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Abstract

l nnovation plays a key role in addressing s
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the orchestration of dynamic innovation s
accessing knowledge(bhRfomnexl ¢ dcaluias o@r ®apiea
ecosystem and open innovation paradigm off
mu latcit or ;t emmbholi ogy, and systemi cal ismon ocvaan firc
researchers and apria®edtyi toifomet ®rwiettatad conce
that can over whel m amalk icrognpa rouaikescgt sladaim i ¢ e n

Vi sual hmeveh osdesen i ncraasiheg mpopdgfeareintttyes c i
captuarmalynsi si majnddg o ampmi exp h eHoovmesrrea , a systen
of he cur-afemer ts toaft ev sfsaura | e anes yhsotdecno vreer deala rac hg a
the visual capdwmamiangd, awmrad grstisi motfi e s, and
i nnovati onTheicso asftdutdey;ms es t hi s gap by proposi
newi sual me t h eodrsi eanntde dp rtaocotlisc,ediamebhly Ebes Hst
Language (SVYERegi| fiida smddPul ar extensi on ( SVI
Actionabl e Process.

This study adopts an empasecsatuayndapgpradat
patts deved @w viheualh dmd mdorgp 81 ssetmiuct ur ed i nt e

and ecosystenrwvwalcuwen doaomeidregst abl -4 sdegemdeant
commer ci al aircraft mai ntenancecapepnaer ,and
analtyhsree e s etrrviigtg ezraetd ochy nami ¢ processes in
primary empirical data foldmdvsl eaasnd 9 ntdas ctth es e
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integrate relevanti n Pt hrea npargeevmieonu s Icyo ndceewet Iso p e
resuBVEbgl P modul art eexatt é weil ¢ eevivesl Llospeehdg d t A e d
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Chapter 1

|l ntroductil on

1.1 Research Background

Society is facing numerous grand chall enges
pandemics, as evi dendOd §lpy dtah d oUnistuesd aN ataibd
and declaration of 17 6SMsnaieéablkln mewat i®gdnd
plays a key role in addressing these grand

novel products, ¢$€mgyecbsergaprtd pfoeathd ;s Gi

hi gher |l evels of economic productivity, mo
we-bking, and the i ndustri al transition to
manufact ur i(nUgnipgrealc eNsaste $oancsk,l i 2i@l 5)r and chal | «
requires t he participation and coll aborati

pr ol onge(dF eprerrairood sentd atlh.e, a2s0slesmb |l y and or ches
evolving innoKabhl manmsy&t &mp ,adddiq)on, sever

!Grand chal | en gspesificaritical balreer(s) thag ifl renaoged, fivould help solve an important
societal problem with a high likelihood of global impact through widespread implemengtéBenrge et al.,
2016, p. 1881)
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hi ghlighted that i nnovation performance i s
sharing and accessing knowl edge and i ntel |l

unexpected sources, par(ChesbroyghromOoO2@;rtlL

Salter, 2006; Tsai,|l 2009sedeag sblalng go0aany
the adoptttacrnt ooft embhoiogy, and systemic app
pot enwiitah lay hi gh degree of openness and i ncl
managing | P.

One grand challenge is the provision of s

systems on (adngltcebdaINastciladires ,ai20X5)ansport sect
to address this grand challenge by pledging
(I'nternational Civil, Advdsapiitoen WOeiggyi csmad i oofn ,t |
transportatiornf Bearogedec aaibloh@ilss e c h2a0 2s&t)nhgee req-t

col |l abofkayi emh a kaenldmlmpertfartoonmr styh e i enc adashyes taevm at i
industry, including airlines, manufacturers
Ssystems, the energy sector, and gowemdnments
proputltesdlmmes adpe 1 mpl ement ation of more effi
alternative aviation fuels production, and t
holistic pollBeygétramewonrks, 2023; G°ssling

Air Transport .ANeowedcidaet | bengo le2ed2ad) at i on and s
knowl ed ®danoanmgd st akehol ders i horheéhai detviedaopmme
advanced technol ogi es anrdemnddisnc ogipaatviecdi hnowva t
t rsapnort (Aentadrdoo Val d®s et al ., 2019;. Ranasin

The CQWI Dbandemic represent(ertowanrodt hGerre ngvri dr
202wi)t h unceetrami solcomyy and gdBamammea ednsadguye
Ciravegna & Mi cHawétvegn, 2BE22roncerted effort
uni versities, research institutes, manufact

from thetecdegysglem, manuf aetrurta,c adnd ndiosvtartiib

2 According to Bergero et a{2023) aviation still depends on energgnse liquid fuels for which currently
no commercially competitive substitutes exist. In addition, it faces the challenge of having to compensate for
non-CQO; radiative forcing resulting from aircrafftduced cirrus cloud formatiofiKarcher, 2018)
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as vaccines, therapeutics, medical equi pmen
to the public health(Azosliay aadJones ga2 @20
2021)On numerous occasions, avcanidomdsu,satcrtyo r sat

volunteers <coll aborated by sharing their k
capaciti-esi fbocaltC@retordaurcas et al ., 2020; Ti et
Recent advances in innovation and | P man:

approaches t o nacvi gas emdp hd hegymuland syste
contexts for tackling grand chall enges, s u
mitigating pandemics. Most notably, the bus
(1993,an2d00l6ansi t20f@®A pPwivdieesn researchers and
ability to capture and anal yse al i gnmer
compl ementarities among multilateral sets
coll aborative i(mMmdowat i &2 1dyt cJoaneoshi de*s et a
Furthermore, it enaldludas otnh ea ntornagc iarcg oafs ,c ca ct
well as the instit{Aar-kédénatbas &uRrbahad, thehmb
Hol ger sson,P 2nmazlh)gement research and practi
I P rights and governance mechani sms as e
techndqlCheisdbs ough, 2003Magr éGrsamesd irfainadg | 12y0,2 08¢
di fferent kinds of contracts to i mplement v
sharing access and(Gsaget mamd,t s2020;t h\eiimall
According t(2o@ran svti rmand (hzat,h2t)ehte almp |l ement at i

SThe successful devel opment, clinical t r-follated and ma
mMRNA vaccine technology in 2020 required tiesolution of several technological and societal challenges

(Bansal, 2023; Sahin et al., 202&ppecially, the collaboraticand knowledge exchangetweerDr. Katalin

Karikd, who received the 2023 Nobel Prize in Physiology and Medicine, Ugur Sahin, and Ozlem Tiireci at
BioNTech in Mainz, Germanyled to the breakthrough innovation of modified mRNA nucleic acids for
improvedvaccinegOkuyama, 2022)

4 Adner & Kapoor (2010) applied the ecosystem paradigm to the semiconductor lithography equipment
industry and uncovered that the performance of a s
innovation challenges faced by other actors in upstream components and eamrgimplements.

5> Chesbrouglf2003b)and Rivette & Kling(2000)noted that IP management practice has transitioned from a

closed paradigm, in which internal research and development outcomes are closely guarded for exclusive
exploitation through new products, more sales, and higher margins, to an open paradigmjswhich
characterised by value creation and capture activities both internal and external to firm boundaries. This
includesthe exploitation of patent portfolios for revergeneration through licensin@eece, 1986, 2006)
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open | P strategdiessclcoosulrde eangtracielmemd rs , j oi nt
(cross) |l i censes towards the c¢closed end anc
publication towards the open end afcht lmends pec
governance mechanisms for i mpl ementing open

practitioners with pfodrenttachkloitregp-t mwehthié r agng wo

and systemic innovation contexts.

The ecosystem approach and open I P strate
practitioners with a multitude of interlinke
include basic el ement s, namel y accstiotrisgnsactas
wel | as both competitive and ¢Addhabor 2t0ilvie
Granstrand & Hol glem ssadchdi t i 20”20) wmedwlrarci ty
compl ementarities among actor s, activities,
coll aborative val ue cr(eHaotligoeemr spromc eests easl .i,n 2e0c
al .,. 2Bé&8ij)des, t hey are i nheeavmltutyi osnu b eecca u s

continuous adaptation to both(Aar&8kkaloansd e
& Rital a, 2017; PhiHrloanpsan& IRA tmd ma g e2ndelndt) pe

strategies necessitate the @Hatlinetiah. amddig

et al,, ag0we) | as the consideration of wvari
i nnovation, such as backgroObEuwrdopdaoanm eQommings i
DirecGomnat &I for Research and I nnovation, 20
| n addi tion, researchers and practitioners
di sassembly problems, which require impl emer

| P access and us-dgeclbghte, aguebmpbtesigeScr os
and open acc(ewismap inbaltihc aetti oans. we202@&ds 2@232) i a
contingency c¢clauses within those contracts t
to sharing I P in coll gGoraatsitwe ndn ko vhaotli goenr s
Munsch,U200%Mmatel vy, bringing together the e

5 1P related risks include, for instance, IP blocking, which is the threat of offensive patenting by another actor
for the purpose of blocking continued use of patented techn¢Rimgd et al., 2006)IP leakage, namely the
threat of uncontrolled or unintentional transfer of knowledge arfdé¢er et al., 2016and IP litigation, which
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strategies exposes researchers and practit

dynamic complexity that can quickly become

sensaek i ng as webhkiag dbcistomrs.

Management research and practice have

i n

capture and analysis of (CBeanpll e& Ra’\dmihsiogm,a m2

rise in popularity of wvisual met hods is pr
compl ex and | ongitudinal data sets into a m
visual fdobeaptoinoret al . ,, 230s06welvlianaswit tkei r20:
with traditional ver bal met hods to uncoverl
(Boxenbaum et al ., 20F1u8;t h peinewsalte ibwmaladd. |, 2 |
pract iithihoener sdalcii rsagecspsreos byt Heace X plt@rnatnigon o
and outliers i n elnaarbdeda ngmaihret si ndferdatla vbkech
analgfsi $ heir effects on compl exbyslyswiemg ,

-

| at iboentsvheiepns i nf or mat(iLounr i rmo r& Meaxspolni,ci2d Q7 ;
QBeA)f t er revi ewi ngofithkeet enf s tvii regnab ttfamerd! 'so0 d s

n
e
20
ecosystems research, this study, however, [
ecosyptr@eemesses and |l P management concepts.
systematically identified and critically r
combsi he abilities to visually capture and &
and-ec¢ol ution in innovation ecosystems, as Ww
ti me dependent dat a. Furthermore,getneent vi s
concepts, such as various | P dogrmtersacted efvamt:
I P access and wusage rights, and processes
i nnovating <coll aboratively, appears to be

could entail invalidation of a patent and high litigation costs exceeding potential remedies payable by the
alleged infringei(Poltorak & Lerner, 2011)

7 An early example of the use of visual methods in the management sciences is Bafgley a(30943
application of process flowharts to visually display longitudinal data on activities, events, and interactions
for the analysis and theorisation of new technology adoption by small manufacturing firms.

8 Accordingto Phaal et al(2006) visualisationtools thathave seemwide application intechnologyand
innovationmanagemeryractice includenatrices, grids, graphscored profilesandroadmapsas well asheir
combinations.
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practitioners experience a gap Iin their meth

uncertainties, and risks when managing | P in

1. Dj@ctive and Research Quest

Thiregseaddirsd shee i denti fied gap in the method
practitioners by developing and demonstrat.
capturing and analysing dynamics, uncertaint
ecosySMeeenisi ng this pri marhy e@b jseqtuiend i @ad mpgroias
identified gap in the existiimgaddseabkbetet ha
the visual capture of stattecvodturtuotnurien, idynnc
ecosyJoemddress this gap in visbhal fmesbhodsesé

gues(RQrenads f ol |l ows

RQMHow <can static structur-eyoldwtniaom ci mpr o

i nnovation ecosystems be visually captu

Second, building on the resRIQlst hremsaddy
subsequenstolny ifnotceugsreat i ng the visual captur e
management concepts in the vVvis+waloilsudtiioonn io
i nnovationTecaddrseesnst he gap for an | P mana

vi sual met hods, the res(RO@@tsi ve second resear

9 In this study, visual methods, processes, and tools are considered practical devices that link conceptual
frameworks existing in the minds of researchers and practitioners with the real(RRioalal et al., 2001)
Processes ardefinad a sappioach[es] for achieving a managerial objective, through the transformation of
inputs into outpuid(Phaal et al., 2001, p. ,3ndtools aredescribd as facilitating the operationalisation and
practical application of processes in a structured way.
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RQXHow can the visual capture and analys
concepts behhientveigsruaatleidsat i on of dynami

evolution in innovation ecosystems?

Third, theshetudyuhbpplirom adRIQEmsREQd2ng r e:
in the devel opment-aandd ptoastteintge do fp rao creessse afroc
assessing, and treating I P risks and oppo
i nnovationTecadgseéeemst his gap in the metho
practihet bhedsantd findgRQRBeadsarf oh | @pwesst i on

RQHow pgamnent i al I P 1 iebsekds e ratnidf iogpg oar di nti rt e
visually capturing and -eewaall wtsii onng, daymda m
management concepts in innovation ecos

1.3 Research Approach

This stasadyemplgphtat ati ve research design tc
processes, and tools for capturingwhlhed ana
managiing ilfPnovati An tlkes,ystplreahxerveesile arsah desi
mul t-dgpde study str uct(urie einnh aar drte p& iCecraateibonre rl,
aniddi vided into three tsleeg urednsteaarlc B ageubesshti ino nl
these thresanpabtscl@aprdledbigi & Py octtost a608)
the new met hods, processes, and tools to
subsequently demonst eatainn gtehbeyo rteea s tciand yt hseamm
settingsand emplecowegree to which they meet
The first part sdafhet loibg estudy adddrdesssed op
capturing and analysing stattivolstiwat ime, nd
ecosystems. For that pur@pYisre, isaCkhh)dgteedomr
commerci anhi af eepat€ oy e ramalu | ( MR@h iss® ethd i al
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the safety araki met iyasiigeiva icth as f s 2018; Rodr i
Lavorato Laeawmedgd| bi204d6pdynami-€v oplruotciecsinsl e ¢ r iaa ld

organitsatgigemed by the sef(Buttpopateodonabf K maoat

et al.,PROMB)Y eompsirBrtmdtodiGatia g 0&B8psystem
val ues nmncaopl il @ c tl &8 tsreuntit ur ed i nterviews at one
manuf aictduependent commerci al whrchatteMRObse

anaddysiangvi sual @dapa gdei0dalyauicst i ve approach t
of novel concepts afmrdometwhitthreaonm §t ggeethaer dit s eodh .
Ecosystem Largueages( @8¥El) new vi sual met hod f
of static structuresevdynambao pnodceasaanadati and
aggregate innovaarnencreatsgdt em matprsiuggee rtehdr e «
dynamic processes in the commercial aircraft
I n the secondPefafrdar st(hB0slggitapasy mecsee ar ¢ h
met hodisd mpmlyi ed to i ntegrate relevant | P mana
and analysis of dy-eaml ot ipcmceasdannendt icmon
extemwmdgi arhe SVEL method previouslisyiitetrrascdwved
designed, deemoalsbytadwae dnul amdi ssisyulbijrearty npaan e
experts nomi ggo wepe b niagoeer di ng t o (MAOMi6IJIhaen et
empirical case ddsuidgyn ,c odhet neexst s tf uoaot mpanneh s easn d
entry strategy s celn9a rpiaodcesinnirc n g,d t \igm &liOvd thre,
al(20,22i)n iwhiuetk wi altrroamtos her sectot®cgadbin i nc¢
manufacturing capacctaieprbducetsi, sssich as dru
protective equipment Fram thesstaetrtaoivehdepa
and eval ua$VvVon+l P hrmo chiebvne r ga s ewist lo naetc oomfpl em
symbol s srhead e aerncalbdres awiddwalxcatpit tuir mnaarnsb uam a |
types of | P, | P owner sihn pv aamialo nu seacgoes, y sathedmsl . P
The third paadopohfe tCheissi gt uTdhyi Birko wrg, a2 @0 &;a
Pl attner feotr alh.e, d20¢k2)cpmeénpoadadtciac eelspaonclkss
identificati on, assessment, andntirneatomeartti or
ecosy.snhemhe des hpgrne vpirooucselsgsV,Bevmeéoped and SVE
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dul ar fexomnpBohs | and || od | otnhgiirs ustthu d y
| |l Ecommdpractitioners during the Strategi
nsortium programme 2022 orga@l s8d ERRLhe
s WBVEL+I P Acti omradwViedeRr ocessar cher s and
ructured process amdratset dencoffliabor ani
sks and opportuniti.dd SiViEL+hRoWwationalklce
ot atsy pseu b steegsuteend kwgoarl¢ @l | abor ati on bet ween
stems maniuttastomer &ndm the biophar maceut
vel ofporbet SVEL+I P Acpi onarbg piedPernotciefsised by

asibility, fuesedbddk yf,r am dtaacdctioIrdddi sneg ptaor tA | ca
9.98)
Reliability and validiag ehsthedrkegutomp

tablished criteria and bpersacepsrspamamc &s Beh
15)More specifically, bi asrees mint itghaet ed a tbay
l ti pl e sdaFuar tshoairrmeer e, procedures and pro
sual met hods, apag otecbmeanteceadod dit ng lasheds i gn
gging devel opment steps.isThesuvuaneddhlgpyyt of ¢
searclwithndecogoeadar wyettkfimagmant ceal i dati on

| 1 ecti on and ammdalcyapitdi eprddgeawmada &i .t iyci pant

4 Contributions

ireseaomchst buttédhe met hods, t heory, and pr
novati onbyecnoasryrsotweimmsg tihmee si edaerncthi ef ri seéd agnadp sp
ol box for the visual map pi.ngT hoef ndeytnhaomdi ocl so
ntributions include the design, devel opme
rt I and the SVEL+I P modul ar extension |
ggtelsee SVEL met hod as a new synttaatxi ct hsattr uecnt:

nami c proeeskesioandncionnovation ecosyste
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of l ongi tudi nal and ti me depremgiebna SIVaELa+. | PF u
modul ar extension as a means for integrating

and anal ysi s of dyeawmil at ipomcesnseisnnanat icon

facilitating resear awwmares s taaymhdai mmirga ¢ tpir toicesasres
devel oping an I P management capability for i
SVEL+I P modul ar extension narrow the-identi:
actor-tembhoiogy, and systemic contexts.
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Two theoreticalefcroonnt rtihbeutd eemasn setnreartgi on o f

d SVEL+I P modul ar extension in the distinc
udy . First, the results suggest a concept
enness towardsdiemamagi nag thP tdored tension be

di vi dual | eadership and collective compet

her wor dss,ugtgheilssttsr ase¢ @arshcan pur penafewssisl y v

t heir I P management activities te trigge
olution in innovation ecosystems for spec
opose paraground I P as a new | Bbmamagemenan
en innovation processesds gshle d e dipeesccirfiibeea If loyw
d infor mal | P assets that are independent

mul ati vel ypalrasyed Pgn btuli @ al It dhleoradtsiemc ea @rf e @
spective contracts that woul d 4 tolperrvaitsee en
The practical csboher SWEtLi+d® Aoimpomamblti el IPIr o
is study based on the previously introdu
tensMome speci fi cstlhitayt,e (SWIEL +d tPu d\yotfs foaprgsb 3 te
searchers and practitioners a structured j
d cussttoarblgiesnheerdiacndandmbéy | SO 31000 risk m
0 qdsS0, 2009;anPdurtdhye R2RIONO0A7006 | P( DI Blk mane
20a; Wur zefrorett had .as s2e0s2s2ment and treat ment

i nnovation ecosystems.
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1.5 Thesis Structure

The descriisptsiemam chf itsh structur edFii g o Thiex cl
i ntr odQuhcatpijoenc ot er s the relevance and backgr
states the objective and research question
(section 1.3), and |lists the contributions

i n oivrmt i on ecosystems (section 1. 4)

( Chapter 1 - Research background (1.1) )
Thimedimeom - Objective & research questions (1.2)
- Research approach (1.3)
L - Research contributions (1.4) )
e 2 ~
Chapter 2 Innovation IP management in Visual methods in
Literature Review e —T) innovation the management
= ’ ecosystems (2.2) sciences (2.3) —
v
[ Research gap & research questions (2.4) ]
. J
e ¥ ™
Chapter 3 [ Philosophical considerations & positioning (3.1) J
Methodology ¥ ¥ ¥
Research design & methodological approaches (3.2)
[ Overall research design (3.2.1) ]
Part I (3.2.2) Part I (3.2.3) Part III (3.2.4)
SVEL method SVEL-+P modular extension SVEL+HIP Actionable
development design & demonstration Process design & test
A A A
[ Research design considerations (3.3) ]
N /
s ¥ N
Chapter 4 SVEL SVELA+IP SVELA+IP
Results method modular extension Actionable Process
@.1) 4.2) (4.3)
A * S/
-
Chapter 5 Discussion of key results (5.1) ]
Discussion
[ Implications for theory of IP management in innovation ecosystems (5.2) ]
le—
Implications for visual methods for ecosystem research (5.3) J
Implications for IP management practice (5.4) J
- J
- + N
Chapter 6 - Summary of research findings (6.1)
Crnehetem - Contributions (6.2)
- Limitations & recommendations for future research (6.3)
L - Concluding remarks (6.4) )

Fig. 1.1 Overview of thesis structut®

OAut horés il lustration
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Chaptpemnv2 desy sat esmartii ¢ review of the three
in this study. These include innovation ec
i nnovation ecosystems (section 2.2), and vi
(sect).onTRe 3l atter furthermore contains a sy
t he -t leedre of vi sual met hods for ecosystem r
This chapter ends with a summary ofreehe 71 e:
sequenti al research questions (section 2. 4)

Chapsebs&quently provides an overview of
his study. This comprises a review of philo
erspective and epistemol ogi cal posimnioning
research design, research methods, and empir
arts of this study (section 3.2). This c¢h:
ndertaken to ensure research quality (sectd.i
Chaptperesents the research results from p.
cludes detailed descriptions of the SVEL
tension (section 4.2), and the SVEL+I P Act

o o

n
X
the results is accompanied by illustrative
h

—

e methods, processes, and tools in the dis
Chapteaer®after explains how the results fr
sear chRQQRO2t&RQPA 8 d ntalme oiwdenti fi ed gap in t

r |I'P management i n innovation €Eraptysrt e2ns

~ A~ —h

e
0
section 5.1). I n addition, this chapter ref
heoflyP management Il n innovation ecosystems
c

(¢

osystem research (section 5.3), and I P man
Chapttemcébudes this thesis by summari sing
of this study (section 6.1). Further more, it
practice of I P management i n innovation ec
i che i fies | imitations of the research resul't

(section 6.3) before ending with concluding



Chapter 2

Li terature Revi ew

This chapter contains an overview of the |
to this studgpameloyeeel ope,vi puateanzeddoodand
capturamagl yanidng dynamics, uncertainties, an
ecosy.stEBmss, this review focuses on the i:1
| iterature aBFiag@lsboel iolwlnusvtarta toend eicosy st ems

management in innovation ecosystems (sectio
sciences fFfsetheocmmlyesd)earavtiiecw of t hese bodie
conduomt @tdheceor irgicesnitandeével opments of, talse r e
wel It oa g e nhealaibseteimcv i ew of t h-@fnmbasr ta nidn tthhee srtea
researcCBryaymaeamasé& Blréeél-sgRidDdmatic | iterature r

suitable for theoretical vaonoeapt grtolugts dv e
within diveo(Saeaydesci ROild®e salpi.vgindsInbayeil ht er pr e
s

epi stemol ogy, abducti vertmrslgatamddn sghui apl ibteattw eve
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str a(tBerggyyman & @Bekdpt e®ROi@yt {is&kitn alnl y3,. 1t)hi s ¢
closes with a summary of the findings from

research gaps, and a derivation of the resea

Structuralist approach to ecosystems
(Subsection 2.1.3)

Research Gap:
Visual methods for capturing and

Vs analysing IP risks and opportunities in
/" co-evolving innovation ecosystems
(Subsection 2.4)

Innovation
Ecosystems
(Section 2.1)

Dynamics and co-evolution in
innovation ecosystems —
(Subsection 2.1.5)

Dynamics and co-evolution: IP
uncertainties, risks, and opportunities ——
(Subsection 2.2.3)

State-of-the-art of visual methods
— for ecosystem research
(Subsection 2.3.2)

Positions and links: relevant
typologies for IP management in _
collaborative innovation

(Subsection 2.2.2)
Why visual methods for innovation

" ecosystem research?
(Subsection 2.3.1)

ntellectual Property
Management in

Innovation Ecosystems
(Section 2.2)

Visual Methods in the
Management Sciences
(Section 2.3)

Actors, activities, and artifacts:
relevant concepts in [P management -~
(Subsection 2.2.1)

Fig. 2.1 Overview of relevant bodies of literatdite

2.1 I nnovation Ecosystems

The term fAecosystemo0O has enjoyed increasin
corporate and industr{Hapwor) A2atdi@8mecsheéeneat
organi sation, and riensneoavracthi,o nh onwaenvaegre, mean |l y r
serious note of the constructdés pagabaedti al f

organi sational chall éAgemamexperiagnced2Ool2e; f iJ

11 This contrasts witlthe systematic literature reviewhich represergareproducibleandtransparent process

for appraisingall empirical evidence that was previously collected in different studies related to a specific
research question or hypothe&snyder, 2019)Systematiditerature reviewtypically lead to the synthesis of
narrowfalsifiable hypotheses from received literature arglthus, linked to a positivist epistemology and an
inductiverelationship between theory and knowledBeyman & Bell, 2015)

2Authoros illustration



2.1 Innovation Ecosystems 15

20187 hi s oofr derrecsdenc dtehteed dryilesde i n ecosyste
publications in |leading managem@atr eandostbua
and economic¢ imBWAE tjhowmr ndles academi c cont ex
ecosystem construct is rooted in its poten
di ver se saichwlrtseemepawysel vy n competitive and col
formul ate and deliver a focal val &ddpreoposi
2017; GranstrandT& Halrgbessenps2@RBO0)ate the
ecosystem construct as one of three main c:
summari ses its origins and developments in
revi ews icnirriemns deff the innovation ecosyst
Adne(r20687yucturali st approach to i nnovatior
2.1.3) and the roles of two key enabling co
compl ementary assets (subsection 2.1.4). Th
and -ecvool uti on in innovation ecosystems as K¢
2.1.5).

131n a recent virtual symposium held by the Strategic Management Division of the Academy of Management,
leading strategy scholar Marvin Lieberman introduced ecosystem reseditble agw big thing in strategy,
thenewfrontieb and suggested that ecosystem specific teach
research field ought to be developed and added to the core of strategy modules at businesS$éhools

Strategic Management Division, 2022)
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- - — Leading Management and Strategy Journals - — —News Reports
27500
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22500 '
20000 .
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2000 2005 2010 2015 2020
Year

Fig. 2.2 No. of ecosystem related publications per year in business/economy related news
reports and leading management and strategy jodtnals

2.1.1 Origins of the Ecosystem Concept

Ma n a g esntehnotl aawes i ncr e ats heecglsyy sa cearp ttebdecccelpa g yf r om
domairrmats@on by ana$i gy caobmpdte xstimdtegqicti ons ali
for sustained ciompeutsitnheessdNMdemmbhaigeibéy, Moor
i nt ratdhueceecosystem concept tcoonnhuen nmayroa@de reyn t

“Aut hor 6 s baskdomearchesfdr theotarm "ecosystem" using Factiva (news) and Scopus (academic
journals)

BThe ecosystem concept was first int(rn®a®sWea cirn btelde ec
ias fibfaés]i ¢ units of natarTeansnd etyh e. 1fHEBSef ugf.e fiBthamderatr ht ehm
as whole physical systems in which organisms constan

their Atalirtdati.d 99 8t)exemergence of the ecosystem conceé
debate among ecol ogdrsetlsata boonustha tpmebrent ewtegesne otbhheo-ngani s ms
l'iving or abiotic factors around them.
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identifying similarities between int-eracti
evolving communities of firms fromKapoarm, et
2018)n his semin@l9L@tgecsitee,d Mohoarte f i rms no |
on an individual | evel within an -awmaluvwsitmgy,
capabilities with other member firms aroun
competiti vESilms eqaen&ildoeyvs 8 mhdsdinsif erred t he
dependencies among | oosely interconnected
communities t o expl ain the above average
companies in different -MerctdoreEmnaysuamdasar Blu
competitive advantage will i ncreasingly be
i ndi vi duallTheoanpaarleys. wor ks on business ecos
success anodnpcweear glbolnerc®ls ymse rehme r compani esodo
coll ectively manage the process of di strib
among al l members of the business communit
organi sati on, whi ch fotmactbasesot hershameeber
i mpl ementation of a customer val ulel apnrsoiptois i&
Levi en, 2004 ; Moo et itnedBasy ,m2e0s0s6 ) ecosystem
concltihched appl ying the ecologidafFfacabognpetaea
( Moor e, 1993, manag®é)s and business | eader s
perspective and provides transparency of Cc
woul d otherwise be invisible and(lgnerted &
Levien, 2004; Moore, 2006)

16 Moore(2006)latersuggested that the ecosystem in the business context represents a third form of economic
organisation complementing the two existing primary forms of markets and hierarchy that were introduced by
Coasei n hi s 19 3The Naturé of thé Ert dhis viBw was recently seconded by Altmatnal.

(2022)in their introduction of the managed ecosystem as a governance structure that sits between markets and
organisational hierarchy.

17 For this study, innovation is understood to capture the iterative process of initially developing a new
technologybased invention and subsequently improving it while driving market diffusion and adoption by
endusers(Garcia & Calantone, 2002This innovation process typically involves various activities, such as
applied research, product development, manufacturing, marketing, distribution, and aftermarket services, and
relies on technical disciplines including industrial arts, engineeringelss the applied and pure sciences.
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Foll owing its introduction to the managen
enjoyed broad adoption by managaesme nntd)i csattreadt ¢
Fi g2 Thil®tdo a proliferation @&asmdkcdifver ggeomccee pad
def i ni ttidheusssigncr easi ng ambiguity in the wuse
académ®uami nen .BRéecaht | gapdn®@ymeaml more conceptu
empirical rigour in ecosystem related busi
di ffemehtomtexi sting and more established co

i nnovatiaord agytshtee g, mi | ari ti es and difference

modeldetaenrdnhei hgvel and unit of anal(yGhis i n
et al ., 2016; Rital®@o&addmpasommpayesteaurngaatlioct 79 rs
bibliometric |iterature reviews were recent

invariants for (tSkart eagral é @ac &s Batdgpm@m@enan20h8)
mod el of existingTerjoismett e metseggaesta@l&)onc
framewor k for t he e(cSousoynsitneenm reetsamtt.clde 26 (k0
taxonomy <classifying (tYhoeviwaFiiZBsspne teyg steam |
results from these revi savsomg dk eyl d acsd & yast eesm t

in the managemefitbuscines se'$don)y siedeyoss, g 51 e ms ,

18 0h et al(2016)argued that the analogy between ecosystems in the natural and the business world is flawed.

More specifically, innovation ecosystems are designed and engineered contrary to their natural counterparts,

and Mo(IPe3esénsinal article lacks academically rigorous correspondence (Qkegt al., 2016)In

response, Adnef2017) concluded that thénnovation ecosystem approach offers a new perspective on

business strategy by focussing on the multilateral interdependence of business actors and alignment of their

value creating activities, which were previously neglected by alliances, business reoppglg,chains, and

value networks

®The business ecosystlee sat def i aeddoas thet Aigeéntri bute
pr opod iKtaipmmor, ,2Wh&yremas 2he focal offer is either a st¢
are typically characterised eit hleegv eals airnctheirtdeecpteunrdee nacf
of fer or as complementaritpespesnhtainen fikapblee feRA&NL8 P ¢
The Dbusiness ecosystem a(cMosvi aso r&milndt)eblrleel dtraeado nbsrtereudci
(Scari Radlzliavo&ot P 18ybdfequently emerging innovation,
ecosystem | iterature streams.
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(iknowl edge “®acnads g(sitve)ensr, eneutfcantfEe33PRSt ems
wel It hes crlols&tl¢gd | i toenphatu® el skt trfdaif8e na
industri®gri gbdbAicABP)Pe o

From the set of ecosysnkimg@3conbteptisnnovmaat €
ecosy(sstuebms e cZfwaosn 2hadsen as a conceptual pil I
of fers-aat onvust e mbholi ogy, and dynamic perspect
capture proicredgiseast.teldelobrye tiitessiln fopend aitnmov at i ¢
strategic, masagvemdntas itd ntendepeuotdleentf oaaos
i mpotrtraoofk eyst ose (act dropzrade falrutsi)onaf¢ge proce
Vasconcel os Gomes et al ..Fu2 0 hetr mehrunep mian @ o n et
ecosysdreae@mbi nes the generic ecosystem foc
mul til ateral i nteract(iloanns amo n g& blwesvihneerss,ls e 2al0c
considerdynaminabf col | wdlouw et icpriecoacteits@geed on
interdependent and dAmdmleea me 20OBYy Adilev a&i Kap
addition, the innovation ecosystelm miptpg oiatcdh
scope stthhasxd lagcttaoors that are directly involywv
capt(WArdener , WRILIVé c hlilcdisrt gpome r-e ssebr f t he focal vV

®The knowhseedger(ecosystem concept describes a heteroge

a central entity in confined geographic hotspots and
personnel e X ¢ han(gwasn tdoer c rBeoartgeh Tveael ukeh owl edde ) ecosyst e
comprises publicly funded research organisations or |

through tacit knowledge f | ow Glraorny suspes terte aam .t,0 2d0olwdn)s t r
21 The entrepreneurial ecosystéor multi-actor network) concephcorporaéssupporting institutions, such

as training facilities, investors, and favourable government interventions, in addition to firms that are directly

involved in value creatiomprocesseglsenberg, 2010)Furthermorejt emphasiseshe role of intangible

elements, namely social, political, economic, and cultural factors, for the emergence and success of nascent
entrepreneurial networks and early higgk ventures in entrepreneurial ecosystéBsgel, 2017)

22The platform concept describes hubs or central points of control, such as products, services, or technologies,

that provide larger business communities a foundation for creating complementary innovations and generating

network effect§Gawer & Cusumano, 2014; Thomas et al., 2014)

B2Thedusnt ri adorecheagstogy di fferentiating focus on transfor
to more sustainable and cyclical flows reducing envir
generation of wKetbBoamrd .emiakion2004)

24 This integrative property is largely missing in the knowledge and entrepreneurial ecosystem concepts due

to their primary focus on value creation through knowledge generation and network emergence, respectively,
(Clarysse et al., 2014; Spigel, 20183 well as in industrial ecology literature, which concentrates on

transforming material processes and energy flows for sustainability and waste redotioonen et al.,

2004)
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proposition sacf atchda vwalmeenbereat (i $ma rainmdg eclal pat
Radzi wofTheddd 8gharacteristics suggest that
an appropriate conceptual foundation for t
met hods that hel p researchers and -apcrteoat,i ti

mu Hteiohmgy, and systemic innovation.

2. 2Zurrent Beeffithhdilomnovation Ecosyste

AdnéeOo@e)scribed the innovationceklbalst &mi
arrangements through which firms combine t
cust-bmerngo@sAdmuudri,on20061, ap.mox8&) recent effo
clarity to the innovati onGoamedcs (yeatQ teadhy.iceomedck pt
turning point articles in the devel opment
suggested that it typically consists of an

of a business community occuiprym n(ga lsspoe crieffiecr

the keystone actor or pl atform | eader), cu
members face a complex and simultaneous int
pursuit of mut ual i nterestes, famdnsc dmp & toiwti i
interests at t hEeHaenmeins& bifs*edmthme dagr, mo2 =], 8
Vas con&oemeoss (e201aBlund t hat its membewsl|l may b
around a focal value proposition for the e
Rital a2ee¢08pfgested that the success of an i
ability of its members to both create valu

and capture value-ttakiogglhtedqhietZildé vpdafait f

25 This avoia theunnecessary complexity ebnsideringindirectly engaged actors, such as publicly funded

research institution, governments, and other support organisations within specific geographic basdaries

for instance, the case with knowledge and entrepreneurial ecosysentserg, 2010; Van der Borgh et al.,

2012)

26 Hannah& Eisenhard(2018)conducted dongitudinal multiplecase study of the residential solar industry

in the United States between 2007 and 2014 and deduced a framework of three distinct strategies that
ecosystem members can pursue for successfully managing cooperation and competitiamesiosly,

namely the bottleneck, component, and system strategies.

27 From a marketing science perspective, Pr@g@7)s uggest ed that value <creatio
innovation leading to increased consumer valuation of its products and that value capture is the respective
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More recently, Gr@nhG29ijmtnlde skiosHebd gtemegsdef i n
from received |iterature on innovation ecos\)

of system, innovation system, and ecosystem:

PMAn i nnovation ecosystem is the evolving s
and the institutions and relations, i ncl
relations, that are i mportant for the 1inn
popul ati ofGoahanattand & Holgersson, 2020, |

This defwhithoins n&kli 4i s |brusddlay eidn il i ne wi
captured by previous definitions and concept
speci fthealkhyp] viing[ asnadt]t ioof i daacmtourrses t he mul t i |
interdependent , tervtod rvd cnmmeefod temse nafmadk ycoand s
rel act iiomdi cates the presence of cooperatior
interacttlhmaesi nrmomdatii ve agdrofforomana ep ®f@ ulaant i or
represents value <capture at the individual
Further mor e, Gr an(s2tOr2adtndi t& oma@ll d er scsoonnsi der ar

el ement of the innovation ecosystem that cal
complementary (or coll aborat®®VvVkd irredlausionrs h
artifacts, such as products, se(r@riaresst,r and o&u
Hol ger ssom,s 2020)t abl e basic elements in the

key relevance to the goals of this study bec¢

assets in the analysis of dynamics, uncertai

appropriation and retention of payments made by the consumer to the firm in exchange for the increased value
created. Tls impliesthat value creation preconditions value capti#gem, 2007) From the organisation

science perspective, Murr&dyO 6 Ma h(B00A)furthermoredescribe cumulative innovation as a process, in

which second generation inventors access and use ideas of first generation inventors to create new innovations.
They suggest a framework for moderating this process based on three conditions, namelyajisdosss,

and rewards.

28 Granstrand Holgerssor(2020)correlate competition among artifacts to the analogous concept of species
competing for resources and switching to substitute resources in natural ecesystem
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P ‘\‘
Institutions

Activities
/ L \
.

Actors — Artifacts

A /

Fig. 2.4 lllustration of the innovation ecosystem definitivn

2.1.3 The Structuralist Approach to |

This study &§QO0RE¥»s padshtermbdst ure perspective
ecosystemltcowmsfeunst a framework of basic e
effectively operationalised and directly af
specific va(Adnepnrdp®eiheonop | easltruthar ec
approach-—ciesntacdctci viftoxuses the scope of the
that are strictly necessary for the reali sa
central acloingcrenpetntofstructure, which defines
their activities pebapoétRdneniEmedprcradr ev,al

structuralist perspective reiterates the s
keystone actor, which needs to resolve coo
foll ower actors and al i ggni ct hveiisri oanctafvith e s

propocAdnemn, 2017; *AFabdXldetl oavl s,umh@ ks dsa sti ft:

2 Based orGranstrand & Holgerssgf2020) licensed under CC BYC-ND 4.0

30 Adner (2017) suggests that received perspectives on the ecosystem construct have primarily centred on
interdependencies among actors and the dismantling of traditional sectoral boundaries, which he calls the
flecosysterasaffiliationd per specti ve. In his view, this approach
actors linked to a focal actor or platform and merely offers a basis for the formulation of general ecosystem
governance implication@dner, 2017)

31 According to Jacobides et 42018)the concept of alignment structure represents an important contribution

to consolidate research progress in the ecosystem research stream.

%2 Foss et al(2022)pr opose t hat ecosystem | etiod andsnvesimeat toc har act
influence, control and constrain other (potential) ecosystem participants with the purpose of establishing and
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el ements of innovation ec(3W&ijeuncst varsa lai ssty na p
and Granstrand2p@gbBlplrgeusbypgyndsatroduced defini
ecosystem. dddteiswehticnecsd duedsecr i be di screte actio
val ue proposition i1 ncl uadritnigfhaecatlsu @ sal ¢ atfir@m
and comprise transferrable and exchangeabl e
technol ogdtesshscahndare entities undertaking ac
ar t i%fFaucrttsh.epromsoirsepeasfy actorso | ocations in t
include the focal firm, customelrismlegrugpdnnter s
transfers and exchanges of artifacts between
Table2.1 Basic elements in thecosysterasstructure approach
El ement of Description Examples of op
ecosysstemuct concepts
Activities Di screte actions 1Value creation
of a value proposivyalue capture
Artifacts Outcometobfities t Products
transferrable and Services
Resources
I nnovations
Technol ogi es
Actor s Entities that und Fir ms
produce artifacts | nstitutions
Positions Speci fied locatiolFocal firm
activities Cust omer
Supplier
Compl ementor
Li nks Transfers across |Supply relatioa
Customer rel at
For mal and inf

maintaining a robust ecosystertFoss et al., 2022, p. 2Zrurthermore, Adnef2017)implies that ecosystem
leadership is contestable, relies on willing followership, and may not necessarily coincide with the position of
the focal firm.

BArtifacts are omitt e d(0dBecasystbrasstiucturecappeoach. HowevemitisAd ner 6
additionally considered for the pur po £2820)ddfinitionhi s st u

S
dy

of the innovation ecosyste(aubsection 2.1.2)

AUt h o r &mthdasised froen Adn€R017)and Granstrand & Holgerss¢a020)
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t

The conceptual interplay of(2b0b&&Recdptveotfb
he ali gnmentl usttrrwmdteudr @y 2A8dORer &cKaposy 6t en

inFi 35 Here, the act drocian( cfeindtFmp@&bso ¢t 0 ondioh a tt «

a

S

w o - —

C
P
i

P

ctivities of acstugrpsainahu ptphieil egrfots2F ¢ B @ s o d f

ources respective artifacts, such as produ
i nks, such as for mal supply reffacalons$him
ntegrates these inputs into the focal wval
ctor in the dowwrgstst @am@rep orsd stp eont iovfe tehset a bl
i f & i Bh). Fi nalulsyt,b mtelteher i ntegrates the foc.

nputs sourced vVvia existingcbmpkemémtor al

ompl eménobopr addf Fb@%t.onmThda s generic scheme
osition of an actor in the innovation ecos
ts activities and the integration of i ts
ropocAdmem & Kapoor, 2010)

[ Complementor 1

[ Supplier 1 }x
[
[ Supplier 2 }K

r—

Customer <:> ]

Focal Firm — -

[ Complementor 2

(LO_VL, Activities Artifacts
I l Actors A Components <> Complements
. Focal value Captured value by
Links Q proposition O end-user

Fig. 2.5 Generic ecosystem schethe

35Based omidner & Kapoor(2010) adapted by authdwy adding symbols faactivities and artifactsopyright
O 2009 John Wiley & Sons, Ltd.
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2.1.4 The Rotlgen d fCoMopdlued naernit ary Asset s

Modul arity and compl ement artyheeaesesgssemar ki rer.

(Granstrand & Hol gersson, 2020; l ansiti & L
2006 ; Teamnda, pd@ly8)i mportant roles in the sti
ecosyé6Admsr , 2017; AdneMo &u lKarpiotoy , i 20dd®ncept

design and systems theory and describes the
can be purposefully divided intqBadmdevi ma &a g
Clar k, 2006; . SMMoidlulliamg saebDo6A) typically foll

whereas module boundaries and interfaces ar
compat(@iballdwiyn & .ClTdrek ,di 20 @@&) on and adopti ol
enables firms to coordinate interdependent m

need for hi er(&8Brad Miwd anl, t @drdtimporlove t heir res:f
independent | y and (aBuatl odnno nmo u&s ICya aa\kd ro 2t0i@ée mb i n

respective modules in new configurations f
(Hol gersson et al. ,l R0@2serbcd, | modyl ar2iO0OWY )i s
emergence of innovation ecosystems because i
and combine their component s into focal vV a
customersusamad euwans Ulpsergecombi ne focal val u
compl ements for customi sed (vAadnueer cé&a pKauproeo rat
Jacobides. et al ., 2018)

The concept of compl ementary assets desc.]

capabilithoew,t pat kmeoenxd t o be combined for th
an innOoVedde M98y simplest form, a complem
t wo assets, hereinafter denoted as A and B,

purpose assets that can be replaced by alter

mi nil maust oniexeatei, o AOMBeBr)i ¢ compl ement arities e

3¢ Teece(2018)noted that it is increasingly rare for technologies and innovations to be independent-or stand
alone in todayés complex knowledge domains and that t
and confused with a plethora of concepts being inttedwand examined (primarily by economists), such as

Hicksian, Edgeworth, Hirshleifer, and Cournot complementarity.
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weak because the combined value of two gene
hi gher compared to theas sBip6aiHovleg e rnsdsiovn o
al ., . B2y2M)d generic compleméoga8pgesest hadaacao
and supermodul ar complementarities are most
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et al. ,Ul2t0i1l@3gt el y, complementary relationsh
creation and capture activities in innovat:i
compl ex alignment chall enges with supplier
proposition and the equit@Adeerdi &t Kialpwtoir ¢ r
Jacobides. et al., 2018)
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(a) Generic complementarity A E B | Weak complementarity:
A+B | |A+B| > |Al + |B|
Value
(b) Unique tw ( ialised) = )
nique two-way (cospecialise A
complementarity
A+B
Vaiue Strong complementarity:
> |A+B| >» |A|l+ |B|
(c) Unique one-way (specialised) A B
complementarity ATB
Value W,
, . Supermodular complementarity:
(d) Supermodular (or Edgeworth) oA, | B F ormy >Ny n
S . -
complementarity (in consumption) Zi='0Ai ‘+B | ZA" +B| > ZAi +B
Value i=0 i=0

Fig. 2.6 lllustrative comparisons of standalone and joint values of two complementary assets A
B for (a) generic, (b) unique twway, (c) unique ongvay, and (d) supermodular complementdfity

2.5Dynami Cxpevaoriduti on in I nnovation Ecos
Dynami cevanditaon in the context of innovatic
conceptual reference points for the researc
sense, dynamics capture change(®tcrcoagatng 199

p. . ®@her emsolcwt i om edcea sparoicmds ciycl es of adaptat
el ements of am(Moonemi DBgnet gsnt hd) ars propo

37 llustrations(a), (b), and (carebasednHolgersson et a(2022)and licensed under CC BY 4ilustration

(d) is createdoy authorbased on Jacobides et@018)and Teec€2018)

38 According to Strogatg1994) dynamics is a multidisciplinary and mostly quantitative subject that finds its
origins in mid17"-century physics when Isaac Newton introduced calculus for the analysis of planetary
motion. Todaythe concept oflynamics is applied in engineering, chemistry, and population biology and,
enabled by the invention of higgpeed computing in the 1950s, allows the analysis of complex problems, such

as fluid turbulence and chaotic systems, and the modelling of fréStedgjatz, 1994)

3% In his seminal workThe Origin of SpeciesDarwin (1901) described and admired the phenomenon of
coadaptation amongst species and their external conditions, such as climate, resources, and geography, which
is subject to the fundamental laws of variations of species under nature, struggle for existencerand natu
selection. Ceevolution in innovation ecosystems relates to the concept of coadaptation in natural ecosystems,
but it seems to also conceptually diverge because it has been described as a controlled or managed process that
follows a deterministic bluemt or vision of the ecosystem leader or orchestrgidner, 2017; Dattee et al.,

2018; Phillips & Ritala, 2019)
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interconse¢eatbad nweglsl, acsomplreox gi mingddrAdep eswae mc

& Dani, 2017%0tMperr egc d9ys3t)em t hebat st snesvuagty
ecosystems inherently exhibit properties of
state of flux i1rrespective of the developt
conti nuoaisdlyve cot hrough compl emenhtanghi ped
compl ementarities constantly interact with

ecosystem structure cl{iaddArng®Skbrerrped u&l IR tave
Granstrand & Holgersson, 2020; Hol ger sson e
Rital a® TR®19pl |l owing subsections first el
exogenous sources of dynamics in innovation
previously synthesised basic el e(m2unlsec tniaom
2. 1. Subsequentl yevdlhet icomcampd iotfs ciompact o]
di scussed based on the remaining .tFw@®7Z basic
belsxxuwmmari ses the concepts of endogenous an

as their effects on ecosystem structure as

40 This relates to the concept stableequilibrium from the physical sciencesd nathematical economigcs

which describesa fixed pointor steady statthatremains undisturbeds time becomes infinitend returns to

its equilibrium positionf subjected to smatlisturbance¢Samuelson, 1941; Strogatz, 1994)

4l Hou & Shi (2021)suggest a conceptual dichotomy in the literature on innovation ecosystems between the
ecosysterasstructure perspective and an alternative ecosysieto-evolution view. They furthermore

argue that the notion of continuouseeolution in recent work on the innovation ecosystem concept, such as
Jacobidegt al.(2018)andPhillips & Ritala(2019) mer el y r epr esent 1998, 2008)di scove
initial co-evolution framework.
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(2.15.2)

Exogenous Sources
of Dynamics

Endogenous Sources
of Dynamics
(2.1.5.1)

(2.1.5.3)

Effects on
Ecosystem Structure

A . . ..
ﬂ New Entrants | External Artifact Innovations _ ﬁ External Conditions J
- Use complementary capabilities to offer - Adoption and integration of external artifacts - Stochastic changes in external conditions,
competing value proposition (Breslin et al. (Dedehayir et al., 2017) agents of disturbance (Holling, 2001)
2021) - E.g. general purpose and enabling technologies - E.g. COVID-19 pandemic (Nicola et al., 2020)
- E.g. Google enters advertising sector (Teece, 2018)

(Cozzolino et al., 2021) )
e >
| Innovation Ecosystem ﬁ Activities 7 |

I
W - New management theory and practice (Holgersson et al., 2022); i
W e.g. open innovation _
W - Business model transformation (Demil & Lecocq, 2010); |
” e.g. servitization of manufacturing _
| _
| |
| ﬂ Actors J ﬁ Attifacts B

I
W - Firm mergers and acquisitions (Feldman & Hernandez, 2022); - Radical vs. incremental innovation (Garcia & Calantone, 2002); _
W e.g. US airline consolidation ) . e.g. Apple i0S-based ecosystem |
W - Vertical disintegration (Langlois, 2003; Baldwin 2007); N " | - Cumulative innovation (Murray & O’Mahony, 2007); “
[ e.g. Apple and IBM divesting manufacturing e.g. Airbus’ fly-by-wire flight control system _
[

I
,

I
[
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ I
| O = |

I
m ﬁ Positions J ﬁ Links J |
W - Incumbent actors’ position is challenged by peer actors reconfiguring - Integration and absorption of artifact innovation (both endogenous _
W activities, shifting firm boundaries or introducing substitute artifact and exogenous) may render existing links obsolete _
I innovations (Moore, 1993; Adner, 2017) > creative destruction (Granstrand & Holgersson, 2020) “
” - Incumbent actors’ value proposition becomes commoditised _
,. (Holgersson et al., 2022) I
\ A

~ -

Fig. 2.7 Overview of endogenous and exogenous sources of dynamics and their effects on structure in innovations2cosgste

illustration
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2.1.5.1 Endogenous Sources of Dynamics in |

According to Graf230,a@ahdvé&tHelkgemssohacts, a

subject to |l ongitudinal changes, which are
are endogenous to the innovation ecosystem
activi ovasiiom iegcmsystems experience |l ongit.?l

newly emerging managdgmerdtgetr ssomy @dsn dvled r] a catgi

i ntenti onal new combinations of r e(sbamicles a
& Lecocd’Pramlident examples include open ir
knowl edge inflows and outflows across firm

capt(fhesbrough & Bogetsa] i 83@rtd4on of busines:
mechani sms and struCAmrtes&fpobwmdl 2@@kRehany
manufacturing in which manufacturers innova
towards offering services (Bainese@&r dtigdth o
Neely, 2008; Vander menr iehi & Radiad,y,198%)gi t udi

are considered an endogenous source of dyn:

changes in an actorods core resources and c
( De mi | & L etchoactg, ar2ed0 1®di)rectly |l inked to t he
proposition in tHKeabklbenovati on ecosystem
Artifacts are subject to | ongitudinal C
i ntroducing technol ogi cal di scontinuities,
existing technologies, or recombi(nGatricona o&
Cal antone, 2002; Hol gersson et al ., “2022; |
Empirical examples for such radical and in

42 Longitudinal changes of activities in innovation ecosystem are conceptually linked to the transformational
approach of business model evolution proposed by Demil & Le@@t0) who investigated the dynamics

caused by the interactions between and within core
43 After reviewing marketing, management, and engineering literature on new products, Garcia & Calantone
(2002)introduced a continuum of innovation types that ranges from radical innovations, via various subtypes

of really new innovations, to incremental innovations. The classification of innovations in this framework is

based on whether product characteristicsnase to the world or industry (i.e. maeparspective) or the firm

or customer (i.e. mickperspective) and whether discontinuities emerge from a marketing or a
technological/scientific perspective. For the sake of simplicity, this study focuses onrémesxbf Garcia &

Ca |l a n {2008)mriowation typology continuum, i.e. radical and incremental innovations.
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in firm boundari es. On the one hand, firm
internal synergies and to enabl e nloirtey eafnfd ci
resource distribution, al/l of which typicall
within a fi{Amdsmami etamthy 2022 ;*Foerl denxaanmp8l eHe
the consolidation among airlines in North An
acquisition of an oil refinery in 2012 were
through i mproved capabitlii(@kyelddi nsatnr i& uHteironma nadned:
Mi chael.s,On201h8) ot her hand, firms can exper.i ¢
increasing specialisation of resources and c
and facilitated by modul ar product taumad proc
cont(rAdlt man et al ., 202 2; BREbdwiexamBD8&y7; | &a
el ectronics firms in the United St ates, s u
increasingly divested their manufacturing ca
resources on producStt udeagsiognk oM PHapke posgs o0
l ongitudinal shifts in firm boundaries are c
affected actors have been |inked to the foca

either as a f oclad mdntram, (Sarp2dfdu setrq mero mp

44 The theory on firm mergers and acquisitions is primarily informed by transaction cost economics and the
knowledgebased view. These theoretical concepts explain why firms should choose to make an input to its
value proposition, thereby keeping both coheimnd activity irhouse within traditional firm boundaries, as
opposed to buying the input, thereby assigning control and activity to the open market, and viddtusaiea

et al., 2022)
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2.1.5.2 Exogenous Sources of Dynamics in 1n

Scholars have repeatedly highlighted that
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(Aar-sk&maroos & Ritala, 2017; Hol ling, 2001;
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outside the innovation ecosystemds boundar.i

esources to conduct subsBbobompe®indabti ncumder
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ctoBseslin et al ., 20%Howelwezrz,ol nemw e@nt radn.
stablish the necessary l inks to incumben
oopef(@orpwpalino et al.an@20RRdy iPontrd etrhe 2008
nd mechani sms that coordinate the idiosy
Hol gerssomedtoral eff2@22Vely contributing t
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oc al value proposition. Examples for new

nnovation ecosystems were identified in act
newsp,apeadi o, and television) havebadsed eas
medi a p,| astu@@rompdse anfd Cbaceeboak et al ., 2021)
Arti fact i nanlobveatd dmpt ecda nfhreom nwwtvaitde n ec
boundarTiheed e ginmdattloe e c oaslyisgtnenmebrnst a 8 t | eanahtiauit ce

A

valcue at renoaih doguraattiooars 6 ac t(iDweidteiheas ia.ndcktp ad

45 McKelvey (1997)suggested thanultiple levels of analysis exist with respect to studyingeeolution in
organisations, namely the mielevel confined to the boundary of an organisation and the nieced
expanding beyond these boundaries. Bo8hi (2021)subsequently applied the multiple level approach to
co-evolution of innovation ecosystems with macreexmlution focusing on external environmental factors

and micro ceevolution addressing internal dynamics in the ecosystem.

46 According to Portef2008) the propensity of new entrants to join an ecosystem would be high, if barriers
to entry, such as economies of scale and capital requirements, as well as the likelihood of retaliation from
incumbent actors are low.
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t his study, artifact i nnovation as an exo
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out giheee i nnovation ecosystem and not being s
proposition.

Sudden and unexpected changes i n externeé
i mplications for innovation ecosystems. Agen
societal wupheaval, and abrupt scarcinal of r e
contr ol and the coll apse ofAuenr sevad dy s& eDmaonsi , ¢
Hol ling, AROOMNJYdi nd 20@ &éMHoi st hgdsnodel of the e
cycl e, this sudden | oss of organisational c
uncertainty, novel recombination of rel ease
experiments, albtioé whi ob*®Caolneciroea ced actxiaomp | e s
stochastic shocks in the busagnleosbsalwosrcladl ew edru
t he COYI pandemic in the form of disruptions
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produNitcsol a et al ., .20k2@eseXuvypitcally 2®R20é¢d

47Bresnaha®& Trajtenberg1995)introduced the concept of general purpose technologies and described them
as being in pervasive use across a wide range of sectors, opening up new opportunities, and developing
innovation complementarities with downstream sectors. Examples include sieam plectricity, railways,

laser, and the internéTeece, 2018)Furthermore, Teec®018)describes enabling technologies as sharing
many of the attributes of general purpose technologies with the exception of their measurable -#ddeomy
impact. The European Commission defined six key enabling technologies comprising advanced
manufacturingadvanced materials, lifecience technologies, micro/naatectronics and photonics, artificial
intelligence, as well as security and connectifiuropean Commission, 2019)

48 Holling (2001) and Auerswald & Dan{2017)draw an analogy between the adaptive cycles of natural
ecosystems and the evolution of ecosystems in the social and entrepreneuriahwdridh long periods of
exploitation and conservation continuously alternate with short periods of release and reorganisation.
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49n the natural worldHolling (1992)referred to exogenous sources of dynamics as mesoscale processes that

have the potential to spread local events spatially intolsegke consequences and cited both abiotic sources,

such as water, fire, and wind, and zootic factsugsh asnigrating animals and insect outbreaks.

%0 Moore (1993) suggested thatoee v ol ut i on i n b u sthencenmplex irdecplays hetsvéer ms i s
competitive and cooperative business stratégig®ore, 1993, p. 76hat enables the progression of a random

set of actors to an aligned community supporting a value proposition and adopting new innduaitsns

survival.



36 Literature Review

@ ™

Activities

Increasingly co-specialised and stronger unique .
gly co-sp .. & q Artifacts
complementarities

Actors

|
B

Fig. 2.8 Co-evolution driven by interdependent endogenous sources of dynamics in
innovation ecosysterfis
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52 Granstrand1999) Phelps & Kline(2009) and Somay#2012) emphasise the importance of managerial
capabilities, organisation, and culture for the implementation of effective IP management activities within
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capital i nto(iAmtoelal, ed99&®], ®#D3 ¢BDY ke ku dretr Inye,r

firms and list patent attorneys with expertise in relevant areas of technology, the establishment of centralised

and decentralised IP departments, and the formation of a patent culture at all management levels and integrated
across business functions aspective examples. Furthermofiéetze Phaal et al.(2022)define IPstraegy

as A [ glangtern degdions regarding acquisition, maintenance, exploitation and enforcement of formal

and i nfor mal intellectual property (rights), to max
of and thus in alignment with its business objectivéBietze, Phaal, et al., 2022, p. 12)
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typically seek protection o%untdleei rapipnti €lalbe et
appropriate returns from their i nnovation
(Granstrand, 1999;, Ptihsearneob y& cTreeeactei,n g2 OIOP7 )a n d
proper t(yGrraingghtrsand, 2020; .PoUlttoirm&kt edfl yL erlnPert,
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B mitation Bsfdembeegpuaposdseful attempts to reproduce
products, processes, capabilities, technologies, structures, or decisions in its pursuit of competitive alvantage
(Posen et al., 2023, p. 76)Vhile extant management literature relates imitation to absorptive capacity,
diffusion, and knowledge spillovaPosen et a[2023)recentlyargued that, under certain conditions, imitators

can be a source of innovation through recombination with their own knowledge, products, technologies, and
processes.

54 Granstrand(2020) noted that due to the unobservability, dispossession impossibility, and limited
controllability of intellectual capital, the effective granting and transfer of IP rights in functioning markets for
IP requirea central registrain the form ofthird-party institutionsand priority ruling to the property right
Respective examples include the United States Patents and Trademarks Office or 28E3)@r the
intergovernmental European Patent Office or ER@?2) andfirst-to-register or firstto-file rules.
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management typically distinguishes between
inTab22&d el Bvonakdar et al ., 2017; Hal | et al
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S6Hall et al.(2014)also distinguish between registered and unregistered IP, depending on whether it is captured
in a central registrar by governmental or intergovernmental institutions, such as the EPO for patents and the
USPTO for patents and trademarks. The distinctiomden registered and unregistered IP only partially
overlaps with the formahformakIP distinction. For example, while copyrights classify as formal IP, they are
also unregistered IP similarly to trade secrets, which in turn classify as inforifiédlifet al., 2014)
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Hol gersson, 2020)

5" The unobservable or partially observable nature of informal IP poses challenges to empirical research on IP
managemer(Hall et al., 2014)Therefore, most literature on IP management focuses on patents as an indicator
or operationalisation of IfFHolgersson & van Santen, 2018)

58 According to Holgersson & Wallif2017)a mor e comprehensive | ist of factc
choice between formal and informal IP assets additionally comprises firm size, industry (e.g. chemical,
pharma, or software), technological complexity, and market structure (e.g. competitimepolistic, or
oligopolistic).

59 Hall et al.(2014)concluded based on previous studies by Graham g0#9)and Sichelma& Graham
(2010)that software companies avoid the patent system and formal IP assets, while firms in the biotech and
pharmaceutical industry are more susceptible to patenting. Furthermore, BonakdgP@t Alfound that
different types of business models use varying compositions of formal and informal IP protection strategies;
for instance, razeandblade business models heavily rely on both formal and informal protection strategies
whereas franchising is tedr based on informal IP assets.
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2.2.2 PositiReheVampdldsgnksnt el |l ect ual F
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The for mul attdrom caonip € tointgi ve advantage of a f
actors in an innovation ecosystem to effect.i
positions aaalcoe dif Aglenfeiwi, n 20 le’/nsur e this effec
transf ar e tasaadio@bnts open i nnovation approach and
| P manage mgrCth essdtriowigthi e Appl eyar d . °Thd®7; Hol
in turn, requires actimamngd tde pdmmyageariimumar ket
t o sahcacreesiss aagned r i g ha ss(ditas-stuldei, r olr Pagtaiionn afuotrh o
acciensganudis nlgd s scewrskby ot her aict)risn (et simadefor p
nomecuni ary (CalksérblugWws 2003b; Chesbrough &
& Ghafele, 2014; FGQrranhsetrrnaonrde,, 2a0c2t00)r s need t o
mo d u I%arnidt ycyonsi der various types of I P that
i nnov adfi foenc ttiovel y manage the allocation of I
mo s t conducive to the col(@bamati ared val Hel @
2014; Henkel ®Bhe amext 2udeg etcyeppodlm® gmoaodel s and
respeotnitv@rcdsanegt P assets acr ded westna lalcit olr esd
foll cwibmgcti on then del i neaaeg etslkeent so mc & pytp of
of I P that appeacs!| t advbad auree & teivam ti andntmivvaitt th i@ens
ecosgstem

80 The open innovation concept was introduced by Chesbr@ofi8a, 2003bin response to newly observed
innovation phenomena, such as innovation systems, ecosystems, and value networks, in which firms
increasingly access external ideas and technologies (oingitte enhance their ability to create value and
divest unused inteal ideas (insid@ut) to other firmsand their value creation activitie@€Chesbrough &
Appleyard, 2007; Chesbrough & Bogers, 2014)

61 According to Arora et ak2001) the market for IP refers to transactions for the use, diffusion, and creation
of formal and informal IP assets. It represents a subset of the more holistic market for technologies or
intermediate market, which extends the scope of transferrable antdgmsducts and servicéArora et al.,

2001; Chesbrough & Ghafele, 2014)

52 Henkel et al(2013)suggest that technical interfaces between modules need to coincide with boundaries of
the respective IP assets for a system to exhibihdularity. They cite antilock braking systems as an IP
modular example because the necessary stability and cordteirsywhose underlying IP is typically owned

by a supplier, is designed as a separate module to the overall braking system by the car manufacturer.
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2.2.2.1 AlPypMoldedosntarfradct s f or Col |l aborati ve

Hol geets $§&@80a4aB3etrv@d actors in innovation eco
t o | P maonvaegreanmednmie mp|l oy di fferent types of coc
| Bssfears t he coll aborative develVopmaémtatdf et h
(20R0)t hermore suggested that t hesiepwsicdd i c
out and aaxscsaxudssnngd dal$Pl uenbeddégree @adt wrped n e
respecti Vehs Pi Isltinde EEbftheed Viwmal na{ B020, a022
i ntroduced a typology of I Pr amogdeed sf raonmd preis

model s, via club or commén | P models, to pu

Table2.3 Overview of IP model typologies, degree of openness, and cofftracts

| P model Private | Club IP Common Publ ic |
model
Degree o M
cl osed s efipen ope
— | P conceHighly con Concentra Distrowvweairt I P is in
actors many acto domain
L | P accesNo sharing Access is Access is Anyone ca
(primarily only to ' to almost (no barri
secrets, p (high ent (low entr

L I P usageCommercial Restricte Commer caigeel Co mme r caigael

fully rest commercia by al most by anwidrbe

by few '"mwith sfterwi cretricti ol

Contract - P Purcha-Cross |li-Patent [-Open sou
-Exclusive-Patent | -Open acc

-No«i scl os publ i cat

agreement

Vi mal nat (R02®ItP arha desl concept de sawndrshig acceBsoand usaget or s ¢
rights for a combination of relevamomplementaryP assetgboth formal IP rights such as patents and
trademarks, and informal IP assets such as khow and datajo achieve a specific purpose witlgirspecific

setting (Vimalnath et al., 2022, p. 2Next to the degree of openness, three conceptual dimensions are
additionallyconsidered for the distinction among these IP models, namely IP ownership rights concentration,

IP access, and commercial IP usage.

64 Based orVimalnath et al(2020, 2022)licensed under CC BY 4.0
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di scl osure agreements (NDX) madbnatheeexahange
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juris@LicttdioonoafThi 2801un) directionall |lwmamtrra etdu e
Fi glLabel €woss kbBreemgexrements that are typic:
companii gl qwh re access and usage rights to ea
alicensadrnin candee) for making, mar keti ng, exnp
products (&hape mwoiTch@ 0O &yt i onal contractual re
inFi 81B.Licensing tgpisabj c tarbeaos eadc,t igveiotgyr ap hi
fi®Hlusce restricti ons utshaagte wiiitngihttr set shpee clti cteon stele
business activity,(Liddiocomwmat an@O0applaigaat i om,
l'icensingorcmal Irtalcal elf e ne | of pethatstmg ebdeo mp en
made by the | i cennsreed utron tfhoer laiuctehnosrorsed acces
eithemgaosnt fixed f eeg Porl te rrakn mfhigeramesyign g2y0 1
agresameattypiicfartiehgep dePe davses et c| assiiffihees as f
resulting product or servi dAriog aeady atlao ,r e@IC
1988DAs on thepoohiedehthd, | eatsap edreagtriébe( FOTTO)f r ¢
requiring recipients of access to | P assets
protect the secret nature(Bb6l sacdk k& olweedge
Furt heNDwosr et,end to be more applicable 1 f the
that need to be kept (pOhievsabtreoluyg h s& cGh aafse Iter,a d

55 Granstranet al.(2020)noted that IP licensing is burdened by high transaction costs due to low transparency,
information asymmetries, intermediation and {8idedness between the licensor and the licersek
recommendd the adoption of fairness principles, partieilyain the capture and sharing of jointly created
value in innovation ecosystems.

% Freedomto-o per at e ( FT O)the abdity o proceed aith tha sesedrch, development and/or
commercial production, marketing or use of a new product or process with minimal risk of infringing the
unlicensed IP right§ é §f third partie® (Kowalski, 2007, p. 1329)
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egul ated-skeytsbhgnaodagani sat i ontsr u(sISOco ntcoe r en
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ter(nhser ner & .Tibkxoa nep,| e2s0 1f50r patent pools and
patents related to the Digital Versatil e D
Sony, and Pioneer for the mégsshihact oran2d @ des
patent portfolGSEM/ UMTSFLYE Ngt dmacards for mo
(Hol getssabp ,reeddd8q9gti vel y.

Sarting sferopmsm ehet rum and approakhimgdelhe
typol ogy ,acotnarisnuiumctr easi ngl yl Bd seatgse beyntvialeut
I i mntgh e nf or c(eCoennttr er. aB, p Ra&rdeheésubl i cly annour
owner of pdodretfl @l ises)s@emp lpdneedngt ed t hrough st a
socials camdr pctovi de access to the restricte
reasonable coBmemspal gdra.¥&isqi itlzl eu, p 1 2ebalide) s
for shariMagt ilWwPesasfsen sl P pledges are to dri\
growt h, and coll aboration, as wel |l as re|
(Contreras, 2015; PeEhthepkagky, i BOR2@yge eco:c

57 According to Shapirg2000) patent pool€nablewilling licensees tefficiently gain authorised access to a
thicket of overlapping IP assets that amened by multiple independent actors but collectively neceg$sary

the commercialisation dheir product or serviceAccording to Granstrand & Holgerss¢{?013)and Heller

(1998) patent pools help overcoming the tragedy of the@mimons, namely the underutilisation of a scarce
resource due to the large number of exclusionary rights held by multiple independent IP holders.

58 Ehrnsperger & Tietz¢2019)suggested that various forms of pledges exist and provided a taxonomy that
classifies them based on the degree of accessibility to the underlying IP assets (either unrestricted or restricted
public access), the level of monetary compensation requiredebiPtholder or pledger (either reasonable
compensation or free of charge), and conditions under which IP assets can be used.
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Fig. 2.10 lllustration of contract typega) exclusive licensingp) crosslicensing,(c) patent pool,
and(d) patent pledd@
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such as cross licensesact posrecsipared giyvPaand | F
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59 [llustration based on Vimalnath et g2020, 2022) adapted by author with permission from Pratheeba
Vimalnath.
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Fig.2.11 Schematic of the IP typology relevant for collaborative innové&tion
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70 |llustration based on Granstrand & Holgerss@®14) O 2014, reprinted by permission of Informa UK
Limited, trading as Taylo& Francis Group, http://www.tandfonline.com.
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I n fact, I P management activities -emolmpOVa
with endogenous and exbpbBehgesssonintdes abfy, d.
adding another dimension to the complexity

settings. This interdependency between | P n
evolving set of actors, act iuvhisttiietsu,t earrteilfaat
the other hand, gives rise to |P®?dmecific
foll owing subsections first introduce varioa
cevolution in innovati on decfofseyrsetnetrmstsyk [sseusb rsakf (
opportunities, and finally discuss techniqu
2.2.3.1 Emergence of Intellectual Property
Ceevolution in Innovation Ecosystems

I n the context of complex business activitdi
asani event or a sitwuation, which was not exfg
have been possi bl eo(tPoe rcnoi nnsoivdae re ti talu.mnt hezddvia&n,rc
uncertainty ca+4n nhavwvaeadbtoearhndag r osjoeucrtces and i

actorso6 abilities to wusleeaprrnetv itoou sf oerxepseerei epnoct
(Perminova.?aMheal mak2®@@8)deci sions in the c¢
activities, as is typicalWay ke h(e2e0tpaBspep.oisne di n-
that wuncertainty can be conceptualised al ol

and nature of wuncrelratb2denfFyr sas s hmmaocaéedoin

where uncertainty mani f estcsonittesxel fa nadn de xrteelr:

"t Holgersson et a{2018)observed that the new entry of Motorola to the mobile telecommunications sector

in Europe led to an increase in patenting and restricted-titessing among actors, thereby leading to a
widespread decrease in the degree of openness of IP models atooadnahat innovation ecosystem.

2Accordi ng t@921)Quadertainty antl tisk were first discussed as distinguishing concepts by

Knight (1921) in his economic contribution oRisk, Uncertainty and Profiand by Keyneg1921)in his
philosophicalTreatise on ProbabilityKnight understood uncertainty more broadly to be a situation in which
qualitative and subjective estimates or judgements about possible outcomes are needed due to partial
knowledge or lack of human experience, whereas risk is a distinct category ientfeetbat quantitative

probabilities can be assigned to such outcothasglois & Cosgel, 1993)Keynes conceptualiseaddical

uncertainty and risk as types of the same category with the former being sgiratidrich probabilities are

unknown or uavailable to humans and the latter in which probabilities are kifo@® Donnel | , 2021)
“Per mi nov(a008de failn.iégtsi on of wuncertainty adopted in thi
broad approach than with Keynesd narrow focus on t h
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actorstéo rliigchetnse t he f oHegramwsnd alnRl t& . Hohligredr sj
| n comhhviineat itchre ef f e c t-esv oolfu tdiyonna noi neasa datnbdr sc&s p o
i n innovati(smubescadty tne @d ilmi5ni shing degree of
| P aisserneshdaP,e s peci fi@evemnctlrhmas nitsi ebsecause var i

number of potenti al future | P access and usz«
Il i nks, engage i n subsequent coll aborations
processes, armdnekpemi(b@reaendsathriaénsd & Hol ger ss ol
AssummarinTsaecb@4e t he degree of openness 1in act

owner ship rodl atPe atscsledtVse!|l sa& mdnaavt eugiea bdiilmetnysi on
uncertainty.

Open apprnoaaccht or s arflewPr tsht a mehcega etsed wi t h a ¢

fornf or mal | P assets, such as trade secrets,
advant age, for the prothewt ifarmn mo(fiZmibredd veattni aln.
2017) nf or mal | P assets however bear consider
i nadvertent di sclosure by <coll aborating par
actors that opportunistically strbseituwte mi
products anCkzasai viz&es et al ., ROrlSepx dapll e ,et
knowl edge-hawdi knowe form trade secrets may

-

everse engineered by coll aborating actors t
ski(lMeser et, atlher ebOylb6posi ng considerabl e unc:
potenti al and FTO to t h(eHodcgteors sown i&n gWatl Ha nt,
showihabh2@e t he preferred use of infor mal I P

knehwow fromciamirthadtoent he -l evehardiionensi on bec

possibility of i nadvertent di sclosure and r
potenti al future outcomes for actors in inn
unobservabiliyytbfrdnpdamp| atrdlad,es2 ®104)epi s
nature di mension because it adds to the I mp:¢
the ownership, access, and wusage of infor mal

For mal | P asset s, such as patents, copyr

uncertainty dimensions related to infor mal I
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knowl edge spillovers and (@Qztaaniomgkit heoual
However, several schol eers hdrmader aspoct av e doWw
i n particular patents, with probability an

value, vali(dHalyl, etndals.c,op2014 ,Mobhemlsepy c& f $Ita
Gared (2I00B8)roduced a set of five patent spec

scope, pendency, enf orcement, and mar ket %
types are closely linked to twie hpeppktesablé
pat entanad, filacckenTcaablléeclam be r el at elde vted tdhiemesntsa
dueextoensive descriptive st a4Fiusrttihcesr meow i, | apk
enf orcement uncertainty is dependent on act
given |l eg&ansyset,emmihi,ch2,00i8n turn, I's typic
changes acting as an exogenous sduveubeseacf i dyn
2. 1."\ss2h)oiwhiab2de the influence of regulatory
uncercamnmmélabet he | ocation di mension of unc
value uncertainty is |inked to the commerci
(Lemley & Sha®n rone 20a0nbd, the fair valuatio
two actors is inherently impacted by-1ow tr
sidedeanstrand e&@n the,o2®WMO)hand, the comn
i S constantlevaoclubtjiecnartyo fooces i n i nnov a

commoditisation(anbsagetniecods 2 n80vdR) pat ent

mar ket value uncertai nt yancda nv abreia arlerllea ttdeydme nos

of unc é@rvteaiantly. while the | P management [
uncertainties in sufficient detail to be [Ii
much | ess specific abo+wtvol wmeimonlimkithomodyn i
as deduced in this BTuabbRéect i on and summari se

" The USPT(Q(2023)reported that in 2020 a total of 183,147 patents were granted in the United States with
47.1% originating from domestic origins and the remainder from foreign applicants.

SThe creation of the Court of Appeals for the Federal Circuit and changes in attitude in favour of patents and
licensing within the Antitrust Division of the Department of Justice in the United States during the early 1980s
heralded the prpatent era, irwhich patent validities were increasingly upheld and patent damages rose
(Granstrand, 1999; Hanel, 2006)
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2.2.3.2 Types of I ntellectual Property Risks

The I nternational Orgdin@ati oas tfioe s St aemdtéir d
uncertaintyo(oOpbj2@®@®©9N,ov gbi s1) ngui sh bet ween
negative aspectmri oK marcaegdmd mtt yesvcehnotlsar wi tshu ga
negative i mpact on a project or business act
i mpact appear as oppoAbhmedteesafrom200Cer tPa
2008)Both risks and opportunities can be fur/
and severity that the affected actor or proj
the consequendeD, mRyY 0MWE°Ridskns, a2n0dl de)ppa@v é uni t i
a temporal di mension because they involve fu
horizon bei(nBr ocnoinlseiyd eert®daslk.s, a1l Sopportuniti
interdependencies as demonstrated by the exa

influencing a firmdéds business risk in the fo
sharLeam, . 261Ll4apldty(2I0DAB8Yyed that actors in inn.
face risks and opportunities in the form of
collectively discovering new focal val ue pr

ecosystems.

Ri sk and opportunity concepts vary consi de
of a firm. For exampl ea,ppiflltyaanctatepar menmehods
asdetabmalnatgyg meudtvey edr adse déri7yati ve mar ket
exchamage( Fistas et waher,eals99s4uyypply chain profe
environmental, i ndustry, and organRasoat& onal

Gol dsby, MAO@Ye ment resear ch, however, has vye

decision makers conceptualise various types
(Bromil ey .etNoalwi,t es@lla&hgdki nagf tah ri sk &Band oppo
academic |iteratur e, a set of major risk and
professionals in the context of the Enseteegri

76 According to Lam(2014) a meaningful quantification of these concepts may not be achievable.
Furthermore, 1ISG2009)prefest h e likelihomd i over t h erolmbilipy efsei onhd& definit
measurement, or determination of event frequency because it encompasses both subjective and objective, as

well as both qualitative and quantitative estimates.
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inTabad5a( Lam, ."ZTGel 4itsatrt s wi th strategic risks

capture t he effects ofcomapetriotico@momicd i €% L

effectiveness I n creating enterprise valuwu
strategi es, and(pamdu®hdhhevattiypres i s bus
opportunities which comprise impacts on an

cust omer s, and vealLam, captdapedigaRgetdon aanbcm a |
risks and opportunities represent a furthe
monetary mar kets on an .Aancottohreérs rperloefviatn ta ntdy p e
ri sks and opportunities, which result from
and can be I|inked to peopl e, process fail
earthquakKkéesasmor 2Fidhaml |y, regul atory risks a
effects of changes in the regulatory or I

oppor tcuanpittuirees i mpacts on an( Laacm,o0.r200sl 4b)r and a

The | iterapacreifddos lalhd opportunities en
i nnovation ecosystems is scarce, and a cust
and opportunity types is largely missing.

i ndependent | yl plrPo psopseecdi fsietviesidsakb2deolmc éoptgs ,n a

wi t |l Pdbbkockberg the threat o f strategic p

ad|]

e
h

bl ocking other actors from wusing their pat
oining fields of application (WBIltihnoduteti na
6

2006; Granstrand,. NeX2@heHal yPebbalded p0bH) €
arise from the athmféansofvei papteatieen IpwrtictL
i's already heavily invested and committed
through product design, m a(nLuef nal cetyu r & , S.haanpdi rnoe
Shap(i2zrccad)d SqmdBd@Aygested that taedriBkBolodu

7 According toBromiley et al.(2015) ERM finds its conceptual roots in European initiatives from the mid
1970s to early 1980s, which advocated a more coordinated, multidisciplinary, and strategic approach to risk
management. Today, ERM is understood as an integrated approach to man&giogtfietios at the firm

level (Power, 2009)which incorporates, for example, strategic risks in addition to more traditionaldfpes
risks, such as product liabilities and accidefi@eomiley et al., 2015)
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(a) ERM risk typ (b) I P specific risk ¢
Ri sk/ opgDescription/ Examp | P speci Description Source
types conéept
Strategi - Macroeconomic col -l P blockThreat of offen Bl ind( 2d0)
- Competitor actions another actor f oGr atnhsdt Ipagh@p ose of
- Actor's effectiveness in i mplemnnthigngont i nukeadl lu(s&td b#l) .pat ent ed
M&A, growth strategies, andtgrcddhwdtogy or invention
i nnovations
Business | mpact on an actor -l P holduThremahjohction Lemley & St
- Mar ket share patentee (see | P 2007)king), after
- Ability to acquire new custpmedsct or process is committed to
- Value capture pof patentees' tech
FinanciaEffects of financi -l BxproprThreat of oppor Czarni t(zxa1l
on actor's profit and | oss podleaitmiang owner s hHepi mmaing h& sNiocfk er s on
.............................. informal I P ass (2004) .
OperatioEffects of single -1 P Threat of wunaut Critten(dzhl
system; e.g.: mi sapproor intentional dGrsacnl sotsrugrzed o f t r ade
- Peopl e secrets
- Processes -l P Il eakaThreat of uncon Veer (€t0 1al).
- Stochastic events uncontroll ed, o rZ oubnei In t2ddrlta)o.n a l
transfer of &&a®
Regul ato Effects of changes -l P depreThreat of dimin Granstrand
environment commercial valueHoolfgef3GlbPh)asset
due to substitutHosl gaenrdsson et al
commoditisation (2022)
Reputati | mpact on an actor -l P Il'itigThreats associa Grans(tlIang)
enforcement of pPRPaotletnotr arki g&h tlse;r nee. rg .
Notes: -Patent found i n(v2a0 1i1d)
Based on risk typdlLagmy f2r -z_o-:.sd.zsomamsﬂ of patent
cl ai ms
-Remedies do not exceed
l'itigation cos
Not es:
4ist is not exhaustive



2.2 Intellectual Property Management in Innovation Ecosystems 59

are particularly -tldckhen oyl oigny cscemplienxgsmu Istuic h

S

— _—

-~

e

n

e

P

n
h

u

mi conductor i redyRiofli8eds heHologer sbesrer ved of

d consequenti al hol dup when Mot orol a ag

|l ecommuni cation innovation ecosystem.

| P expropriation and hBtmeseappfoplbatl pgn
ri sk concepts that were identified by IF
coll aborative settings and when dealing

e threat of oneocadlulnabsariactailngy pcdratimern go po

therdés potentiall ywiiaddu arbd te d@ mjf oyr matl r d niPg als

ch as product or process complexity or ir

Czarnitzki et al ., 201B5P mMHies aamr &p Ni akeosp

e

e

me

(@] - N C o =
> O 5 o S

S

n

o

e

fers to the threat of unaut horised acqui
yond the <circle of actors that have aut
chaniCsrmst t enden et al ., 20 k4t hGemAs r and
ubsecti oAcRonrdi2nde)tt(oI0C1z=)rhrei tra ksik of bot h |
d I P misappropriation would be particul:
rizontally between competitors and if | eg
ch as during pemgding patent applicati

Anot her | P specific risk concept that is
| P | eakage. I n contrast to the opportuni
scussed above, | P |l eakage refeuscbottakl ¢
intentional transfer of knowl ed9geerandat | &l
16; Zobel ®€&heali kelROKGPd of | P | eakage in
i nnovation ecosystems because t he br ea
ncomitant diversity of collaborating act
arilmrg asfsets exace(NMaeer etfatctjvaOoetébphtrol
| P depreciation is an | P specific risk ¢
commer ci al value of an | P asset. As the
urces, variations can have mul td godpee canud e

gree of | egal protection,(Gamdhstmhandand® 9¢
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2006)In the -evoltexitormfi moi nHov@aeéeln RO yal e

not ed t hat t he i ntroducti on of substitute

—

o S5 O ¢C

| I abor a(tsi uobns epcrtoijoenct2. 2. 2. 2)

Finally, I P Ilitigation represents an

Q
(7]

ncumMbRnassets that previously represented &
oposition, thereby causingstuhsectiiommcr 2 mé,
rther mor e HoGrgeerf St@bahych | i ght ed t he threat

reground I P suffering from di minished

0

Vv

dependently devgriopmdgostudpsoundtePsidepar

P s

sociated with patenteesd judicial enforcem

for damages incurred throu@manisntfrra nndgerme& nd 9 )

cifically, 1P litigation includes the

atent to be invalid because of newly

- T O

—

pos

di sc

ringement of patent amnldaithe @93 obarbstlr ued olf
i gation not substantialllPplewvecakdi&@fdermera

This overview summarises | P specific risk ci

ma
re
management (Tdb2Xrlattura®l one any causal re

un

nagement scholars but does not claim to r
view of the relesyt adithgdsrhd eeprtabt euirweé eédm kds anj ootr r
and opportunity ty@Teasb2l5®r oam d hleP EsRoMe cciofnitce xrti s |
n
c

ati

ertainties and thevwohdernloni mng dymamwiacd $ oan

2.2.3.3 Tekshsnedsgsuiersg foomtleTt eat uadgparrPd operty Ri
Opporitesit

The assedgmamtmeaaimalbportuni ties are integral
managemen,t whicdcddase tslyeset @&mati c applicati on
policies, procedures and practices t o t he

8 The risks associated with IP litigation are closely linked to the concept of probabilistic patents introduced
by Lemley & Shapiro(2005) and extended by Gans et §008) See subsection 2.2.3.1 far detailed
discussion.
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establishing the context, and identifying,
revi ewd(ngor,i QA ,i plL.us)rated in the diagran
management Fpr@gd@Qestshei mssessment of ri sks a
establishi mpdompricoems ekhree steps, namel vy
eval PHtiiree ,i denti fication step has the obje

and describe risks and opportunities, i ncl
potenti al consequences, based on hixgptearti cal
opinions, and st dHKee&ag!l d2e0r0 9i; n vPAukredayme g1t 1s0 )f o
identification typically follow a collabor

from a wide aemgseir s eal et 0 alseena fsfueccht adsi acgaruasnes ,
mode and effect analysis {Abmed, eaSadveend 288
the analysis step haseabb puskpoapdobppodeunst
of their consequences, and | i kel {({h8®ds2060Dt
Purdy,8 Relslple)ct i ve techniques tend to focus
opportunities into clusters that <can be ma
probability and Il mpact grids for emphasi s
oppotrttewj fault and event tree analyses, a
(Ahmed etThilrd h2a06valuation step compares r

opportunity analysis, namely the magnitude
or projectsodo i,exteemmadl rs tedmodadfpldcScstlead9 ; Po
200Q09)Evaluation techniques generally aim f
subsequent treat ment and compri se, for e X
managdgmemed et. al ., 2007)

7 According to Purdy(2010) the ISO risk management process and associated risk vocabulary reflect
contributions from national and sector specific committees from 28 countries, thereby integrating the views of
hundreds of risk management specialists.

80 Establishing the context of the risk management process requires consideration of project or organisation
internal and external parameters as terms of reference against which risks and opportunities can be evaluated
(ISO, 2009) Next to standards, laws, policies and other requirements, P2O@E)suggested that the concept

of risk appetitenamely the rationally determined amount of risk that an entity is willing ta beaesents

another relevant parameter for the risk management process.

81 Ahmedet al.(2007)noted that qualitative risk analysis techniques enable capturing expert opinions that can
sometimes be more valuable to organisations than unreliable quantitative analyses.
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I
ISO 31000:2009 DIN 77006:2020
v
Establishing the Context }—[ Context of the Organisation ]—>
1 1
-
Risk Assessment Planning
. . . s
Risk Identification IP Risk and Opportunity Identification
- Causc-and-effect diagrams - Patent searching and IP analytics
- Failure mode and effect analysis » Monitoring of other actors’ IP activities
- Fault and event trees
] !
o Risk Analysis IP Risk and Opportunity Evaluation
= - Probability and impact grids =
] _5 - Fault and event trees analysis a0
g E - Sensitivity analysis and simulation L Y g8
5 7 { N 23
Es . . , § ~
O Risk Evaluation IP Risk and Opportunity Treatment Options s
5] Decisi ]
o - tree analysis X .
- Portfolio management - Patent searching and IP analytics
= » Anticipate IP blocking, holdup and expropriation
s L ™ - Defensive patenting and publishing
Risk Treatment Options » Secure and actor’s FTO
a) Avoiding risks by discontinuing associated activities % Avoid IP blocking and holdup
b) Fostering opportunities by proliferating related activities
¢) Removing risk sources l| - Formal technology governance : contracts and
d) Changing risk / opportunity likelihood contingency clauses
¢) Changing risk / opportunity consequences » Change-of-technology — mitigate IP leakage
f) Sharing the risk / opportunity with other actors > Field-of-use restrictions — mitigate IP depreciation
£) Retaining risk /opportunity by informed decision
- | J J T

Fig.2.12 Overview of ISO 31000 risk management process and DIN 77006 IP risk management
standaréf

As shndw@®l?2 ri sk tr eraitsrkesrets sfmeinltowsnd i s acc
i mproving existing controls or developing a
ri sk consequendéeuradyd AROAR®Br)d IO ABDr ¢ StOMe n t C
negative consequences iis also referred to e
positive effects is hereinaftéeOfi@emohedmaseo
suggested that risk mitigation and opportu
evaluation step of the risk and opportunity
and external standar ds, | advs , ( 2OQPpPmdsed ead ¢
set of options for mitigating risks and exp
foremost avoiding risks by discontinuing an:
opportunities by prolifer&aspPag,0 9reil ak emi taicg at

82Aut hor 0s dynthesisadtfronalSR009)and DIN(2020b)
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and opportunity exploitation furthermore ¢
changing their |l i keli hood and the magnitud
opportunity with other actors, andcirseitoani.ni |
Ahmed (a210@7stinguish between reactive appr
treatsmentto,ams i ngencoyn dpalcaanisve, tecbbBugarce. Ove
t hleSO 31000 ri sk naannda gtetme nctod piaebwed s i v e, Vi

i ntegratimmg fteec lanigiponeestihce baassssesssment and ti

opportunliacikesasbyuwtmi & atei omma ntacqg e me n t of I P sp
opportunities in innovation ecosystems
Academic | iterature on the management of
di scussion of how parts of the generic I SO
to |I'P management i nsinmo\gatl iyrbonwieevweear ) ygsttoe mesd
considerable IP liability risks faced by a
communi cati on and i nformati on technol ogy

Standardi sati on (tDHDMN )N 7€ ©d@r8t: B2 yauabd @ msehretd s t
(Wur zer e®tAcaclo.rtdoi 2092 2 X 2r0,2e201 &l 77006 provi des

both the implementation of I P risk afd oppo
As shmmwingli2 DIN 77006 slightly deviates fr
managemenbystcaursda@®rgd oesk and opportunity ide

during the assktebkméewengrooespl asdof avoidin
and securing FTO for the t((rRlaN,menOCF2uttd)hke P moir

DIN 77006 suggests a set of |l P risk and

continuous monitoring of third partieso6 |IP
own and third partiesd praduwes) sasreftest i
of i nfor mal |l P to mitigate undbDti Nor.29dbacc

83The DIN 77006 IP management system requirement emerged from a DIN working committee in 2016 with

the goal to create quality standards and specifications foralfagemenandrepresents a more specific and

stricter version of IS@ 56005IP management standajd/urzer et al., 2022)

84 DIN 77006is greatly influenced by the 1ISO 31000 risk management praueddeliberately adopts the

high-level structure of the 1ISO 9000 Quality Management System to facilitate the implementation of IP
management processes as part of an orgariOd$Loinord s , e
2021; Wurzer et al., 2022)
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Detached SOr 8ma@O0O N 77006, I P management
independentl|ly propossree asaevesamentecamd quresat m
opportunities-iinvedynami comuéekxts andamahypvat
patent searching and I P analytics, defensi v

technol ogyFigosteasiancegat ent searching®and mor

assist in the process of analysing | arge | P
the art, prior art, FTO and( Aeicssod@amomak&ndi
2018; Clarhe, i aRIL2ELPt dheise techniques coul d ¢
ri sk and opportunity assessment as well as t
ot her actorsdé | P related activities in the i
and help trelanedcitphateat s, syahd asx drPo pbrlioact ki
(subsectjoal Re Ztelya ABiBRe af@odr b2t2)s .

Secomdendi ve patenting and publishing enct
(typically competitors) in their efforts to

basis for an (Blfirndgetmealt. cl1200mW; Granstrand
201Dbefensive @oradeotfegsiave particularly rel

mar ked by complex technologies aoadnduomubat i

softwar e, and mobil e communication sector s,
portfolios ps bargatenhgdcBputes to avoid hi
crdssefslahy &, ZzR6dani ol ger sson et al ., 20

2013)As anlFown 2i patenting and publishing cou
mitigation techniqgqgues that address the basic
acting as a direct mitigation techniqgque agai
| P blacdimgl dup in i (sobaeconoec@sysBed$

85 |P analyticds defined asithe data science of analysing large amount of intellectual property information,

to discover relationships, trends and patterns in the data for decision ndglirigtodemou & Tietze, 2018,

p. 38) Furthermore, IP analytics is multidisciplinary and applies techniques from mathematics, statistics, and
computer programming, such as artificial intelligence in the form of machine and deep learning, to gain
valuable knowledge from dafAristodemou & Tietze, 2018)
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Thitrde depl oyment of formal technol ogy g«
explicit contingency c¢clauses enables actors
I P and <coll aboratively <created foreground
projects i(ilGrancdyathamsk Hol gersson, 2014; H e
al ., 2018; S8Wionrsec hs p e2c0i0f9i)cal |y, -ddhec repll ogyn
clauses enabl es col loaMncerrathiimg odctjorisnttloy awo
| R Granstrand & Hol%gAesr sisnodm Fci agtloid3teilbi@D il A yency

cl amsleps actors to mitigate the risk of I P
result f-owmeb®dhricght to sublicense foregro
the consent -oownetGhreanet handcé& .HoFgretlssomor e,
I mpl ement aaouee oksfretdions helps coll abor:
application and authorised wusage of their
created foOoBkrgpouo@ds? @0@E MZINA etdhiis contingen
could enable actors to mitigate the risk
coll aborating peers from independently deve
and postground I P that ecojudidntdiymi ari eét etdh ef
(Granstrand & .WWulegdairdagwistg mBaOrlidges bot h gen
specific risk managemenamplygcéesSO©es8l18a8084 andn

| issechni ques t haas sseuspspionrgt aancdt otrrse aitni ng bot h
ri sks and . opHoowetwens,t resi ew al so shoas t h:
systematically relates these techniqgues to

i nnovation saudbesseyxdtheaanss 2 has3 f2ay not been est

8 The type of contracts deployed in collaborative innovation projects typically includevesopment or

research and development agreements, inventor/designer contracts, marketing alliances, (cross) licenses, and
joint venture agreemen(&ranstrand & Holgersson, 2013; Munsch, 206Qjrthermore, contingency clauses
typically coverterms and conditions related to fiedftuse, changef-technology, changef-control, ne

challenge, exclusivity, and terminati¢@ranstrand & Holgersson, 2014; Munsch, 2009)

87 Changeof-technology clauses can take different forms depending on the intended ownership and usage
rights to novel foreground IP agreed between collaborating actors. According to Granstrand & Holgersson
(2014) the assigiback model states that ownership of foreground IP is transferred by the licensee to the
licensor of the underlying background IP, whereas the gracik model stipulates that the licensee must
license foreground IP back to the licensor ofuhderlying background IP while retaining ownership rights.
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2. 2.4 Final Remar ks on I ntellectual Pr

Ecosystems

Thi s section first ,ieviedWwed!t iast dield awmitlassaad n dc a

i nfor,mald IdP scussed how these concepts relat

i nnovation ecosystems, namely actor s, acti vi
summat Psemddel s, respective formal governance
typology for coll aboratmwmenyglinmndedta ode paroij etc

these concepts enabl e actmplrsememt iwanroywiantg ode
openness and to selectively share | P assets
positions for the purpose of colrleabeivedi ve \
concepts qfi,sukamar togipmotryt uni tvy, both in the g
andli scussed how these concepvel emeogei irbmnc
ecosyJthems.review al so i ncl udreids kbdo tohp pgoer nteurnii ct

management ¢$ianedrdecandques for their treat

Overall, I P management sealtdloadtxeoimawbvée ogyt e
and systemic contexts of innovation ecosyst
competition among actors, activitihedg, carnd sar

for new approachEeKolt@erl s ard matpdahleern ta e200oldds) i n

i nnovation ecosystems need to develop new | P
mu latcit or and systemic innovation context and
dynamically adapt their | P medenexhandsmesp

intended value credtAildmaanndctcadt.ur € ORRE s dmd
new | P management <capabilities, in turn, ne
specific uncertainties resulting from the co
(Ahmed et, dalor, p20Ohm)i ng alternate future out

| P oppofDamnt ¢e est al ., 2018nd Wuorzedeet siah g,
treat ment measures in the form of strategic
for mal gover ngnmdda maec heaniaslms, 202 2; Granstr

Munsch, Z809)revihowmtesvhiebrwadgap remains i n ext
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|l iterature for such tailored techniqgues ani
| P specific uncertainties angdanpdotfeonrt ilailnKkliPn

to effective mitigation and exploitation me

2.3 Visual Met hods i n the Mar

The visualisation of compl ex data and dyn;
scientific progress and has hel pedohesenr eh
al ., 2006; SPalevemasin 20DO®Mefit of applying v
unique ability to reduce | arge sets of expe
and to exploit researchersé6 bandwidth of

qual i tadtyisies aammd( Johespneéett abn,’@e0s0psi;t evatnh e
i ncreasing maturity of visualisation resear
as physics, engineering, and med-cenheed,se
technical, and dsi(sChieml,i®n2dat0iSmpe¢ es yectsiewer al
suggested that the process of effectively
complex information and data through visua
applied methods and ¢ ladgehreil @ope ¢ fhenmd tf lue t hemp

of extending humadohmsgmn tetvealab,l |[Z006&;si v a&m a

visualisation di scoNFiedly3 process 1is illustra

88 This section 2.3 is based on Moerchel, A., Tietze &FUrmetzer, F.(2022) SVEL i Introducing the
Standardised Visualising Ecosystem Language for Temporally Capturing Competitive Dynamics in Evolving
Innovation EcosystemsCentre for Technology Management working paper sef@snbridge, UK.doi:
10.17863/CAM.81902This paper was additionally presented at tHelBf@iovation and Product Development
Management Conference in Hamburg, Germany, on July912022 and published as Moerchel, A., Tietze,

F., & Urmetzer, F(2023) Visualising dynamics in innovation ecosystems: A new method and demonstration
in the commercial aircraft MRO  ecosystem.Technovation, 128 102856. doi:
10.1016/j.technovation.2023.102856

8 According to van Wijk(2005) the visualisation research discipliesergedn the late 1980s and has since
reached maturitdue tothe development of powerful graphics hardware and data visualisation techniques.

% n the context of information visualisation, Ch@005)proposed ten unsolved problems that, for instance,
include the usability of visual methods and techniques, the required level of prior user knowledge, their
scalability with respect to hardware and user resources, and the shifting focus from the stemttace
paradigm to the visualisation of dynamic properties of phenomena.
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- N ™ e N
W Perceptlon &
[ Data J Visualisation }4[ Image ]—{ Cognition H Knowledge
Exploration
L Data A Visualisation Y, L User )

Fig. 2.13 Model of the visualisation discovery procéss

The use of visual representations and art.i
photographt| cwapss, amtdiso brings researchers
benefits for data collection and analysis.
and numesofc 9gnoidenti fic di scoReauwelwsi ,tthl2 @0 Os)u
consequenti al spoeceehmigt hptohave pr(eBeilous8d y b

Davison, aa@l13he accurate, i mmediate, and hol
need for protracted (aMredelralkdar iadus. i20Dtle8d p eZshtas
that exemplify the benefits of wusing& visual:@

TrudxXl®NBd4de of prbeesasfvwewhb| asodesoaadakypseece
| arge |l ongitudi aaMo ey sa@b0d d/pelribadt ideant aof net
books and dynamic movies for augmenting theo

net wor ks.

Despite these advantages, the management
embrace th(eBelilsu&lDawirsnon, 2013; Box&nbaum e
This resistance is mainly due to challenges
vi sual studies and resulting difficulties ir
which are driven by the inhemnéerdati semi anidc | a

91 Based on van Wijk (2005} 2005 IEEE.

92 The visual turn refers to a change of direction and cumulative wave of interest across social science

di sciplines that shi ft researchersé attention towarc
impact, and the cognitive power of visual meaiia artifacts for scientific discovery and knowledge generation

(Bell & Davison, 2013; Boxenbaum et al., 2018}hile thereviewedliterature does not distinguish between

the use of visual met hods in quantitative and qualit
visual methods in the qualitative paradi¢gnbsections 3.1.4 and 3.2.1)
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cumul ative theorising(8eldbdss& Opivstsemi, c 204 @Bn

al ., 2018; SPaawer sl, K0MWd)ars have suggeste
di ffusion and recognition of visual meprese
requt e egwiattle rona | and numeric channeled |i nt ¢
& Davi son, 2013; Boxenbaum and atlhe a2p0pll8i;c al
established theory and methodol ogy to Vvi su.:
including refl ect i o(nP aounw eal P47, h @a0t0ka0k)$ o avi ¢h gr & I b
first dbemeufsistsstulaotf met hods f or 1 n(nsouvbasteican oen
2. 3. 19ubsequenstgmati c I demteivfi ie@avaitaitoiinnwan d ¢

met hfodrs osystemsresdaedudbtseecti ons. 2. 3.2 and 2.

2.3.1 Why Vifsourall nMeotvhaotdison EBcosystem

The ecosgtstemture approach inherently confr
constrmadmetlt gr s, activities, artifacts, posi
i nterdepenidefgrcone smodeusluarti ty and (usnuibgsueec td ammj

2.1.3 a@adns2i.dlerdi)ng the | R managamefounr tehaegrs i ¢
exacerbates the complexity of constructs t|
practi(tHiod ger $ s o b yaedtdnagnlo.t . he2 0 1s&)t of artifact
i nf or mal | P assets,, naanfelIr ymatl e rgdoeweernmamaocea e &
(subsections. 2F2r1thanthor2e,2. he endogenous
dynami cs, as wel l-evaosl utth e nc orft iancutoourss ,coact i
i nnovation ecosystems add a tempor al di men:
dattasubsect.i owhid.el.tShhi s hi gh concentration
conceptual frdmaetwof kcdtiron,hetriacki ng,, and
uncertaintivwhen ammadn aimghi aigea nloPr at i on ecosyster
BVi sual r e p coestitetena dastinct sign systém through which meaning and social knowledge is

created, enacted, objectified and transmittéBoxenbaum et al., 2018, p. 603o, researchers, users, and
audiences of visualisation need prior knowledge on how to interpret the intended nf€eing2005)

% According to Phaal et al2004) one such multimodabhpproachis technology roadmapping, which
firepresents a powerful technique for supporting technology management and piei@fiagl et al., 2004, p.
9) and typically uses verbal information in combination with bars, tables, grapdigictorial representations
to capture and communicate both commercial and technological perspectives.
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complexity in data <collection, anal ysi s, an
cognitive abilities ofBarcehs ecar cafilb. e s e2hOnldde)p r a c t
have called for new methods, techniques, an
practiitm aowiegdatnami csevandtcon in i nnoivmti on e
i denthligPh yspeci fi,oisaknscerd @p o tAtae®iktkiae D 0s & Ri t a
2017; Holgersson et al., 2018; Phi i ps & Ri
Vi sual i ssasevenabfhaddvantages detadl Ipegrogne s ef 4 ©

by researchers and practitioners. First, vis
constructs and respective complexity of inte
capturing them in a madiamithat esabvér ufman
(Johnson et al . ,h ®Her0ema pvsa na rVé jpka r t2i0cosl)ar |y r
enable the capture of snapshots of spati al ;
el ements of a syst@&mehabuauddeé scAhA®tr ddlihag,s hdD®®BP)e
(20,Indo)des and I inks fundamentally and effec
el em@gmn®ksd, whereas sizes, shapes, textures,
t i suweanicloyde t he association(Figr#er, and quani
a) b) EncodingMethod  Association Order Quantity

‘oo .ulil

QEA®

A\ i = 00 ® Y0
Colour
o0

. Nodes to represent
actors or elements

L
7NN

Fig. 2.14 (a) Basic representation of actors as nodes and relationships as links; and (b) illustration
of the use of sizes, shapes, textures, colours, and orientation to visually encode association, order,

and quantit$p

9 Researchers in computer sciemoged that human visual capacity is limited by physiological facndrich

can lead twisual crowdinghamelyt h e
objects(Richer et al., 2023)

human eyebés failure

when

simultane

9% Jllustration (a) created by author; illustration (AYlapted from Spenc€014) and reproduced with

permissiorfrom Springer Nature.
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Recent examples of maps usedBtsesobtuéey abo
(20E890xi ght net woKFikglyi swhildls aguamt iitati vely
ecosystem stru&Snuaied®@sdaB8yphorRBhioflyi peinomati on
Figlbh whashewted to qualitatively identify

b, : : . _
| Knowledge Creation, Development Funding Policy and Regulatory Social and Interest Groups 1
Transfer and Research £ d 1
] Funding Investment Funds Government |
Polic:
1 (pensions, Managed Funds) O e
Opinion Leaders & Experts R I
1 140 Experts - S¢i, Tech, Mediea, ICT etc 1
nfluence?
! Research k I
I Funding ? ! = \ |
1 n et ‘ Government 1 |
1 ! Agencies ‘ \ Customdrs and Patients
Wear Term Neural Itz |
I st Patient / Consumer |
Finance for Groups
: Eauy o Fnnouston suppon o - |
1 \ ( Providers/ |
Fnance |
3
] SO X mmovaion g e N ntvence X
| echnoiog Supwy Manufacture Sales & In Use !
) $ Distribution Services I
1 icnc C |
Basic biology I
1 Tech - mapping Patients 1
’ odge a
: I
W
! i
1 Collaborative
development of only ca 8-10 Neurol Coaborafion I
1 devices s globaly g |
3
I TT & Research - Competitor Value ]
Organisations Pupport Industry Assoc:atlons
! ncubators, Accelerators, Tech Dey platea Networks R e AT Potential New 1
| exa nm Entrants
1 Collaborators and Suppliers Current or Other Inds |
!
\ N ———— e ——————————————————— e —————————————————— s

Fig. 215 (a) Ecoxightnetwork visualisation of a complex ecosystemnd (b)
innovation ecosystem map for qualitative bounddeptificatiorf’

9 llustration (a) used with permissionthie Association for Computing Machinery, from Basole et al. (2018);
permission conveyed through Copyright Clearance Center, Inc. lllustratioag)with permission of World
Scientific Publishing Co., Inc., from Phillips & Srai (2018); permission conveyed through Copyright Clearance
Center, Inc.
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Secpndi sualisation has inherent capabilit:i
odynami cevahdtcon in innovation ecosystems.
l ongi tudi nal and promei depemeésetardacassansdg p
gui dance in making sense of tempor al relatio

unf ol ding orgafBshti &ndDlavasoinyi 2B&8pr Meggr

t @aceht (&10.¢v 4 ptuad h nfi aprineisntgi me f or i1 denti fying,
understanding changes i n dynami c net wor ks
comparisons), di fference graphs, using the 1

st ufdwrt hsmumgagreesst ed t hat users preferred smal

di fference graphs and the third asmatial di
accur at e, |l ess @liessg acé¢Baghc an.dlahiee gpwideh4) al
benefits of viswualisation for capturing and

exemplified by (G6oamhdmnnegrsi st ohl tdhhee emergence
technol ogy. I n this study, snapshot compari s

evolution of care robotics research networks

(Figlh
Finally, the integration of visual artifa
uncovers insights into the structure and d)

previously been umpsaenilby omessar dlhhese amud t i n
the potential to uncover richer insights dur
of fer a mor es emamprliieale rmmaudrteasent ati osmndf soci
managemen(tBelelt t& navi son, 201.8lpyBoxXéeéonlha&8dm et

identified five different approaches to ap|

management science, of which two exemplify t
ver bal modes. First, the dialogicalhsapproa
dr awi ngs, and sketches, during the intervieyv
responses and deeper I ns(iMenytesr ientt. bl@lteh,ei 20 1Is
vi suali sations are either brought i nto the

interviewee and enabl e fda sdamnmachee rtso troe sreead wde
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by granting them a stronger Vvoice. Second,
artifacts into the desi gn (avedy eax eectdha l®.n, 020 1
approach typicakhly acteédnets primarily for d
enriching verbal and | ilnngusiusmesruym lat B tf ir @mo 0t
toedacwmul titude of constr,gatdefoempaomah was.u
ti me dependent data, and offer riicdhehri gahmldy de
capabl e r enseap otheeamdodd\@atnhce I nnovati on ecosyste

2. Bt amottteheerotf Vi sual Met hods for Ecosyst

To ascert eoftnheet hei st akestimhgr vecaay s tmneamn hoe se
systematic search of rel evant |l iterature wa
i denti fied fMotrheo ds pcel cuisftiecrasl | y, the systemati
the Scopus electronic database and searchin
and fAevolutionodo, in combinati ofThiig hchditcheero
keywords ensured t hattbhorebpeeopgt teheamaisn udrye lwev &

(Xiao & Watswomamel2y01®i)sualisation (or synony
pr oc easnsdeesg, 0| U tminamo vead d owméAssehmoimiri 817 t he i niti e
search retureedewe®@l16spieenti fic journal art:i
books. The subsequent application of i ncl us
articles, camfdlerevéiewpap®r £nsure quality of

the restriction to relevant subject areas,

sciences, business, management and accountin

% Following a systematic approach to searching extant literature enables the identification of all known
relevant visual methods that fit pspecified inclusion criteria and minimises bias by ensuring a replicable,
scientific, and transparent procé&rant & Booth, 2009; Snyder, 2019; Tranfield et al., 2068)thermore,

the subsequent critical review helps to reveal weaknesses and inconsistencies in these relevant visual methods
by comparing them to a set of criteria that are established baseid entttu d y 6 s (Babejeteak, 2015, e s
Xiao & Watson, 2019)

% Combiningtheek ey wor ds with Boolean operators AANDO and i OF
synonyms, respectivelyXiao & Watson, 2019)esulted in the following search strings: TIHABS-KEY
("ecosystem" AND "dynamic" AND ("visuali?ation” OR "mapping") ); TITIABS-KEY ("ecosystem" AND
"evolution” AND ("visuali?ation" OR "mapping") ). Furthermore, Scopus was chosen besiagssdts launch

in 2004,it has developed into a worldadingand widely used citation database metaanalysis related
studieg(Zhu & Liu, 2020)



2.3 Visual Methods in the Management Sciences 75

humananmnnduelst,i di sci plinary subjects, further
Screening their titles |l ed to the exclusior
st uUdyi ao & Waarmsd nf,ur2tOile&dr) decreased the searc
a subsequent backward and forward search f o
i denti fi(eXd aroe &0 Wat svoeng | edfl@geli ¢ v amtal st udi es
the totaldrecombeéeds.to 3

Initial Scopus Search | Application of Inclusion Criteria ‘ Screening Titles ( Clustering & Critical Review

Search strings: Document tyPes: Cliteria:
- Journal articles

- “ecosystem” AND “dynamic” AND : . .
o 2 li%ation” OR “yn S - Conference papers & reviews i. Capturing static structure by
(Quisuzii/ation mappings) " n = 30 records visually representing ecosystem
- “ecosystem” AND “evolution” AND Subject areas: basic elements

(“visuali?ation” OR “mapping”) - C"“‘_'Pmef science

- Engineering

> - Social sciences

- Business, management & accounting

ii.

Visualising sources of dynamics
that are endogenous or exogenous

iii. Mapping structural changes and

- Decision sciences | Backward and Forward co-evolution in ecosystems
- Economics Search
- Arts & humanities

- Multi-disciplinary

Fig. 2.17 Overview of systematic search and critical review prd€ess

After systematically iddenterviapngnd andi sSOE
met hods presented therein were clustered a

rel ecvrainfe rrisgal ustering was accomplished base
t hat i's documented in e&dfhaBdadyt edlibh antgx A m
[th23r]interviews, draft ecosystem ma@s wer ¢
(Phillips &,sSrhaiis ws2t0ulddy, f ifl.n ebt)eecdo swi sthem mappi
Subsequetnhtel ycri ti cal review was acadmpelei s he
criteria: (i) capturing static structure by
actors, activities, artifacts, positions, a

endogenous or exogenous t osttrhuecteia amdy-sctheamm,g e

evolution in ecosystdams.uaddaraitn @ no fenegawmid sd fe

AUt horods il lustration
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three evaluation crpotiemrti aL itkdesr tlh dssceathceo @, aaf b
composite index was subsequentwhecedaes!l dbDed
criteria (ieid)wiacned t(foioifdd s a@wnutwaehy ucsapt uri ng dyn:
and-ecol uni onnovation ecosystems.

Il n summary, the systematic search i dent i
ecosystenrirgt Sechaomvwsla mpl e vdfsouwraleiascaht ioofn t he ei g
cl usitreadilswgd osy st e nfFingalp8p Ecnogs y $it &dond éH i 8.1 B),
soci adi t/f/atdoon nelf whlrek gmalhy si sev Fligl B)on mapp
noealge net wirilLe,bad yiwmanFicyglg, ndgeBdsed
ModegRFisglg), and mi i ad)pPPTianbglée u mmari ses the fi
from the creduilitcsaualriey actdiwos fendeotchuondent i ng t heir
and weaknesstskeagpaencd i ve j our nal. Thaen df odd mfwa rnegn
subsections briefly describeandedies gihsgs vd xsaur

studi es.

101 A five-point Likert scale was used because it represents a scientifically accepted and validated technique

for ranking 6@ten & Seamad, 2007 doahi et al.y 2018j)ith respect to the threeritical

reviewcriteria, the fivepoint Likert scalerangtf r om t he | o wergwebtkfoedme ( nameei 6 val ud
616) to the hvergdtrongfodd e(mmeu nvearliuce véal ue 656) in equidist
opt i onnedrabi n(gnubmer i ¢ value 063606).

102 |ljustration (a)is reprinted fromGhazinoory et al. (2020yith permission from Elsevidrtd; illustration

(b) by Talmar et al. 2020) is licensed und€&C BY 4.0;illustration (c)by Réale et al. (2020} reproduced

with permission from Springer Naturdlustration (d)by Liu et al. 2020) is licensed under CC BY 4.0;

lllustration €) used with permission of the Association for Computing Machinery, from Basole et al. ,(2018)

permission conveyed through Copyright Clearance Centerjllastration (f)is based on Yung et aR§22),

O 2020 |IEEE;llustration(g) by Xiao et al. (2019 reprinted by permission ¢riforma UK Limited, trading

asTaylor & Francis Grouphttp://www.tandfonline.com; and illustrati¢h) by Passaro et al. (2020)lisensed

under CC BY 4.0
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Fig.2.18 (a) Ecosystem map from Ghazinoory et(2020) (b) Ecosystem Pie Model (EPM) from
Talmar et al(2020) (c) cocitation network analysis from Réale et(@020) (d) technology path /
evolution map from Liu et a[2020) (e) harp view in nodedge network analysis from Basole et
al. (2018) (f) SystemDynamics(SD) causal loop diagram from Yung et @022} (g) AgentBased
Modelling (ABM) from Xiao et al(2019) and (h) mind mapping from Passaro e(2020)
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2.3 Visual Methods in the Management Sciences
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2.3.2.1 Ecosystem Mapping

Ecosystem mapping is a method that all ows r
understand actorsod6 external compl( ®¥rxmeyzen, bl
Gi |l I, et Ad .exeBhl@pinedtBOP2D®3 wdal.i sati on of t
ceramics andnhioglt8ergcoceyxstoemimapping relies
edges, and arrows to represent basic el ement
of actor s, activities, positions, and | ink:

associated wi t h garae ajttoadnit v g Dtyu drir esecaarmcdhe r s
participants during the intdérvigew Phodes psi
2018; Urmetzer,, wWhelrleasets canhe. ,s t2u0dli8e)s have al
approach by appl yiimghee caonsayl sytseins naanpdp irnegpor t i n
(e.g., Ghazinoory et al., 2020)

2. 3ERo8&8ystem Pie Model

The Ecosystem Pie Model ( EPM) was devised
researchers and practitioners to map, desig
structur a(lTiastmatrr aecti Tthiiosn v282@) i sati on met hod
namely the EPM tool, to bring relevant €CO:
proposition, actors, resources, activities,
an arrangemeind oifr cloalo.ghBs paowint ioni ng of t

nt o sectors and -iutssi nagl |Icoow so udri sctoidnegdu ipsohsitn g a

profiles in the ecosystem, namely direct <c¢h
compl ementors), andcasdTalgnard 2t@ ddelo.éEMs X .0 0OA
has been i mproved through numerouswvoird @rati o
settings and is designed to be applied joint

2.3S@cBati tatCoon Network Analysis

Soci al Net wor k Awaltywgion( $8Awoakd acn@l ysi s of

and are often applied to observe and anal yse
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digital communiTa a teir,q ns rpdptd Wb Brkestawcer k& Or ei | |
opsmur ce e(cbheiyxdierns, ednadalr s DR en eeg.twoa lk.s,
As s hroming.lig, SNA -endatcioon network analysis
represent actors or artifacts and edges or
The size and colour of nodes, and the thick
centirtay (i . e. the number of relationships)
and the strength of rel atR®@alsehiegts almo,n g2 @ e
Accordindg20068yainieous SNA measures, such as
centrality, describe nectwdmpkitetrr actdede flyqaa
vi sualfisaitli idinstcye widues ual patterns and-tempor
citation nettwopikrsedndagli yastiesd awiet h ddouwced ntentrar y
focouns the analysis and vi el xeataoprt obhl exi
2008)

2.3.2.4 Path |/ Evolution Mapping

Path and evolution mapping enables the vi
activities, and artifacts,(Lass wel lalas rROQ2W0I
Neubert, TBeiLBjore, path and evolution maps
al ong t(iPmaeglainnoes& Neobdeouse 2@LbpPpus shapes an
the consequenti al evabhst stndcw@i 8 a cSttaurdd ean dch a

embedded path and evolution mapping both a

such as to analyse collabéPagame “alNeeber ¢
and as visualisation tool s i n document ary
communi cate data from bibliomeliru cetanall .y,sex

2. 3. 2 .-B5BdgNeo dNeet wor k Anal ysi s

Nodeedge network analysiswmdehwpddeah aigan drten
mul tiplex relationships, uprderanguidattedsiys

researchers and tamiexmeltihoonde rrse s eaarr & @ aatpiepl riota
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al ., 2018; Battistella EBhialmetROAd3c!| ROt &e e
to SMA aiutseal so uses nodes, edges, and net wo
stru®Haowever, it distinguishes itself from S

changes and evoluti ¢Baty i st emh,d sa demne x@stmpslyi2fitoidal
Basole (@Obafy pbyi emFisgi8@wnwhi ch depicts ol der
bet ween actors or arttidigechetasr&g&uavad yedge e
integrat-edthodmresearcharaspphoeéd!| d6gi estandcti
visualised quantitat-evel amdomuiaad. ¢ ap s hNes eldle
Hanel t | 2020; .Wotemdédil &t chlst er0@&B)enastulad i sat
researchers atnod a pptauarc t iariammnygse s net wor ks wi t h

rel ationsat psi aBmdes i ch

2. $BSPst em Dynami cs

SystbhgmanmiSB)ssentially is a quantitative si mu

builds on system thinking and( Bfaelead beatc ka Ic.o,n c:
Yung et .alCausa®022)op di agr aAnsglB8arcd ats tthe on
of S0met hodaprmadnues al mechani sms between vari at

behaviours of actof(8alaceitvial i es 2.0BfFds Xunhgf e
been applied to inform policies for the prom
ecosyéheemsswal d &nbDanio, u2n0dle7r)st and the evol U

among academic, governmental , -tercd pminwwatad i
ecos y(sYtuemmg et. al ., 2022)

2. 3. 2.-BasAegdenModel | i ng

AgeBdased Modelling (ABM) assumes that- a syst
called agents, which continually assess thei

(Bonabeant]lh& 00®2nt ext of ecosysdemtedseéear shmu

103 Node-edge network analyses also consider several network measures for characterising ecosystems, such
as network density for capturing ecosystem cohesiveness and interaction intensity, as well as centrality metrics
for expressing relative power of nodedtie network{Nischak & Hanelt, 2020; Rothe et al., 2018)
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co
al
et
ev
pu
un

Ac
or
cCo
Sy
t o
t o
re
ev
ma

fo

co

Ur

mpl ex dynamic interactions among Xaabors i
,aRh@19p model the evol ut ipareyo fe co@Eeyrsts ebresh
al ., A2009) XXsa o at@2O0ahayndusf act uri ng servic
ol utionnPir@lcBe s ABM vi suali sations typical
rpose and support researchers in obseruvi
der st and Baomda bperaaud i 2t0 0 2)

. BMRnd Mapping

cordieg dtO@&WM Nnd mapping is a visual t ech

gani se facts, information, and thoughts r
nnect a central theme to a set of keywor
mb(oTese et . aAs ,i [h6d ) B atceod oiur s are additio
di stinguish between hierarchical l evel s,

di fferentiate between different categori
search cont éenats, bmiemd amgpppierdg t o document
olution -op HigmsainseartEehaenaeruag iaatld almo,sy
p results from coding narrative ecosyst e
rymetrone .et al ., 2020)

3.3 Evalwuation of Existing Visual \

e critical -orteRaare wodf vii seadt ante¢ hods f or ec
at five of the eight meoboROdr cd{@etddBe,s hav
ich i1indicates at | east a neutral rating

ubsectThoins 2s.e3t. 200f met hod clusters compri s

mposi t e oisrydnagans ,.ng ( VM1) , Edolli { shd2waor ISNA
anal ysi gat & M3 umaipgpn ng ( OM4=)gre awahrakl ysi s ( VM5
First, visualisation methods i(20@RByuster
met z&et | (a200,1 8 xc el at evaluati on criter.i

re

presentations of ecosystem basic el ement
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relationships among t hem. However, VM1 met h
|l esser degree because they only implicitly <c
snapsdhmnpgarnitsanscrete time intervals. Further
with evaluation criterion (ii) due to i1ts 1in

in ecosystems.

Second, method cluster VM2 performs well w
achieves this with its unique ability to ca
relevant consltewelt,s sauch haes arcaobocoesedval sk
pertaining equitable value capture. To sati

met hod cluster VM2 would require separate d

and to infer sources of dyrfanramrdtsnrf rroemt atnitorni sc
Third, the two closely related HheOB&8¢J cl u
anBlasol 2011 8gespalcsovepeéyform well i n relatio

(i) because the standar ditsheelf ucsiee mtt i n@pds an

| arge and complex networks of actors and art

encoding additional attributes. Concerning e
and VM5 exhibit neutral perf ommamcoenp@ami 3V@AIS e
di screte time intervals or simulations for
whch typically becomes cognitively chall engi
| arge and dense networks. Regarding criterio

di scernible through tracking otfwogruka ndteintsaittiyv e
capturing interaction intensity and <centr al
net wor k

Finally, met hosi nclruesitaetri ovnM4t oe xecved li u atiison ¢
speci ficafldvry sdagi gmeels of dynamics in ecosys
Paga&mMe ub(earOtl1 5Furt her mor e, this method cluste

evaluation criterion (iii) -édwalawtsieon ti re neadd <
as il lustratEea0 ey hinioul oegty &pla.fdhd), mawhpiicnhg t r ac e
tempor al changes of actors and artifacts. Th

ecosyst emsnphaomitedved cloesf ect Vgpanpaburetructu
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relationships among ,ddassymspreamiitissa sijge r fed remeet
concerning criterion (i).

Overall, each of these five method cl ust e
criteria, that 1 s eistthreyycticuarlpetl it r agi eg oS yB1L €
or representing struat sruanmaopaes pds etrhaeteir c ali
identified andvicgmetlibowarley froawnide wednbhtomea st i c
Vi sual aodptamragtystiisc adytrmrauncitcu r mm a eeegsosl eust,i on i

I nnoveactoisoynst e ms .

2.3.4 Final Remar ka bheViManalgekenho&s

This section providetdhadsovertvihewmahaygtemeal
ecosystenpreesdafkah $ty, the benefits of appl
management sciences were described, includ
research, their potential to uncover previoa
to proviere amrdeprabtitioners with holistic
complex sets S8tubsegqukethhaldlacmges that | mp:
di ffusion mfmevtilsaudad iismtt e wmaragémeammmebgi er
per cdiawekd of theorisation and sciefdthieini, c ri
reasbaos the suitability of vwewealdimeobhmebyg f c
t h@got efndri adi gesting the inherent mulbtiiltiude

toapetamd @&nemgerally ordered information, an
traditional research designs basetabincalelry
i dentified and critically reviewed eight ex

been dampleicokystem related studies.
Threesul ts from tehxei sctriing cvails weelvinem hoodds f
suggestcotslyat en( imeppimegt hod scradnsett edewaMlloped
promising ecosyme temd/l il euad d saay sdossmo nmd p @it reg
adequacy in terms of capturing an ecosyste
ecosystem basic el ement s, such as actors,

rel ationshi, pfisot@mesotngsdiheuma | | youepe € se htt daptga m



88

Literature Review

ar
Th

e endogenous or exogenous to theeecds et er

us, a gap remaitnleecior ytsh e mc an@aah ic limegtsitheesd o f

t hceaptamrde an alyynwsapm «osk sasnedv occlou i in @ @ veaahd soyns t e ms .

Fu
i n
i n
cr
Wi
vV e
an
me
de
i n

et

2 .

As
pr
ma
[ i
an
re
2 .
t h

2 .

Th
Ad

rt her marne,e g rodtei b R artifacts and respect
t erdepiendehneciveissual capture and-eamdlujtdion o1
i nnovat hamote choeseynrstaeddr essed hbydeanty fdfe dt haen
itically revifeweedc o s g siiahbersmem@ Sgeespsgghe e we | |
th recent calls for new methodol ogical app
rbal and visual modes -afidepQactenmnd¢d edonthreiol
d involve both reseatBélkl s&abdv rSsusceha rva Gslupaf
thods could potentially enable researchers
eper understanding of spatially and tempc
novation ecosyst(eAssr-faknéda rloPo smad&n aRyietnael nat , 201
al., 2018)

4 Gap i n Existing Literatur

a basis for meeting this studyds objecti
ocesses, and tools for capturing and anal
naging | P in inmaveavticepwnetréecde €y srtee nesv,a nt bo
teTheseei mecbwadei on ecosystems, I P manageme
d visual met hods i.Aht Be smah agashdnmetr sgsacise mMar
maining in these bodies of | v { srudbtsierce i wint
danidbseqdenfave el evtamntees ear oi questions to
e remaindésubsethiensudy?2)

4.1 Summary @afpst hien RrReesleeavracnht Li t er at

e review of the ecosystem | iter at2W0rle7r )str ec
n&rmKapoo2r0,1 0Al ema(m2l0,2Z)ans&Hahde(288,80and
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Jacoktd&®¥hi8ye advanced the theorisation of
More spelkbesecat bud) eéistrsubsanotei anheexpl ai nin
nomeneric compl ementarities i ncoonckpabat at
i ntermedi ate governance structur dHowehat, | i
accordi ng-Stt® n& Brotfkx0gl 7J) a ceotb(i &lilels8a nd &Rnitlalliap s
(20,19dynamic proodusednamd da@asi c ecosystem
activities, artifacts,r eaenmmadi nt huen dreerltahteioorn ssheidj
these scholars have called for new researc

~—+

empor al (pRhrislpleicptsi v€e qRe 1t @l at, e 2&® 1®d9dgeper under
nd-ecol uti on i n i nnAcawdétkikear ococo Ky, NRisdugdpad r t 2 0
ract iitmaoxnemighe ea@xploni tofi ecesyaslt eaand exterr
Hol ger ssonTheuas ,apaepr, S iBDtEshp met hods t ool box

T ~—~ T

ractitioners for the temporoalea sicslaemtoulruet i aonnd

n i nnovation ecosystems.

Theubserqawingw of | P management | iterature
el evant -itnov et(hSed onmauyl at ie,t ogp@me sdD0 blu)gh & Ghaf e
nd coll aborati vEeGriannnsotvraatnido n& c léailtngneatvsastoing n
cosystems. Thetse@2 @bBB urded Hlearkiedlqg | darannsd m @s
201 4pol ogy of I P for cYilmalboatatt2 0820 ,a h2nMOX2a
ypology of I P models and respective contr

-~

ew studies have I|Iinked these relevant | P
volution in innovation ecedsyaRtodhmh,gi maudti nma
tudy of strategic I P management evolution

® »w O

cosystem. Further mor e, esxetearst tllaPo sneal nya g & md
i ndependently discuss the dmerggendatdfeel Rt:
Granstrand & HmnldgeaeronsemuehGlid)) (€. gi skbemhe
& Shapiro, 2007, Wibled hledanvaielhpg nukd Dt1d/ ) dy na mi c
cevolution i n i slnaorvgaeleyo pu.re claduy s te @amscehe msa

to préePambhnaogetneernatt wred ebveatnie d PP mamm gtehme nan &

handdgndminadsgevol uti on in i nnmoviahe onThiexnshat
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widurther morlratsuagggapmed ¢ mail ostellatt eemalblqe

sear cher s taensdt gphlaicgh tdaonsealsunicesthenwveens &

i sk and oppoandinitgk cobhemptt® effective mi

asures, respectively.
Finally, the review of visual met hods in
netfhiattse r el evant to ecosystem rkaegechndsu

mpd etxs of empdriocabcdavate r e(sJeoahrncshoenr sedt va |
06; van . WiHokwv,e v2005) he dirhd tulsiom simaonfa gveinseuna |
search designs stagnates at a modest | evel
ademic ¢Bemunit yavi son, 201 3T, heBoxtemsheaquure net
stemati c itdieen {osift fleaiceavtiisauna |l o fmet hods f or ecos
covered eight imeduaddyngtl egtemappi nGCghazi noory
20; Urmetzer,, E@MI maet cealaajdc BNRA&GR 0 )on net wo
al(yes.igs. , R®al e et.Aal art R 6hReDraitt€idd ably , rt WI0SW
gnlett hod ,zglapemai as forthasuabmmedamotmetabiel |
d asbbyse strpcooepssred/ydamidnnovation ecos

4. 2 Derivation o the Research Quest

ree sequenti al research queesie@aEdh wiem et e |
| evant bogdssaghsomdafi L. @ ndr BhesedThenf ilr 2t rese
e sRQIoeinf | ubeyncgeadps i n the innovation ecosys:t
nagement sci engseescilRiQdaldltyw,sgeaers Mobm et he met h
ol box of researchers and practitioners for
atic strpcoboepeamd/yoddamiioon i n innovation ec«
The second reBR®4rsch ndweateidonby gaps I n th
nagement in innovation ecosystems and vVvi su
di oRtZld it addressescéepeuakeldi hperrobcaet swseee n d
d-ec¢ol ution in innovation ecosyst®&@8 and r

t eenhdes previ ous R@¥k eardch icpatutryorg aaid anal
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managemerrciepdsj unction with -dyobmi nopvabéesas
ecosy.st ems

The third reR@3arc hfwvegemnetsd ri amaunraed itnmge ci f i ¢
uncertainties, as wel |l as.Atsh es hroRun@liXni ing r i
addresses theamde ¢p+ofa tetina eldde @@ ki hqgaute I Pent i f
risatnd opipesntdunliitnk them to effective mitig

respecRQ¥I et gnds the previ BQ&anBO®&e®arwihs updds

capturing and analysing potenti al I P risk
treat ment optlions .1 n Il nnovatil on ecosystems

Bodies of Literature Research Gaps Research Questions

s : 2

Innovation Lack of theorisation of dynamic processes and co-evolution .
of basic elements in innovation ecosystem - 3

Ecosystems |_(Aarikka-Stenroos & Ritala, 2017) ) RQI

(Section 2.1) i How can static structure, dynamic processes,

Gap in the methods toolbox of researchers and practitioners J and co-evolution in innovation ecosystems be
for the temporal capture and analysis of dynamic processes | | visually captured and analysed? |
and co-evolution in innovation ecosystems ~ -~
(Phillips & Ritala, 2019; Holgersson et al., 2022) | .
- RQ2
g O

IP Management Underexplored conceptual link between relevant IP How can the visual capture and analysis of

in Innovation management concepts and dynamics and co-evolution in > relevant IP management concepts be integrated
innovation ecosystems (Holgersson et al. 2018) in the visualisation of dynamic processes and

Ecosy stems ¢ co-evolution in innovation ecosystems?

(Section 2.2) ~ | |
Gap for tailored techniques enabling researchers and p iy
practitioners to establish causalities between IP specific LA
uncertainties and IP risk and opportunity concepts and link

( them to effective mitigation and exploitation measures | RQ3
- - How can potential IP risks and opportunities be
[ . identified and treated by visually capturing and
Visual Methods in - - - — analysing dynamic processes, co-evolution, and
the Management Gap for visual n}ethods that combn?e the abilities to capture IP management concepts in innovation
. and analyse static structure, dynamic processes, and co- ecosystems?
Sciences \_evolution in innovation ecosystems )
(Section 2.3) g
N J

Fig. 2.19 Overview of the research questions in this stifdy

AUt horos il lustration
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2.5 Chapter Summary

This chapter provided a narrative review of
relevant to the obj] antdi e moinstl [ailas,med hagle ¢ e ©

and tool sapntdurainnagl ysi ng dynamiscksg n umacreagian gntli

in innovati ohirecoseswsf emst covered the innov
strdasmcti,onin2.ilhi ch this studpadsecdD@re)ptual
ecosyvyassitermnuct urwaeasptparbol aiEshhretdh er mor e, the rol es
nogeneric compl ementarities were highlighte

exogenosgsf sbwymarmmd wesl wtni @ of basic el ement s i
were descr i berdel eBibbnshe o @ @ e tmlewetr ec orndc\eigat use @ n
2.,2)whi chkl Pnméduleari ty, various types of | P f
a typology of Il P model s with nreadpsacettrieede t yp
emergence of fir® mudgyeratpEvcoslt udensb nca n i nnovatio
consequenti al I P risk and opportunity concep
and prdiceglsldg .t eriaswele h@dhs vin the marsagement
revi esvedt j owhRc Bthien b ktahgebgditnsg t o e c oassy sweelm r e s
as the systemattcci teidaaluat he atsibtBetrda nad i sual
met hfoalrs ecosyst dmiscexshedpdteirt hcla summary of t
i dentinfitehde r el evant bodies of |l iterature ar
(section 2. 4)



Chapter 3

Met hodol ogy

Thi s chapter provi des an overviewmdoft heé he
met hodol ogt es mapplitdhde objectivaewvwbkl dpmi and

demonstrate visual met hods, processes, and
uncertainties, and risks whe.rF mminialgo sxgp hiPc ¢
consi dar &t ido,siunscsleud i ng t he ontol ogi cal and
and the reseadebsetbrd8gBséyuent!l y, the ove
and the metoarddbpbegagdhesof tdrech hgeestriesmes ar €
(sectiodfhBs2chaparexrxplicanvnaesowi oh isSownseseadr
and ethi ase st afndqealsded 3. 3)

3.1 Philosophical Considerat.i

The subject of this study essemonedlyhy sasi bf
and piempdecl osel y ,denfatmmreddyi onommman(istoeyc t g coons y2s. t:
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and how they treat artefacts to whimdmdlhyy :
| F sectiomw2ng) to this strong affiliation w
research, the research methodology in this
paradigm and I ts cl os(eBryy mamt e& r Beht ed 20 b5 st
Mc Cartan,namdléey the researcherdés view of soc
research, and the conceptual f (r Barnmyemeonr k& i Bhe [wt
2015)This section examines the philosophica
researcher gsubesteotamgaca&8pilstlgmol o@s clasd e pteirsm ¢
3. lLarktdhe relationship bétswdasmr ctthheantr yBu.rdded )Irye st
researcher 6s gener al approach (aBrdy maatnt i & uBleel |t
2015; Moon & Blackman, 2014)

3.1.1 Ontological Perspective

Ontol ogy is the branch of phil ogqdAmuhy ,t H&t9 9i)s
From a sociological per spefcélihe ,r eosnulotl oogfy ac a
observation that operates on the basis of a
subordinates as[lédotbbmamnn,st RHSBG oapl. oln8t50)! og
furthermore emphasises the existence of ment
and argues that these can be studied anal ogo
gain knowledge about thepr opertmigessont® 20d 2 )i
This study specif i(c2a0 dlg@y) gbuvei |adpsp rooma clha v soo nséosc i
assumes that while a strict separation bet we
closely interrelated and can be causally con
conceptual f a m@rBeOndof pkr, 0 alcahwst o s oci al ont ol ogy
relationship bet ween ment al entities, such

105 According toSeidl & Mormann(2014) Luhmann has been highly influential in the social sciences and
contributed to theory on organisations and their relationships to other social systems.

106 This relates taCartesian dualisrwhich argues that entities can distinctly exist in material or mental form
(Honderich, 2005)which is of ontological relevance in the business research context because the primary
subjectsof study aretypically mental, such as organisational behaviour, marketing, accounting, and strategy
(Bryman & Bell, 2015)
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coll ab¢Gaansenhs and & Hadgemusnudmt i(Mulrd)ayo\KRat
O6Mahony,, a&md7) he emergence of materi al i
propositions i n tihmaddwati iadn sec a$Aditaeeams b2 @1 p)

With respect to their soci al derct aldoepinc a l
nature of the soci alBreyntaint i&.sB &dcda ,onrgdd 0i Irfgy) etsa i |
&Be(2046¢i al phenomena, as well as the mean
either exist independently and external t o
position referred to as objectivism,aor ar
ficonstant sb@Brymdnr&vBelilowhkRottdbhepgns88)ogi

position denoteddsasumma¥faisddelt wbhl emt he obj

approach is #acecwsefdacams,valhee constructi oni
reality, thereby intrinsically accepting
phenomena is not achievabé¢x(i RBinbds omu I & i Md @a rr

2016)Business researchers therefore need to

the soci al constructs that are thetbodheus of
objectivist (i . e. Il ndependedtepenedxeinett ea np |
perspective.

Li nkit mgosret ol ogi calkepyosdaanocept st oin this s
ramerweovrekal s tslhhat alelcosnumedhi gaecsme nt Ad heuct20®7
P) mo(dBid lad wit ry, 2007; ,Heawrkde|l c cemp $aelme,h 1 2 0ays:

bstitute( Gredmgtirommsd i & s,lhaleg emmosrseo ng o n2s0i 2s0t)e n

nstructi onT Bbtescaapugsreo achhrey i mply the absenc
static erpileirmtal t owaddgs ytheir continuous
ci al interaction wi {Br gmand &b 8 eHweretnh2e0 dngodr |
i's ehjuety@svpe |l awand devriosnwsalr,amet bods stelsat and

- N Q9 O »n -~ -
> ST O »w o c

hance reasgarachedalBibnier g bt o ma-& e g asreinssaet | @

nami cs i n evolving i nnovation ecosysten

O o o

o> 0 K

nstructioni st p.osThdiugehdgrsene ds otca ad o motnit noud cougsy
e state of both m@ac¢teri ®e c aanmdde sgeenntedrbadt)een tn

—+

capturing subj eadti svoes ifpael r sepnevcitriovnense notf i n eco
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Table3.1 Overview of ontological and epistemological perspectfies

Met hodol ogi ceQuantitative Qualitative
Ont gl og Objectivism Constructionisnmn
- Soci al pheno - Soci al pheno
external to accompl eehed
actors
- Facts are di - Soci al r paleit

and Yaleee

- Multiple rea
exi st
Epi st @agnp PopbDsitivism I nterpretivism
- Knowl edge i s - Knowl edge em
through fals the meanings
hypot heses actions by s
- Evidence is - Data collecti
fallible
- Strives for
objectivity

Rel ati onship Deduc(ttihbenory veltlnduction (theo
and research
Abduction (theo
comparative eva

3.1.2 Epistemological View

Epi stemology is the branch of phil ose,phy t he
i tdefining features, substiaths mivAeudd o.H8d1iMt%io)n s
contemporary soci al science, busi nketewso r es e a

opposing epistemopbogitali ymewsndoif ntperspretiv

W7Aut hor Gmthdasised froeBryman & Bell(2015)and Robson & McCartaf2016)

108 According to Hondericli2005) the nature of knowledge was first debated in ancient Greece by Plato, who
distinguished between knowledge and belief, and Aristotle, who suggested the existence of knowledge proper.
Later, epistemologyr ecei ved maj or i n {1886) @neatise of HimaroNatureHwhiale 6 s
introducal conceptempiricism copy theoryof sensory impressions and ideasd the three laws of
psychological association to thelthte about scientific discovery and philosoffWestphal, 2013)More

recently discussions on the nature of knowledgere characterised by e i r dam@sa,nd Deweyds
American pragmatisirwhichfocusel on the immediate experience of humans as social and historical beings
(Brunning & Forster, 1996; Kloppenberg, 1996)
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assumptions regarding the nature of relevan
thsitndy ds conce(pBruyanha nf réa mgevlolr k 2015; . Robsor
Thse¢ wo opposing epistemol ogical views funda
knowl edge can be acquired and, thus, influe
resear ¢chsapsmmpmid a bldllabove.

PopbOsitivism builds on the principles of
met hodlduocft i on af(do@dppends hat scientific ki
through the falsificé@Bilangdd 18PdAgrhxettd cd purnd
structur es anapgdpoossa dh avn iserndnsoastpd tyt bgeu aonft i t at i v
me t htoodhbse cont ext of EBRobabns&i Ba € darutra sheear EnBolir
po-pbsitivism accepts t¥Wwhitihgrenfiydéreco bjoac bif viet
precibBhenresearch conttéMobonard Bdatc& maol, | O1ti
Mc CartanOverndlse ,-ppoossitt i vi st perspecti ve gui
predominant use of quaqguanbsttmenmethodpri ha

The contrasting rveijeew tosf tihnet neid epprbestii avg csgre o £
mechani sm and shifts the focus towards empa
actors andaecgabesati drhwiprpro@cii ali etglgaiiint ye r
actions inpaehemmeoneéoiBaalmatnr &d.iBtdilrdtne r 20 1% )i
met haordes t hus moaftlcepguasluibf acitve,ty ,andt he ¢
broach theawarsaree sosf a&asred frefl exivity 1in the
when engaging rdsVM@amc h& pBaratcikcmapnantzx0 14 ; Ro
20160 summalmeg i nterpreseatrehkeeaew y eaelsy on

met hods that focus on meanings of verbal an
The epistemol ogi cal view adopted in this
concepts are externally orqguaanitsi ef damtdboe stsh eb | sec

by postitivist scientifionbmdtihmmds.d Marog es pd
thiscanuttg quantitatively capthui sd oaredoan al

109 The postpositivist view adoptthenotion from critical realisnthat the social world can only be understood
if the underlying structures and mechanisms are identified, while accepting that these are typically not directly
accessible through evidence and observgtisyman & Bell, 2015)
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Clarketrade@hkatkyal & Keasmdirnel2®t2i0gnshi ps amo
such as sufg®ply esenao@hkhseal key2Cbh)cephssand &
St ucdaynnot be captwsriadgpmasdi tainwvail gytsea@ppr oach be
inherently invisible to the external observe
and Hhmoéewol t or ak & rL ecronnefri,d e2mtlilg(l Fad s fcemis,i n0 € &
Thusan interprietiadingttehdtpdpadopaucdhy s qual i tative
such asst rsuecmiur e,d hientneormiineaws granmg deshgnqttédoi
(secti,omno3capture and analyse informantso h
materi al and mentgalni asratt e fomatl s r eilmteronshi ps
in their ,soacsi anedirée dalysiitnygg patterns and causal

soci al phenomena.

3.1.3 Relationship between Theory and

Theocaygn be deascsetbedf abypotheses that expl a
predictively) novel entities (both observabl
real (vAardlidBUuLKio®gaesarich typically focuses on e
or explaining a pheéryom«mon nii mgt keenprigdlc awo relvd
exper(iRombcseon & Mc.Oae traenl,a t2i0clmés)hi p bethween t he
been domiwatedt dlyl i s hTdce olr ggg itichaeiro mmdehes . f or mu |
0

f hypotheses that are subsequently tested u

t heory verification or deduction, or theory
a | ogical process fQlatriags i aln(s koortk st annd e a Id co@d re to
20 1'However, critics of these two | ogical mc
and r easregautea h i nduction does not provide as:
empirical data are true, t hat deduction fai
premi ses, and that neither |l ogic provides a

110 Deduction is often brought into context with a positivist epistemology and the hypotteticative (or
natural science) model of scientific explanatiovhile induction is typically linked to an interpretivist
epistemology and a sociological model of scientific knowleg@jaug, 1992; Bryman & Bell, 2015; Robson
& McCartan, 2016)
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particul ar phenomefGapalndlier & i .Aviect @ dpgert 090 81
perceived shortgoomirmgsu,c epdh ialbaddsucpgheorn as an
|l ogi cal model s of (iBrdyuntatni o&n Baenldl ,d e2dOulcht;i oRvo
201%8)t starts with a theory forming phase,
patterns and pheanochemtai mues gwintelr aa étloofmpar at
the newly formed theory agai nhbketxpédraii aiti inrgg wd
phenomena exhibit (Captaidn &h Pmathotreorrd, s @2 &AsT )
bet weelnogiheasle Rodlgd@anf 2dd 6g g d $rasth oiptd dmar i |y
benfluenced by the resear chofcotnh.e xgt lachyd par

Thi s Boudshws abduber aewaeso gdiece med most appr
achieving the arnddseédin aily o0 mjt @c ttMoereer esspeeacricfh ca
Capa&lPdioct »01®i8) st step of hypothesis generat
to dehveel opment of new visual met hods, pr oc:e
uncertainties, and risks whe.n Tnhaen asgu bnsge gl uPe ni
of comparative evalwuation of the new hypot
(Capal di & PRmad cctheers, taDMGE&)csttiudey 660 demonstr
devel oped vi sual met hods, processes, and
comparatively -obd haderhte @fxiwitd nmgl smettlheod.s i n t
Ul ti matadldywcti on best represents t(hBr ycnoannt i n
& Bellwi 201B9t h empt hecahtavedehcdynamic pr
i nnovati onanelxo sithiénegmet i cianl tchoen ciepu sy st ieonn |

manageamedhtvi suamamagbmdeati acience | iteratur

111 According to Andersor(1986) Peirce is credited witlintroducingthe abductive process of creative

reasoning to the scientific contefeirce was an American philosopher, physicist, and mathematician, who is

widely regarded as one of the founders of American pragmatisnmguatantcontributor to logical theory

(Brunning & Forster, 1996; Hintikka, 1996)

112 Capaldi& Proctor(2008)suggestd threecriteria for evaluating theories comparatively and inferring the

best explanation of studied phenomena: empirically, superior theories have a wider scope of application, are
more consistent and solve long standing difficult problems; logically, supéordas can be modelled
mathematically anchre free of contradiction; practically, superior theories lead to the development of
impactful technologies and applications.

113 Bryman & Bell (2015)r el at ed the abductive process to a Oher
di alogue takes place bet ween -informédmpieundefstandiagt a and t he
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Ontological Perspective

- Constructionism

Theory-Research-Relationship

- Abduction (theory generation
and comparative evaluation)

Epistemological View

- Interpretivism

Research Strategy
- Qualitative Paradigm
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Research Design
- Multiple-Case Study

Purpose of
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/ Research \ﬂ\
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Conceptual Framework

j

Fig.310Overview

Questions /
— - . N
. - Data Collection /
( Sampling Strategy } 7 Analysis Methods
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L4 [justration isadapted by authavith permission of John Wiley & SoiisBooks, from Robson & McCartan
(2016); permission conveyed through Copyright Clearance Centeradiaptation is based &ryman & Bell

(2015)
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3.2 Research Desicgh Apdr Mat he

The r eseairmcthegdreastiegsn t he pur podleofanal rceseamp
project into a set of research questions ar
data sampl t'%dgat sat rcaotl d geicetsi,on met hoBsy mam &nN:s
Bel I, 2015; Robsagn a& MdndFairgil.a reTftheelOd#&n adi gm
researclhssett mtdtspg.ih)f |l uences the research d
met hods and techniqgues used for empirical

provides an overview of( ¢thkes g ctairsdr bcshe @uedii tgin
describes the methodol ogical approaches to
ROQRQ2 ®RMQQBsubsections 3, 2resp8cRi el wnd 3. 2

3.2.1 Overall Research Design

The research design focrcashkistsasdydyofolcl ons
case study represenmntas aacbbtesedonyandhaliias:t
i nvestigating contemporary bounded situatic
time in the real (socsi al s avpisbB osgBOMY Mas or
& Bell , 20 1Be Yians,e 2s0tludd)y enabl es researche
generated theory and compar e( Fii nan madd tw,i t h9
Ultimately, the cesd abtudphedesingn wi slewel Ip
research with a considerable amount of [
devel opBmneymtan & Bell, 2015; .Eisenhardt & Gr

115 Jones(2015b)suggestd that clearly formulating the purpose of a research project lends credibility and
competencetar esear cher 6s cause when seekistrgtheamomasolelgot i at i
grounding in the conceptual framework allows researchers to focus the scope of data that is strictly relevant
for the purposes of the reseaf@tisenhardt, 1989; Jones, 2015b; Yin, 2014)

116 According to Jone2015b) sampling strategieserve thepurposeof identifying and selectinghe set of
potential research sites to be stadie organisational research.

117 while analytic generalisations of case study research findireypossible through literal and theoretical
replication of multiplecase studieg¥in, 2014) Eisenhard{1989)cautioned that theories emergiingm case

study research designs tend to be complex as opposed to parsimextais idiosyncratic phenomerand

tend to lead tovhat Bryman& Bell (2015, p. 21)called fimiddleranged theories as opposed fgrandd
theoriesand frameworkssuch aghe resourcebased view(Barney, 1991)or transaction cost economics
(Williamson, 1989)
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The use oBsmubtupdies (i .e. at | east two or
for theoretical replication of the results,
research findings and | eading (tBi semrhear do b u&
Graebner, 20.07F urYti hdhrentom el }sitpuldey caaesseear c h de
appropriate for investigating the dominant ¢
framewor k, namelewodynamincofarbhdaseae el ement s |
(subsect.i ohhiz. 2i.83) because it all ows the tr
devel opments and processes in bounded situat
anal ysi s-dempetnidentti menanges in relationships &

set{ Enhgenharditn addidt)i on RQARG2e adr@dh roef u & shtei on s

hoaw form and aim for explaining underdevel o

such as bet ween rel evant I P maenvaogl eunteinotn cionr
i nnovation saudecseyxdtiedmsc 2 r A Q1 4t)ch eY-oreud & i ptl wed y
is more appropriate for this purpose than, f

Finally, -ctahsee nsutlutdiypldeesi gn compl efmetnhiss tshteu d4y
research strategy and abductive |l ogic betwee
recursive cycling between the theories that
t he goal to continuouséd yt levrcd toipd &lo srmdmpac dist
& Graebner, 2007)

Owing to the sequenceRIQRQ3i B®BQQ® ft me smwalrtcihp Ig
case study design is divided into three corr
parépresents ac ohwdregicragseewiidédhnce and concl u.
the respecti [(&YinubX®hgetlemeplciasati on | ogic is
that each case was chosen to further extend

at the same time proving its generalisabild@
(Ei senhardt &FiGH22bebmevr j | 2QUGT)y ates the struct
their respective alignment to the research
out comes. Il n summary, part I has the object

met hod for eaplysimg amnhadtic st-ewealt wriegn diym
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i nnovation ecosystems. Part 1 subsequently
di fferent empirical setting and develops it

concepts. Finally, padeéevelopappane sdemen nterwa
and || i n a structured process for identify

i nnovation ecosystems.

3.2.2 Part tlh&st ®pdat dpsaed Vi sual Ecosy s

A single qualitativeadcdarsees ssd rudii Qivuadds welnapu ct e
a ntehwe-omfyor med and e mpisruiad d loleyt thdorelo &a mg ke Wigies an
of static structavel,utdymawatsoponBdocpohtae ms
purpose, the commersceiravle daiarsc rt ehfet eMRPO rd ea@tl o rc ¢
repr easnenit,sdustri al sector exhibiting dynamic
Furt heUrmoentez@rtldg20&8dsystem val uwamaphposgnpr
as an appropriate methodol ogi claéc adwusda si tf owa
critically reviewed agi unmaelmestahtdidosn Mmorst e de v
rese(@suwcthsecti ons .2n3 a2dl t aaodda p2t aadt M 3astudesfl . Gi o
(20LAductive approach to discoverinwgasnovel

app!l iaemcheldtyamusal i ti es emer gi ng Jvirsandhdtpheat e mmi roif

Gi oetab 2Ol AYucti ve approach, which is herein
coding process, all owed the iterative devel
whil e | naemporcaetpitreigy nami ¢ processes i n innoy
emerfgreadm case study observations. This itera
and secondary empirical dat a, as wel |l as oh
increment al i mprovements to thEei vyéeshaldtsatl®

118 Subsection 3.2.2 and thmethods described therein dezgely based omMoerchel, A., Tietze, F., &
Urmetzer, F(2022) SVEL 1 Introducing the Standardised Visualising Ecosystem Language for Temporally
Capturing Competitive Dynamics in Evolving Innovation Ecosysteédesntre for Technology Management
working paper seriesCambridge, UK. doi: 10.17863/CAM.81902. This paper was additionally presented at
the 29th Innovation and Product Development Management Conference in Hamburg, Germany, on July 17
19, 2022, and published as Moerchel, A., Tietze, F., & Urmetz&0FE3) Visualising dynamics in innovation
ecosystems: A new method and demonstration in the commercial aircraft MRO eco$gstenovation128,
102856. doi: 10.1016kechnovation.2023.102856
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3.2.2.1 Case St udyanldndaar eCtoildealctSampl i ng

A single esotmfudynn caw8@14pnacudthed commer ci al

sechteocraewis@e nc et hiatgsg essutbhg ect t o servitization

of manufacturerso of f er i-bnagsse df rtoom bbeeci onngi npgr isr
are integrate(dBawintls &r oldidtthtusf otohtigs sX @Ir3nat i

manufacturers reposition themsiedtveegr aitn ntgh e

seeking direct dtoegk&goltadn etustbbdbmer s2020;

Baumgartnert,her®dy) bypassing existing inter
competitive tensionssewiVtihc(eBsst abhi eTileddaspe@i

existing specialist service firms act as i
of manufactanmndkdarpe oldaeirce iansa ¢ t e rmveidrceensi @@ r s 0
(1 $%)

Conc epitnugahlei scommer ci al aircraft MRO sect

ecosyst amrasis@dfPne btehei nrol e of t he focal fi

components into and align pa(fAdees, ta8®@avds/

& Kapoor ,B29®¥dd)on t hi sr, aGestiopRt0ied@p sydrnt ment za |

mapping process was applied initially to ca

suppliers and compl ementor s, as wel |l as

perspective of the | SP Gurities grogiatl i Zatrimon n

During this phase, t he ecosy,atnedm caucsttoormerr |

clearly defined pgpnd etry pied alt i bounysehri p8i dbmsnat

2019)Subsequent | vy, t he ecosystem value ma

servitizavi 9uwalpltdaysnea ntiocc ipm oicerds®isSri atoorgani

evwtli on of basicomelee me atl sian mc vedckotsoyldR@mai n ,

119 Original equipmentmanufacturers (OEM) of commercial airplanes, such as Airbus, BoagEmbraer,

reported substantial increases in aftermarket services revierser, 2019b, 2020; Hemmerdinger, 2017)
Furthermore, aircraft engine asgstemOEMs such as CFM International, Reloyce and Honeywell,

affirmed their services strategies and presented new service innovations including digital solutions, remote
monitoring, and lifecycle cost managemet®roderick, 2019; Chuanren, 2019; Neely, 2008)

120 Incumbent service providemere previously definedin literatureon the telecommunicatiosector as
companies thdtave previousljicensed a frequency spectrum from governmental agenciesyupuikcessary
infrastructure, and have an existing customer base for wireless and cellular services as opposed to new entrant
service provider¢Mukherjee, 2019; Nguyen et al., 2011)
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from the perspective of the eBRP vad itzhad i fomc glh
characterised byragroaaf teqan ¢ nOsEgMsi fefaenruif mgc t u
services in a bundl e aovampetti mewird hpreocstRisyt a0 d
chall enging uhksgupppltiadd i sadledt ibonshi(pW ramesng e
2019)

Primary empiri cal -sdtartuac tduerpesdn siitifsB oy md @ W& s er
Bell, wkOh5)senior ma nmgleerss aatd adreei ssbdbabl i s
manuf aictdueppendeingignlt TRr ated services for este
t ypleasb3l2pr ovdarmdeasnonymi sed summarhye ofnttelresiiewtse n
recorded and compl,encend@80&B8dby Jremt zal ue me
process, in which the commercial aircraft MR
together withi rerax hdii alt ®eff Me wbnvre®p parsa bscehe n2 OF Ir 30)m
the | SP6s perspective befharseE aacnhd odfu rti meys et heec
valmaeps was confirmed with the respective in
di gfi orammat duruipng na efrovlileowv and amended for col
necedsrargat a t(rYii aan gakdodidd)aomy e napsi erviiceawvehdd @tha w
cons®@kstextensive archival records, such as |
provided on a confidenti al basis), external

MRO sector, and publicly accessible company
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3.2.2.2 Data Analysis Using the Graphical Co

The dat a ahoafliywdghiud yierit dided rethir ee subst anti ve an:
to the creation oét agbB@bdb@&Y ,Batriuwcd ua pep rn cma cGhi oti @
novel concepts and new thé&ordemngenadfoadgdoerming s n e
t hemaensd aggregatOwi mWig méositdhres.vi sual emphasi s
col | @t ipoanrntatmleedcyo sy st em val uec anmagpypd tnegd ewietric i e
intervi esveef 2 Gpd)imari |y ver balt ophreo caeemnsasl ywsaiss ¢
vi sual i sed eempriersguclatpihndgaala. cdtteo§ phoeeassteops

i I I usnFr 3 eitt)ainscritpanehat ( aymg)r eagapptie(g i i )

()iTransc.r iTphtei oencosystem value maps that wer
interviewee, usteith tg2WrdBPtr me@rcd t r ansc+ i bed f

copy paper into a digital format. Audio r
enrich the maps with details and capture
of both ecosystem static S$Stzmawadctowmr eeanpr iemrs
dynamic processes and changes in industr.i

—+

ranscription step (20&8®d)ldegowmd atl y sGisoii an
t hat it strives for replicating the terr
interviewee as closely as possi bl e. Subse

val ue maps wer e revi ewed fori ndempli etweeree .

(Ur met zer, Gahdd, amendéd, wBOd8) nhecessary t
validity of the vi¢vYah,.daDiae ttodddrecdri iomt ipa
accomplished concurrently to remaining in
to include emerging themes (aBr ysnuabn e& t Be liln
2015)

(iTrnnans.l athentranscribed digital ecosyster

visuall yntcoodednovationuseagsysttemdamapsed
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