agents that constitute the national systemnovation of leading economies. Such
attention could be given by establishing properdsobhetween LMT and HT sectors to better
enhance its innovative capacity. Such an attertmrd include more governmental fund, and

university collaboration to reenter this sectoeale.

This research work presented the phylogenetic amgoach to verify the first two research
hypotheses, classify sectors and economies, asaweath analyze the evolution of sectoral and
national systems of innovation. Fitting the evauatiof sectors through the MINE survey
guestionnaire was established by hypothesizing that questionnaire was actually asking
guestions about best practices. These best practoe subject the various evolutionary
processes such as variation and environmentalralatelection. These two steps are the basics
of the Darwinian evolution, or Universal Darwinisim case of using cultural evolution
terminology. The basic priori when using the methlody for classification is that perceptions
of agents in the same sector, or same economy are or less the same. Therefore, the
methodology will enable differentiate between sexctr economies. However, the methodology
offers more than classification. In other wordse tmethodology used, classifies based on

common shared derived characteristics. Meaning tf@atmore these firms’ perceptions are
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similar the more they will be grouped on closernstees, and to a common node. From here,
tracking back the changes occurring on the treefeassble.

The methodology used enabled us to explore a ssepweivolution of best practices
environments. In addition, it enabled us to furtblssify firms. Such an evolutionary view
enhanced our understanding of the evolutionaryge®that might have occurred. Furthermore,
it sharpened the comparative approach to underdtatidclassification and evolution of firms.
Phylogenetic tree tools could serve the variouseouoc entities to further classify sectors, and

dealing with huge amounts of data. In this reseamtk, data used was only cross sectional.

Future research work, besides adding other sectdnthe MINE survey, will also add a

historical dimension by bringing historical dataftmther support the findings of the analysis.
Furthermore, such a methodology when added tol#ssical multivariate analysis tools offers a
rich analytical environment for analysts aimingdassify, or understand the evolution of the

data filling our complex economic space.
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