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Disruption in Platform-Based Ecosystems
Abstract

We study intergenerational platform-technology transsticas instances of potentially disruptive
innovation at the ecosystem level. Examining the launth?2 platform technologies in the U.S.
videogame industry covering three console generations 1988 unti 2010, we show that
incumbents introducing next-generation platform technologitts advanced capabilities increase
the chalenges of developing complements for the platform ndéedy, steepening
complementors’ learning curves and disrupting the very same complementtrplatform owners
need to thrive in the next-generation competition. @ that, because of these struggles,
platforms with advanced capabiities but high complementidpreent challenges show a pattern
of defection of complementors toward rival, less chalengingfoplas. Our study extends
mainstream disruptive-innovation theory to the contexplatform-based ecosystems by offering
a systemic view that accounts for disaffection on the pltechnology complementersrather

than end usersas the main reason for disruption.
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INTRODUCTION

The theory of disruptive innovation (Christensen, 1997; ©heen and Raynor, 2003) is
considered one of the most influential theories of how firm irdustries respond to technological
change, and is highly popular among practitioners (The Econa2@sfl)! In recent business
journalism, the vocabulary of disruption has been relettlespplied to highly visible
technological firms such as Google, Amazon, Uber, and Airbnbdesimed‘disruptors of
existing industries. These firms al base their businepsrations upon their core, proprietary
technological platiorms (Gawer, 2014). They also rely on vibegsystems of independent
complementors to supply complementary products and servicesntizaice the value of their core
technological platiorm (Gawer and Cusumano, 2002; Parker, Vamélsand Choudary, 2016).
Because of these so-caledhulti-sided platiorm dynami¢s (Rochet and Tirole, 2003; Evans,
2003), fueled by reinforcing network effects (Katz and Shapiro, 198del and Klemperer,
2007)2 platiorm ecosystems exhibit a specific structure of eciznoralationships among
interdependent firms (Adner, 2017; Jacobides, Cennamo, and Gaparss) and depart from the
traditional contexts in which disruptive-innovation theevgs originally developed. Despite the
hype in the business press, we have limited knowledge abuwutdisruption unfolds in such
contexts (but see Ansari, Garud, and Kumaraswamy, 2016).

Whether in videogames, smartphones, or enterprise IT sygdatierms are embedded in
highly innovative ecosystems and evolve through interggoeed technological transtions,
whereby the next generation of platfiorm technology can gffeater benefits to users to the extent
that they can enjoy better complements (Claussen, Essing), Kretschmer, 2015; Cennamo,
2016). Forinstance, a videogame console transitioning from 2D to BBiogracapabilty can offer
usersamore immersive gaming experience by depicting more feafistme-worlds, and can also

benefit complementors by providing them with a new technologydveloping better games that



are potentially more appealing to users (de Vaan, 2014). However,biosfts (and the value of
the next-gen platform) are conditional on the provision cofmplements that use the new
technological capabilties of the next-gen platiorm (Ceona916).

Incumbent platform owners face an inherent tension duhiege generational transitions
(Reimer, 2005). They might want to advance their next-gatioph to the technological frontier
to stay ahead of the competition and impress users. Yad, somplementors would also need to
migrate to the next-gen platiorm to create significzalue for users (Ansari and Garud, 2009),
incumbents can fail to create value unless they semmtinued support from complementors to
produce the next-gen complements that users expect frotacth@logy (Cennamo, 2016). Thus,
a successful transition to the next-gen platform is n@ranteed. The introduction oéxtgen
platform technologies may create technological discontinuittyh tkie previous generation and
open a window of opportunity for competitors (e.g., Cennamo, 2016). @hisoacur because
disruptive tensions might emerge on the complementors’ (supply) side when they need to migrate
to next-gen platiorm technologies (e.g., Ansari et al,, 2016;riAasd Garud, 2009). This paper
aims to shed light on these issues by addressing an imjpdith under-studied set of questions:
How do generational technological transitions affect disruption in platfoosystems? And how
do incumbent platforms navigate the process of disruption?

Existing related work in various streams of literatureprsarized in Table |, has focused
on different aspects to explain why some technologies capidiscumbents or fail to be adopted
in the market. However, they tend to focus on the technoldgyacteristics and value for end
users, and neglect to examine the broader interdependeincike ecosystem of complement
providers. Drawing on the idea advanced in Ansesi. (2016) that, while disrupting incumbents’
technology, next-gen technologies might also disrupt the previdfecomplementary products that

they vitally need for the new technology to succeed in ni@ket, we consider these



intergenerational technological transitions as instraiepotentially disruptive innovations at the
ecosystem level. Though next-gen platforms may wellistoo$ innovations generated along the
same technological trajectory e previous generation, they may not be sustaining innovations
for incumbents to the extent that they remove the backeampatibility of the next-generation
platorm (and can thus destroy the value of the last-gefonolis installed base), and to the extent
that they break established linkages with their complengntBhoices that incumbents make in
bringing about new technologies may well therefore render a significant portion of incumbents’
assets obsolete and loosen their ecosystem linkages, hamgein relationships with end users

and complementors.

We explore these issues in the context of intergen@atitechnological transttions in the
videogame industry in the United States. The videogamestigdhas been often characterized as
a multi-sided platiorm ecosystem (e.g., Cennamo and Santalo, Z2@iznd lansit, 2012), with
the console being the platform, one side consisting of the piopulaf game developers and the
other side being the population of console owners. This indpstryides a particularly favorable
setting to explore how disruptive innovation unfolds in edesys as every few yeatsundergoes
a series of technological intergenerational transitii®@rein at each transition multiple console
makers launch new generations of their console (platfdechnologies that take performance to
an entirely new level. We conducted an in-depth qualtatimd quantitative descriptive analysis
of the launch of 12 next-gen platiorm technologies, covetimgetgenerations from 1993 until
2010.

We observe a consistent path across these intergeneratiamgtions. First, we identify a

trade-off we find that incumberitsnext-gen platforms with greatest technological capadsiiti



increag development dificulty for complementdrsand, thus, are less likely to obtain timely and
high-quality complements in the early phases of thegmterational transition. We suggest that
this is because developers find it more challenging to sugmese tplatforms compared to rival,
less chalenging platiorms in the generation. This ocalespite complementors having
preferential linkages with incumbent platfiorms. Second, we shpattern of developers defecting
during these intergenerational transitions from thes®e advanced platiorms to rival, less
chalenging platforms. Third, we show that platform firms, awafrthese risks and drawbacks,
use different actions to manage this trade-off, includimirtternal development of complements
and sharing of complement development knowledge with indeperdlarlopers to ease the
development chalenges on the platform.

Our study contributes to the systemic view of disruptimeovation (Ansari et al., 2016;
Afuah, 2000) by highlighting a paradox: specifically, to survamd grow, incumbent platform
frms that cannot deter rivals or new entrants frommodhicing innovative next-generation
technologies that may disrupt their ecosystem can choosavast in bringing about these
innovations themselves. However, because complensent®d to renew their learning and other
investments to be able to use the new technology capabiitonly a limited number of
complements wil be made available in atimely mannemaikly constraining the neplatform’s
commercial appeal. This is particularly the case for ab@nnext-generation platiorms that end
up significantly altering the required knowledge base angosing significant changes in
conplementors’ development processes.

The study reveals an important variation on the readgnplatiorms fail in the market.
Whie mainstream disruption theory in the strategy @mdvation lterature has emphasized
demand-based factors such as heterogeneous customer pesfaaad underserved markets as key

drivers affecting the success or failure of next-germaratechnologies (Christensen, 1997; Adner,



2002), it has generally ignored the role of complementors. Excepdionrecent advances such as
Ansari et al. (2016) and the related work by Afuah (2000), whicle haWlighted the importance
of inter-firm linkages in the case of disruption in systetechnologies, focusing on the chalenges
faced by new entrants aiming to disrupt ecosystems. Ody sanfrms these chalenges in the
context of platform ecosystems, focusing more specificalljnambent platform owners as well
as their ecosystem developers. We identify the variougetodfs ensuing from technological
transitions in multi-sided platform ecosystems that platf@wners and their complementors face

during the transition phase.

RESEARCH M ETHODOLOGY AND CONTEXT

We conducted an explorative inductive multiple case sttibenhardt, 1989; Yin, 1994). This
method is useful when existing theories fall short ofvaneg the existing question, and when the
guestion relates to a process or evolution over time (Lang@99; Hannah and Eisenhardt, 2017).
We study videogame consoles, such as Sony’s PlayStation or Microsoft’s Xbox, that serve as
platorms on which game titles are developed by complemerftbegelopers) and consumed by
end users (gamers). This setting enables us to answesearate questions by dint of its four main
features. First, videogame consoles are an archetypalplexaoh platform-based ecosystems
(Cennamo and Santald, 2013; Gawer and Cusumano, 2014). Second, as teghmdegies with
different hardware characteristics, they alow us toagixphriance on functionalities, as wel as
development chalengesaoss multiple hardware within and across technologicakrgéans.
Third, there have been multiple generations of platioeleases and several changes in market
leadership that allow us to separate platforthist “win” from those that “lose.” Fourth, the
availability of data on console performance in terms ddliest base and game release quality and

quantity allows us to track each console’s evolution and its success or failure.



Our analysis covers all major consoles released from 199200, the final year for our
console sales data. During this period, 12 consoles wereerkldd& have treated each console
and the games developed for it as a separate platiorm wodsgaaked the evolution of its
associated ecosystem. Videogame consoles have historicay Oeided into different
generations based on the word instruction length (in, G@RBU speed, and amount of RAM, with
each generation representing a competitively and tegicalty distinct period (de Vaan, 2014;
Forster, 2005). Table Il lsts consoles per their technologicaitergtion and their main

technological features, and reports their long-term markdédrpance.

Data Sources

We relied on multiple data sources to understand th@amierational transitions in our context.
First, we used the key trade journal for game developers indiligtry, Game Developer magazine
(publshed from 19942013, a total of 161 issues), and its online counterpart, Gamesutra
Second, we used the abstracts and audio and video presentasidaisieafrom the key conference
for videogame developers, the Game Develdp@snference, for the years 192907. Moreover,
we consulted books that documented the history of the videogaiustry, as wel as individual
console producers (Kent, 2001; Pettus, 2013; Harris, 2014). We alsdedoli@®etrospectivé
sections of the various issues of Retro Gamer magawhere each platfiorm in our sample is
explored in depth through interviews with key managers ganoe developers who have worked
for each platiorm. Finally, we collectedpublicly avaiable information through videogame
industry websites such as arstechnica.com, 1UP.com, Gamespot@amasutra.com, and

IGN.com on key interviews involving the developmental aspectach console (e.g., how easy



was development for console X vensole Y, or developers’ experiences in developing for console

X vs. console Y). In addition, we thoroughly read scholarlyclest on videogame consoles to
cross-check our understandings and findings (Gallagher and P@@OR,; Schiling, 2002;
Venkatraman and Lee, 2004; Corts and Lederman, 2009; Clements Izaghi, 02005).
Combinations of these sources allow us to reduce retragpdias, as many of the articles were
written at the time of the events. Moreover, retrospectwerces allow us to compare what has
been reported in earler sources and determine whethezxthest stories of key individuals are

congruent, which reduces the risk of incorrect deductiao® fhe history of events.

In addition to the above qualtative sources, we used ansese dataset on the U.S.
videogame industry assembled from multiple data sourcesido ddescription of the evolution
of each platiorm. The primary data source comes from the Mols&ambsite, an online database
on videogames. The MobyGames database has been found by prexgm#mch to be
comprehensive and accurate (Molick, 2012; de Vaan, Y0 the time of data collection,
MobyGames had information on over 68,000 tiles, all voluntanitiered by site users according
to a detailed set of data-entry instructions. To ensuceracy, MobyGames requires that all
contributed data is peer reviewed. The data includes titdforph, publisher, developer, credits,
release date, release country, and aggregated critidia recores. Using this data allows us to
track the evolution of games on a platform in terms oftfjyaand qualty, as well as other key
dimensions such as share of games provided by the consoler campared to third-party
complementors. We have reliable data on videogame titles dorceasole for the period January
1995-December 2009. This data is further complemented with monthliforpia sales data
collected by NPD Research for the years 12880, which allows us to track the installed base of
each platform by month and year to assess the performareactoplatfiorm in the generation, as

shown in Table II.



10

Data Analysis

We began our analysis by combining our data sources to beithngrehensive historical case of
each platform in our sample (Eisenhardt, 1989). Each case &rgdkiform from its launch to the
market until its eventual discontinuation (either premady as a failure, or due to obsolescence as
a success). We focused on information that we could correbfboat our multiple data sources.
We directed our attention and understanding of the evolatioeach platiorm based on the events
that occurred during the technological transition. Newd identified emergent patterns by
analyzing our cases based on our research question (Yin, 188\irtg up our singular cases,
we undertook cross-case analysis using replication logiusing each pair of platforms as an
experiment to confrm our emergent patterns across ¢E&emhardt and Graebner, 200 By
using tables and graphs (Mies and Huberman, 1994), we buditmMenconstructs to compare
across our cases, as well as the established literaturéndoaer theoretical insights. Through this
iterative cycle, we refined our insights and relationships hanv they relate to the exiting literature

with our logic of mechanisms (Eisenhardt, 1989).

Complement Development Challenges

We evaluate each console in terms of its complement dewibpohallenges, e.g., how dificult
is it for developers to fully use these platform capabilresheir product development, taking into
consideration complementors’ costs and the difficulties of using these technologiésCapturing
complement development chalenges requires identifying fatttatsreflect how difficult it is for
developers to develop games for the whole platform system. sS&/ewo main development
characteristics: (1) Using a specialized (and sometiafes novel) programming language that is
required for complementors to be able to use platform capabiltiesigh its interfaces (i.e., low-

level programming language use) and (2) parallel processing programming for the optimized
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use of multiple processing units (or multiple cores).s€hactors are strongly correlated with the
difficulty of programming for a console. For instan@gpw-level programming language requires
co-specialzed investments that are only useful for tihgetaconsole and take time to learn.
Moreover, using a low-level language involves a muchebngrocess than using a high-level
language (see Afuah, 2000). We also include one additionalr fd@lt has been highlighted by
developers in determining the difficulty of development: the of an inferior storage medium
which is exemplified by the Nintendo 64’s use of cartridges when developers were having
difficulties in fiting games developed for CD-ROMs on totridges® Using these three factors
for each console, we rank consoles within generation basedrochenge scores (most difficult
= 3 to least difficult = 0). Table Il presents a summary of cessai terms of their complement

development challenges.

Intergenerational Transitions in Videogames (U.S.)

In our observation period, we observe three different generativaasitions with 12 new
technologies (consoles). Figure 1 presents a timeline of comdedesses by each firm and the start
of each console generation in the U.S. between 1993 and 2010, &igo mew entrants to the
market at the time of their first consdlgxcept for Nintendo and Sega, which were already present
in the console market, all other frms were new entrdotég our observation period. The 3DO
and Atari Jaguar essentially started Generation 5 (G5phdiltquickly exited the console market.
Sega intiated Generation 6 (G6), yet exited the consofemavithin just two years. The final

new entrant, Microsoft, also joined the market in this ggioen with its Xbox console. In



12

Generation 7 (G7), all frms were incumbents; these apoesent the frms stil active in the

market at the time of writing.

RESULTS

In this section we present the evidence associated witthree claims: (1) evidence of a trade-off
between platform capabiity and platfiosm complement development chalengeshile
developers (complementors) can use the new capabiltiesedte movel and better games, they
face steep learning curves and increased development wihists,impair their ability to provide
timely complements for the platforms with high complementeld@ment chalenges; (2) evidence
of developers defecting in the face of high complement develipoigalenges-a significant
proportion of developers associated with incumbent platforms inemagagion tend to defect from
it at the next,when the incumbent’s new platform becomes too challenging relative to competing
platorms (i.e., when the transition exacerbates the aj@weht chalenges of one platform,
developers leave it to start developing games for competinglesns the new generation that are
less chalenging-even if they had reasons to stay with the previous piatimuch as platform-
specific investments that could be shared across the conddles same platform owner); and (3)
evidence of how platform owners react to and manage thiisaltdiecosystem transitions-we
present evidence on how these platiorm owners attempt imizsin developer defections by
adopting a variety of practices, including first-party ganieaching developers how to develop

for the platform, and sharing knowledge and development tools.
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Trade-Off between Platform Capabilities and Complement Development Challenges
We find evidence at each transition that, although #uhnical advances of next-generation
technologies offer new possibilities to complementors for giewelopment, taking ful advantage
of the new console’s (platform) capabiities also creates higher development costs for
complementors, inasmuch as it requires new development pFecass programming and design
approaches. When working with the most powerful consoles oetttegeneration, complementors
generally could not directly apply what they had learmed fthe previous generation, and needed
to make new investments and experiment to match conswpectations in the transiton years,
as exemplified by the folowing quote:
The next generation of consoles... promise to expand the technological boundaries of game
development by a quantum leap, exponentially increasing the amount of digitakcae
developers have to work with. With this increase in capability comesaspandingly
higher level of expectation on the part of the consumer, and an increased burden on us as

developers to evolve with and take full advantage of the new hardware.
(Guymon, 1999, p. 23)

New knowledge and processes are required for developers taltakeviantage of the
next-generation consoles and to meet customer expectaisnsummarized in an article by the
developer Naughty Dog’s co-founder (Andy Gavin) and ex-programming director (Stephen
White):

Thelearning curve may be the most obvious of all difficulties, aisaften one of the most
disruptiveelements of a video game’s development schedule... new console hardwareis
normally drastically different and more powerful than the preceding hardware... [a]
developer has to learn many new things.... A problem that stems from thegiant gapsin
technol ogy between console generationsisthat it makes it difficult toreuse code that was

written for a previous generation of console hardware.
(White and Gavin, 1999, emphasis added)

We summarize in Table IV specific changes pertainingatthintergenerational transition,

together with what became obsolete and what tikasew “paradigm.” These changes, however,
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represent an average change that is driven by all esnsothe next generation. Depending on the
specific technical architecture and limitations of eaekt-generation console, the added difficulty
for developers can be more or less acute, with differeattefion the intensity of the discontinuity
and the need for retooling. If the new console was veryenbalg to develop for, this was an
abrupt transiton for developers, and if the console was deafienging, this represented a

smoother transition.

The evidence for our first claim (that there are trafle-that complementors experience
when they face the opportunity to develop games for nedrggmn platforms) is buit frona
combination of qualtative evidence of the difficulties of pamgming for next-gen platforms with
increased capabilties. It is summarized in Appendix TablkaAd TablesV and VI, which
respectively report the number of games each consolevagcduring the transition phase and
other potential factors that may influence these pattesuch as the launch price of the console,

entry time, backward compatibility, and the installed baskeofaist-gen console.

Table V presents descriptive evidence on the number of thitgd-radependent) developer
releases, the share of muttihoming titles (tiles tha released on multiple consoles) that are
released first on the focal console and later on the othedsthe number of high-quality third-
party (“superstar”) titles. Each year in the table reflects a calendar year for the focal console. For
example, “Year 1” shows the total number of releases in 1993 for the 3DO (released in November

1993) and in 1995 for Sony PlayStation 1 (released in September 12¥d&3litative evidence
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summarized in Table A.l in the Appendix shows that platfowitls high complement development
chalenges are related to steeper learning curves and osike development for game developers
(especially in their first years). We thus expect gatiee correlation between the complement
development challenges of a console and the number of thiyl-p#es and the share of
multihoming titles first released on the consél&his pattern is indeed evident in Table V: overall,
especially in the early periods of the transition, more piolveut challenging platforms receive
fewer and lower-quality games from independent developers pérech to competing, less

chalenging platforms).

In G5, the least chalenging console, the Sony PlayStatiord B, saperior number of third -
party releases compared to all other consoles, and espeoalyared to its close competitors, the
Sega Saturn and the Nintendo 64. In G7, the console witeshigpomplement development
chalenges, the Sony PlayStation 3 (PS3), had the feyaests in its first year of release, and then
briefly caught up with the Microsoft Xbox 360; later it félkehind the Xbox 360, but had more
releases than the Nintendo Wi. Clearer evidence cappreciated by considering the percentage
share of multihoming titles (released on console) Wt first released on the focal console. In
G5, the Sony PlayStation 1 had the highest share of likomning titles being released first on
the console (and then later released on other consolestheaB®O followed it, except in the first
and last years, with challenging consoles generally negelower shares of their multihoming
titles as first releases. For both pieces of evidence, G6 shemmewhat unique pattern: the Sony
PlayStation 2 (PS2) had a higher number of third-pargaseks and higher percentage share of its
multihoming titles as first releases on the consoleef@xm its first year). This might be explained
by two key differences with respect to the transitioninghef challenging consoles in the other
generations. First, the PS2 was fully backward compatilitk the PlayStation 1, the dominant

console at the time of its release. Second, it was theusolentested G6 console from early 2001,
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when Sega (with its Dreamcast) left the console marueti the Nintendo GameCube and
Microsoft Xbox appeared in late 2001. By that time, Sony wasaforg over 60% of the market

with its PlayStation 1 and 2 consoles.

Looking at the number of third-party superstar release§5irwe see that consoles with
greater complement development challenges had fewer pthitgd- superstar titles, showing the
initial difficulties developers faced in making use of tagabilties of these consoles. Even in G6,
we see that the Xbox was able to surpass the PlayStatorthe number of superstar releases in
the early years. This is strong evidence since, despitsttong market foothold of the PlayStation
2 at the time the Xbox entered the market, the latteralviesto attract more third-party superstar
tiles. In G7 we see an interesting pattern: the Wiiugh a leader in the number of third-party
releases, is last in terms of number of third-party stgereleases. This is due to its inferior
capabitiest? Also, whie the Xbox 360 was leading early on in terms ofitimber of third-party
tiles and superstars, the PlayStation 3 was able &xtaftdarge number of high-quality titles later
in the evolution of the generation. We wil explain ifatr section how Sony managed to achieve

this in the face of the initial struggles during trensition period.

In Table VI, we look at other key factors that can infieerthese trends: price at launch,
launch date, backward compatibility, and installed base ipréngous generation. Each of these
factors interacts to influence the outcomes presentedreafet, none of them can explain these
results by itself (except the idiosyncratic case of thgStdion 2, mentioned above). For example,
we can see that entering the market earlier than otivesoles does not guarantee a higher number
of titles, or even a higher share of multihoming titlest freleased on the platform. In fact, in G5
and G6, consoles released early on show evidence to the contrary. If we consider price, Nintendo’s

consoles are the cheapest in each generagen, again in G5 and G6, we do not see these consoles
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gaining in number of titkes (and user sales). Nor do backwamgpatibility and last-gen installed
base individually have a determining role. This is refiédte the evidence from the PlayStation 3
in G7. Despite Sony having the highest installed base6inw@h the PlayStation 2, and the
PlayStation 3 intially being backward compatible, the conbale severe difficulties in attracting
titles during the transition phase. Backward compatibéityl installed base together had a strong
inluence in G6 only because PlayStaton 2 was, de fdl@oonly platfiorm in the market that

developers could use to buid and sell their product.

Complementors Defecting to Less Challenging Platforms during Generational Transitions

The evidence for our second claim (that complementors toetiefect to less challenging platforms
in generational transitions) is buit from the combamatiof qualitative evidence of the problem
(summarized in Table A.in the Appendix) and Figure 2, which shows, for each géopy the
change in the focus of game releases from the top @replementors of each console (as the
percentage of releases in a generation). We find ap#tern across all generations: Developers
defect to less challengingonsoles if the incumbent’s next-generation console increases their
development difficulties. In the transition from G4 to G5, batigeSand Nintendo came out with
achallenging console, and, as reflected in the figure, the pajfrthe top five developers of each
console in the previous generation reduced their sharelezfses on the next generation of
consoles, as refected by the downward slopes. Looking at tigtidna from G5 to G6, both
platorm owners switched from a chalenging console in G5 teasier one in G6 and attracted a
higher share of releases on their next-generationolesnrom their top five developers in &5.
On the other hand, the PlayStation 2, the most challenging@leocrksG6, shows downward slopes
for all its top developersi.e., top developers embedded in the PlayStation 1 partly defeotad f

the PlayStaton 2 to less chalenging consoles. This iikang finding: Despite its market
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dominance, the console stil provoked disaffection among itpleamantors owing to its high
complement development challenges. Figures for G7 show the eansistent pattern: Both
Microsoft and Nintendo are overwhelmingly represented by upskapes, as both transitioned to
simple consoles, whereas Sony’s PlayStation 3 shows a downward slope, being an even more

chalenging console than the PlayStation 2.

How Platform Owners Respond to Their Complementors’ Disaffection to Manage the
Transition

In this section, we provide evidence regarding platform owners’ actions to manage the conflicting
incentives faced by complement providers during intergén@ed transitons. Platform owners
are aware of the potential challenges for complementorsciatest with the technical advances of
their next-gen platforms, and take action to limit thesdld®sl for complementors whie aiming to
provide the advanced features that may appeal to userfoldhweng quotes provide examples of

this point:

We recognize that our technical architecture has initially mada Saturn more difficult to
develop for than other next-generation formats, including the PlayStBtibthat isalso why
we know that Sega Saturn is a superior gaming platform.... We absolutely believe there will
continue to be dramatic differences in software as our developers learn hutiegower of
Sega Satur

(Tom Kalinske, CEO of Sega of America, 1995, emphasis added)

We don’t provide the “easy to program for” console that [developers] want, because “easy to
program for” means that anybody will be able to take advantage of pretty much what the
hardware can do, so then the question is what do you do for the rest of the navdaihgears?
[Commenting on the 10-year lifecycle projection of Sony for P83} ’Sa kind of — I wouldn’t
say a double-edged sword — but it’s hard to program for, and a lot of people see the negatives
of it, but if you flip that around, it meansthe hardware hasalot more to offer.

(Kaz Hirai, CEO of Sony Computer Entertainment, emphasis a&#asiiger, 2009)
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We find that platform owners used two basic actions to reariag issue. First, they
developed their own complements (first-party development) to cwafee for the lack of third-
party complements owing to complementors struggling withntéhwe development environment.
They used the internal knowledge acquired in developingpfidy complements to codify and
share it with independent complementors, thus acceleralieg learning process whie also
reducing the related costs for complementors. Second, platiornersviried to smooth out the
learning curve by further instructing complementors on tiomake best use of the new platidsm
capabilties, and by developing and sharing tools that helphaitidling (i.e., abstracting) some of
the platform-specific programming tasks. We find that platicowners engaged intensively on
both actvities, particularly for those next-gen consolagh hn complement development

chalenges.

Direct Investment into Complement Provision (First-Party Gamed Knowledge Sharing with

Independent Complementors

Table VII shows the share of frst-party games for cossbke generation. We find that platform
owners with an advanced but more challenging platform gendvalle a higher share of first-party
games out of total game releases, except for the mixeenee in G6. As for G6, we observe that
the PlayStation 2 sometimes has a higher and sometin@ser share of first-party titles of its
yearly release®¥ Overall, this evidence supports the idea that platform wnith chalenging

platiorms had to invest heavily in the production of firstypardbmplements to overcome the initial

development dificulties of independent complementors.
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This is also so because first-party games set a standdedsnce (i.e., qualty standards)
for independent complement providers by showcasing the tecluagealbilties of the platform.
However, unless the platform owner transferred part ofdéseelopment process knowledge
required to master the new technical capabiities of tioph and tap into its potential, matching
the quality of frst-party complements would prove cumbersoatecdmplementors, who still
needed to spend time learning the intricacies of the platinchitecture and development.

We see that, during our observation period, Sony delberatédy to leverage its
experience with the production of first-party games toestand disseminate the knowledge
required for developers to master the console’s development environment and speed up the
development process. We colected evidence about these knowlesigamiaktion efforts by
analyzing the Game Developer€onference (GDC) events held by the platiorm owHerghe
GDC is the most prominent evehiwhere platiorm owners make new platform announceme nts
through keynote speeches and share technical and develapin@rmation on platform& We
collected GDC lectures (1992007), presentations, and keynotes that are aimed at managing th
developmental aspects with each platform. This data showSdhgtdelvered more presentations
for ts PS2 and PS3 consoles on development-related issuedMitiasoft, Nintendo, or Sega
(presented in Appendix Table A). They ranged from high-level keynote speeches on the new
platiorm architecture to specific tutorial sessions on progning, and sessions where first-party
development studios shared their best practices. (Detailgssibes are presented in Appendix

Table A.IV.)
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Supporting Complementors with Development Tools

Anticipating the developmental challenges of the PS2, Sompuaced the first Tools &
Middleware program, first launched in 1999 in Japan and aimexthlisting independent game -
development tool frms to optimze their tools (after a liogyps agreement) for PS2 game
development. Game development tools alow complementors to easepd®ntal issues by
taking care of hardwarepecific programming tasks (“hardware abstraction”), thereby smoothing
the intial learning curve. By this virtue, developmeobls also allowed development of games for
different platforms— hence getting more widespread across al game developrifens @ the
industry. We can see in Figure 3 the sudden rise instheofudevelopment tools around the years
2000-2001 and onwards. The program proved critical for Sony to guardet@®pers’ support

for the PS2 by partly easing early developmental difficulties

Platiorm owners also differ in how they use first-padgvelopment studios (developers
owned by the platiorm owner) to create and/or share developriwols for independent
complementors. Having unrestricted access to internahmels and development and proprietary
information, these studios could build the most effectivestambevelop complements, regardless
of the platforms complement development challenges. However, these tools neérenade
immediately avaiable to independent complementors. On thehamg, internal studios take
advantage of their insider knowledge of the platiorm aathite to create high-quality games that
could become highly popular with users and create a diffatemti point for the platiorm. On the
other hand, it also takes time for internal studios to makeesof the new development process,

standardize the process, and codify it into automated devebpows. We found that Sony was
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active in both G6 and G7 in sharing its internally developmals (created by its first-party
development studios). Although these tools were not made availablediately (twenty-ninth
month of the PS2 and fith month of the PS3), their reléagbird-party developers boosted the
performance of these platforms consideraldg Table VIII shows. Both the PS2 and the PS3
initially lag in terms of third-party superstar titleempared to their competition (the Xbox and the
Xbox 360, respectively). However, in the period folowing the releesesharing of these tools to
third-party developers, both the PS2 and the PS3 gain thénléarms of the third-party superstars
attracted to the console. By contrast, Sega, Nintendo, amd (6&t), whose platiorms proved
chalenging for complement development, did not engage in suske afort; the number of
superstars they received over time did not increase, aed get close to that of the PlayStation 1

(see Table VIII).

Managing Across Generations

We observe that all platorm owners who faled with adwanbet chalenging platforms in
previous generatons changed their platform architectdesign and attempted to reduce
transitioning difficulties for complementors with the mlaths they developed for the following
generation. They did so by taking bold architectural desigices1 They made consoles with a
simple architecture (even if this meant sacrificingt péathe platforns technical capabilties). This
was the case, for exampléyr Sega’s Dreamcast (which was much easier to develop for compared

to the Saturn), Nintendo’s GameCube, and even more so the Wii. Sony, after losing leadership with
the PS3 inG7, adopted a simpler, PC-like architecture with its next-B&# console in G8 (not

covered in this analysis). As the PS4’s head architect, Mark Cerny, explains:
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It looks so obvious in retrospectWe talked to some people who made games about what
sort of hardwarehey 'd like to make their games onSo, the PS3 comes out and it has a
weak launch lineup, of course, due to the hardware being rather difcuste.. | just
started thinking there was a better way.

(Seppala, 2013)

DISCUSSION AND CONCLUSION

We have studied intergenerational technological platfdgramsitons as potential instances of
disruptive innovation by examining the extent and marmmexhich disruption unfolds in platform
ecosystems, and how incumbent platiorms navigate the prooesdisruption. In these
interdependent settings, performance-enhancing technolog@aditions should reinforce the
value of the incumbent dominant platform, since the platfamwner can leverage its well-
established ecosystem and user base to successfully promiathifato the next-gen technology.
Research on platorm market competitive dynamics has ind#éedsed how hard it is for
chalengers to dethrone an incumbent dominant platform, owitlgetstrength of network effects
(Caillaud and Jullien, 2003; Hagiu, 2005; Parker and Van Alstyne, Ra@het and Tirole, 2006)
associated with the user installed base and the plestifgbly of complements generated by the
complementor ecosysteralso referred to as “application barriers to entry” (Gilbert and Katz,
2001). However, in several cases we have observed changesformplieadership resulting from
intergenerational transittions, with incumbent dominanttfgpias faling in the next-gen

technology.

What, then, can explain the failure of incumbent dominanatfopins during
intergenerational technological transitions? We advandisruption logic at the ecosystem level,
considering these intergenerational technological tamsit as potentially disruptive of eéh

incumbent’s established ecosystem. We have identified important trade-offs and document how,
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in platiormbased ecosystems, a technology’s significant advance in technical performance can in
fact hinder this technology’s very ability to gain support from complement providers, ultimately
leading the new platform technology to fail. As we have deoted, this paradox is particularly
acute when the improvements of the next-generatioromlattechnology alter the knowledge base
and development process of complement providers, steepening thargleeurves and requiring
them to make new technology-specific investments. Thusygamerational technological
transitions can lead to the disruption of incumbent platiobypdreaking the established linkages
with their complementors, which then limits the production tié timely, high-quality

complements that are needed for the next-generatiomrplatb succeed in the market.

Implications for Theory
Our study reveals an important variation to the mamsiralisruption theory and a paradox that is

specific to disruption in platiorm ecosystems.

The Incumbent Platform Innovator’s Paradox

We uncover an important paradox, which is that the incumbehts introduce innovations might
end up disrupting the very actors in the ecosystem whegmisuhey depend on: the developers
of complements that are essential to the new platforsaiccess. As a resulting effect, this weakens
the platform by limiting the number of complements madeladai during the transition period.
We find that what impairscomplementors’ incentives, and their ability to develop platform-
compatble complements for the advanced next-gen platfosmthat innovation ends up
significantly altering the required knowledge base, introducsignificant changes in the

development processes necessary for complementors to develop eamgplefine introduction of
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significantly more powerful platiorm technologies by platformrmd therefore creates two kinds
of costs for complementors: (1) transitional learning cast®ciated with learning haw develop
next-generation complements; and (2) increased developnasts due to extended and new
opportunities offered by the superior performance and newiofoatities of the next-generation
technology.

The paradox is that, in these contexts, the very disruptimevations these incumbents
bring forth tend to create steep learning curves andicigmily increase development costs for
complementors, dampeninghcumbents’ own platiorm$ chance of success. This echoes the
paradox identified in Ansari et al. (2016) in the general cbutegcosystems innovation: that new
entrants who are disruptors need to gain the support of theneembents that they disrupt. Our
paradox, although related, differs in the sense that owptliss are the incumbents themselves
and they need the support of the compleme ntahig they are disrupting. In the context of platform-
based ecosystems subject to network effects, successfullggima this trade-off is critical to
platiorm survival, as complements are essential to the platform’s success. Thus, disaffection with
incumbents’ technologies is driven in these contexts by complementors rather than end users,
owing to the “overshooting” of technological capabilty that creates development challenges for

complementors.

This finding also echoes Tushman and Anderson’s (1986) classification of technological
innovations as competence-destroying vs competence-enhanchicl) wvecognized that for
technological innovation to succeed it must not only responddémmand in terms of use but also,
from the supply side, avoid weakening the competences of adoftng However, the
technologies described in Tushman and Anderson (1986) havedalste value for consumers,
i.e., consumers do not require complements to use the technabigwigh complements, if

available, might extend the range of applications ofd¢bénology and hence enhance its value to
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users. The focus on the supply side is for the various conipoti&t are needed from suppliers to
create the technology itseff, orthe use of the technologieirproduction process of other firms.
However, there is no interdependence between the demariee f@chnology on the one side and
the supply of complements on the othevhich is, in contrast, a key attribute of platform
technologies. For however much additional power and technimadtiohality the next-gen
platorm can offer users, it wil have no or very limitaclue without complements that take
advantage of these improvements. The focus in our analggise impact of next-gen technologies
on a platform’s complementor ecosystem would rather contrast “ecosystem-destroying” platforms
with “ecosystem-enhancing” ones. When the next-gen platform significantly shiftee t
development opportunities for complementors,t bldo alters complementors’ development
process and requires new learning investments, disruption of the mcumbent’s established
ecosystem is more likely to occur. However, disruption doegesndt automatically from the
technical characteristiesi.e., the “types” of technologies. In order for challengers to disrupt the
incumbent’s ecosystem with the introduction of such technologies, they have to address their own
ecosystem chalenges. Our analysis reveals that, isettmg, frst Sony, with its PlayStation in
Generation 5, and then Microsoft, with the Xbox in Generafioffand to a greater extent in
Generation 7), managed to successfully enter the marketaandupport rom complementors by
achieving a good balance between the technical advancesdoifetheir next-gen platforms and
the costs for complementors to learn about and develop for tif@mla Meanwhile, dominant
incumbents failed to block disruption and, in fact, helped telax@ate the process by introducing
next-gen platforms that were technically more advanceédalba more challenging and costly to

develop for by complementors, as we have documented.
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A Variation on Disruption Theory: Bringing (Systemic Interdependency anajadxle Effects into

Disruption Leads to Incumbents Disrupting Themselves

The paradox highlighted above implies an important variationstopdion theory To survive and
grow, incumbent platiorm firms choose to invest in bringing tbwxt-generation technology
innovations themselves, which may utimately end up disgiptheir existihg ecosysterithey do
so because of the pressing need to anticipate or respond tmortgetitive threat of rivals
introducing next-generation platiorms. In contrast to rmeasn theory, where incumbents do
have the capabilties to respond to new entrants but faill $o0 @oa timely way, in platorm-based
ecosystems incumbents may actually anticipate rivals’ competitive moves because of the dynamics
of indirect network effects. Platiorm-based ecosystems sujeetwork effects create significant
unique conditions because of the dual role that complense play in, on the one hand, hampering
new entry and, on the other hand, fueling a more intenseokiodmpetition by new entrants.

Whie studies of platiorm market dynamics (Cailaud ankiedu 2003; Hagiu, 2005;
Parker and Van Alstyne, 2005; Rochet and Tirole, 2006) have sitréeseole of network effects
as barriers to entry, network effects fundamentally chawye entants’ incentives, which has a
knock-on effect on incumbents’ incentives and behavior. In the presence of network effects,
entrants’ only chance to displace incumbents might be to generate new technologies that render the
incumbent platform’s complementary products (i.e., the games) obsolete, and thus destroy an
incumbents installed base advantage (e.g., Schiling, 2003; Sheremata, 200#).dresence of
intense competition from rivals and new entrants, incatsbeannot block entry, and they tend to
choose to introduce advanced, radically new platiorms themseatethe risk of disrupting the
established linkages to their own complementors’ ecosystems (e.g., Garud and Kumaraswamy,
1993).

This departs from the prediction of the mainstream theomisoéiptive technologies that
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disrupton wil come from new entrants introducing technelsgthat target the low end of the
market. In fact, to be able to disrupt incumbents’ ecosystems, challengers (incumbents and new
entrants) need to introduce next-generation technologi#ts significant advances and new
functionalities that have the potential to break the established linkages of dominant incumbents’
complementor ecosystems. Our logic integrates the eattytions of Schiling (2003) and
Sheremata (2004hat, in contexts where network effects are present, entrants’ only chance to
challenge incumbents is technology leapfrogging. As we haieeletéd and documented in our
analysis, this only happens when platform owners managbalémce the trade-off between
platorm capabiities and complement development challengesoraplementors: technically, by
achieving the right balance in their architectural gigesand organizationally, by instilling routines
for knowledge sharing and the creation of tools that &eillithe development process, saving time
and cost for complementors. Considering the interdependence bédebenlogical advances and
their impact on the complementor side is an important caraegtep for a nuanced understanding
of disruption (and faiure) of intergenerational technmlag transtions in platiorm-based
ecosystems. Our study has therefore shed light on andledtenliterature that was ambiguous as
to whether, in the context of platiorm-based ecosystemsextience of complementors would
hamper new entrants or instead make them even keeneonipete strongly and dislodge

incumbent platforms.

Limitations and Avenues for Future Research

Whie the evidence provided in this article points to theemi@l trade-offs that incumbents face
when introducing disruptive platform technologies, we do not neanggest that incumbents are
better off not pursuing technological innovation on platfor@ the contrary: We have shown

that the paradox of technological superiority within platfdtased ecosystems can be managed
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In our context, some platiorm owners did recognize these driw/aad invested in the production
of first-party complements as a way to showcase the itathpotential of thé platforms and
generate direct knowledge about the complement development ptitatessuld be passed on to
complementors in the form of best practices and/or developto®ifg. Other platfiorm owners
failed to recognize and address the issue in atimely Tisy.further impeded the learning required
by complementors to harness the power of the new technology,thescase of Sega in the fourth
generation, for which “the software development kits (SDKs) for Sega CD were late in arriving
from Japan, which was one of the major contributing factssrds the lack of a good software
base” (Pettus, 2013, p. 282). This was largely due toSega’s contradictory incentives to produce
strong complements internally and obtain large profts fther sales, partly at the expense of
third-party games. However, we did not assess how platformrewmenage this tension between
internal (i.e., organization unisand external (i.e., complementors’) incentives. We anticipate that
platorm providers can vary greatly in their organizediorstructures and mechanisms for
maintaining the coherence of incentive schemes. Explohisgvdriation can provide fertle ground
for a more nuanced understanding of disruption in platforosystems, and more generaly for

understanding innovation dynamics in ecosystems.

Also, managing the paradoxical properties of next-generatiatforms is critical because
the superior performance of the technology is a prerequ@it@latforms to remain competitive
over the longer term. Atthough we have found that advaneelshdlogy can generate liabilities
during the intergenerational transition phase, so dogasghan underpowered technology in the
long run, as ilustrated most notably in the case of the Déspite its strong initial momentum,
overal it obtained onlafew highquality (“superstar”) complements compared to its main rivals,
losing market share over the evolution of the technologigsaieration. Similarly, those consoles

pioneering the new generation that offered superior penfeendut also additional development
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difficulties (such as the Atari Jaguar) simply could notettenough developers. Whie we focused
our analysis on the intergenerational transition phiismight also be useful to systematically
analyze the later conditions, during the next-genematiechnological evolution, which might

enable or hinder providers of advanced next-gen technologipsoperly address complementor

chalenges and gain their development support.

In conclusion, we see much promise in further studyingntBeaction between competitive
and innovation dynamics within platiorm-based ecosystents. idta rich area of study that has
the potential to advance theory in management researdisraption and competition, as wel as

provide managerially relevant knowledge.
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NOTES

1. The Economidtias defined it as “one of the most influential modern business ideas.” “Aiming
High,” June 30, 2011, www.economist.com.

2. Network effects can be direct (i.e., within-side) or indirée., cross-side). For multi-sided
platiorms, it is the indirect, or cross-side, network effeltd &re particularly relevant: When they
are positive, the more complements are available for a platihermore the value of the platform
increases for users; and the more users the platformtheasiore complementors are incentivized
to develop complements foit. Such positve cross-side network effects have important
consequences for the growth and stabilty of platiorm-basedystems (Armstrong, 2006; Hagiu
and Wright, 2015).

3. We define alatform’s complement development challenges as how difficult it is for-farcty
complementors to develop complements for the given platforrndiegy. We study the overall
difficulty that complementors face when developing complemémtsa focal platform, including
the consequences of the next-gen platiorm technology fordéwelopment routines and
technological environment of complementors. Thus, this constlifiets from related constructs
such as platform complexity (e.g., Cennamo, Ozalp, and Kresscl2018), which capture the
number of dimensions to be considered and their interdependdngefocus only on the
characteristics of the platiorm technology. A platiorm cando@nologically complex and yet
require no changes in the development routines and techiadlegwironment of complementors,
and thus impose limited development challenges for complersen®y contrast, a next-gen
platorm may have limited technological complexity but intredumovel features that require new
knowledge and/or alter the development processmplementors to make use of the platform’s

new capabilties, thus increasing development challengesofoplementors.
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4. In the event that an onlne source was no longer sloleeswe accessetl with the Internet
Wayback Machine (http://archive.org/web

5. MobyGames lists its goal as: “To meticulously catalog all relevant information — credits,
screenshots, formats, and release infabout electronic games (computer, console, and arcade) on
a game-by-game basis, and then offer up that informatiwough flexible queries and data
mining. .. In layman’s terms, it’s a huge game  database.” Available at
http/www. mobygames.com/info/fagl#al (Apri 2 2016).

6. “Central to building theory from case studies is replication logic (Eisenhardt, 1989b). That is,
each case serves as a distinct experiment that standsommitas an analytic unit. Like a series of
related laboratory experiments, muliple cases are disepgieriments that serve as replications,
contrasts, and extensions to the emerging theory (¥B4)” (Eisenhardt and Graebner, 2007, p.
25).

7. Although our reconceptualization could also be extended tolénathallenges that users face in
using a technology (see Claussen et al., 2015, for an examplddcus only on complementors’
challengesfor their critical impact on the technology’s value, and also because in our setting
technologies are similar in thegspect (i.e., vis-a-vis users).

8. It may be argued that development challenges could bedédsséh the provision of the right
development kits and tools. However, whereas it could be leflenging developing for a
platiorm that offers development tools, the absence of suchdoek not in itself make a platform
more difficult to develop for. Moreover, none of our diffictdtdevelop-for platiorms had timely
and adequate tools provided early in their lifecycle.

9. The Atari Jaguar is considered a new entrant sifeft the console market after the Atari 7800
(released in 1986) and instead focused on personal computérsheintelease of the Jaguar in

1993.
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10. We chose to follow calendar year by console for Table \& sinosumers make the majority
of console and game purchases in the Christmas period, cargryn professionals determine
performance outlook of each platiorm based on their availsdreesy and installed base at the end
of each year.

11. Obviously, other factors may play a role in the consglection as wel, such as the market
share of the target console, which is well refiectethandescriptive data regarding the PlayStation
2. However, everything being equal, the reason that one cogetslea muttihoming title earlier
than other consoles is related to the ease of developmer, offimwise we would have observed
a simultaneous release, which doesn’t count as a “first release” in calculating our measure.

12 The Wi’s technical inferiority became a problem after its first couple of years, as developers
required higher hardware capabilties. For example, whenddiskeall of Duty 2 would also be
released on th&Vii, the developer of the series, Infinity Ward, commented that: “If we felt like we
could deliver the cinematic experience we were going fastieer platforms, then we would gladly
move to that platform. Right now, we don’t think the Wii can deliver the exact experience that
we’re doing. We like to be very equal across all platforms, and if it’s not equal then we won’t do

it” (Dring, 2009).

13. In fact, the only downward slope in the Dreamcast, weltr&nic Arts reducing its releases
to O, is due to a firm decision: Electronic Arts decided oosupport Sega anymore as it was
disappointed in the previous generations.

14. Accessed from Google Usenet group archives, rec.gamesegbeo.sAvailable at
http//groups.google.com/forum/#!topic/rec.games.video.sega/VulUriR, accessed
February 24 2014.

15. Contrary to our expectation, the Dreamcast had a musr hghare of first-party games. The

Sega Dreamcast was an “irregularity,” since Sega had announced in January 2001 that it would
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exit the console market. Independent developers accordinglgpntiised their support for the
console, canceled the titles they had in development, apgest releasing any further ones.
Despite discontinuing investments into the console, Sega et inw the production of games,
which became its main business foedsence the unusually high share of first-party titesthe
console.

16. Direct information was not accessible because consee glevelopment and console
hardware-specific knowledge are heavily protected by nondselosgreements imposed by
platorm owners.

17. Before the Dreamcast announcematGDC 1998, new platform announcements were usually
made at the Electronic Entertainment Expo (E3). After 1998, tlgority of platform
announcements were made at the GDC for North Americegpexor Nintendo, which for the
observation period made announcements at E3 but usuallyd le@me on its press conferences in
Japan. The GDC is much more lke academic conferencdls, rewindtables, presentations and
lectures, whereas E3 has more of a marketing and consumstatan.

18. For example, as briefifiscussed earlier, Sony’s keynote at the GDC 2000 (“The Future of the
PlaySation™) explained how the PlayStation 2 required a steeper than usual learning curve owing

to its hardware, and the ive on-stage tak with the dpeel Naughty Dog (acquired by Sony in
2001) further detailed how specific coding was required (ieraslg language for the VUO and
VUL chips) to design games effectively for the platform. Elev, whie sharing this knowledge,
Sony itself did not provide libraries to code for the PSPmplementors were expected to develop
their own libraries by learning the intricacies of these chips. By contrast, Microsoft’s keynote at
GDC 2000 (“Opening Keynote: Bill Gates”), announcing the Xbox, detailed how developers could
easily use the alreadsmiliar (to them) Windows and X86 (Intel Pentium) CPU programgnto

customize games for the Xbox.
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Dimensions

Outcome

Innovation Impact On

Focus: Technological Change

Competitive effects of
innovation

Dramatic increases in
technological performance
through generational shifts

Competence-enhancing vs.

competence-destroying
technological change

Dimensions of innovation:
incremental vs. radical;
architectural; disruptive

Complementary assets

Value network of the
innovator

Innovations can be categorized based on theirrdiffial impacts on systems of production and
marketing

Technology shifts with S-curves of performance/cagtere new technologies quickly surpass th
exsting generation technologies in performance/anefficiency.

Radical innovations make incumbents' capabilitibsalete, therefore causing them to fail.

Radical innovations are not the only explanatiomngumbent vs. entrant dynamics. Architectural
innovations suggest seemingly incremental innowatihat change the architectural linkages may
cause incumbents to fail, whereas disruptive intiona may cause incumbents fail by locking in
their customer value network and defeated by sagyninferior innovations.

Incumbent vs. entrant dynamics also depend on¢lee and availability of complementary asset:
Radical technological changes, even if competerasgrdying, may still not threaten incumbents i
existing complementary assets are still valued.

It is critical to think firms are not sole entitidsut they have their value networks, which are the
context they are in based on their customers, sarp@nd complementors.

Incumbents, users, and
suppliers

Incumbents vs entrants

Incumbents vs entrants

Incumbents vs entrants

Incumbents vs entrants

Incumbents vs entrants,
suppliers, complementors,
and users

Illustrative studies: Abernathy and Clark, 1985, Foster, 1986, Tushnmhfenderson, 1986, Teece, 1986, Anderson and Tusht880, Henderson and Clark,
1990, Afuah and Bahram, 1995, Christensen, 199psas, 1997, Adner, 2002, Ansariand Garud, 2009

Focus: Network Effects and Technological Standards

Path-dependence

Excess inertia

Increasing returns to adoptiot

Small gains early on (either by moving first ordhyance) can create disproportional differences
between technologies on the longer run due to reatides.

Technologies with superior performance may stiti @p not being adopted due to users of the
exsting technology benefitting through a largetadled base.

New adopters (or possible switchers) enjoy highéityuby using technologies that have a higher
installed base

Competing technologies

Competing technologies,
users

Competing technologies,
users
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Interoperability may decrease competition amongpetitors by combining network externalities
of competing technologies. It may also cauSeap’ by lowering the chance of entrants to
challenge the standard.

Competing technologies,
users

Compatibility and
standardization

Incumbents vs. entrants,

For a new technology to compete with an entrensti@ddard, it must provide a significant . :
competing technologies,

Technological leapfrogging technological improvement.

users
Complementor overlap/apps Having too many complementary products on yourfplatecosystem may create negative Competing technologies,
market competition incentives for complementors due to competition. complementors

Illustrative studies: David, 1985, Katz and Shapiro, 1994, Arthur, 1988yud and Kumaraswamy, 1993, Schiling, 1998, Gadain, and Kumaraswamy, 2002
Gallagher and Park, 2002, Schilling, 2003, Sua26@4, Venkatraman and Lee, 2004

Focus: (Platform-Based) Ecosystems

Complementor overlap/apps Having too many complementary products on yourfplatecosystem may create negative Platform owner,
market competition incentives for complementors due to competition complementors
Increasing returns to adoptiot
by multiple-sides of the
market (e.g., users and
complementors)

Importance of platform
quality (technological

Platform owner,

Positive feedback effect between having more usmdscomplementors.
complementors, users

Platform quality may make up for the initial lackinstalled base and complements by attracting

- i . Platform owner, users
initial users through superior quality/performance.

performance)
Interdependence in innovatio Focal firm outcomes determined by challenges ofpdies and complementors. Suppliers and Platform owner/focal firm,
within ecosystems complementor challenges also have differentialcéfa the focal firm outcome. complementors, suppliers

Platforms are technological architectures formedalepre and periphery. Core is represented by

core platform technology, whereas the periphefgrisied by complements. Connection between Platform owner,
the two is formed via modular interfaces. Platfaanshitecture (together with interfaces) determin complementors
the incentives for complementors to support a tetgy.

Platform architecture:
modularization and
complexity

Ecosystem complexity (the number of unique compésmensubsystems that interact with the
Ecosystemcomplexity and  complementor’s product) and development bottlenecks of next-gen platfeohhologies may both Platform owner,
development challenges provide a context for complementors to sustairrgheiformance, but also may magnify challenge complementors
they are facing with technological transitgn

Platform architecture is closely connected withtfplan governance decisions: vertically integratir
to complement production depends on the relatignbkiween platform architecture and
complementors.

Platform owner,
complementors

Ecosystem/platform
governance

Illustrative studies: Gawer and Cusumano, 2002, Garud, Jain, and Kumaragw2002; Baldwin and Woodard, 2009, Adnerandd¢ap2010, Tiwana et al.,
2010, Zhu and lansiti, 2012, Cennamo and Sant8lt3,2Anderson etal., 2014, Gawer, 2014, Claussah €015, Kapoor and Furr, 2015, Adner and Kapoo
2015, Ansatri et al., 2016, Kapoor and Agarwal, 2017




Table 1l. Sample Consoles in the U.S. Videogame Industry (PIa®y-b.c
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Console U.S. Launch Platform CPU Bits MHz RAM Media Launch  Market Titles
(Supergars)
Date Parent Price Share
Generation 5
3DO Oct. 1993 3DO 32-bit 12.5 2 CD $699 1.4% 126 (10)
Jaguar Nov. 1993  Atari 32-/64-hit 266x2 2 Cartridge  $249 0.4% 126 (10)
Saturn May 1995 Sega 32-bit 28 x 2 2 CD $399 4.4% 150 (9)
PlayStation Sept. 1995  Sony 32-bit 33.87 2 CD $299 55.2% 526 (51)
Nintendo 64 Sept. 1996  Nintendo 64-bit 93.75 4 Cartridge  $199 38.7% 142 (12)
Generation 6
Dreamcast Sept. 1999  Sega 128-bit 200 16 GD $199 6.9% 181 (18)
PlayStation 2 Oct. 2000 Sony 128-bit 294.9 32 DVD $299 52.6% 971(108)
Xbox Nov. 2001 Microsoft Pentium Il 733 64 DVD $299 23.2% 653 (93)
GameCube Nov. 2001 Nintendo 128-bit 485 40 MiniDVD  $199 17.3% 416 (45)
Generation 7
Xbox 360 Nov. 2005  Microsoft Power PC 3200 x 3 512 DVD $299 37.6% 451 (47)
PlayStation 3 Nov. 2006  Sony Power PC 3200 x 7 256 Blu-ray $499 22.2% 312 (39)
Wii Nov. 2006 Nintendo Power PC 729 88 WiiDVD $249 40.2% 386 (10)

Notes:2Market share shows the long-run sales share of therplativithin its generation.
Following Corts and Lederman (2009), it is defined as the totalleas base share (number of
consoles sold) of the console in the month in which tee filatform of the next generation is

released.

bTo calculate the long-run market share for Generation Sols; we combined our data from
NPD Research console sales (unti June 2010) with data cdnmngvgchartz.com (July 2010
November 2012).

CTitles (Superstars) shows the number of third-party giitees (third-party superstars titles) for
the same period considered in the market share, excepé f@etheration 7 consoles. Owing to
our data availability on titles, Generation 7 covers th@gddovember 2005December 2009.
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Table Ill. Summary of Consoles by Their Complement Developr@hallenges Factors

Console Low-Level LanguageUse Parallel Processing Inferior Relative Degree of
Storage Development
MediaUse Challenges
Generation 5
3DO NO NO NO LOWEST
Jaguar YES YES YES HIGHEST
Saturn YES YES NO HIGH
PlayStation ~ NO NO NO LOWEST
Nintendo 64 YES NO YES HIGH
Generation 6
Dreamcast NO NO NO LOWEST
PlayStation 2 YES NO NO HIGHEST
Xbox NO NO NO LOWEST
GameCube NO NO NO LOWEST
Generation 7
Xbox 360 NO YES NO LOW
PlayStation 3 YES YES NO HIGHEST

Wii NO NO NO LOWEST




43

Table IV. Changes Required for Complementors during Intera@gmeal Transitions:
Knowledge, Tools and Language of Game Development

Intergenerational Transition

Generation 4 >
Generation 5

Generation 5>
Generation 6

Generation 6 = Generation 7

Changes

required
2D game Single-platform Single-thread programming®
programming and programming—> M ulti-thread programming.
design% 3D game Cross-platform
programming and programming.
design.

Knowledge General programming | Specialized programming and

Development
optimized for
cartridge memory

and design task®
Specialized
programming and

design tasks and project

management—> Highly
specialized programming and

Tools

- CD-Rom. design tasks and proje| design tasks, and
management coordination/collaboration through
(exponentially multiple outsourced tasks
increasing project (extremely large projects, very
sizes). specialized roles such as facial
animation, and outsourced
animation tasks, quality assuranct
Custom 2D/Pixel Existing 3D animation Existing 3D/graphics tools>
development tools | tools—> New New 3D/graphics tools (e.g., high
—> 3D animation 3D/Graphics Tools definition resolution/higher
tools (e.g., (e.g., Higher polygon count, lighting and
Softimage, resolution/handling occlusion) and advanced physics|

Lightwave 3D,
PowerAnimator, 3D
Studio) and Video
Codec Tools.

M ajor change in
proprietary in-house
tools.

higher-number
polygons), Middleware
Tools, Early Physics
and Al Tools; (e.g.,
Renderware, CRI, 3DS
Max,
Incredibuild,Maya,
tesh, Exceed, CVS).

Major change in
proprietary in-house
tools.

Al, networking tools andame
engines (e.g., Umbra,Yebis,
SpeedTree, Enlighten, Pixologic
ZBrush, Softimage XSI, Nvidia
Physx, Havok Physics,
Demonware, Autodesk Kynapse,
Havok Al, OC3 FaceFX, Unreal
Engine, CryEngine).

Major change in proprietary in-
house tools.

Programming Languages

Console-
specific/Assembly
programming=> C
and/or Assembly
(console-dependent)

C and/or Assembly
(console-dependent)
- C, C++and/or
Assembly (console-
dependent).

C, C++ and/or Assembly (console

dependentﬁ Predominantly C++
with assembly for optimizing PS3)




Table V. Platform Title Release Descriptives
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Generation Console

Number of Third-Party Game

First Releases as % of Multihoming

Number of Third-Party Superstar

Releases Titles Releases
Year Year Year Year Year | Year Year Year Year Year | Year Year Year Year Year

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
5 3DO 10 64 39 11 b 0% 44%  53%  32% b 2 10 4 0 b
5 Atari Jaguar 0 1 15 3 b 0% 6% 0% 0% b 0 0 4 0 b
5 Sega Saturn 29 78 41 2 b 2% 31% 12% 0% b 4 8 4 0 b
5 Sony PlayStation 34 136 127 144 162 31% 39% 50% 69% 52% 11 21 26 38 39
5 Nintendo 64 2 26 64 83 54 0% 13% 35% 43% 15% 0 8 15 12 12
6 Sega Dreamcast 37 116 28 b b 27%  15%  43% b b 3 13 2 b b
6 Sony PlayStation 2 40 140 204 196 200 | 19% 54% 42% 24% 13% 3 17 24 25 19
6 Microsoft Xbox 28 138 166 153 168 | 24% 7% 8% 5% 4% 4 23 24 23 20
6 Nintendo 16 130 121 78 72 | 20% 6% 8% 12% 13% | 3 13 15 9 6

GameCube

7 Microsoft Xbox 360 15 67 103 121 110 | 10% 13% 5% 1% 2% 1 6 7 15 14
7 Sony PlayStation 3 10 68 105 102 103 0% 2% 0% 0% 0% 0 7 15 15 11
7 Nintendo Wii 26 109 121 125 78 11% 6% 12% 4% 8% 0 3 4 3 1

Notes:2Platforms in bold are those with high degree of complemewélafenent challenges in each generation.

b Platform had left the market.




Table VI. Potential Key Factors Infuencing Platform &dtiveness for Developérs

Generation Console Price Launch Date Backward Compatibility Previous-Generation Base
5 3DO $699 Nov. 1993 New Entrant New Entrant
5 Atari Jaguar $249 Nov. 1993 New Entrant New Entrant
5 Sega Saturn $399 May 1995 No 11.7 million
5 Sony PlayStation $299 Sep. 1995 New Entrant New Entrant
5 Nintendo 64 $199 Sep. 1996 No 8 million
6 Sega Dreamcast $199 Sep. 1999 No 1.4 million
6 Sony PlayStation 2 $299 Oct. 2000 Yes 17.4 million
6 Microsoft Xbox $299 Nov. 2001 New Entrant New Entrant
6 Nintendo GameCube $199 Nov. 2001 No 12.2 million
7 Microsoft Xbox 360 | $299/S399  Nov. 2005 Yes 13.5 million
7 Sony PlayStation 3 $499 Nov. 2006 Yes 30.6 million
7 Nintendo Wii $249 Nov. 2006 Yes 10.1 million

Notes:2 Platforms in bold are those with high degree of complemewilafenent challenges in each generation.

45



46

Table VII. First-Party Title Release Shares by Plafform

Generation Console First-Party Titles as % of All Titles
Yearl Year2 Year3 Year4 Year5

5 3D0 0% 4%  13%  15% b
5 Atari Jaguar 100% 93% 55%  63% b
5 Sega Saturn 41% 24% 32% 7% b
5 Sony PlayStation 21% 13% 15% 15% 15%
5 Nintendo 64 75% 26% 14% 11% 19%
6 Sega Dreamcast 27%  15%  43% b b
6 Sony PlayStation 2 9% 11% 7% 8% 7%
6 Microsoft Xbox 24% 7% 8% 5% 4%
6 Nintendo GameCube | 20% 6% 8% 12% 13%
7 Microsoft Xbox 360 | 17% 1% 10% 7% 1%
7 Sony PlayStation 3 29% 15% 13% 11% 10%
7 Nintendo Wii 10% 11% 5% 6% 10%

Notes:2Platforms in bold are those with high degree of complemeneélagevent chalenges in

each generation.
b Platfiorm had left the market.
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Table VIII. Distribution of Third-Party Superstar Titids/ Platfiorm Age Period®

Generation 5

PlayStation 1 | Nintendo Saturn 3DO Jaguar
64
1-12 months 9 1 4 2 0
13-24 6 2 3 7 1
months
25-36 13 9 2 1 0
months
37-48 19 4 0 0 0
months
49-60 15 5 0 0 0
months
Generation 6
PlayStation 2 Xbox GameCube | Dreamcast
1-12 months 12 21 13 11
13-24 21 24 15 6
months
25-36 27b 27 12 1
months
37-48 23 20 5 0
months
49-60 15 4 1 0
months
Generation 7
PlayStation3 | Xbox360 Wii
1-12 months 5b 6 2
13-24 15 9 3
months
25-36 17 15 4
months

Notes:2Bold columns show platforms with high degree of complement develdpohetie nges
(high or moderately high) in each generation. Bold and umel@ricolumns show platforms with
high degree of complement development challenges that hadeelés first-prty developers’
development tools for third-party developers.

bshows the period within which these tools were made hiiléPS2, March 2003, twenty-ninth
month of platform, also see Appendix Table AGDC 2002 session “Introduction to the
Performance Analyzer for Playstation 27, PS3, March 2007, fith month of platform, also see
Appendix Table A.IVGDC 2007 session ‘“Presenting PLAYSTATION® Edge: Advanced
Graphics Tools and Technologies for PlayStatbPevelopment™).



Platform

Sega

Sony

Owner

Sega Saturn is released

Sony Playstation is released (new entrant)

Microsoft

Nintendo

Atari

3DO

Atari Jaguar is released (new
entrant)

3DO0 is released (new entrant)

Nintendo 64 is released

Sega Dreamcast is released

Sony Playstation 2 is released

Microsoft Xbox is

Nintendo Gamecube
is released

released (new entrant) 360 is released
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Sony Playstation 3 is released

Microsoft Xbox

Nintendo Wii is released

93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10

Generation 5 Starts

Generation 6 Starts

Year

Figure 1. Timeline of US Console Releases between 199304/ 2

Generation 7 Starts
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Sega Transition from Generation 4 (Genesis) to 5 (Saturn)

Sega Transition from Generation 5 (Saturn) to 6 (Dreamcast)

Microsoft Transition from Generation 6 (Xbox) to 7 (Xbox 360)

Generation 5 Generation 6

Generation 6 Generation 7
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Figure 2. Evidence for Disaffection: Share of Game Reteds Top Five Publishers for Each Transition by thefdtat Owner
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Figure 3. Share of US Console Games Using a Development To@dry

50



