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The ability to observe without evaluating is the highest form of intelligence.

J. Krishnamurti
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Abstract

Literature on modularity acknowledges its relevance to innovation, but

it rarely addresses the relationship between modularity and the structure

of competition in technological markets. In this dissertation, I seek to ex-

tend received wisdom by shedding light on this relationship, and I find that

modularity affects the structure of competition by shifting the locus of value

capture. An empirical test provides evidence that interfaces are pivotal for

prevalence in technological markets due to the network effects created by the

use of modularization at the component level, on the design stage. Also, I

demonstrate that the location of modularity asymmetrically affects the per-

formance of firms. Firms which adopt modular components performs better

than firms that adopt proprietary components when horizontal differentiation

is more important than vertical differentiation. Lastly, I examine the effect

of participation in Standard Setting Organizations to job mobility and I

find an unexpected consequence of competition in technological markets:

participation in the standardization effort may inadvertently lead firms to

leak intellectual capital due increased job mobility of their inventors.

Keywords: innovation, technology, modularization, ecosystem, knowl-

edge, value capture, job mobility
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Resumo

A literatura atual em modularidade reconhece sua relevância para a

inovação, mas raramente discute a relação entre modularidade e a estrutura

da competição em mercados tecnológicos. Nesta tese, eu busco expandir o

conhecimento neste tema, e identifico que a modularidade afeta a estrutura

da competição ao alterar o foco da captura de valor. Um teste emṕırico

fornece evidências de que as interfaces são fundamentais na competição em

mercados tecnológicos por causa dos efeitos de rede gerados a partir da

modularização no ńıvel do componente, na etapa de projeto. Além disso,

eu demonstro que a localização da modularidade afeta assimetricamente o

desempenho das empresas. As empresas que adotam componentes modu-

lares obtêm desempenho superior que as empresas que adotam componentes

proprietários quando a diferenciação horizontal é mais importante que a

diferenciação vertical. Por último, eu examino os efeitos da participação em

Organizações de Padronização na taxa de mudança de empregos, e encontro

uma consequência inesperada da competição em mercados tecnológicos: a

participação em processos de padronização de tecnologias pode inadvertida-

mente levar empresas a perder capital intelectual para a concorrência devido

a um aumento da taxa de mudança de empregos de seus inventores.

Palavras-chave: tecnologia, modularidade, inovação, ecossistemas em-

presariais, captura de valor, conhecimento, empregos
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Introduction

Business Strategy, or simply Strategy, is part of the field of Business

Administration. Strategy concerns with choices firms make to achieve a set

of desired goals. The decisions firms make depend on the context of the

firm and the interpretation of this context, the resources they possess, and

predictions about how the other actors within that context will behave. A

strategy scholar is particularly interested in the differences between firms’

choices and results because heterogeneities of incomes and outcomes offer

insights about their choices and the subsequent consequences.

Current Strategy research may be organized in five schools of thought.

As any abstraction of a complex system of knowledge, reducing this multi-

dimensional field of studies to five groups tend to oversimplify the debate.

However, this classification offers a starting point for understanding the

field. The schools are: Transaction Costs Economics - TCE; Resource-Based

View and Knowledge-Based View (RBV/KBV); Evolutionary Economics;

Industrial Organization; and Structural Sociology.

In this dissertation, I draw from Strategy theories to shed light on

phenomena occurring in competitive markets. My particular interest resides
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in the evolution of technological markets. These markets are interesting

research settings because their idiosyncratic high dynamic levels allow the

systematic observation of change. It allows a methotical observation of

phenomena that are less common in other markets, such as the Schumpeterian

process of creative destruction (Schumpeter, 1942). I am interested in how

firms and markets evolve to accommodate changes in their contexts, and

because this is a central concern of Evolutionary Economics, this is an

important influence. I am also interested in the dynamics of knowledge,

thus KBV is pertinent. Finally, both IO and TCE are concerned with firms’

interactions with their environment, thus their influences can also be noticed.

I adopt in this text a definition of technological markets as markets

characterized by the widespread adoption of modularity. The meanings of

modularity and technology (in the narrow sense intended here) are entangled,

as modularity is related to easy recombination, what leads to high levels

of innovation (Baldwin and Clark, 2000; Langlois and Robertson, 1992),

incentives to entry due increasing returns to scale (Klepper, 1997; Stigler,

1951) and increasing levels of complexity (Ethiraj and Levinthal, 2004).

Innovation, scalability, and complexity are central to the technological mar-

kets. This narrow definition contrasts to broader ones, that technology is

a collection of purposeful devices and practices (Arthur, 2009; Bain, 1937),

and a consequence of the adoption of this definition is that it limits the

generalizability of the findings of this dissertation.

As technology is being defined by modularity, it is also necessary to

restrict the meaning of modularity. Modularity is a design principle that

reduces interdependence (Baldwin and Clark, 2000). Interdependence, in

turn, is the “probability that efforts to perform one of the tasks will require
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related problem-solving in the other” (Von Hippel, 1990). Interdependence

is a challenging subject in social sciences because it makes the observation of

causality a distant goal. Interdependence is cyclical, not unidirectional, and

dynamic, thus not static. Most of the current state-of-art research captures

frames of interdependence. This happens because some cycles of cause and

consequence are sometimes so far apart in time, feedback loops are often

neglected.

In Business Administration, interdependence is deeply related to coor-

dination: coordination is the principle used for managing interdependent

processes - therefore modularity is a coordination tool. This dissertation is an

examination of coordination in technological markets. In the first chapter, I

provide an analysis of how modularity is a coordination choice that ultimately

affects the market structure and its value distribution. Extant research do

not acknowledge how modularity affects the value distribution. To fill this

gap, I provide an examination of how modularity affects the structure of

the competition. In technological markets, firms cannot control the entire

production of products. They have to outsource and build partnerships to

remain competitive, to a point that vertical competition becomes increasingly

important. In other words, firms more do not compete only for market share,

but also for value capture. I show that firms that are better positioned to

capture value are those who control the interfaces, or the set of rules through

which different modules interact. The empirical evidence is formed by the

patents disclosed in the process of creation of an interface, the GSM mobile

communications technology. The patent disclosure represents firms’ intention

to control the interface (the GSM). To observe the outcome of this intended

control, I use a dataset with the specification of six thousand GSM mobile
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devices, and the results of a negative binomial provide evidence that firms

who control the interfaces are more influential in the market.

In the second chapter, I present a situation where modularity is a choice

that affects firms competitive outcomes. Previous literature debates how

modularity affect firms outcomes, but do not address how the outcomes may

depend on the location where modularity is applied. I join Ecosystems and

Modularity research streams allied to an analytic tool, the Hotelling model

(Hotelling, 1929), to examine the relationship between modularity choices

and profit. The results suggest that different choices in the supplier side

trigger the influence of choices in the complementor side. Moreover, firms

with modular strategies in the supplier side will perform better when the

impact of modularization on horizontal differentiation is more important

than the vertical differentiation. Also, the presence of modularity on the

complementor side increases the relative relevance of vertical differentiation

on modularization on the supplier side. The results are followed by a series

of propositions.

In the third chapter, I evaluate the influence of the participation in

Standard Setting Organizations to the job mobility of the participants.

Unexpected mobility of personnel is undesirable, and this chapter presents job

mobility as an unexpected outcome of competition in technological markets:

as firms try to influence the market by investing in the standardization effort,

they risk losing intellectual capital. Empirical evidence is collected from

the rosters of the meetings for the creation of the 2nd and 3rd generations

of mobile communication technology standards, and also from the USPTO

patent database. Results find a significant effect in the 2nd generation, but a

non-significant effect in the 3rd generation.



5

Chapter 1

Interfaces as a Key in the

Battle for Dominance in

Technological Markets

1.1 Abstract

Firms in technological markets face highly dynamic environments, forcing

them to rapidly adapt to changes in their context. Modularity is a powerful

ally in these changing landscapes, decreasing interdependence and thus,

decreasing the need for coordination. However, while the use of modularity

decreases the need for coordination downstream, it increases interdependence

upstream. Highlighting the interdependence shift helps to explain the com-

plexity of technological markets. In this chapter, I identify the origins of

the interdependence shift, and examine an overlooked consequence: as the
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interdependence migrates upstream, the locus of value capture migrates to

the definition of interfaces. Results of a negative binomial regression suggest

that firms who control the interfaces are more influential in the markets

defined by those interfaces.

1.2 Introduction

Modularity is a design principle that allows two generic parts (modules)

to interconnect respecting a pre-established set of rules. The leading charac-

teristic of modular systems is that they present low levels of interdependence

across modules. A set of pre-established rules allows modules to intercon-

nect without extensive adjustments. Research has extensively examined the

phenomenon of modularity, showing that it allows products to cover a wider

range of the spectrum of consumer preferences (Langlois and Robertson,

1992), and it is also related to increasing levels of innovation and complexity

due to reduced problem size and local and parallel innovation processes

(Baldwin and Clark, 2000). In this sense, research uncovered the benefits

of modular systems. What is less explored is how modularity affects the

structure of markets, and more important, the vertical value distribution in

technological markets.

Research often focuses on the determinants of modularity (Schilling, 2000;

Schilling and Steensma, 2001) and on the implications of modularity to

innovation (Baldwin and Clark, 2000; Ethiraj, 2007) and to firms’ boundaries

(Ethiraj, 2007; Langlois and Robertson, 1992). However, the debate about

the consequences of the design of modular systems on the structure of

competition is less explored. To understand how modularity affects value
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flow, I first discriminate modularity by the level of observation. Technological

markets are not only characterized by the widespread use of modularity,

but by the fact that this modularity is applied at the component level.

Modularity at the component level requires that firms agree beforehand how

these components will inter-operate. Firms have to negotiate with their

suppliers, complementors, and even with rivals to achieve a set of rules of

communication across modules, known as interfaces. Research on the subject

assumes these negotiations as if they were inconsequential to competitive

outcomes, focusing on the dynamics within the negotiations (Axelrod et al.,

1995; Dokko and Rosenkopf, 2010; Ranganathan and Rosenkopf, 2014). My

core hypotheses in this chapter challenges this assumption to propose that

instead of being competitively-neutral, these negotiations are the center of

value capture. Firms who control the essential technologies for modules to

inter-operate have the ability to capture value because they have bargain

power. Bargain power stems from the ability to lock out competitors. This

is particularly relevant because in markets characterized by network effects

tend to be winner-takes-all. However, the lock out is not pronounced because

knowledge is distributed - thus locking out rivals in an interface can backfire

and lead to later retaliation (Padgett and Ansell, 1993).

A different reason for the definition of interfaces to become the center

of value capture is that firms which influence an interface will be better

positioned to explore their complementary capabilities (Toh and Miller, 2017).

I examine this hypothesis by evaluating the relationship between a firm’s

intent to control the interface and the later adoption of the firm’s technological

portfolio. Empirical evidence collected from the GSM mobile communication

technology’s standardization process and the subsequent introduction of
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mobile devices suggests that early investments made in the standardization

effort are correlated to wider adoption of a firms’ technological portfolio.

There are three key theoretical contributions aimed at this chapter.

First, I join modularity and ecosystems streams to analyze the impacts of

modularity in the value capture and the competitive structure of the industry.

Second, I propose that while interdependence decreases at the component

level, it increases at the technology level. In other words, modularization

leads to an interdependence shift. The interdependence shift helps to explain

the complexity of technological markets, with frequent cases of rival firms

with simultaneous partnerships. Third, I offer a causal mechanism for value

capture in technological markets: by controlling interfaces, firms are better

positioned to influence technological trajectories.

1.3 Conceptual Development

Research on Value Capture (Jacobides, 2005; Jacobides, MacDuffie, and

Tae, 2015) examines vertical competition for value. Value Capture litera-

ture shows that slow clock-speed, user requirement stability, downstream

access lock-in and legal liability allows firms to better grasp the changes

in the structure of the markets, particularly those originated in modularity

choices (Jacobides, MacDuffie, and Tae, 2015). VC focuses on the analysis

of stable markets, such as the oil (Teece, 1976), automobile (Jacobides,

MacDuffie, and Tae, 2015), and banking (Jacobides, 2005) industries, re-

stricting generalization. In contrast, technological markets are structurally

unstable, with disrupting processes that turn the markets upside down every

ten years (Linhares, 2013). We saw the inception of the PC market in the
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70’s (disrupting earlier mainframe markets), the graphical user interface in

the 80’s (disrupting software industry), the World Wide Web in the 90’s

(with a total impact that is still challenging to determine), the web 2.0 and

mobile communications in the 2000’s, and more recently, the emergence of

blockchain technologies in the 2010’s.

Another literature that examines the vertical dynamics of markets is

the Ecosystem research stream (Adner and Kapoor, 2010; Afuah, 2000;

Ansari, Garud, and Kumaraswamy, 2015; Kapoor, 2013). This stream

places firms as part of constellations of firms, to examine their interactions

regardless of market boundaries. Extant research highlights how innovation

(Adner and Kapoor, 2010; Afuah, 2000; Kapoor, 2013), market development

(Ansari, Garud, and Kumaraswamy, 2015), and investment patterns (Kapoor

and J. M. Lee, 2013) are affected by interactions with suppliers and rivals.

Similarly, research on Bottlenecks (Baldwin and Henkel, 2015) proposes that

value concentrates around elements of the ecosystems that are obstacles to

the performance of the systems (Ethiraj, 2007; Hannah, 2016). These studies

skillfully identify interactions that arise from a more profound characteristic

of these markets: they are all modular.

1.3.1 Modularity

Modularity is as a design principle that decreases interdependence between

modules (Rivkin, 2000). Modularity was introduced as a design concept

in the inception of IBM/360 mainframe system (Baldwin and Clark, 2000).

Engineers at IBM used modularity to decrease software development costs.

At that time, each version of a mainframe required the development of a
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specific software. The implementation of modularization allowed reuse of

software in different mainframe models and versions. Modularization was

achieved by establishing a common set of instruction for all machines. Hence,

the introduction of modularity in IBM’s mainframe software development

led to a decrease in the interdependence between software and hardware,

which in turn led to a steep decrease in software development cost.

As a strategy researcher, I am interested in the outcomes at firm and

industry-levels when adopting modularization. Extant research examines how

the adoption of modularity affects firm boundaries (Ethiraj, 2007; Kotabe,

Parente, and Murray, 2007). More specifically, research has examined the

influence of modularity on the value distribution within an ecosystem. For

example, North American car manufacturers began to adopt modularity

and outsourcing to face the rise of foreign competition, seeking to drive

coordination costs down, reduce interdependence and improve innovation

(see Jacobides, MacDuffie, and Tae, 2015). A key element here is that the

car manufacturers, also known as OEM (original equipment manufacturers),

began outsourcing the responsibility for the components’ design to the

suppliers, a role previously kept under tight control. Interestingly, after a

period of uncertainty, the OEMs identified the move as a risk1 and successfully

reversed the design outsourcing.

While the automobile industry presents characteristics that allowed firms

to directly influence the industry structure, modularity affected the technol-

ogy markets in a different way. After introducing modularity to decrease

software development cost, IBM continued to use modularity in its subsequent

1 Fearing the increased bargain power the partners would gain, product engineering warned
that partners had to create capabilities from scratch. Manufacturing feared that suppliers
would not be as efficient as an OEM and that Unions would resist the outsourcing.
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products. In the outset of the personal computing industry, IBM established

the dominant design as modular. But at that moment, the complementary

market had grown, with many new firms eager to offer software and hardware

to the new IBM’s platform. From the release of IBM/360 to the inception

of the IBM-PC, the computing industry ecosystem evolved significantly,

with dozens of new firms created to provide services to IBM, many of them

founded by entrepreneurs who left IBM to create their own businesses. IBM

decided to keep control only over the BIOS (basic input and output system)

through patenting and allowed the other components to be developed by

smaller firms. When the BIOS patent was broken (see Canion, 2013), IBM

lost the control over the technological evolution of the PC platform to a

much more populated technological market than in the 60’s.

This anecdotal evidence suggests that modularity affected industry struc-

ture by changing the locus of value capture. IBM intended to capture value

from the ecosystem by controlling a choking point, or a bottleneck (Baldwin

and Henkel, 2015). Bottlenecks are parts or elements of an ecosystem with

scarce supply (Jacobides, Knudsen, and Augier, 2006). In turn, scarcity

leads to a disproportional value distribution across an ecosystem. Firms

that control bottlenecks become kingpins, the developers of the markets

and centers of value capture (Hannah and Eisenhardt, 2017). These centers

of value capture may be exogenously created (Baldwin and Henkel, 2015;

Hannah, 2016), due to their technical nature. In other words, bottlenecks

may not be planned, they potentially emerge in the design process. Firms

increase efforts to try to solve the constraint, either because the scarcity

generates a concentration of value (Baldwin and Henkel, 2015), or because

they are interested in increasing the overall system value (Ethiraj, 2007). The
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consequence of exogenously defined bottlenecks is that they can be captured

by different firms. But we observe that some firms, such as Intel, Microsoft,

and Apple, that these firms participated in the inception of the PC market,

and still remain centers of value capture. The bottlenecks that these firms

control are open to competition, but we rarely see contenders prevail.

Jacobides (2015) proposes that bottlenecks arise from the disproportional

superior capabilities of the kingpins. Firms become kingpins by investing

in R&D significantly more than their rivals. While this proposition may be

solid in short frames of observation, it could conflict with previous research

on technological change demonstrating that superior capabilities become

obsolete when facing innovation (Christensen and Bower, 1996; Tushman

and Anderson, 1986). In other words, if superior capabilities are behind the

value flow, these value flows would change every new disruption.

I propose a different explanation for the value flow, based on the relation-

ship between modularity and industry structure. The technological market

settings are particularly interesting to examine this phenomenon because in

these markets modularity is used to an extreme level. In technological mar-

kets, modularity is adopted at the component level2. A variety of components

are produced by independent firms to form one final product. Furthermore,

modularity is used at the design stage in technological markets (Baldwin

and Clark, 1994). Modularity at the design stage implies that a product is

designed to use different components from different designers3. This way,

2 Modularity may also occur at the product level or at the system level. Modularity at the
product level means that different products perform the same function, for example, an
automobile and a motorcycle. Modularity at the system level means that two different
systems perform the same function. For example, the rail system and the air transportation
system both transport passengers to their destinations

3 Modularization at the production stage implies that the production process supports the
production of different products, such as some assembly lines. Modularization at the use
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technological markets present modularity occurring at the component level,

in the design stage.

Consequentially, different firms independently design the components that

form the final product, leading to increased levels of innovation due parallel

trial-and-error processes(Ethiraj and Levinthal, 2004), increased incentives

to investments due to increased returns to scale (Kapoor, 2013). This way,

modularity at the component level in the design stage allows complexity

to grow (Ethiraj, 2007; Simon, 1962) because it decreases interdependence

between components. Modularity plays a crucial role as a coordination

system (Baldwin and Clark, 2000).

1.3.2 Coordinating relationships

Relationship coordination lies at the core of management. It is the most

elemental interaction that the research field concerns with. Relationship

management within the boundaries of a firm is the focus of the field of

organizational behavior. In Strategy, the focus is (mostly) on the relationship

management across the boundaries of the firms. Organizational Sociologists

view the relationships with other firms as a consequence of exogenous factors,

namely the distribution of technological resources or the social structure

of resource dependence (Burt, 1983; Gulati and Gargiulo, 1999; Pfeffer

and Salancik, 2003). The ability to efficiently coordinate an inter-firm

relationship is key to competitive outcomes. The need for coordination

arises from cognitive limitations of actors (Gulati, Lawrence, and Puranam,

stage implies that the final user is able to exchange parts of a system easily, and offers
the ability for products to cover a large spectrum of consumer preferences (Langlois and
Robertson, 1992).
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2005). Actors do not know the rules by which other parties decide and

they lack a complete understanding of the nature of the interdependence

of their relationships. This would naturally lead towards a trend for stable

relationships: firms learn about the others’ decision rules and experience their

interdependence, thus maintaining a relationship and decreasing coordination

costs. Stable relationships make sense in stable markets and have been

proven beneficial in slow-paced industries such as the car industry (Dyer

and Nobeoka, 2000; Jacobides, MacDuffie, and Tae, 2015). Technological

markets dynamics, with ever-changing partnerships, demand new solutions

to avoid rising coordination costs.

Modularity establishes stable rules in technological markets, decreasing

firms’ dependence on trust (thus reducing transaction costs) and learning

(because decision rules are stable). This way, modularity is an efficient way

to coordinate relationships across firms. To allow different firms design

modular components, the communication rules between two modules must

be agreed upon. The rules involve physical (such as electrical voltage levels

and frequency bands) and logical (the meaning of the signals transmitted)

dimensions. The set of rules of communication are commonly known as an

interface. For modularization at the component level in the design stage

become possible, firms have to agree on a common interface between com-

ponents. How do multiple firms with often conflicting interests agree on an

interface design? A classical economist could suggest using the market to

define an interface. In other words, different firms could propose competing

interfaces to the market, and the market would choose the optimal choice.

The incentives to control the interface are immense. Interfaces have network

effects (Cennamo and Santalo, 2013; Farrell and Simcoe, 2012; Katz and



15

Shapiro, 1986), so they tend to be winner-takes-all. Firms try to control the

interface by creating proprietary interfaces. A known example of market-

based interface competition is the battle between Sony and JVC over the

dominant standard of the home video market. The battle was won by JVC’s

VHS over Sony’s Betamax (Suarez and Utterback, 1995). JVC strategy of

partnerships trumped Sony’s focus on technical superiority and reputation,

hinting that scale through alliances would be critical for technologies devel-

oped from that moment onward. The limitation of market-based choices

is that markets characterized by network effects do not always favor the

optimal (best technical) solution. Instead, markets characterized by network

effects tend to favor the first solution that achieves scale4.

An alternative to the market in the selection of interfaces are the Standard

Setting Organizations. They are industry consortia, with rules created to

allow rival firms to work together, avoiding rule-breaking behavior5 (Padgett

and Ansell, 1993). In an industry consortium, firms develop interfaces

that allow modules to inter-operate. The standardization process is further

explored on chapter 3.

The basic form of an interface is a set of communication rules. These

rules describe the codified languages or symbols exchanged between modules,

technical parameters of speed, waveform, boundaries, error rates, etc. There

are multiple dimensions that must be considered in the definition of an

4 A similar situation can be seen in the competition for the 2nd generation of mobile
communication technology. The technical superiority of Qualcomm’s CDMA lost to the
market dominance of ETSI’s GSM.

5 For example, in 3GPP (3rd Generation Partnership Project), the standard-setting
organization behind the third generation of wireless telecommunications protocol, any
participant can propose a new feature. However, they need the support of at least three
other firms to place the item on the agenda. This practice aims to exclude items that
only benefit one firm (Leiponen, 2008)
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interface. Because of this, there is a small probability that one option is

superior to others in all dimensions of quality and performance. Therefore,

the process of development and adoption of a standard is dependent not only

on technical factors but also on social ones (Dokko and Rosenkopf, 2010).

Moreover, interfaces are not neutral in competitive terms because dominance

over an interface allows firms to lockout rival firms and technologies. Also,

control over interface allows the controller firms in providing compatible

technologies faster and with better integration. Rapid response and smooth

integration are key elements of competition in technological markets. In-

terfaces help explain industry configuration by isolating the key element

influencing the structure and relationship among firms. Also, it shows that

while interfaces might be bottlenecks, the dynamics of a bottleneck may vary

according to industry’s emergent rules.

Thus in the case of industry consortia, modularity in the design stage at

the component level relies on firms, often rivals, to agree on the definition of

a standard interface. Interestingly, modularity and industry structure are

related at different levels of observation. While modularization in the design

stage decreases interdependence between modules at the component level,

it increases interdependence at the technology-level, in the standardization

process. Modularity leads to a shift in interdependence.

The interdependence shift allows firms to simultaneously become rivals

and partners because rivalries and partnerships occur in different parts

of the ecosystem. They may have a customer-supplier relationship in the

component-level, a partner relationship in the technology-level (for example,

when fostering a technological standard) and rivals downstream6. Such a

6 One outstanding example is the case of Apple and Samsung (S. Y. Lee, 2015). The two
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complex environment begs a question: in these settings, what is the source

of value capture?

This discussion leads to the hypothesis development. Firms participate

in the interface creation to generate standards that will be dominant in the

market. Partnering with other firms increases the probability of delivering

a product that will prevail due to the presence of network effects. The

more firms join a standard and the faster a standard is delivered to the

market, the higher the probability to prevail in the market. Within the

standardization process, firms participate by presenting their best technical

solutions for the technology in the making. The exposition of the technical

solution requires the deployment of intellectual capital, wrapped in the

form of a patent. As noted previously, institutions behind standard settings

generate rules, to avoid firms dominating a standard - that could lead to

other participating firms to depart the standardization effort, hindering the

success of the standard. One of these rules, regarding intellectual property,

are the FRAND (fair, reasonable and non-discriminatory) rules for the use

of patents. Thus when firms present technical solutions wrapped in patents

that will be used by the devices following a standard, they must disclose the

patents and agree to FRAND rules.

Previous research found that patents disclosed in standards receive more

citations following the disclosure (Rysman and Simcoe, 2008). This implies

that the standardization process is a good selector of technologies. Also,

the formal endorsement given by the standardization process increases the

demand for a specific technology (Lerner, Pathak, and Tirole, 2006). Yet, as

firms compete fiercely in the smartphones market while sustaining a strong customer-
supplier relationship
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a consequence of FRAND rules, firms are unable to directly profit from the

patents disclosed. Because the disclosure process is voluntary, an important

question emerges: why would firms disclose patents if they are not able to

extract rent from them? Firms may opt not to disclose a patent and charge

fees whenever requested for the use of the patent. I hypothesize that firms

disclose intellectual property, forgoing rent, to increase their technological

influence over the market. Technological influence can be observed by the

adoption of a firm’s intellectual portfolio. Firms that possess capabilities

relevant to the standardized technology are likely to deliver related products.

Thus, disclosing patents to influence a standard will increase the probability

that their complementary knowledge base and products will also be useful in

the standardized market (Toh and Miller, 2017). In technological markets,

firms adopt other firms’ intellectual portfolio by acquiring components or by

licensing intellectual capital.

Hypothesis: Investment in the development of interfaces is positively

correlated with subsequent market adoption of the firm’s technological port-

folio.

This is a direct consequence of the interface dynamics. Proprietary

interfaces accrue bargain power to the interface controlling firm, in a way

that firms can choose their complementors and even lockout competitors.

Using interfaces to its strategic goals is seen in multiple Intel initiatives,

such as the Intel Labs, the PCI standard development and the socket wars

(Gawer and Cusumano, 2002; Gawer and Henderson, 2007). For example,

Intel Labs is a subsidiary of Intel Corp. focused in growing markets using of

Intel’s processor architectures. It provides capabilities to complementors, by

holding research forums and seminars, publishing a technical journal (The
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Intel Technical Journal), and even investing in some initiatives (Gawer and

Cusumano, 2002).

1.4 Testing the theory

1.4.1 Data

To test if investment in interfaces is related to the adoption of a firm’s

technological portfolio, I use patent disclosure data from the GSM standard,

and device data from GSMArena.com. Patent disclosure can be assessed

from the disclosure letters of the GSM standard, made available by ETSI, the

organization behind the creation the GSM mobile communication standard.

The GSM standard describes the features of mobile communication devices.

Disclosure letters are a common practice in standardization processes. In

these letters, firms inform that they have intellectual property relevant to

the standard being developed. In other words, these letters communicate

that a firm has intellectual capital necessary to obtain a given functionality

foreseen by the standard 7. I collected all disclosure letters related to GSM,

generating a total of 132.090 letters.

These letters contain information about the disclosing firm, the appli-

cation and the granted patent numbers, the office that received/granted

that patent, the specific version of the standard related to the patent and a

summary description of the patent.

The submission of a disclosure letter is voluntary. Firms are not required

7 Disclosure letters are available at http://ipr.etsi.org
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to disclose, but as the data provided shows, they frequently choose to do

so. A consequence of this process being optional is that the content of the

letters submitted are not uniform. A firm, for different reasons, may submit

more than one letter with the same patents. One reason is that the same

intellectual property may be submitted to different patent offices around the

world, and the firm may opt to communicate all patents registered regardless

of the office. To eliminate repeated information of intellectual capital spread

around the world, I opted to restrict the data analysis to patents applied to

the North-American patent office, the USPTO. I chose the USPTO because

is the patent office with the largest number of disclosing letters (24.989). In

second place is Japan, with 20.525 disclosing letters.

During the course of my analysis, I also corrected application/patent

number written in the wrong field (application numbers in the place of granted

patents and vice-versa). They are fairly easy to identify. The application

number is a 13-digit alphanumeric string, where the first two characters refers

to the patent office where it was registered, the following four digits are the

year of application, and the last seven digits are a sequential number that is

given at the moment of application. The grant number is a 7-digit sequential

number given at the moment of the grant. Subsequently, I discarded the

repeated patents within firms, and this procedure led to a list with 1.210

patents. Finally, there were some cases where the same patent was disclosed

by two different firms. I dropped the last submission of each case, and the

final dataset presented 1.182 patents. Two different firms submitting the

same patent is rare. This occurs when a firm’s patent portfolio is acquired.

The second dataset comes from GSMArena8. This source of data has

8 Available at http://www.gsmarena.com
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been used by the scientific community as a reliable reference for mobile

devices delivered to the global market (Giachetti and Dagnino, 2014; Joseph

and Gaba, 2014; Klingebiel and Joseph, 2015). The data from GSMArena

includes details of mobile communication devices delivered to the market

since 1994. From 2004 onward, most of the devices begin to identify the

brands (suppliers) of their internal components.

This dataset was crawled from the GSMArena website, and similarly

to the disclosure data, it went through a cleaning procedure. A significant

part of the data was not uniform, therefore a careful reorganization and

selection process was necessary. For example, a chipset from Broadcom could

be registered as “Bcm”, “Bcm21533” or “Broadcom”. They were grouped

together as “BROADCOM” chipset brand. I collected devices data from

1994 to 2014, obtaining 6.704 devices.

1.4.2 Variables

The first variable is the number of patents disclosed. As previously

explained, the letters are not uniform and some letters can either present no

patent or repeated. Thus I use number of patents to represent the actual

commitment of intellectual property to the standard. Patents disclosed may

originate from any part of the world, therefore a patent could be registered

in more than one patent office. To avoid duplicity, I used only patented data

registered in the United States patent office (USPTO). The distribution of

the number of patents across firms in the dataset is skewed, thus I use the

natural logarithm of total patents disclosed.

An alternative independent variable is the number of citations of the
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patents disclosed. While the sheer number of patents indicates a firm’s

investment of intellectual capital in the standard, the citations indicate how

valuable those patents are (1990). It is a stronger indicator of the firm’s

commitment to the standard in development. Similarly to the previous

variable, this one also present skewness and to correct this, I transformed it

using a natural logarithm.

All patents that have citations are patents disclosed9. For this reason,

the total number of patents disclosed and the total number of citations are

highly correlated, and I cannot run a model with these two variables due

to multicollinearity. Cross-correlations can be assessed in Table 1.1. These

two variables serve as proxies to represent the investment firms make in the

standardization process.

In technological markets, firms adopt other firms’ intellectual property by

acquiring components or by licensing intellectual capital. Thus the dependent

variable is the Total number of devices, calculated by aggregating all devices

with some component of a given firm. Three components are considered:

the processor, the chipset, and the operational system. These components

represent the essence of the technology used in a mobile device. I also include

the number of devices launched to calculate the total number of devices.

This way, the final dependent variable is composed by the mobile device

itself, the cpu, the chipset, and the operational system. The aggregated

number of these brands indicates the market adoption of the technological

portfolio of a firm. The number of parts adopted by the market is a proxy

to the technological influence of a firm’s intellectual capital.

9 But not all patents disclosed have citations
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To examine the relationship between the intellectual capital invested in the

standardization process and the number of devices, I run a regression analysis

under a negative binomial distribution. A negative binomial regression is

selected over a Poisson due to the overdispersion of the dependent variable

(in table 1.2). Poisson would underestimate standard errors and potentially

lead to misleading results.

1.4.3 Results

The table 1.1 presents statistics about mean, standard deviation and

cross-correlation across variables. Correlation between Total number of

patents and Total number of citations is high, at 0.965. Moreover, correlation

between their natural logarithms is also high, at 0.982. For this reason, the

negative binomial regressions will not include these variables simultaneously.

Table 1.1: Summary statistics and cross-correlation table of the effect of
patent disclosure on market adoption of complementary technologies

Variable Mean Std. Dev. N (1) (2) (3) (4) (5)

(1) Total number of patents 7.828 42.954 116 1.000
(2) Total number of citations 43.741 262.21 116 0.965 1.000
(3) Total number of devices 118.405 299.75 116 0.089 0.096 1.000
(4) Ln of total citations 0.6 1.625 116 0.687 0.652 0.155 1.000
(5) Ln of total patents 0.41 1.144 116 0.749 0.687 0.132 0.982 1.000

On table 1.2, the results of the negative binomial regressions of two

models are presented. Model 1 considers the natural logarithm of the total

number of patents disclosed as the explanatory variable. Model 2 accounts

for the natural logarithm of the total number of citations as the explanatory

variable. Both models were found significant at 5% level. It is important

highlight that the variables are not used together in a single model due to

multicollinearity. The results suggest that both the total number of patents

disclosed and the value of the patents represented by the total number
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of citations are significantly related to the number of devices adopted by

the market, supporting the hypotheses previously proposed. The lnalpha

parameter is a measure of the overdispersion of the data. If the value is zero,

than a Poisson model would fit the data. As the value is significantly greater

than zero, the dependent variable is over-dispersed and better represented

using the negative binomial distribution. The interpretation of the results

must account for the log transformation: one additional patent disclosed

increases 1.34 devices using a component from the disclosing firm. Also,

one additional citation increases 1.26 devices using the disclosing firm’s

technology.

Table 1.2: Negative binomial - Regression results
Model 1 Model 2

Ln of total patents 0.294∗

(1.96)

Ln of total citations 0.230∗

(2.28)

Constant 4.606∗∗∗ 4.574∗∗∗

(31.06) (31.07)

lnalpha 0.742∗∗∗ 0.732∗∗∗

(6.77) (6.67)

Observations 116 116

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

1.5 Discussion

Ecosystems literature highlights the influence of vertical partnerships

on competitive outcomes, but do not focus on the competition for value.
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Value Capture literature focus on the vertical distribution of value, but its

findings cannot be directly translated to environments such as those under

scrutiny in this work because it focuses on mature and stable industries. The

bottlenecks literature suggests that technical constraints in a value chain and

the technical superiority of kingpins explain value capture in technological

markets, contradicting previous findings from research. Technical constraints

and concentration of value will attract new firms to dispute the market

(Ethiraj, 2007), whereas incumbents fail in when facing innovative disruption

(Christensen and Bower, 1996; Schumpeter, 1942; Tushman and Anderson,

1986). In this study, I build on modularity theory to propose that decisions

driving value capture occur in the definition of the interfaces. Defining

interfaces is less straightforward, because firms are simultaneously friends and

foes. Firms hardly will be dominant without partnerships due to the presence

of network effects. With network effects, the time technologies take to achieve

scale is essential. This way, firms have to influence technical evolution with

partnership-friendly maneuvers. For example, Intel promote the use of their

technologies by developing complementary markets (Gawer and Henderson,

2007). Intel provides technical advisory and even financial support to those

firms interested in developing complementary devices. Alternatively, firms

might try to influence the development of technology standards. I hypothesize

that firms try to influence the developments of technology standards by

disclosing patents, and I observer the effect of this intended influence in the

later adoption of the disclosing firm’s related intellectual portfolio. Results of

a negative binomial give empirical support to the hypothesis, suggesting that

influence over interfaces is related to the adoption of the disclosing firm’s

intellectual portfolio.
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1.6 Conclusion

This study expands literature on ecosystems and technological evolution

in three ways. First, I build on modularity to explain how value shifts

vertically in technological markets. Value concentrates in the firms which

control the interfaces, either because proprietary interfaces accrue bargain

power to the controlling firm or because influencing standardized interfaces

allow firms to capitalize over their intellectual portfolio. Second, I explain

that the interdependence shift is the underlying causal mechanism for mar-

ket complexity. Modularization at the component level requires inter-firm

agreements. My claim is that these agreements are not value capture-neutral.

Third, I redefine the interfaces as the central elements to competition in

technological markets. Interfaces allow firms to capture value and affect the

technological evolution.

Standard interfaces not only increase the interdependence of the creation

of technology, but also generate incentives for increasing levels of distributed

innovation. This happens because modular systems decrease the cost of

developing new products (since the trial and error process of invention in a

module is smaller than in a complete product), and increase the potential scale

(standardized interfaces enlarge the target market, since many competing

firms will use the same interface). In the second point, establishing interface

as the basic element of competition in technological markets, this study

offers a discussion about the underlying mechanism behind value capture

within technological ecosystems, conciliating the Bottlenecks and the Industry

Architecture research streams. And thirdly, by positioning the interface as a

key element for successful competitive outcomes in technological markets:
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firms seek to control interfaces to influence the technological trajectory and

dominate the market.

1.7 Limitations and Future Research

The relevance of the subject under discussion calls for further refinement

on the treatment of the empirical evidence. First, control variables at the

firm level will provide a more rigorous examination of the variance of the

models. Second, the dependent variable aggregates OEM and devices, and

they can be separated to differentiate the intended dominance of the market

from market strategies (such as variety offering to cover a large spectrum

of consumer preferences). Third, including patents from other countries

may bias the outcome, since there is no guarantee that all patents are

mirrored. An analysis of equivalent patents from patent offices other than

North-American would provide more robustness to the validity of the findings.

Furthermore, because the adoption of an intellectual portfolio can also be

observed by licensing, an additional analysis can be made, relating disclosure

and licensing.
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Chapter 2

Asymmetric Effects of

Modularization in

Ecosystems

2.1 Abstract

In this chapter, I examine the consequences of firms’ modularity choices

on their competitive performance. I propose that the effect of modularity

will change according to its location in the ecosystem. To demonstrate

the effect, I present an analytic model of the video games market. The

results suggest that firms with modularity on the supplier side perform better

when horizontal differentiation is more relevant than vertical differentiation.

Moreover, on the complementor side, the presence of modularization triggers

the influence of horizontal differentiation. The results demonstrate how
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modularization asymmetrically influences value capture, which in turn helps

to explain the structure of the markets.

2.2 Introduction

Products in information and communication technology (ICT) markets

are complex, formed by multiple components that are produced by multiple

firms. Interest of strategy research on the complex network of interactions

between focal firms and suppliers, and complementors, is growing, and this

trend is commonly referred to as the Ecosystems stream. ICT ecosystems

present high levels of interdependence among firms, and research has explored

how high levels of interaction affect firms’ competitive outcomes (Adner and

Kapoor, 2010; Afuah, 2000; Ansari, Garud, and Kumaraswamy, 2015).

Interdependence among firms has been examined from the perspective of

industry evolution (Jacobides, MacDuffie, and Tae, 2015; Jacobides and

Tae, 2015), but is also consequential to technological evolution (Adner and

Kapoor, 2010; Kapoor and Furr, 2015).

Extant research generally assumes that modularity decreases component

level interdependence (Ethiraj and Levinthal, 2004; Ethiraj, Levinthal, and

Roy, 2008). However, it is less clear in the literature what happens to the

interdependence at the firm-level, as a consequence of the use of component-

level modularity. In an ecosystem, modularity happens when different firms

endorse technical agreements to allow components to inter-operate. In

other words, before modularity materializes, firms have to comply with a

technical standard. While modularity decreases the interdependence among

components, the process of defining a standard is more complex, due to
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interactions occurring in the process (see chapters 1 and 3).

As proposed in chapter 1, firms comply with regulations that foster

the exchange of intellectual property (IP), allowing a successful standard

development. The process of choosing the intellectual property that will

form the standard and the definition of rules is complex and becomes the

embodiment of interdependence in these settings. This way, when firms

employ modularity to decrease interdependence among components, the

process used to obtain modularity increases interdependence among firms.

The interdependence shifts from the component-level to the firm-level.

The key insight for this chapter is that, in some cases, a different industry

structure emerges. For example, in the video games market, the video game

designers, hereby designated as the incumbents, preserve the hierarchical

control over the industry. These leading firms maintain the ability to choose

how their relationship with other participants of the market are contracted.

In relation to the games played in the video game consoles, an important

decision is to determine if and how many games will be proprietary (in

contrast to those who will be non-proprietary, or those games that could be

played in multiple consoles). At a first glance, one could suggest that firms

should keep their games proprietary, inhibiting games from being distributed

to other platforms, because it would increase their differentiation with other

video game consoles. But firms face important trade-offs in the choice of the

complementary software. Because a heavy portion of the investment made

in game development occur before the product introduction, capital risk is

high. Moreover, third-party games increase variability of products.

On the component side of the ecosystem, incumbents may prefer to rely
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on modular components, to exploit the larger knowledge base that these

components provide, and to benefit from the decreased price consequential

of increasing returns to scale. However, incumbents may face another type

of trade-off: choosing only modular suppliers could decrease their integrated

performance. The quintessential example of the relevance of integrated

performance was the unreliable generic IBM-PC machines, common in the

90’s. They presented a highly modular structure, with software and hardware

poorly integrated, decreasing consumer’s utility. In contrast, Apple products

were highly regarded, due their sleek integration between hardware and

software.

In this chapter, in contrast to the previous one, I consider modularity as

endogenous to firms choices1, and examine how decisions over modularity

in different parts of the value chain affect firms’ competitive outcomes. To

achieve this goal, I develop an analytic model based on the classic linear mar-

ket model from Hotelling (1929). Participants of the ecosystems are grouped

in three categories: suppliers, incumbents (focal firms) and complementors.

Nash’s equilibria of multiple markets are compared, presenting combinations

of modular and non-modular (proprietary) components (supplier) and com-

plements (complementor). Suppliers are the component manufacturers, focal

firms are the platform owners and the decision makers of modularity choices,

and complementors are the game developers. Results demonstrate that, in

markets with similar supplier side modularity choices, the choices on the

complementor side do not affect competitive outcomes. In markets with

1 The idea for this research was an inquiry following the idea proposed in chapter 1.
If firms in technological markets cannot make choices over modularity, how does the
video game market function? Aren’t the incumbent firms the ones who decide over
modularity? Modularity presents a duality in technological markets. It is both exogenous
and endogenous. The duality reinforces the relevance of modularity in the structure of
markets: choices over modularity affect industry structure and technological evolution.
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different strategies on the supplier side, firms with modular strategies will

perform better when the impact of modularization on horizontal differentia-

tion is more important than the vertical one. Moreover, in these markets,

the presence of modularity on the complementor side increases the relative

relevance of vertical differentiation impacts of modularization on the supplier

side.

With this work, I seek to contribute to research in strategy in three ways:

(i) a theoretical model to examine competitive implications of the use of

modularity; (ii) an examination of the use of modularity in different stages

of the ecosystem and (iii) a debate on how the video games market evolved

to generate a distinct competitive structure from other ICT markets.

2.3 Conceptual Development

Strategy literature examined modularity effect on firms’ boundaries (Ethi-

raj, 2007; Langlois and Robertson, 1992), firms’ performance and competitive

goals (Ethiraj and Levinthal, 2004; Pil and Cohen, 2006), and intellectual

property (Baldwin and Henkel, 2015). Another stream of literature examines

conditions for modularity to arise (Schilling, 2000; Schilling and Steensma,

2001). What is less known is how modularity affects the relationship among

firms across the ecosystem. Jacobides (2005) examine the issue and suggest

that the automobile industry’s idiosyncrasies allowed incumbents to retract

from a wide adoption of modularization. They retracted to avoid value

flowing to suppliers, as seen in the personal computer industry. In the ICT

industry, there are some relevant examples of suppliers or complementors

who capture value (eg. Intel and Microsoft). One explanation is that the
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value concentrates itself around technical constraints of systems, known as

bottlenecks (Baldwin and Henkel, 2015; Ethiraj, 2007). If bottlenecks are the

explanation for firms capturing value in different parts of the ecosystems, we

would indeed observe foci of value capture in different areas of an ecosystem.

The ICT industry frequently presents a value distribution spread over the

ecosystem. Firms compete for value capture horizontally (competitors) and

vertically (supply chain). However, the video games market presents a more

traditional structure, resembling the automobile industry; an incumbent firm

at the top of hierarchy, and suppliers and complementors below. In turn,

these suppliers and complementors may also have firms beneath them. Why

would the structure remain centralized in the video games industry while

other ICT markets present more distributed structures? I will make the

case that the reason behind the hierarchical structure of the video games

market is not technical constraints in the system (such as suggested by the

bottlenecks literature), but rather, it is due to the interface, as presented in

the previous chapter. In the video game consoles market, the incumbents

already control the interfaces.

This can be seen in the case of the first Microsoft’s Xbox console. It was

designed using standard components, already present in personal computers.

The processor was a Pentium-III, the image was processed by a Nvidia

graphics processor card and networking was made over an Ethernet network

port. All of these technologies were derived from PC standard components.

On the complementor side, the Xbox offered a mix of exclusive games and

games available on platforms from rival incumbents. In other words, Microsoft

was able to decide how its relationships with partners would develop.
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Interfaces are sets of rules necessary to achieve compatibility. They

allow devices or components to work together. Interfaces are strategically

relevant to ICT industries because the choices over interfaces shape the

technological trajectory, by selecting those technologies that will be adopted

by the market (Doz, Olk, and Ring, 2000; Garud, Jain, and Kumaraswamy,

2002; Rysman and Simcoe, 2008). In the video games industry, incumbents

have the incentive to acquire modular parts to access a broader knowledge

base and to obtain competitive supplies. However, as seen in the personal

computing industry, value capture may migrate if incumbents lose control

over their interfaces. Successful incumbents’ choices may balance modular

and proprietary components. Specifically, they need to choose between

lower costs and increased knowledge base brought by a modular strategy or

increased differentiation brought by a proprietary strategy.

2.3.1 Components

In this paper, I use the perspective of the incumbent in the video games

market. I am interested in how choices on modularity affect incumbents’

competitive outputs. For this reason, in the model, the incumbent is the

focal firm.

Performance is one of the most relevant characteristics of video game

consoles. Research relating modularity to advances in the performance of

technological products commonly explain those advances by arguing that

modular settings present increased autonomous and recombining processes

(Baldwin and Clark, 2000; Ethiraj and Levinthal, 2004; Yayavaram and

Chen, 2015). Also, modularization decreases the size of the problem to be
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solved: instead of solving large and complex problems, including integration

of multiple components, firms may focus only on the module/problem at

hand. The association of increased autonomous recombination and smaller

problems leads to more trial-and-error experimentation, leading to increasing

innovations. In this research, I adopt an integrated view of performance, i.e.

the overall performance achieved by the ensemble of components that form

the final technological product. While modularity improves the innovation at

the component level, it makes the integration of components more challenging.

The ability to combine different modules increases product differentiation

(Kapoor, 2013). Firms who internally develop integrated systems are able

to improve integrated performance because integration requires extensive

coordination and communication across different stages of production. Firms

who buy modularized components tend not to communicate with their

suppliers as if the components were internally sourced. In other words,

modularity will decrease the integrated performance of the system because

suppliers do not communicate as well as internal sectors in a firm.

Modularity allows systems to grow in complexity (Ethiraj and Levinthal,

2004; Simon, 1962). Video game console designers are able to access a larger

knowledge base if they adopt standardized, or in other words modularized,

components. For example, they may adopt a USB (Universal Serial Bus)

instead of developing a proprietary communications protocol. The adoption

of features such as fast internet access, or wireless short-range communication

technologies (e.g. Bluetooth) increases benefits a consumer will have with

his console. Some modern consoles allow internet access, video streaming,

home automation, and many other services that increase consumer’s utility.

Of course, limitations on cost and physical design restrict the choice of the
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possible features. Because each video game console features a different set of

options, the choice of a particular set of modular components is a matter of

taste.

2.3.2 Complements

Following extant research in ecosystems (Adner and Kapoor, 2010; Ansari,

Garud, and Kumaraswamy, 2015; Kapoor and J. M. Lee, 2013), I distinguish

of supplier and complementor. The distinction of supplier and complementor

follow the flow of inputs and outputs of firms. The outputs of the suppliers

are inputs to the incumbents. The outputs of the incumbents are inputs to

the customer. Customers need to purchase additional products (in this case,

video game titles) to the main product (the video game console). These

additional products are known as the complements.

Modularity in the complementor is fairly distinct to modularity in com-

ponents. It is an abstraction in the sense of interchangeability. A modular

component is a component that can be supplied by different firms. A modu-

lar complement is a complement that can be used by different incumbents.

Literature suggests that focal firms have to balance exclusivity contracts

with game producers, while providing an attractive portfolio of games to

customers. However, these goals are often conflicting (Cennamo and Santalo,

2013). Games sold for more than one video game console are modular, while

games with exclusivity contracts are proprietary.

Further than games, the complementor side also presents accessories.

Similarly to the supplier side, the adoption of modular accessories increases

variety. If an accessory is designed for a niche market, it may only be
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economically viable if there are multiple compatible consoles.

2.3.3 Vertical and Horizontal Differentiation

A product is vertically differentiated when one product is objectively

better in comparison to a rival’s. A rational consumer will choose the best

product. Horizontal differentiation captures products’ multiple qualities

(rather than just a single quality). A rational consumer will choose the

product based on her own idiosyncratic preferences (Makadok and Ross,

2013).

I approach vertical differentiation as a dimension that provides an ob-

jective advantage. In contrast, horizontal differentiation is subjective by

nature. Integrated performance provides vertical differentiation because

high performance is preferable to low performance. On the other hand,

additional features increase console’s utility by providing variety. For this

reason, modularity on the supplier side has two different trends: a vertical

differentiation decrease and a horizontal differentiation increase. The com-

bined result of these influences depend on the market conditions (or on their

relative relevance to consumers perception).

Thus, modularity on the supplier side of the video game ecosystem has

two main effects on video game consoles differentiation. Firms that elect

modularity will face a decreasing vertical differentiation due to decreasing

integrated performance. At the same time it will have access to a larger

knowledge base, increasing horizontal differentiation.

Exclusive games provide horizontal differentiation to consoles, assuming
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that customers want to play more than one game with an acquired console.

Games will collectively affect the consumer’s preference. So the choice is

between portfolios of games, which is horizontal in nature. As a result, mod-

ularity decreases horizontal differentiation. It also decreases the availability

of accessories, which in turn increases consoles’ horizontal differentiation.

2.4 Model

2.4.1 Console manufacturers

Consider two competing firms located in intermediate positions in a linear

market (Hotelling, 1929). Firms decisions occur in a two-stage game. First

they make decisions about their products’ characteristics, and then they

decide on prices. Consumer preferences are uniformly distributed in the

market. The utility accrued to the consumer when making a purchase from

firm i is given by the following equation:

Ui = Vi − Pi − ti|xi − xm| (2.1)

In this equation, consumer utility Ui is given by the initial product utility

Vi, decreased by a factor proportional to the price Pi and by a misfit cost

ti|xi − xm|. The misfit cost is given by a constant representing the cost per

distance ti and the distance between the consumer preference location xm

and the firm location xi. The subscript i indicates the firm to which the

variable refers to.

The focal firms are the video game console manufacturers, competing
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in the video game consoles market. Critical decisions regarding products

are the adoption of modularity in the relationship with the supplier, as well

as with the complementor. Modularity in a relationship means that the

supplier can sell its components to other firms, or that the complementor

can sell their video game titles to be played on consoles from different firms.

In contrast, a non-modular, or proprietary, relationship means that a focal

firm has crafted an exclusivity contract with the supplier or complementor.

This means that the components that a supplier produces or the video game

titles produced by a complementor cannot be sold to other companies.

In order to realistically examine the influence of choices over modularity

on firms’ performance, modularity should be a continuous variable, due to

the multiple relationships of firms with both supplier and complementor.

However, for simplicity’s sake, in this analysis I consider modularity as a

binary variable. A future version of this work may extend the analysis of

modularity as a continuous variable. The binary variable Mi represents the

decision about modularity on the supplier side, and the binary variable Mci

represents the decision about complementor modularity.

Choices on the supplier and complementor-sides lead to four possible

combinations per firm (proprietary in the supplier and proprietary in the

complementor, proprietary in the supplier and modular in the complementor,

modular in the supplier and proprietary in the complementor, and modular

in the supplier and modular in the complementor). These potential com-

binations can lead to a total of sixteen possible industry structures. Each

industry arrangement is represented by a reference code as described in the

Appendix 3 A. 0 represents a proprietary relationship with the supplier or

complementor, and 1 represents modular relationship.
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Thereafter, I describe how choices over modularity affect differentiation

of the firms. Modularity influences product differentiation in three ways.

When modularity is adopted in the relationship with the supplier, it affects

both vertical and horizontal supplier-side differentiation. The assumption

is that the adoption of modularity decreases integrated performance, thus

decreasing vertical differentiation. Also, modularity influences horizontal

differentiation by increasing the availability of functionalities. Lastly, modu-

larity affects complementor-side horizontal differentiation, attributable to

higher diversity of video game titles and accessories available. Different

industry configurations will lead to different equilibria. These are the focus

of my interest.

2.4.2 Supplier-side vertical differentiation

Consumers prefer higher performance rather than lower. This implies

that performance is a vertical differentiation. In this text, performance is

interpreted as the combined operation of different components of a computer

(integrated performance), or the performance that a customer perceives. The

initial level of vertical differentiation is equal to the utility a consumer obtains

when purchasing a product, if the product is located in the exact location

of her preference. This value is given by Vf 0. When modularity is adopted,

the initial level of differentiation is decreased by a factor ∆Vf . This is the

impact of modularization on vertical differentiation.

Vf i = Vf 0 −Mi∆Vf (2.2)
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2.4.3 Supplier-side horizontal differentiation

Consumers benefit from additional functionalities to their gaming experi-

ence, such as video streaming, internet navigation, so on and so forth. The

set of functionalities vary between different video game consoles; thus they

affect horizontal differentiation. In the Hotelling model, there are two ways

to model horizontal differentiation. In the first one, there is a relation with

the transportation cost. Increased transportation cost decreases the potential

market a firm can reach. The second model horizontal differentiation as the

location in the consumer preferences spectrum. The closer two firms are in

their location, the less differentiated they are between them.

The initial influence of the functionalities from the supplier side, on

consumer utility, is modeled as the ’transportation cost’ tf i. In this work,

transportation cost is associated as a misfit cost. The misfit cost is a penalty

in a purchase’s utility, because of differences between the set of functional-

ities provided by the video game console and the consumer preference of

functionalities. Increasing misfit cost decreases the total market a firm is

able to reach.

Modularity increases the number of functionalities a focal firm may

include in its video game console. In this way, modularity decreases the

misfit cost, making the video game console appealing to a larger audience.

The initial level of misfit cost is given by tf 0. The adoption of modularity

will decrease the misfit cost by a factor ∆tf , thus increasing horizontal

differentiation.

tf i = tf 0 −M1∆tf (2.3)



42

2.4.4 Complementor-side horizontal differentiation

Consumers’ preferences for video game titles vary. In this model I

consider the utility accrued by the consumer of a set of video game titles.

Other options are to consider only one video game title, or to consider

each video game title as an individual entity2. A set of video game titles

provides horizontal differentiation because the objective advantage of a set

over another is difficult to assess.

I use the location of firms to model the horizontal differentiation arising

from the set of video game titles. Accordingly, firms are placed in arbitrary

initial positions1
2 − ac1 and 1

2 + ac2. The adoption of modularity decreases

firms’ differentiation by a factor ∆a. In practice, the effect of modularization

is to make firms closer. They become less differentiated (and prone to

price competition). Focal firm 1, when opting for modularity, moves in the

direction of focal firm 2, and vice versa. The use of modularization makes

firms less differentiated. Modular games dislocate focal firms to the center

of the consumer preferences’ spectrum.

aci = a−Mci∆a (2.4)

The influence of modularity on the variables is summarized in Table 2.1. At

this point, the influence of the complementor in the vertical differentiation

of the video game consoles is not yet modeled.

2 I examined the option to consider each video game title as an individual entity. It greatly
increased the complexity of the model, rendering it difficult to interpret. It would be
interesting to test better fitted models other than Hotelling’s, to be able to examine the
influence on firms’ profits. This idea will be explored in a future version of this work

1The effect of the vertical differentiation in complements will be modeled in a future version
of this work



43

Table 2.1: Vertical and horizontal differentiation. Modularity includes the ∆
values into the utility/profit equations.

Modular
Supplier

Proprietary
Supplier

Modular
Complementor

Proprietary
Complementor

Vertical
Differentiation

Vf 0 −∆Vf Vf 0
1 1

Horizontal
Differentiation

tf 0 −∆tf tf 0 a−∆a a

2.4.5 Consumer Utility

I may now write the complete utility equation. Using equation 2.1, I

substitute Vi with equation 2.2, tf i with equation 2.3, and xi with 2.4.

Ui = (Vf 0 −Mi∆Vf )− Pi − (tf 0 −Mi∆tf )|(a−Mci∆a)− xm| (2.5)

By convention, Focal Firm 1 is placed on the left of the consumer preference

market, while Focal Firm 2 is placed to the right. Now I am able to rewrite

the equation 2.5 as:

U1 = (Vf 0 −M1∆Vf )− P1 − (tf 0 −M1∆tf ) [(a−Mc1∆a)− xm] (2.6)

U2 = (Vf 0 −M2∆Vf )− P2 − (tf 0 −M2∆tf ) [xm − (a−Mc2∆a)] (2.7)

To find the market shares, equations 2.6 and 2.5 are considered a system of

equations and the system is solved to find xm where both utilities U1 and U2

are equal. The solution is the indifference point. Consumers placed at the

indifference point may purchase a console either from Focal firm 1 or Focal

firm 2. Consumers placed at the left of the indifference point will prefer
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Focal firm 1’s consoles, and consumers placed at the right of the indifference

point will prefer Focal firm 2’s consoles. The solution of the system can be

found in Appendix B.

Market Shares

With the indifference point, it is possible to assess the market shares of

each firm. It is important to note that there are two main limitations to

the model. First, the indifference point in the region between Focal firm 1

and Focal firm 2 must respect U∗
x ≥ 0. Also, Uf1{x | x = xf2} < Uf2{x |

x = xf2}. These regularity conditions are further explored in Appendix C.

Furthermore, consumers to the left of x1 will buy from focal firm 1, provided

Uf1 > 0. With the same reasoning, consumers to the right of x2 will buy from

focal firm 2, provided Uf2 > 0. Integrating both sides of each neighborhood

will determine the quantities.

Profit Functions

The profit of the focal firms is given by the sales of consoles. In this

model, consumers are only able to opt for game titles from complementor 1

if they buy the console from focal firm 1, and they may only buy game titles

from complementor 2 if they buy a console from focal firm 2. In other words,

there is no secondary cross competition.

πfi = (Pfi − cfi) qfi (2.8)
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Finding the strategy of the focal firms

I derive the profit expressions in function of the prices, to find the optimal

prices. This leads to a system with two equations, and the system’s solution

will give the optimal equilibrium prices. The equilibrium prices subsequently

allow for the calculation of the equilibrium quantities. Using a similar

strategy, I find the market share from the price of equilibrium. Calculations

are provided in Annex II.

2.5 Analysis

The combination of different supplier and complementor strategies lead

to four symmetrical and six asymmetrical possible market structures. The

possible combinations are reference in Annex A. As direct consequence of

the model, symmetrical markets will always present equal results for focal

firms 1 and 2. It means that the equilibrium is found when the firms have

the same market shares, or in other words, half of the market.

To simplify the analysis, I use an index β that represents the relationship

between vertical and horizontal differentiation on the supplier side. This

way, values of β > 1 indicate that the relative relevance of the vertical

differentiation is higher than the horizontal differentiation, and vice versa.

β =
∆V f

∆tf
(2.9)

I then turn the discussion to the resulting profit distributions. The following

figures present the distribution of profits in the six asymmetrical markets
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(figures 2.1 to 2.5). The y-axis presents β values, while x-axis shows the

horizontal differentiation in the complementor side, ∆a. This way, the plots

show which firm is more profitable for different values of β and ∆a. Blue

areas indicate that focal firm 1 is more profitable than focal firm 2, and the

sand colored areas indicate the opposite situation, focal firm 2 being more

profitable than focal firm 1. Figure 2.1 depicts the profit distribution for a

market where focal firm 1 is modular at the supplier side and proprietary at

the complementor side, competing against a focal firm 2 that is all-proprietary.

For lower values of β (β < 0.8), focal firm 1 is more profitable than focal firm

2. For values of β < 0.8, focal firm 2 profits are larger than profits of focal

firm 1. This result suggest that lower values of β benefits focal firm 1. In

other words, when the effect of modularity on horizontal differentiation (∆tf)

is larger3 than the effect of modularity on vertical differentiation (∆V f),

the firm with a modular supplier will prevail over the firm with proprietary

strategies in both sides of the ecosystem.

Following, figures 2.2, 2.3 and 2.4 present results when focal firm 1 adopts

a modular supplier, competing against a focal firm 2 with proprietary supplier,

and the complementor side presents different configurations. In these cases,

the threshold is similar to 2.1 (' 0.8), but it decreases with the increase of ∆a.

The effect of ∆a is steeper when both firms adopt modularity in the supplier

side than when only one adopts it. The result does not indicate difference

between the cases where focal firm 1 adopts modularity in the complementor

side (2.3) or when focal firm 2 adopts modularity in the complementor side

(2.2).

3 The exact value of the threshold is contingent on the setup of the model. In the case of
the results presented, the basic setup is Vf0 = 0.9, tf0 = 0.4, and a = 0.5.
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Figure 2.1: Competition between a focal firm 1 with Modular Supplier and
Proprietary Complementor (πf1) vs. a focal firm 2 with All-Proprietary
Strategy (πf2). Focal firm 1 dominates the market characterized by low
levels of β (' 0.8), whereas focal firm 2 dominates higher values of β.
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Figure 2.2: Competition between a focal firm 1 with a Modular Supplier and
a Proprietary Complementor (πf1) vs. a focal firm 2 with a Proprietary
Supplier and a Modular Complementor (πf2). Focal firm 1 presents higher
profits on low levels of β. Above β ' 0.8, focal firm 2 presents greater profits.
As ∆a increases, the threshold of profit slightly decreases.



49

Figure 2.3: Competition between a focal firm 1 with an All-Modular strategy
(πf1) vs. a focal firm 2 with an All-Proprietary strategy (πf2). Similar to
2.2, lower levels of β favors focal firm 1. Larger values of β favors focal firm
2. The results also presents a decreasing threshold with increasing ∆a.
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Figure 2.4: Competition between an All-Modular focal firm 1 (πf1) vs. a
focal firm 2 with Proprietary Supplier and Modular Complementor (πf2)
strategies. Similarly to figures 2.2, 2.3, lower values of β favors focal firm 1,
whereas larger values of β favors focal firm 2. The difference in this case is
that there is a steeper relationship between ∆a and the threshold between
the two areas, in comparison to the previous results.
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The last two results present situations where firms perform identically,

regardless of β and ∆a. Figures 2.5 and 2.6 have in common a competition

between similar strategies in the supplier side and opposite strategies in the

complementor side. The use of similar strategies in the supplier side implies

that the market coverage (which are dependent on ∆V f and ∆tf) of both

firms are identical, and the variations provided by the complementor variable

∆a will only affects the market breadth, but not the distribution of markets

(and consequentially, profits).

Figure 2.5: Competition between All-Proprietary (πf1) vs. Proprietary
Supplier and Modular Complementor (πf2) Strategies. In this case, firms
attain equal profits regardless of ∆tf , ∆V f and ∆a.
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Figure 2.6: Competition between Modular Supplier and Proprietary Comple-
mentor (πf1) vs. All-Modular (πf2) Strategies. Similar to 2.5, firms achieve
equal profits regardless of β and ∆a.
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2.6 Discussion

The first aspect of the results to standout is the absence of dominance in

markets M1101 and M0011. This is a direct consequence of the Hotelling

model: consoles are undifferentiated on the supplier side (in the first case,

Vf1 = Vf2 = Vf0 −∆Vf and tf1 = tf2 = tf0 + ∆tf , and in the second case

Vf1 = Vf2 = Vf0), and tf1 = tf2 = tf0), and differentiation occurs only on

the complementor side. The effect of modularity in the complementor side is

related to the market coverage, not to the perception of value of the product.

In sum, modularity affects the ability to capture more (or less) market, not

the market’s value distribution.

Ensuing, markets M1001, M1010 and M1011 present market structures

where firms adopt different choices in the supplier side, and the possible

combinations on the complementor side. There is an interesting trend in this

group: for lower levels of β, firms with modular suppliers perform better

than firms with proprietary suppliers, and for higher values of β, it is the

other way around, firms with proprietary suppliers present superior results

than firms with modular suppliers. The threshold between the two areas

varies with ∆, in such a way that as ∆a increases, the threshold decreases.

β represents the relative relevance of vertical and horizontal relationship.

Thus when the influence of horizontal differentiation on the supplier side

is relatively more important than the vertical differentiation (for example,

accessories are more important than performance), firms with a modular

supplier perform better. Conversely, when the vertical differentiation is more

important than the horizontal differentiation on the supplier side, the firm

with proprietary suppliers perform better. Having modular games in the
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market, regardless of the firm, slightly favors firms with proprietary suppliers.

One possible interpretation of this result is that, as more modular games

(decreasing horizontal differentiation on complementor side) are available in

the market, the relevance of accessories decrease (horizontal differentiation

in the supplier side).

Finally, when competition on the complementor side presents two propri-

etary strategies, higher levels of relative relevance of vertical differentiation

over horizontal differentiation on the supplier side favors the supplier pro-

prietary strategy (in the case of figure 2.1, focal firm 2 has a proprietary

strategy on the supplier side).

Table 2.2: Summary of results - Asymmetric effects of modularization

Market
Structure

Supplier Complementor Effect of modularity

1100
0011
0000
1111

Same
Suppliers

Same
Complementors

Undifferentiated Market

1101
0001

Same
Suppliers

Different
Complementors

Undifferentiated Market

1000
Different
Suppliers

Proprietary
Complementors

β → proprietary supplier

1010
1001
1011

Different
Suppliers

Modularity
in Complementor

β → proprietary supplier
∆a→ proprietary supplier

Table 2.2 summarizes the results. Markets with identical suppliers lead

to undifferentiated markets. When the market present different suppliers

with proprietary complementors, a higher relative impact of modularity on

vertical differentiation than on horizontal differentiation favors the focal firm

with proprietary supplier. Moreover, markets with different suppliers and any
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modular complementor presents the influence of the impact of modularity in

the complementor, in such a way that more impact decreases β. In other

words, it makes the threshold between vertical and horizontal relationship

more favorable to the firm with a proprietary supplier.

2.7 Conclusion

This chapter presented an analysis of technological markets focusing

on the competitive implications of modularity choices. Specifically, the

goal was to examine how choices over modularity in different parts of the

ecosystem asymmetrically affects firms’ outcomes. I used an analytic model

to understand how modularity decisions are related to vertical and horizontal

differentiation. The results are now summarized.

Consider two firms located in a linear market maximizing their profits.

They may choose for a modular relationship with their suppliers, their

complementors, or both. Firms first make choices about modularity, and

then they set optimal prices. Modularity choices affect horizontal and vertical

differentiation, on the supplier and complementor sides of the ecosystem.

The analysis of their choices lead to the following propositions:

Proposition 1: Equal strategies on the supplier side prevents choices in

the complementor side to generate differentiation.

This proposition illustrates that the structure of the market directly

affects the differentiation, thus the ability to capture value. It is important
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to notice that choices on the supplier side still affect firms’ outcomes, by

changing the market coverage. However, it do not affect the relative relevance

between vertical and horizontal differentiation.

Proposition 2: The relative relevance between the impact of modular-

ization on vertical and horizontal differentiation influences firms’ outcomes.

(a) Firms with modular suppliers will perform better than firms with

proprietary suppliers when the impact of modularization on horizontal dif-

ferentiation is relatively more relevant than the vertical counterpart;

(b) Firms with proprietary suppliers will perform better than firms with

modular suppliers when the impact of modularization on vertical differen-

tiation is relatively more relevant than the horizontal counterpart. The

effect of modularity choices are related to the relative relevance between

vertical and horizontal impacts of modularization on differentiation. Because

in this model the impacts of modularization are exogenous, firms have to

interpret consumer preferences prior to modularity choices. In other words,

firms with better understanding of consumer preferences will make better

modularization decisions.

Proposition 3: The presence of modularity on the complementor side

affects the relative relevance between the vertical and horizontal impacts of

modularization on differentiation on the supplier side.

The use of modularity on the complementor side triggers the interaction
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between the two sides of the ecosystem. It is interesting to highlight that it

does not matter which firm chooses to do so. Modularity on the complementor

side and the relationship between the vertical and horizontal impacts of

differentiation in the supplier side are related directly. The more impact of

modularization on the complementor side, the more there is a prevalence of

vertical over horizontal impacts in the supplier side.

In this chapter I seek to contribute to research in strategy by providing a

theoretical model to examine competitive implications of the use of modular-

ity. Moreover, I show that the use of modularity in different stages of the

ecosystem leads to different outcomes. Finally, I provide a causal mechanism

for the evolution of video games market, that evolved to generate a distinct

competitive structure from other ICT markets.

2.8 Limitations and Future research

In this research, I examine how choices over modularization affect firm’s

performance, from the perspective of a focal firm in an ecosystem formed

by three groups of firms. The focal firm is the decision maker regarding

modularity options, choosing whether the relationship with its supplier and

the complementor is modular or proprietary.

Suppliers represent those firms who produce components that are used in

the video game consoles, and complementors represent game developers. Each

group of firms has different incentives, and therefore, a possible extension to

this research could be to model the market equilibrium from each respective

perspective. Also, I restricted the analysis of performance to the profits
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obtained from the purchase of consoles. It is also possible to examine the

effect of the additional revenue acquired from royalties of game titles sales.
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Chapter 3

Knowledge Leakage in

Ecosystems

3.1 Abstract

Standard Setting Organizations (SSO) are institutions that offer an

environment where firms, often rivals, join forces to establish a technology

standard. To maximize from SSO participation, firms tend to allocate their

most prominent researchers for these meetings. However, involvement in

SSO meetings may also increase the attractiveness of the participants in

the job market. Researchers develop their social network, reinforcing their

strategic positioning. In this research, I find that participation in SSO

increases the propensity for employees to leave their firm, leaking relevant

intellectual and social capital to rivals. This work aims to contribute to the

research on ecosystems, by shedding light on a potentially unpredicted effect

of participating in SSO.
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3.2 Introduction

Recent research on Standard Settings Organizations (SSO) has increased

the knowledge on the factors that affect firms in complex settings. SSO

are institutions formed by firms and governmental institutions that seek to

develop rules for compatibility. In technological settings, SSO are prevalent

because of the widespread presence of modularity. The presence of modularity

implies that firms will have to agree to certain rules of communication

between the different modules developed by distinct firms. Extant research

addressed the internal dynamics of these institutions, such as how the choice

of policies affects the outcomes (Chiao, Lerner, and Tirole, 2007), how

firms act to influence decisions(Farrell and Simcoe, 2012; Ranganathan and

Rosenkopf, 2014), how participants use delay to solve conflicts (Simcoe,

2012), and the emergence of hierarchies within the institution (Fleming

and David M Waguespack, 2007). In a different perspective, researchers

examine the consequences of the SSO, such as how innovations become

more valuable following inclusion on a standard (Rysman and Simcoe, 2008),

and how participation increases the probability of capitalization (David M.

Waguespack and Fleming, 2009). Within the research on the impacts of SSO,

one stream debate the specific consequences of SSO on the technological

trajectory of markets (Leiponen, 2008; Rysman and Simcoe, 2008; Toh and

Miller, 2017). Surprisingly more scarce is research focusing on unpredicted

consequences of SSO.

To join a SSO, firms invest intellectual and human capital, apart from

the financial investment. Investment of intellectual capital in the form of

patents occurs because SSO usually impose FRAND (fair, reasonable and
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non-discriminatory) terms. In other words, under FRAND rules, firms

have little ability to extract high levels of rent from a patent disclosed to a

SSO. Also, firms dedicate inventors to participate in SSO, to improve the

likelihood of reaching their goals in the standardization activity. In fact, it is

likely that firms allocate their most prominent inventors because in technical

environments, reputation and leadership is often achieved through display

of technical expertise (Fleming and David M Waguespack, 2007). Inventors

encapsulate a relevant portion of the intellectual capital of the firm: while

patents are usually considered a proxy to the intellectual capital produced

by a firm, not all knowledge is patenteable. Knowledge which cannot be

patented will remain in inventors’ minds (Felin and Hesterly, 2007; Grant,

1996; Kogut and Zander, 1992; Liebeskind, 1996). Extant research examined

the consequences of inventor mobility: when an inventor moves to a new

firm, a relevant portion of the previous firm’s knowledge is carried with her

(Almeida and Kogut, 1999; Singh and Agrawal, 2011; Song, Almeida, and

Wu, 2003). Consequently, inventor mobility is a threat that firms try to

avoid (Alnuaimi and George, 2016).

In this chapter, I examine the threat of knowledge leakage through par-

ticipation in SSO in the context of the 2nd and 3rd generation of mobile

communication technology creation. The creation of the 2nd generation of

mobile communications was led by the ETSI, the European Telecommuni-

cations Standardization Institute. The institution that organized the 3rd

generation of mobile communication is the 3GPP (3rd Generation Partnership

Project). This institution originated as a spin off from the development of

the 2nd generation of mobile communication1.

1 Firms and governmental agencies participate in the 3GPP: ARIB: Association of Radio In-
dustries and Businesses; ATIS: Alliance for Telecommunications Industry Solutions; CCSA:
China Communications Standards Association; ETSI: European Telecommunications
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I gathered data on inventor participation from the rosters of the meetings

for the creation of the 2nd and 3rd generations of mobile communication tech-

nology, and associated to patent data, in order to examine the consequences

of participation in SSO on inventor mobility. I use a nearest neighbor match-

ing technique in a differences-in-differences design to observe if participation

in SSO affects the inventor’s job mobility. This is done by comparing the

difference in mobility between inventors who participate in the meetings, and

inventors who did not. Results support the hypotheses that participation

led to an increase in mobility in the 2nd generation of GSM, but not on the

3rd generation. I draw from the SSO and the mobility literature to examine

an unintended consequence of participation in the standardization process.

This work aims to contribute to literature on the mechanisms and paradoxes

of knowledge-based competition (Polidoro and Theeke, 2011, 2012; Toh,

2013), by shedding light on the complex interaction present in technological

ecosystems.

3.3 Conceptual Development

Standard Setting Organizations (SSO) are a ubiquitous feature of tech-

nological markets. These institutions are created to build compatibility

standards. Standards developed by SSO usually take the form of a set of

recommendations. Their objective is to guarantee interoperability across

equipment developed by different firms. Standards are built on top of the col-

lective knowledge produced by the firms assembled in these committees. SSO

Standards Institute, TSDSI: Telecommunications Standards Development Society, India;
TTA: Telecommunications Technology Association, Korea; TTC: Telecommunication
Technology Committee, Japan
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increasing relevance comes closely associated with the growing complexity of

technological products.

Research on SSO is flourishing. One group of studies examines the

influence SSO have on the market. SSO are an efficient selector of technologies,

electing patents that are more relevant than the average (Rysman and Simcoe,

2008). SSO influence technological evolution by grouping together rival firms

in a cooperative environment, where they can learn, produce and exchange

technical knowledge. At the same time, they can advertise their technical

knowledge, align positions with peers and signal a commitment to specific

technologies (Leiponen, 2008). Also, research suggests that participating

in SSO increases financial performance, as a result of the increased social

and intellectual capital obtained in the standardization process (David M.

Waguespack and Fleming, 2009).

Additionally, received wisdom examines some of SSO’ characteristics. A

group of scholars discussed how decisions are taken within SSO (Chiao, Lerner,

and Tirole, 2007; Farrell and Simcoe, 2012; Ranganathan and Rosenkopf,

2014; Simcoe, 2012). Toh and Miller (2017) examine, in the context of

SSO, the trade-off between abdicating the rents of exploring an intellectual

property (IP) versus the benefit to its complementary knowledge portfolio.

They ascertain that firms may open an “access point”, or a source of IP

leakage when they allow the inclusion of a patent in a standard. However,

firms’ inclination to do so will be related to the size of their IP portfolio

related to the technology included in the standard.

Firms participate in SSO because otherwise they risk becoming locked

out of the market (Bekkers, Verspagen, and Smits, 2002; Schilling, 1998).
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Moreover, participation allows firms to influence the technological trajectory

(Leiponen, 2008), to favor the development of technologies related to the

firms’ knowledge base (Ranganathan and Rosenkopf, 2014), and to learn

from other firms (Vasudeva, Alexander, and Jones, 2014). Furthermore,

firms seek to obtain reputational benefits from the SSO, similar to bond

issuers who try to obtain certification from rating agencies, or academics from

publishing in well-regarded scientific journals (Lerner, Pathak, and Tirole,

2006). Finally, participation in SSO is likely to increase social capital through

the repeated interactions provided by the task of developing a standard. The

standardization process offers a ”neutral ground” for the creation of social

bonds and trust-based relationships may emerge (Fleming and David M

Waguespack, 2007).

Firms allot social and intellectual capital to participate in SSO. While

they invest resources seeking to obtain the previously mentioned objectives,

firms may neglect unpredicted developments arising from the participation in

the standard-setting process. Research on the subject is surprisingly scarce.

One relevant exception is Toh and Miller (2017), who examine the risk of

knowledge leakage when disclosing intellectual property in SSO. They suggest

that firms accept higher levels of knowledge expropriation risk when their

complementary technologies exist in less crowded areas. Firms accept these

higher risks because having complementary technologies in less crowded

areas increases their potential to capture value in those areas. In the present

research, I focus on a different origin of knowledge leakage. I am interested

in inventor mobility and its consequences on intellectual property. I am

concerned with examining if participation in standardization processes has

an influence on inventor’s job mobility.
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Job mobility may lead to firms losing/gaining social and intellectual

capital. Social capital is composed of the resources embedded in relationships

(Adler and Kwon, 2002; Leana and Pil, 2006). Relationships occur at the

employee level. Hence employees’ ties are the substratum of the social capital

of firms. When an employee moves to a new company, it carries social capital

with her. Research has found that the loss of personnel may impact the

influence of firms(Dokko and Rosenkopf, 2010), ultimately affecting firms’

performance.

On the intellectual capital dimension, it is important to make a distinction

between intellectual capital in the form of patents and the knowledge it

encloses (see Zucker, Darby, and Brewer, 1998). The distinction is relevant

because it is related to how firms interpret and manage knowledge. Research

distinguishes patent from other forms of knowledge production. In their

study about MIT patents, Agrawal and Henderson (2002) found that faculty

patent productivity is uncorrelated with scholarly research publication. It

implies that knowledge and patent are not necessarily related. Knowledge

workers may not enclose knowledge in a patent (assuming that is patentable).

Furthermore, the most relevant contribution of knowledge workers may be

other than patent production. Research on star scientists suggests that their

main role is to cue a firm’s research (Rothaermel and Hess, 2007), rather

than ’roll up their sleeves’ and publish patents.

The intellectual capital that is not enclosed in patents is tacit, intangible;

inherently difficult to manage. This knowledge is related to the potential

to generate innovations, and it is contained in the minds of inventors (Felin

and Hesterly, 2007; Grant, 1996; Kogut and Zander, 1992; Liebeskind,

1996). Firms have different capabilities to analyze and understand knowledge
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flows. Distinct levels of understanding will consequently lead to different

levels of importance, ultimately leading to heterogeneous impacts on firms’

performance. How firms deal with knowledge flows from participating in SSO

are sources of performance heterogeneity. Identifying and understanding

sources of performance heterogeneity is the raison d’être of the scholarly field

of strategy (Bowman and Helfat, 2001; McGahan and Porter, 1997; Rumelt,

1991).

To illustrate the distinction between patent and knowledge management,

let us examine the case of SSO. Firms can evaluate the trade-off between

including a patent in the standard and the benefits of participating in SSO.

Including a patent in the standard risks opening an opportunity to rivals

expropriating knowledge (Toh and Miller, 2017). Also, firms usually have

to accept FRAND (fair, reasonable and non-discriminatory) licensing rules.

They compare these drawbacks with the option of licensing the patent to the

market, with its associated risks, such as technological lockout, compatibility

limitations, so on and so forth. In contrast, managing the knowledge still in

inventors’ heads is more difficult because the assessment of the knowledge

flow is more challenging. Knowledge may be distributed within a group of

inventors, in such a way that losing one inventor does not affect relevant

expertise in the short term. Also, knowledge flows are hard to detect because

their cause and effects are temporarily distant.

This discussion leads to hypothesis development. In this research, I am

concerned with the leakage of knowledge that is not enclosed in patents. Ex-

tant research has uncovered the flow of knowledge (Almeida and Kogut, 1999),

examine the conditions for firms to learn from new hires (Song, Almeida,

and Wu, 2003) and how they use the hires to generate new knowledge (Singh
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and Agrawal, 2011). Literature also suggests that the flow of knowledge is a

source of heterogeneity for firm performance (Agarwal, Ganco, and Ziedonis,

2009; Ganco, 2013; Ganco, Ziedonis, and Agarwal, 2015). Firms actively

try to avoid knowledge leakage caused by inventor mobility (Alnuaimi and

George, 2016), which reinforces the relevance of the phenomenon.

Does participation in SSO affect knowledge flow? The development of

a standard entices a highly technical work (Dokko and Rosenkopf, 2010).

This creates many opportunities for the exposition of the inventors’ expertise.

Moreover, the standardization process is a convenient place for the emergence

of trust David M. Waguespack and Fleming (2009). This is a natural

consequence of holding repeated encounters of like-minded people. The

exposition of knowledge coupled with trust building opportunities turn the

standardization process into a showcase for inventors. SSO are comprised

of multiple organization, including rival firms, that find in the meetings an

opportunity to have a closer understanding of how technology is evolving

outside their boundaries. Consequently, firms may try to acquire knowledge

by hiring their rival’s inventors, which is expropriating knowledge through

job mobility.

Hypothesis: Participation in SSO increases inventor mobility
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3.4 Testing the theory

3.4.1 Empirical Setting and Data

This work examines the effects of two quasi-experiments, the standard-

ization process of 2nd an 3rd generations of mobile communications. The

subjects under analyses are inventors who successfully applied for patents in

the USPTO (United States Patent & Trademark Office). Two main datasets

were used to examine the hypotheses that participation in the standard-

ization process affects inventor mobility. The first dataset is the USPTO

patent database from the PatentsView project. PatentsView is a patent

analysis platform, supported by the USPTO. The initiative was established in

2012 and is a collaboration between USPTO, US department of Agriculture

(USDA), the New York University, the University of California at Berkeley,

Twin Arch Technologies and Periscopic. One of the goals of this initiative is

to ”eliminate redundant cleaning, converting and matching of these data by

individual researchers”.

The use of PatentsView dataset offer multiple advantages to limitations

presented by the original USPTO patent database. For example, in the

patenting process, inventors are not required to register a unique identifica-

tion number. The name field can present inconsistencies, such as different

ways to write a middle name. In this case two distinct patents applied by

only one inventor may not be automatically attributed to that inventor.

The list of inventors on PatentsView corrects the issue, offering a disam-

biguate list of names. To generate this list, PatentsView uses an algorithm

with discriminative hierarchical coreference2. Furthermore, the PatentsView

2 https://github.com/iesl/inventor-disambiguation
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database also provides a disambiguate list of applicants firms, also referred

as assignees.

The second dataset was extracted from the rosters of the standardization

process meetings in the 2nd and 3rd generation of GSM communication

technology (Hillebrand, 2002). These lists are primarily in PDF format,

therefore I used an OCR software to identify the names. Those names that

the software could not identify were manually corrected.

The dataset is composed of the aggregation of the participants of 2GSM

and 3GPP meetings and related patent data. I used the disambiguated

inventor list from PatentsView , matching name and surname to the rosters

of the meetings of the 2nd and 3rd generations of GSM mobile communications

standardization processes, hereafter identified as 2GSM and 3GPP.

I identify the technological classes of all patents submitted by these two

groups of inventors. Then I exclude patents from technological classes outside

the classes of interest 3.

Furthermore, inventors whose inventive activity fell outside the time

frame under examination were also removed. In 2GSM case, inventors who

applied for their first patent after 1992 (the first meeting of 2GSM) or after

1999 (the introduction of the 3GPP) were removed. Moreover, inventors who

applied for their last patent before 1992 (2GSM) or before 1999 (3GPP) were

also removed. This restriction guarantees that the inventors in the sample

were active during the period of the standardization process.

3 Patents from classes G (Physics), H (Electricity) and Y (Emerging Cross-Sectional Tech-
nologies) were kept, whereas patents from classes A (Human Necessities), B (Operations
and Transport), C (Chemistry and Metallurgy), D (Textiles), E (Fixed Constructions), F
(Mechanical Engineering) were excluded from the sample
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The treatment group is composed of the inventors who participated in the

standardization processes, who also have applied for patents in the USPTO

database. The inventors from the USTPO database who did not participate

in the standardization processes are potential members of the control group.

The first official meeting of the 2GSM standardization process occurred in

January 24, 1992. For this reason, 1992 was set as the cutoff year. In the

3GPP case, the first official meeting of the standardization process was held

in December 1998, but the active work began in the second session, in March

1999. For this reason, 1999 was chosen as the cutoff year.

To calculate the mobility, I considered the application date as the date

associated to a patent, instead of the grant date. The reason is that the grant

process may last an indeterminate period, increasing undesired variance of

data. For example, an inventor applying for a patent in firm 1, changes jobs,

then applies for a patent in firm 2, and the patent in firm 2 is granted before

the patent applied for firm 1. In this case, if I was using the grant date,

it would generate a (true) mobility event to firm 2, but when the grant of

the previously applied patent arrives, it will generate an additional (false)

mobility event.

I restricted the time frame of the mobility, from 10 years before (1982 and

1989) to 10 years after (2002 and 2009) the cutoff years. The goal is to avoid

adding variance from changes occurring outside a reasonable time-frame of

influence of the participation in the meetings. In the Appendix D I present

robustness tests with a time frame of 5 years before and 5 years after the

events.

Finally, one relevant aspect of the data building process: while the
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database provided a disambiguate list of inventors, the rosters from the meet-

ings were matched to the patent dataset using the first and last names. That

means that within patent data, the identification of inventors is consistent

under the limitation of the disambiguation algorithm. However, the rosters

from the standardization processes generated more than one match in the

patent list, generating a number of homonyms. To address this limitation, I

ran and present tests using two samples, a sample without the homonyms

and a sample with a random choice of the inventors with homonyms.

3.4.2 Variables

The dependent variable is the difference of mobility of inventors after

and before the standardization starting point. It is calculated by subtracting

the mobility subsequent to the beginning of the standardization process

and the mobility previous to the beginning of the meetings. A mobility

event is identified every time two consecutive patents from the same inventor

have different assignees4. This way, the mobility events are identified and

counted, and then they are separated in pre and post meetings beginning.

The number of mobility events pre beginning is then subtracted from the

number of mobility events subsequent to the beginning of the events. This

is the change of the inventor mobility, and it is captured by the left side of

equation 3.1.

The main independent variable is the treatment, a dummy variable that

identifies the subjects who participated in the standardization meetings.

I want to compare if the change in the inventor mobility is significantly

4 Assignee is the term given to the firm who subscribes a patent in the USPTO.
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different between the two groups, treatment and control.

Subs Mobilityi − Prev Mobilityi = αi + βi · treati + γi · covi + εti (3.1)

In this equation, Subs Mobility is the mobility subsequent to the participation

in the standardization process. Prev Mobility is the mobility previous to

the participation in the standardization process. Hence, Subs Mobility −

Prev Mobility is the difference in the mobility of inventors after and before

the participation in the standardization process.

The cross-sectional differences in differences (DiD) method offers multiple

benefits to the analysis. It singles out inventor fixed effects. This implies

that unobservable fixed characteristics of the inventor are not related to the

dependent variable. Moreover, treatment and control groups do not have to

both present similar attributes. In other words, DiD allows the comparison

of groups with distinct characteristics.

I first computed DiD in its OLS form, following equation 3.1. However,

while differencing out fixed individual effects, OLS for DiD may still be

inconsistent due to unobservable factors that change over time. To reduce

the influence of these factors, I conducted a inventor level matching procedure,

using the “nearest neighbor” matching method. This allows the creation of

a counterfactual that is more similar to the treatment group. Each treated

inventor is matched in her relevant inventive dimensions. They are “Total

number of patents”, “First application year” and “Last application year”,

“Total citation” and “Total number of co-inventors”.

The “Total number of patents” indicates the inventor’s overall intellectual

productivity. “First application year” matches inventors with similar inven-
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tive experience. “Last application year” allows the matching of inventors with

similar inventive experience. “Total citation” allows for a comparison on the

relevance of the inventive activity and finally, “Total number of co-inventors”

indicates the inventive style of the inventors in relation to social choices.

Upon the creation of these groups, I ran an average treatment effect on the

treated, a bias-adjusted comparison between the inventors who participated in

the standardization meetings to their counterfactuals who did not participate.

3.5 Results

The ATET column in the table 3.2 shows the difference between the

treatment on the change of mobility of the inventors in comparison to the

control group. Treatment on observational data is seldom truly randomly

assigned, leading to potentially biased outcomes. The use of the ATET form

of the estimation corrects the bias arising from the undesired relationship

between two covariates (a self-selection bias or a non-random assignment

to treatment). Average Treatment Effects on the Treated corrects the bias

by creating a counterfactual to the treatment based on a regression on the

treatment group5. I also ran OLS regressions for the Average Treatment

Effect to assess the difference between ATET and ATE (omitted). Since

ATE = ATET + bias, ATET and ATE would be the same in the absence of

bias. As ATET and ATE are distinct6, we consider only ATET. Standard

deviations and sample sizes are presented for the ATET.

5 https://blog.stata.com/2015/07/07/introduction-to-treatment-effects-in-stata-part-1/
6 ATET and ATE being distinct means that the treatment is not randomly assigned - thus
there is the possibility of self-selection. For this reason, we adopt ATET that corrects the
bias.
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Table 3.2: Results: Effect of participation in the Standardization Process on
the Mobility of Inventors

Average
treatment
effect on

the treated

Std. Err. N Control Treat

2GSM
No Homonyms 1.7* 0.7 770 743 27
With Homonyms 1.6** 0.5 988 950 38
With Homonyms, bias adj 1.4** 0.5 988 950 38

3GPP
No Homonyms −0.2 0.4 1315 1273 42
With Homonyms −0.01 0.7 1650 1583 67
With Homonyms, bias adj −0.06 0.7 1650 1583 67

* p < 0.05, ** p < 0.01, *** p < 0.001

In the sample with no homonyms, in the case of the 2nd Generation

of GSM, the inventor who participated in the standardization effort has a

significant difference at 5% of 1.7 more job mobility than before the treatment.

In other words, the subjects under the treatment condition saw their job

mobility increase by 1.7 more jobs than the control group.

Because the sample of inventors with no homonyms is relatively small, I

generated a second group replacing inventors that have homonyms. Due to

limitation of the data, I cannot specify which inventors from the group of

homonyms were the actual participants in the meetings. Thus I randomly

select one of the homonyms from each set of homonyms to be part of the

”With Homonyms” sample. The matching with this sample shows another

significant result, at 1% significance level, but with an effect slightly smaller,

1.6 difference in job mobility between after and before the meetings. This

implies that the sample size is not affecting the results.

Another relevant adjustment is the emergence of large sample bias when

matching to continuous covariates. This bias is larger when the number of



76

covariates increases. I ran a third test with a large sample bias adjustment

(Abadie and Imbens, 2006, 2011), that leads to a result slightly smaller, of

1.4 more job mobility difference after the treatment, in the treatment group

relative to the control group. This result is significant at the 1% level.

Results on the 3rd Generation of mobile communication standard are

notably different. None of the three tests showed a significant difference

between treatment and control groups. With this result, it is not possible to

infer a difference between the treated and control groups in the difference

between subsequent and previous job mobility. The significant result in ATE

column is not meaningful due to the presence of self selection bias.

In appendix D I present addional robustness tests. First, I present tests

on both standardization processes with a shorter time frame, with the period

of mobility beginning 5 years before the cutoffs, and finishing 5 years after

the cutoffs. The results of the robustness tests reinforce the previous findings

- i.e., the difference between treatment and control groups are significant at

0.1% level in the no homonyms, bias adjusted in the 2GSM case, whereas

the difference between treatment and control groups present no significance

in the 3GPP. Placebo tests (i.e., changing the cutoff dates) indicate a weak

effect in the 2GSM and no effect in the 3GPP.

3.6 Discussion

This study proposes that firms participate in the definition of standards

without accounting for the negative effects that participation may bring. The

hypothesis that participation in standard setting organizations will affect
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inventor mobility, examined specifically in the creation of the 2nd and 3rd gen-

erations of mobile device communication technology, was partially supported

by the results. Results of the meetings of the 2GSM shows that participation

affects increasing mobility in the group of inventors who participated in the

standardization process meetings. In contrast, participation on meetings for

the 3GPP do not significantly affect inventor mobility.

One possible explanation is that concurrently to the 3GPP, the world was

experiencing the “dot-com bubble”. This economic event is relevant because

firms in technological markets were receiving sizeable amounts of investment.

These investments were also being used to hire professionals may have

participated in the 3GPP, disrupting our ability to observe the phenomenon

under analysis. As discussed before, the differences-in-differences method

rules out fixed effects, but the error term remains associated with events

occurring simultaneously to the events under scrutiny and that affect both

groups differently.

A second possible explanation can be related to the increased awareness

of firms to the effect 2GSM caused on their inventors’ job mobility, leading

firms to better prepare for the same issue in 3GPP. Firms may have generated

protection mechanisms to avoid job mobility caused by participation in the

standardization processes.

3.7 Conclusion

This paper presents inventor-level data of the effects of participation

in Standard Setting Organizations. While research previously addressed
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the relevance of the SSO to technological markets, it is less explicit about

the contradictions that may arise within these environments. SSO are

technological arenas (Vasudeva, Alexander, and Jones, 2014), they are the

modern agora where engineers meet and exchange technical ideas (and

also non-technical). The role of SSO in technological trajectory cannot be

understated, as they select and exclude technologies. This chapter aims to

contribute to the literature on the mobility of inventors (Ganco, 2013; Marx,

Strumsky, and Fleming, 2009; Singh and Agrawal, 2011; Song, Almeida, and

Wu, 2003) and its consequences to knowledge transfer across firms. More

specifically, the intent is to add to the research concerned with paradoxes of

knowledge-intensive industries (Polidoro and Theeke, 2011, 2012; Toh, 2013).

3.8 Limitations and Future research

The conflicting results calls for further examination of the issue. There

are a few possible ways to increase the robustness of the findings. First, a

placebo test is advisable (Garcia, Sachsida, and Carvalho, 2018). The use

of placebo would allow us to assess the existence of different trends across

groups. It would indicate the relevance of unobservable factors. The analysis

of longitudinal data may also allow the examination of the contradictions

in the empirical evidence. A third venue is to explore the standardization

process of other technologies. Furthermore, it would be interesting to examine

the dynamics of relationships and decisions in a competition among standards.

The mobile communication technology examined here is the GSM, which

faced a fierce competition from CDMA in the 2nd generation. There are other

cases, such as the battle between the IEEE 802.11 wireless communication
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standard versus the ETSI HiperLAN.
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Conclusion

This dissertation flirts with different areas of knowledge, different litera-

ture streams, different methods. In this regard, it is similar to the Strategy

field itself, that also is receptive to a variety of different social-science disci-

plines. The receptiveness to different ideas potentially leads to conflict of

ideas, what in turn leads to a inquiry on the foundations of the theory. In the

present case, the debate dives to debate interdependence and coordination

issues.

The ambition of the first chapter is to uncover the origins of success in

technological markets. Not a humble goal, but a relevant one. Previous

literature has acknowledged the existence of interfaces, but to the best of my

knowledge, it has never highlighted its relevance. This way, the first chapter

departs from received wisdom by changing research’s locus of examination. I

provide a simple but strict definition for interfaces (a set of communication

rules) that allows the identification of the underlying mechanism of its effects.

Interfaces are relevant because they give to its controller bargain power

(in both pure form, when the interface is proprietary, or in a soft form,

when the interface is standardized). The origin of the bargaining power

provided by the interfaces is in the network effects, both in the inherent
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form (idiosyncratic to the product, such as communication networks) and in

the QWERTY/learning cost type (when the cost of change overshadows the

benefits of changing).

One goal of the second chapter is to strengthen the use of analytic models

in Strategy research. Analytic models are interesting because they allow the

identification of deterministic models. Using deterministic and probabilistic

models allows a richer understanding of the phenomena under examination.

The limitation of analytic models is that their complexity quickly escalates as

more variables are added. To avoid complexity, simplifying assumptions are

taken, what potentially weakens the robustness of the findings. Nonetheless,

they are a relevant complementary method for strategy research.

The third chapter analyzes the consequences of standardization effort to

firm-level outcomes. I draw from the literature on knowledge and mobility

to show that in complex markets, actions intended for increasing firms’

competitiveness often backfire. Knowledge in the head of the inventors leak

when they change jobs. This chapter shows that job mobility increases after

inventors participate in Standard Setting Organizations, but also that this

effect is not always present.
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Appendix A

Market Structures

In table A.1 all market structures are described. Symmetrical markets

are markets where the relevant variables (∆tf , ∆V f and ∆a) are mirrored.

They are the markets M0000, M0011, M1100 and M1111. In these cases,

the market will be equally divided by the firms. Following, each remaining

market also finds a mirrored. This occurs because the positions of focal firm

1 and focal firm 2 are also interchangeable. Thus we discard repeated market

structures and the final set of markets is M0001, M1000, M0110, M1010,

M1101 and M1011.
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Table A.1: Reference code for industry structure

Focal Firm 1
Supplier

Focal Firm 2
Supplier

Focal Firm 1
Complementor

Focal Firm 2
Complementor

Reference
Code

0 0 0 0 M0000
0 0 0 1 M0001
0 0 1 0 M0010
0 0 1 1 M0011
0 1 0 0 M0100
0 1 0 1 M0101
0 1 1 0 M0110
0 1 1 1 M0111
1 0 0 0 M1000
1 0 0 1 M1001
1 0 1 0 M1010
1 0 1 1 M1011
1 1 0 0 M1100
1 1 0 1 M1101
1 1 1 0 M1110
1 1 1 1 M1111
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Appendix B

Market equilibrium

calculations for all

competitive structures

In chapter 2, I use an analytic model of spatial competition (Hotelling,

1929) to find the equilibrium in a market formed by two competing firms.

Prices are endogenous to the model (i.e., the model provides optimal prices).

Market shares depend on firm’s choices in relation to differentiation. The

first step to find market shares and related prices and profits is to find the

indifference point.
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B.0.1 The indifference point

I solve the indifference point from the equation 2.1, subsequently substi-

tuting the differentiation terms.

Ui = Vf i − Pi − tf i|xi − xm| (B.1)

Separating the terms for each firm:

U1 = Vf 1 − P1 − tf 1(xm − x1) (B.2)

U2 = Vf 2 − P2 − tf 2(x2 − xm) (B.3)

Focal firms are located in intermediary positions in the consumer preferences.

Their positions are represented by x1 and x2:

xf1 =
1

2
− ac1; (B.4)

xf2 =
1

2
+ ac2; (B.5)

The indifference point is located between the two firms (see appendix C).

The following equations describe the situation:

Uf1m = Vf1 − Pf1 − tf1(xm − xf1) (B.6)

Uf2m = Vf2 − Pf2 − tf2(xf2 − xm) (B.7)
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To compute the consumers located to the left of firm 1, and to the right of

firm 2, I use the following auxiliary utilities:

Uf1z = Vf1 − Pf1 − tf1(xf1 − xz1) (B.8)

Uf2z = Vf2 − Pf2 − tf2(xz2 − xf2) (B.9)

The indifference point thus is:

Uf1m = Uf2m

What in turn it is:

Vf1 − Pf1 − tf1(xm − xf1) = Vf2 − Pf2 − tf2(xf2 − xm) (B.10)

Substituting the variables according to B.4 and B.5, we have:

x∗m =
−2Pf1 + 2Pf2 + tf1 − 2ac1tf1 + tf2 + 2ac2tf2

2(tf1 + tf2)

+
2Vf1 − 2Vf2

2(tf1 + tf2)
(B.11)

The point where utility is equal to zero on the left of the Focal firm 1 is

given by:

Uf1z = 0

Vf1 − Pf1 − tf1(xf1 − xz1) = 0

xz1 =
2Pf1 + tf1 − 2ac1tf1 − 2Vf1

2tf1
(B.12)
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And the point where the utility is equal to zero on the right of Focal firm 2

is:

Uf2z = 0

Vf2 − Pf2 − tf2(xz2 − xf2) = 0

xz2 = ac2 +
−2Pf2 + tf2 + 2Vf2

2tf2
(B.13)

B.0.2 Market Shares

Quantities for Focal firm 1 are given by (substituting xm by x∗m, and

using xz1, xz2, xf1 and xf2 as calculated above):

qf1 = (xf1 − xm) + (xf1 − xz1)

= −
2Pf1 + tf1 − 2ac1tf1 − 2Vf1

2tf1

+
−2Pf1 + 2Pf2 + tf1 − 2ac1tf1 + tf2 + 2ac2tf2

2(tf1 + tf2)

+
2Vf1 − 2Vf2

2(tf1 + tf2)
(B.14)

And quantities for Focal firm 2 are given by:

qf2 =(xf2 − xm) + (xz2 − xf2)

=ac2 −
−2Pf1 + 2Pf2 + tf1 − 2ac1tf1 + tf2 + 2ac2tf2

2(tf1 + tf2)

+
2Vf1 − 2Vf2

2(tf1 + tf2)
+
−2Pf2 + tf2 + 2Vf2

2tf2
(B.15)
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B.0.3 Profit Functions

πf1 = (Pf1 − cf1)qf1 (B.16)

πf2 = (Pf2 − cf2)qf2 (B.17)

Costs are set to zero for simplicity. The following are the profit equations,

substituting the quantities with the values previously calculated.

πf1 =− Pf1
−Pf2tf1 − ac1tf1tf2 − ac2tf1tf2 + Pf1(2tf1 + tf2)

tf1(tf1 + tf2)

+ Pf1
−2tf1Vf1 − tf2Vf1 + tf1Vf2

tf1(tf1 + tf2)
(B.18)

πf2 =− Pf2
−Pf1tf2 − ac1tf1tf2 − ac2tf1tf2 + Pf2(tf1 + 2tf2)

tf2(tf1 + tf2)

+ Pf2
tf2Vf1 − tf1Vf2 − 2tf2Vf2

tf2(tf1 + tf2)
(B.19)

After that I proceed with a derivation to find the equilibrium (optimal) profit:

Df1 =−
Pf1(2tf1 + tf2)

tf1(tf1 + tf2)

−
−Pf2tf1 − ac1tf1tf2 − ac2tf1tf2 + Pf1(2tf1 + tf2)

tf1(tf1 + tf2)

+
−2tf1Vf1 − tf2Vf1 + tf1Vf2

tf1(tf1 + tf2)
(B.20)

Df2 = −
Pf2(tf1 + 2tf2)

tf2(tf1 + tf2)

−
−Pf1tf2 − ac1tf1tf2 − ac2tf1tf2 + Pf2(tf1 + 2tf2)

tf2(tf1 + tf2)

+
+tf2Vf1 − tf1Vf2 − 2tf2Vf2

tf2(tf1 + tf2)
(B.21)
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To find the equilibrium prices, I equal both derivatives to zero and solve the

resulting system.

P ∗
f1 =

ac1tf1tf2(3tf1 + 4tf2) + ac2tf1tf2(3tf1 + 4tf2)

8t2f1 + 19tf1tf2 + 8t2f2

+
4t2f1Vf1 + 9tf1tf2Vf1 + 4t2f2Vf1 − t2f1Vf2 − 2tf1tf2Vf2

8t2f1 + 19tf1tf2 + 8t2f2

(B.22)

P ∗
f2 =

ac1tf1tf2(4tf1 + 3tf2) + ac2tf1tf2(4tf1 + 3tf2)

8t2f1 + 19tf1tf2 + 8t2f2

+
−2tf1tf2Vf1 − t2f2Vf1 + 4t2f1Vf2 + 9tf1tf2Vf2 + 4t2f2Vf2

8t2f1 + 19tf1tf2 + 8t2f2

(B.23)

And finally, the equilibrium profits:

πf1 =
(2tf1 + tf2)

tf1(tf1 + tf2)
(

8t2f1 + 19tf1tf2 + 8t2f2

)2

(ac1tf1tf2(3tf1 + 4tf2) + ac2tf1tf2(3tf1 + 4tf2)

+
(
4t2f1 + 9tf1tf2 + 4t2f2

)
Vf1 − tf1(tf1 + 2tf2)Vf2

)2
(B.24)

πf2 =
(tf1 + 2tf2)

tf2(tf1 + tf2)
(

8t2f1 + 19tf1tf2 + 8t2f2

)2

((ac1 + ac2)tf1tf2(4tf1 + 3tf2)

−tf2(2tf1 + tf2)Vf1 +
(
4t2f1 + 9tf1tf2 + 4t2f2

)
Vf2

)2
(B.25)

B.0.4 Results

Following, I present the resulting profits for Focal firm 1. They are

found replacing the variables of the equilibrium profit equations with the

configurations of each market structure and the correspondent equations 2.2,

2.3 and 2.4. While there are six relevant results, I present in this annex all
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resulting profits.

Both firms are proprietary in the supplier and complementor side:

πM0000 =
6(atf0 + Vf0)2

25tf0
(B.26)

Focal firm 1 is all-proprietary, Focal firm 2 is proprietary in the supplier-side

and modular in the complementor-side.

πM0001 =
3(2atf0 −∆atf0 + 2Vf0)2

50tf0
(B.27)

Focal firm 1 is proprietary in the supplier-side and modular in the

complementor side. Focal firm 2 is all-proprietary.

πM0010 =
3(2atf0 −∆atf0 + 2Vf0)2

50tf0
(B.28)

Firms are both proprietary in the supplier-side and modular in the comple-

mentor side.

πM0011 =
6(atf0 −∆atf0 + Vf0)2

25tf0
(B.29)

Focal firm 1 is all-proprietary, and Focal firm 2 is modular in the supplier-side

and proprietary in the complementor-side.

πM0100 =
1

(∆tf − 2tf0)tf0(8∆t2f − 35∆tf tf0 + 35t2f0)2

(∆tf − 3tf0)((tf0(−2∆tf∆Vf

+ 2a(4∆tf − 7tf0)(∆tf − tf0)

+ 3∆Vf tf0) + (4∆tf − 7tf0)(∆tf − 2tf0)Vf0)2 (B.30)
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Focal firm 1 is all-proprietary and Focal firm 2 is all-modular.

πM0101 =
1

(∆tf − 2tf0)tf0(8∆t2f − 35∆tf tf0 + 35t2f0)2

(∆tf − 3tf0)(tf0(−2∆tf∆Vf

+ 2a(4∆tf − 7tf0)(∆tf − tf0)

−∆a(4∆tf − 7tf0)(∆tf − tf0) + 3∆Vf tf0)

+ (4∆tf − 7tf0)(∆tf − 2tf0)Vf0)2 (B.31)

Focal firm 1 is proprietary in the supplier-side and modular in the comple-

mentor side. Focal firm 2 is modular in the supplier-side and proprietary in

the complementor-side.

πM0110 =
1

(∆tf − 2tf0)tf0(8∆t2f − 35∆tf tf0 + 35t2f0)2

(∆tf − 3tf0)(tf0(−2∆tf∆Vf

+ 2a(4∆tf − 7tf0)(∆tf − tf0)

−∆a(4∆tf − 7tf0)(∆tf − tf0) + 3∆Vf tf0)

+ (4∆tf − 7tf0)(∆tf − 2tf0)Vf0)2 (B.32)

Focal firm 1 is proprietary in the supplier-side, and modular in the

complementor-side. Focal firm 2 is all-modular.

πM0111 =
1

(∆tf − 2tf0)tf0(8∆t2f − 35∆tf tf0 + 35t2f0)2

((∆tf − 3tf0)(tf0(−2∆tf∆Vf + 2a(4∆tf−

7tf0)(∆tf − tf0)− 2∆a(4∆tf − 7tf0)(∆tf − tf0)

+ 3∆Vf tf0) + (4∆tf − 7tf0)(∆tf − 2tf0)Vf0)2) (B.33)

Focal firm 1 is modular in the supplier-side and proprietary in the comple-
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mentor side. Focal firm 2 is all-proprietary.

πM1000 =− 1

(∆tf − 2tf0)(∆tf − tf0)(8∆t2f − 35∆tf tf0 + 35t2f0)2

(2∆tf − 3tf0)(∆tf tf0(17∆Vf − 20atf0 − 13Vf0)

+ ∆t2f (−4∆Vf + 6atf0 + 3Vf0)

+ t2f0(−17∆Vf + 14(atf0 + Vf0)))2 (B.34)

Focal firm 1 is modular in the supplier-side, proprietary in the complementor

side. Focal firm 2 is proprietary in the supplier side and modular in the

complementor-side.

πM1001 =− 1

(∆tf − 2tf0)(∆tf − tf0)(8∆t2f − 35∆tf tf0 + 35t2f0)2

(2∆tf − 3tf0)(∆tf tf0(17∆Vf + 10(−2a+ ∆a)tf0

− 13Vf0) + ∆t2f (−4∆Vf + 6atf0 − 3∆atf0 + 3Vf0)

+ t2f0(−17∆Vf + 14atf0 − 7∆atf0 + 14Vf0))2 (B.35)

Focal firm 1 is all-modular and Focal firm 2 is all-proprietary.

πM1010 =− 1

(∆tf − 2tf0)(∆tf − tf0)(8∆t2f − 35∆tf tf0 + 35t2f0)2

(2∆tf − 3tf0)(∆tf tf0(17∆Vf + 10(−2a+ ∆a)tf0

− 13Vf0) + ∆t2f (−4∆Vf + 6atf0 − 3∆atf0 + 3Vf0)

+ t2f0(−17∆Vf + 14atf0 − 7∆atf0 + 14Vf0))2 (B.36)

Focal firm 1 is all modular, Focal firm 2 is proprietary in the supplier side
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and modular in the complementor side.

πM1011 =− 1

(∆tf − 2tf0)(∆tf − tf0)(8∆t2f − 35∆tf tf0 + 35t2f0)2

(2∆tf − 3tf0)(∆tf tf0(17∆Vf + 20(−a+ ∆a)tf0

− 13Vf0) + ∆t2f (−4∆Vf + 6atf0 − 6∆atf0 + 3Vf0)

+ t2f0(−17∆Vf + 14(atf0 −∆atf0 + Vf0)))2 (B.37)

Both firms are modular in the supplier side and proprietary in the comple-

mentor side.

πM1100 =−
6(∆Vf + a(∆tf − tf0)− Vf0)2

25(∆tf − tf0)
(B.38)

Focal firm 1 is modular in the supplier side, proprietary in the complementor

side. Focal firm 2 is all-modular.

πM1101 =−
3((2a−∆a)(∆tf − tf0) + 2(∆Vf − Vf0))2

50(∆tf − tf0)
(B.39)

Focal firm 1 is all-modular, focal firm 2 is modular in the supplier side, and

proprietary in the complementor side.

πM1110 =−
6(∆Vf + a(∆tf − tf0)− Vf0)2

25(∆tf − tf0)
(B.40)

Both firms are all-modular.

πM1111 =−
6(∆Vf + (a−∆a)(∆tf − tf0)− Vf0)2

25(∆tf − tf0)
(B.41)
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Appendix C

Regularity Conditions for

the Hotelling Model

Hotelling (1929) proposes a model of a competitive market in which

customers are uniformly distributed in a horizontal line. The extremes of

this market are typically represented by 0 and 1. Two firms are positioned in

the line in arbitrary locations, and they capture a proportion of the market

that depends on their initial location, their intrinsic acquisition value and a

‘transportation’ cost.

The transportation cost represents the cost that a consumer incurs when

she acquires a product that is distant from her preference. The transportation

cost offers a convenient measure of the relationship between the product’s

compatibility to the consumer’s preference and the intrinsic utility of the

product. This relationship is assumed to be linear and it is represented by

m1 for firm 1 and m2 for firm 2.
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The initial location is represented by x1 and x2, and the acquisition

utility is represented by y1 and y2.

This way, the model can be described by two line equations, one for

each firm. These equations represent the utility obtained from purchasing a

product from either firm. The utility is the highest in the exact location of

the firm, and it decreases by a factor mi with increase of the distance of the

consumer from the firm:

ya = y1 −m1|x− x1| (C.1)

yb = y2 −m2|x− x2| (C.2)

The domain of interest is the region between x1 and x2. In this region, x > x1

and x 6 x2. This allow us to rewrite equations C.1 and C.2 as:

ya = y1 −m1(x− x1) (C.3)

yb = y2 −m2(x2 − x) (C.4)

With these equations, I find the indifference point, i.e., the location where

the utilities from firm 1 and firm 2 are the same. The indifference point is

represented by x∗. To obtain such point I equal equations C.3 and C.4:

y1 −m1(x− x1) = y2 −m2(x2 − x) (C.5)

y1 −m1x+m1x1 = y2 −m2x2 +m2x

x∗ =
y1 − y2 +m1x1 +m2x2

m1 +m2
(C.6)

There are two regularity conditions for this model. The first is that the
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utility at x∗ cannot be negative ( y∗ > 0 ). To calculate the restriction, I

substitute x in equation C.3 with the result from equation C.6.

y∗ = y1 −m1

(
y1 − y2 +m1x1 +m2x2

m1 +m2
− x1

)

Substituting:

y1 −m1

(
y1 − y2 +m1x1 +m2x2

m1 +m2
− x1

)
> 0

Reorganizing the equation leads to:

y1

m1
+

y2

m2
> x2 − x1 (C.7)

Using equation C.4 instead of equation C.3 leads to the same result.

The second regularity condition is that the utility a consumer located in

x = x1 obtains from acquiring a product from firm 2 cannot be higher than

the utility that same customer obtains from buying from firm 1. This would

lead to a market with only one firm and the analysis would not be useful.

It is equivalent to say that the location where U1 = U2 is in the interval

x1 6 x 6 x2.

This restriction can be described as the following:

x1 6 x∗ 6 x2 (C.8)

Substituting with eq. C.6:

x1 6=
y1 − y2 +m1x1 +m2x2

m1 +m2
6 x2
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Simplifying:

m1x1 +m2x1 6 y1 − y2 +m1x1 +m2x2 6 x2m1 +m2x2

Subtracting m1x1 and m2x2 from each segment:

m2x1 −m2x2 6 y1 − y2 6 m1x2 −m1x1

Reorganizing:

−m2(x2 − x1) 6 y1 − y2 6 m1(x2 − x1)

Inverting the signs and dividing each segment by (x2 − x1)

−m1 6
y2 − y1

x2 − x1
6 m2 (C.9)

Hence the equations C.7 and C.9 are the regularity conditions for the Hotelling

model. I replace these equations with the variables in the main text.

V f1

tf1
+
V f2

tf2
> (ac2 − ac1) (C.10)

− tf1 6
V f2 − V f1

ac2 − ac1
6 tf2 (C.11)

Following, an equivalent representation emphasizing modularity:

V f0 −M1dV f

tf0 −M1dtf
+
V f0 −M2dV f

tf0 −M2dtf
> (Mc2 −Mc1)da (C.12)

− (tf0 −M1dtf) 6
(M1 −M2)dV f

(Mc1 −Mc2)da
6 tf0 −M2dtf (C.13)

From C.12 we observe that, because M1 and M2 (representing modularity
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in the supplier) take only 0 or 1, tf0 and dtf cannot be equal. From C.13

we notice that Mc1 and Mc2 (representing modularity in the complementor)

also cannot be equal. Thus these are the conditions the relationship between

the variables should uphold.
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Appendix D

Robustness tests for DiD

regressions

These are robustness tests for Chapter 3. To begin with, I present the

effects of participation in the nd and rd Gen. of Mobile Communications

standardization (2GSM and 3GPP, respectively) processes with a shorter

time span (10 years, instead of the original 20 years gap), for both 2GSM and

3GPP. In other words, these regressions capture inventor mobility in period

starting 5-years before the beginning of the meetings, and ending 5-years

after the cutoff date (contrasting with the original, in which the period of

observation began 10 years before and ended 10 years after the cutoff). The

choice of the time frame provides a trade off between capturing the real effect

(increased mobility from participation in SSO) and noise (mobility that was

not consequence of the participation in SSO). The results below suggest that

shortening the time span made the effect more noticeable.
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Moreover, I present the results of placebo tests on both standardization

processes. For each event, I generated regressions for two cutoff dates, one

cutoff being five years prior to the beginning of the actual meetings, and a

second cutoff of five years subsequent to the beginning of the actual meetings.

This means that, with the same dataset of the original regressions, I tested

the results as if the events began five years before the actual date, and as

if began five years later. The placebo test helps identifying distinct trends

between the compared groups (Garcia, Sachsida, and Carvalho, 2018).

D.0.1 Regressions with 10-years span

The table D.1 presents the results the influence of participation in stan-

dardization processes with a shorter period than the original regressions for

the capture of inventor mobility. This is reflected in a period that begins

in 1987 and ends in 1997 for the 2GSM case, and in a period that begins in

1994 and ends in 2004 for the 3GPP case.
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Table D.1: Effect of participation in the Standardization Processes on the
Mobility of Inventors - 10 year span

Average
treatment
effect on

the treated

Std. Err. N Control Treat

2GSM
No Homonyms 0.8** 0.3 770 743 27
With Homonyms 0.9*** 0.2 988 950 38
With Homonyms, bias adj 1.0*** 0.2 988 950 38

3GPP
No Homonyms 0.08 0.2 1346 1304 42
With Homonyms −0.3 0.2 1628 1561 67
With Homonyms, bias adj −0.3 0.3 1628 1561 67

* p < 0.05, ** p < 0.01, *** p < 0.001

In the 2GSM case, comparing to the original outcomes, the results show

a more significant effect (at the 0.1% level in the cases with homonyms, and

at 1% level in the case with no homonyms, in contrast to 5% and 1% in the

original sample, respectively), but weaker (in this case the effect sizes are 0.8,

0.9 and 1.0 more mobilities in comparison to the control group, respectively

for no homonyms, with homonyms and with homonyms with bias adjustment,

compared to 1.7, 1.6 and 1.4 in the original sample).

D.0.2 2GSM Placebo tests

In this section I present two placebo tests for the 2GSM. I ran the

calculations as if the event occurred in 1987 and 1997 in contrast to the

actual date (1992). Results show significance in the the No Homonyms

sample and in the With Homonyms with bias adjustment. Two aspects

stand out: first, the total number of subjects in the treatment condition is

small (18 in the No Homonyms sample, and 27 in the two With Homonyms

samples). Second, the actual significance values (not shown in the table)
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are 1.4%, 5.1% and 5.0%. In other words, the two samples with homonyms

replacement present p-value close to the 5.0% threshold.

Table D.2: Effect of participation in the Standardization Processes on the
Mobilityof Inventors - 2GSM Placebo

Average
treatment
effect on

the treated

Std. Err. N Control Treat

1987
No Homonyms 0.7* 0.3 583 565 18
With Homonyms 0.5 0.3 720 693 27
With Homonyms, bias adj 0.5* 0.2 720 693 27

1997
No Homonyms −0.2 0.4 1113 1055 58
With Homonyms −0.2 0.3 1351 1276 75
With Homonyms, bias adj −0.2 0.3 1351 1276 75

* p < 0.05, ** p < 0.01, *** p < 0.001

D.0.3 3GPP Placebo tests

In this last section, I provide the results of the regressions examining

placebo tests for a hypothetical event five years before the actual 3GPP,

and another five years after the event. In the first case, results are not

significant. In the second case, results show significance at the 5% level, but

the effect is contrary to the prediction. It means that, even if the sample

is biased, is biased towards the opposite side, thus the main results may be

underestimated.
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Table D.3: Effect of participation in the Standardization Processes on the
Mobility of Inventors - 3GPP Placebo

Average
treatment
effect on

the treated

Std. Err. N Control Treat

1994
No Homonyms −0.8 0.8 882 867 15
With Homonyms 1.2 1.4 1131 1097 34
With Homonyms, bias adj −0.3 1.1 1131 1097 34

2004
No Homonyms −0.3 0.2 1761 1701 60
With Homonyms −1.1 * 0.5 2118 2028 90
With Homonyms, bias adj −1.1 * 0.5 2118 2028 90

* p < 0.05, ** p < 0.01, *** p < 0.001
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