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Embedded Technology Networks 

 

Rajiv Mukherjee, Ph.D. 
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Supervisor:  Anitesh Barua 

 

It is of deep interest to researchers and practitioners in Information System (IS) to 

understand the efficacy of the traditional IS and economics theory in modern business 

environments such as online social networks. In the pursuit to understand such new IS 

phenomenon and address the gap in extant literature, my dissertation, identifies the 

strategies that the firms should incorporate in the presence of network effects; i.e., the 

increases in benefits accrued by a network user with an increase in the number of users, 

and its impact on consumer behavior. My first essay, challenges the traditional notion 

that network effects create a strong protective moat for the incumbent in network 

competition. I show that network effects are over rated in multi-homing setting, where 

users can co-exist across multiple networks under resource constraints. Over reliance on 

the strength of network effects by the incumbent firm in multi-homing setting, stems 

from extant economic theory that is applicable to single homing networks, where users 

has to choose one of the available networks. The first essay recommends strategies for 

the level of innovation and its time of delivery that firms should incorporate in order to 

survive and succeed in multi-homing environment. While the first essay focuses on 
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multi-homing and the strength of network effects, the second essay revisits firm’s 

preemption strategy in single homing setting with network effects, in order to prevent its 

users from migrating to a new entrant with better technology. I find that, for moderate 

levels of price and innovation competition, an incumbent with high reputation is better 

off being non-committal in its preemption. In contrast, committal preemption is apt for 

other combinations of reputation, innovation and price. While the first two essays focus 

on the impact of consumer behavior on firm strategies, the third essay delves into the 

impact of firm strategies on consumer behavior. In particular, I identify identity 

revelation policies that increase the number of successful transactions and collaborations 

in a socially embedded marketplace. The results imply that revealing social identities 

may be detrimental to negotiation and collaboration in a socially embedded marketplace 

– a notion that is counter intuitive to networks that are inherently social. 
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Introduction 

Many IT enabled networks have attained a large user base induced by strong 

network effects, which are thought to create an economic moat by increasing switching 

costs, thus offering protection against new entrants. The underlying assumption behind 

this result involves single-homing, where users choose only one network at any given 

time. Is the incumbency protection power of the moat as strong in the case of multi-

homing, where users with resource constraints can co-exist on multiple networks and 

incrementally adopt a new entrant? I develop a multi-period analytical model of 

endogenous adoption decisions in a setting where a new network arrives with a superior 

capability, and where users derive value from technological capability as well as network 

effects. I demonstrate that the moat created by network effects with incremental adoption 

is weaker than that in the case of binary adoption. This enables the new entrant to cause a 

gradual migration of users through a slow but steady growth of its capabilities. However, 

with improvements in its capabilities, the incumbent may be able to regain users more 

easily than in the case of single-homing, leading to higher levels of competitive dynamics 

than that predicted by the network effects literature. Thus the first chapter of my 

dissertation suggests that the protection power of network effects and the resulting 

competitive intensity may be overrated and underplayed respectively in many modern 

technology settings relative to their levels implied by binary adoption decisions. While 

the first chapter delves into the understanding of strength of network effects in multi-

homing environments and the level of innovation to be delivered, the second chapter 
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researches the role of firm characteristics such as reputation of the incumbent, pricing 

competition in the market and innovation on its preemption strategies. 

When an incumbent technology network faces a new entrant with superior 

capabilities, it may choose to announce a technology improvement as a preemption 

strategy to avoid forfeiting users. While the incumbent faces the dilemma of how much 

improvement it should commit to, users face the challenge of deciding how to divide 

resources (e.g., time spent) between the two networks. But why do some firms commit in 

its preemption strategy while others make vague preannouncements? What market 

characteristics are best suited to vague preannouncement? Using a two-period decision 

theoretic model, where users can be loyalists (who always prefer the incumbent) or 

switchers (ready to switch to the new entrant and back under suitable conditions), we 

show that when the difference in fee structure across platforms is low and reputation of 

the incumbent’s past delivery according to preannouncement is moderate to high, 

moderate intensity of innovation competition leads to vague preannouncement. In other 

cases, the incumbent is better off committing to a future innovation in their 

preannouncement strategy. The price that the advertiser is willing to pay depends on the 

conversion rate of the advertiser on both platforms and cost functions of the platforms. 

While the first two chapters focus on the firms strategies, the third chapter delves 

into the effect of firm’s revelation policies on consumer behavior in an online 

marketplace. In many online marketplaces, buyers and sellers can negotiate a product 

transaction. With the advent of socially embedded marketplaces (e.g., Facebook 

Marketplace) it was believed that such platforms may outperform traditional 
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marketplaces that are not socially embedded and often anonymous (e.g. Craigslist). While 

the buyers and sellers may be more likely to complete a transaction through trusted 

relationships in a socially embedded marketplace, they may not be in a better position to 

bargain compared to anonymous networks. Our research primarily deals with endogenous 

formation of coalition structures through negotiations based on varied resources of 

individuals who may not know their social relationships with other negotiators. Unlike 

public goods game, where the dilemma of players is how much to contribute, the 

members of our experiment face the tradeoff between the optimal choice of coalition 

members versus incorporating members with whom they may have a social tie in the real 

world. The past literature on the impact of social ties on marketplace efficiency is sparse. 

Does information on social ties aid in the success of a negotiation? Is social information 

detrimental to marketplace efficiency? This research attempts to answer such questions 

using a variation of the ultimatum game and the weighted voting game with different 

social information revelation policies in an experimental setup. 
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Chapter 1:  The Incumbency Protection Power of Network Effects: 

Hype or Reality? 

1.1 Introduction 

Many IT-enabled networks like Facebook, LinkedIn and Twitter have grown large by 

building strong network effects (Stross 2010). Such positive externalities increase 

switching costs (Farrell, Shapiro 1988; Klemperer 1987), and are believed to create an 

economic moat1 that protects incumbents against new entrants, thereby lowering the 

intensity of competition.  Does this result still hold in modern technology settings where 

users can incrementally adopt a new platform without completely abandoning the 

incumbent? The network effects literature would suggest that due to large installed user 

bases, early online social networks such as MySpace and Orkut would witness minimal 

migration of their users to late entrants like Facebook. Yet it is well documented that 

most adopters of early social media significantly reduced the time spent on incumbent 

networks like MySpace to embrace newer networks like Facebook, even though the latter 

did not arrive with revolutionary capabilities or features2. Figure 1.1 shows that during 

2007-09, the average time spent on MySpace dropped from thirty to ten minutes, while 

that spent on Facebook increased steadily. By January 2011, the average time on 

                                                 
1 In describing his investment philosophy, Warren Buffet once stated: “In business, I 

look for economic castles protected by unbreachable moats.”  

Source: http://tech.fortune.cnn.com/tag/warren-buffet/ 

2 http://www.informationweek.com/news/internet/showArticle.jhtml?articleID=200000822 
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MySpace had declined to just five minutes, while that on Facebook increased to thirty 

four minutes (Source: www.alexa.com). If network effects helped MySpace grow in the 

first place, how can we explain the decline in MySpace activity over time and a 

corresponding increase on Facebook? In other words, did network effects not offer 

sufficient protection to the incumbent?  

A closer scrutiny of the early network effects literature (e.g., Katz and Shapiro 1985, 

1994) reveals that the key results involving incumbency protection implicitly assume that 

a user can be a member of only one network at a point in time. For example, in the case 

of Beta and VHS standards battle or QWERTY and DVORAK keyboard adoption 

(Liebowitz and Margolis 1994), users are assumed to completely adopt only one of the 

standards. Traditionally, the focus of the network effects literature has been on such 

binary adoption decisions, which is referred to as single homing (SH) (Rochet and Tirole 

2003). However, in many instances today, users do not have to choose one network or 

technology over another. Rather, they may choose to co-adopt multiple networks 

simultaneously, which is referred to as multi-homing (MH) (Rochet and Tirole 2003; 

Gabszewicz and Wauthy, 2004). For example, the Super Audio Compact Disc (SACD) 

and Digital Versatile Disc Audio (DVD-A) are competing formats for multi-channel 

audio. In spite of predictions of a standards war driving out one format (e.g., Shapiro and 

Varian 1998), both continue to co-exist a decade after their introduction. Such co-

adoption is made possible by the availability of universal players, which allow consumers 

to buy their favorite albums on DVD-A or SACD based on availability, and rely on CD 

or MP3 for other albums (Mock 2004). Along similar lines, applications like 
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Move2Picasa3 help users transfer photos from Facebook to Google+, while work-arounds 

exist to export friend lists from Facebook to other social networks4. With switching costs 

due to format differences being reduced, consumers are able to choose multiple formats 

simultaneously.  

As shown in Table 1.1, the extant literature on MH (e.g., Rochet and Tirole 2003; 

Gabszewicz and Wauthy 2004; Armstrong and Wright 2005; Parker and Van Alstyne 

2005; Armstrong 2006; Doganoglu and Wright 2006; Eisenmann et al. 2006) has not 

studied the extent and dynamics of adoption of multiple platforms through the allocation 

of limited resources. For example, in Gabszewicz and Wauthy (2004), a visitor can buy 

passes to more than one exhibition center, while an exhibitor can choose to display in 

multiple centers. SH users choose only one center to visit or display products, while MH 

users choose multiple centers. Gabszewicz and Wauthy (2004) do not investigate the case 

where a visitor and an exhibitor may have a time and budget constraint respectively. 

Under such resource constraints in MH, visitors and exhibitors would behave 

strategically and divide their resources (time and money respectively) across venues in 

order to maximize their benefits. In many MH scenarios such as social networks or 

traditional CD versus DVD-A/SACD, users or adopters have a limited amount of 

                                                 
3 http://techcrunch.com/2011/07/06/how-to-move-your-facebook-photos-to-picasa-soon-google-

photos-in-a-flash/ 

4 http://howto.cnet.com/8301-11310_39-20078598-285/how-to-move-your-facebook-

photos-to-google/ 
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resources, which can be allocated toward the adoption of networks, products or 

platforms. That is, users have a choice of the amount of resource to allocate to a platform 

(and hence the extent of adoption), which can vary from period to period in a temporal 

model. One of the two key research issues in this study involves whether network effects 

offer strong protection to incumbents in MH settings where users can incrementally adopt 

a new network by dividing limited resources between the incumbent and a new entrant, 

and then gradually increase the resource(s) allocated to the new entrant under certain 

conditions. The dynamics of migration in such cases remain an open question in the 

literature. For example, how large a technological capability does the new entrant need to 

enter the market? Should it initially target users with high affinity to technological 

capability or network effects? I also investigate the incumbent’s reaction which 

determines the competitive dynamics of this market. How long can the incumbent afford 

to wait before offering improved capabilities in order to maintain its market share in the 

presence of a new entrant with superior capabilities?  If the new entrant is able to breach 

the moat created by network effects in incremental MH, can the incumbent also regain 

lost users more easily in such an environment?  

We assume that a user derives benefits from the capability of a network or 

technology, and from network effects (Katz and Shapiro 1985; Liebowitz and Margolis 

1999). Network capability may be attributed to proprietary technology, functionality, 

control over information/privacy, interface, customizability and applications. Network 

effect is the benefit that each user of a good or service realizes as more people use the 

same good or service. For instance, both Skype and GoogleTalk have instant messaging 
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and voice-over-IP features, though Skype is believed to be superior in voice quality and 

PC-to-phone calls. However, GoogleTalk is integrated with Gmail, Google Docs and 

other applications, thus enabling a user to add new contacts from her mailing list and 

manage all interactions through email or chat. Thus a user may choose Skype for superior 

voice quality and PC-to-phone calls, but also use GoogleTalk to interact with her contacts 

already using the latter option.  

We demonstrate through a multi-period analytical model that in the MH case 

where a user can coexist on the incumbent and the new entrant networks by dividing her 

total time spent on networking, even a marginally superior technological capability of the 

new network will start a slow bleeding of the incumbent network, thus triggering a 

decline in the total time spent on the incumbent. Eventually, the network effects on the 

new entrant may become strong at the cost of that in the incumbent network. This may 

create an avalanche, whereby the remaining users on the incumbent network allocate 

increasing amounts of time to the new network, leading to a major shrinkage of time 

spent on the former5. By contrast, in the SH case considered in the early network effects 

literature, a quantum leap in capability is necessary to make users migrate at once to the 

new network. Thus the incumbent may be more vulnerable than previously considered on 

                                                 
5 While this phenomenon may appear to be similar to the diffusion processes described by 

Rogers (1962), the S-curve proposed by Rogers is exogenous in nature, while the adoption levels 

are endogenously chosen by users in this model. Further differences between this model and the 

key results in the diffusion studies are discussed in the literature review section.   
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the basis of the extant literature. Further, the highest technological capability required to 

cause migration in SH network must be provided earlier than in the case of MH. 

Therefore, in the latter setting, the new entrant does not have to deliver the highest 

required capability upfront; since the required capability increases gradually in MH, the 

new entrant has more time relative to SH to improve its technology to attract users.  

We also demonstrate that if the incumbent responds to the new entrant in a timely 

manner by developing new capabilities, it may be able regain the time lost to the new 

entrant more easily relative to the case of SH. Thus the competitive intensity and 

dynamics in modern technology settings may be stronger than that suggested by the 

strong protective power of network effects advocated in the extant literature. Since the 

extant MH literature has not focused on partial and incremental adoption of multiple 

platforms, the required capability of the new entrant and the dynamics of the migration 

and potential reverse migration have received little attention.  

The key contribution of this study is to demonstrate that the incumbency protection 

power of network effects described in the classical network effects literature may be 

overrated in modern technology settings where other types of switching costs have been 

lowered to enable co-adoption of multiple technologies or networks. The results of this 

research offer an explanation as to why it has been possible in recent times to breach the 

moat created by incumbents with large installed bases and underscores an increased 

vulnerability to new entrants with less-than-revolutionary technology offerings but with 

gradual improvements over time. The study also demonstrates an increase in competitive 

intensity where the incumbent may regain lost share more easily than in the case of SH or 
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complete adoption. This work also contributes to the diffusion literature by treating 

migration or diffusion across networks as an endogenous and incremental choice by users 

rather than an exogenously specified model parameter.  

1.2 Past Research 

The ‘Information Economy’ has traditionally been believed to be propelled by strong 

network effects (Shapiro and Varian 1998; Katz and Shapiro 1985; Katz and Shapiro 

1994). For example, a Facebook user who uses the network to keep in touch and/or play 

multi-player games like Farmville with friends would value the network more as more of 

her friends join the network. It is suggested that such positive externalities would make a 

strong network stronger and a weak network weaker (Shapiro and Varian 1998). 

However, this result is based on the fact that the incumbent network induces a large 

switching cost for users through network effects, thus shielding the incumbent from a 

new entrant with superior capabilities. In the context of online social networks as with 

many other technologies, there is no direct membership cost, while the learning curve is 

minimal owing to similarity in the basic functionality and usability across networks. 

Thus, network effects are the primary source of switching cost in online social networks.  

Prior theories of competition in technology networks accentuate the path dependence 

(Liebowitz and Margolis 1995) of outcomes, and suggest that inferior products that have 

entered the market early and developed large networks may drive out superior products 

and “win the market” (Arthur 1989, 1994; Farrell and Saloner 1986). However, the thesis 

of this study is that in many modern technology networks where users can multi-home 
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incrementally, and where network effects is the major component of switching cost, such 

lock-ins with inferior products may not be feasible. In spite of the presence of network 

effects, history shows that new technology products and services have been launched 

successfully in competitive markets and that market segments have been penetrated into 

and captured. This is often made possible due to innovation in terms of revolutionary 

technology (e.g., the Apple iPhone), path breaking business models (e.g., Apple iTunes) 

or an evolutionary strategy, whereby the new player enters the market by being 

compatible with the incumbent. The revolutionary strategy is marked by a large 

improvement or “discontinuity” in technological capability, whereas the evolutionary 

strategy follows a smoother transition (Shapiro and Varian 1998).  

The SH literature assumes that users choose only one of the networks. Katz and 

Shapiro (1985) develop a single period model where a consumer’s decision to adopt a 

technology or network depends on the price and the rational expectations about the final 

network size. When new products are introduced, the market may display a bias towards 

existing product, resulting in excess inertia or a rush to the new entrant due to insufficient 

friction (Katz and Shapiro, 1985). In a two-period SH model of dynamic competition 

with new adopters entering the market, Farrell and Shapiro (1988) show that an inferior 

product can enter a market where there are economies of scale and switching cost for 

consumers. However, they note that it will be difficult for such a new entrant to lure the 

installed base, and that it may be more successful in attracting new adopters. Beggs and 

Klemperer (1992) propose an infinite period model where new consumers arrive in the 

market every period and a fraction of old consumers leaves. Switching costs make the 



 12 

market more attractive to a new entrant in spite of an installed base. Farrell & Saloner 

(1985) model sequential decisions to completely adopt one amongst multiple platforms 

(i.e., single homing) where the timing of adoption is endogenous. However, in the model 

presented in this research, the participants sequentially decide on the extent of adoption 

of the incumbent and the new entrant in a multi-homing context.  

Another relevant stream of literature involves the diffusion of innovation. Diffusion is 

a process of communicating ideas about an innovation amongst users who are potential 

adopters (Rogers, 1962). Rogers proposed that the adoption curve follows a normal 

distribution. He classified adopters into innovators, early adopters, early majority, late 

majority and laggards. Bass (1963, 1969) presented an analytical model describing this 

phenomenon, popularly known as the 'Bass diffusion model', which is a special case of 

the Gompertz distribution. The Bass diffusion model considers the adoption of new 

innovations as a result of interactions between existing user base and potential adopters. 

In this model, the rate of change of adoption depends on the cumulative adopters at a 

given time, the 'coefficient of external influence' and the 'coefficient of internal 

influence'. The model aids practitioners in predicting sales based on historic information 

or derived from analogous product sales in the past. However, in the Bass model, the 

adoption pattern is exogenously specified, whereas I treat the adoption process as 

endogenous. The Bass diffusion model does not explicitly specify if new adopters enter 

the market. Thus it is not clear if the adopters renounce a product to adopt one whose 

diffusion pattern is being predicted. In this model, there are no new adopters in order to 

isolate the dynamics of network effects and technological capabilities and their impact on 
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diffusion. Thus, in order to adopt the new entrant, current users of the incumbent network 

have to leave the incumbent either completely (in SH) or partially (in MH). 

1.3 The Model 

We consider an incumbent (network 1) with technological capability 1c . A new entrant 

(network 2) arrives with a better capability 2 2 1( )c c c . The capability of a network may 

depend on the features provided by specific technologies. For instance, let the incumbent 

and the new entrant networks serve only two applications, namely music streaming and 

gaming. Let the capabilities of the incumbent and the new entrant for music streaming be

1m and 2m , and those for gaming be 1g and 2g respectively, such that  1 1 1,c f m g
 
and 

 2 2 2,c f m g . I consider the case where each network is superior in one dimension than 

the other, although network 2 is superior from an overall standpoint6. I assume that each 

user is in all other users’ contact list in the incumbent network. To assess the impact of 

innovation in technology on migration patterns of existing users, I isolate the model from 

new adopters7. In SH environment, the benefit derived by a user i from network j in 

                                                 
6 If the new network’s music streaming and gaming technology capabilities are both better than 

those of the incumbent, i.e., if 2 1m m and 2 1g g then a user would have no reason to spend 

time on the incumbent network from a capability standpoint. In other words, the user would have 

no incentive to split time across two networks to derive benefits from both networks’ capabilities.  

7 If new users are considered, they are more likely to join the new entrant than the incumbent 

because of the former’s superior technological capability. The fact that they had not already 
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period  is given by SH

ijB   which has two parts: i) A private benefit derived from using the 

technology provided by the network (e.g., single user applications providing information, 

entertainment, etc.), and ii) social utility derived from interactions with other users of the 

technology. Thus: 

 
1

,
D

SH

ij j i i j i i d ijd

d

B c U T c S T m      



 
   

 


 

where  j i ic U T is the private benefit derived by user i  from network j , and where 

 iU T is the private utility derived by user i  in period  by allocating timeT to network

j with capability
jc . The parameter i  0 1i  represents the affinity of user i to utility 

derived from single user applications, andT represents the total time allocated to network

j .  

The second part of the benefit function,
1

,
D

i d ijd

d

S T m  



 
 
 
 , is the social utility 

derived by user i from network effects in period  by allocating time T to network j , 

where i represents the affinity of user i to network effects. 
ijdm 

represents the mean 

time allocation by  other users (represented by i ) in network j whose influence on user i

is ranked d . Network effect related benefits for a user increase with the time allocated to 

                                                                                                                                                 
joined the incumbent implies that they may be more affine to technological capabilities than 

network effects. Thus new users would only help strengthen the results involving the 

vulnerability of the incumbent.  
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a network by (i) other users and (ii) herself.  The sum of weights associated with other 

users is normalized to 1. The above mean is calculated with respect to the total number of 

users of similar rank in network 1. Thus, the mean network effect is 0 or T for SH 

networks and lies between 0 and T for MH networks. The influence depends upon the 

similarity in users’ affinities to network effects. For instance, a network effects affine 

user shall assign a higher weight (and therefore a higher rank) to users with higher 

affinity to network effects than her because such users have a higher influence on others’ 

decisions regarding resource allocation in online platforms.  Similarly, the weight 

assigned to users with similar affinity will be higher than the weight for users with lower 

affinities. d denotes the weight associated with the rank d of the influence. A higher 

ranked (denoted by a higher value of d ) contact will receive a larger weight. I assume 

that for a given influence based on relative affinity to network effects, the user has the 

ability to rank them and that the weight and ranking associated with a user remains same 

across the two networks. D is the highest rank of influence for user i . Thus, even though 

all users are connected to each other facilitating the information flow, the time allotment 

decision of a user depends on the influence that other users have on her. If the diffusion 

process is such that the users with a lower affinity to network effects make decision 

before a user with higher affinity to network effects , then user  will assign weights to 

other decision making users such that 1 2 1...       . User D with the highest affinity 
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to network effects is assigned the highest weight
D . The weights are normalized such 

that
1

1
D

d

d




 . 

The benefit derived by user i  in a MH environment is given by MH

iB  . In MH, user i  

may choose to co-exist in both the networks by allocating time
ijt  to network j in period

 and derive benefits from splitting time across both networks. Thus:  

 
2

1 1

,
D

MH

i j i i ij i i ij d ijd
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where the total time T is fixed, i.e., 
1 2i it t T   . 

1.3.1 Model Assumptions 

Diffusion of information about the new entrant is such that users in network 1 are 

progressively informed about the details of capability of network 2 to be able to make a 

decision to allocate time between the two networks. This could be the reason why a new 

network does not witness instant and complete migration of all users. For example, when 

Google+ was launched, invitations were sent to select users, who, in turn, could send 

invitations to other users in their network. Thus, though most users on other competing 

networks like Facebook knew about the existence of Google+, only users with invitations 

were in a position to make a migration decision and invite other users from Facebook to 

experience Google+.  Since the number of invitations is limited, users present on 

Google+ would invite users with similar affinity for technology capabilities or network 

effects. Users with high affinity to technology (or network effects) will be more likely to 
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take a decision to allocate time to the new entrant if they receive an invitation from a user 

with similar affinity to technology (or network effects). Along similar lines, one user or a 

group of users with the same affinities for technology and network effects decide to 

allocate time  0 to the new network in each period.  

When users know the types of other users who will make a decision to allocate time 

between the two networks, they form expectations about the mean time allotment of other 

users8. I consider the temporal dynamics of decision making in which expectation 

formations are myopic (Sobel 1981; Farrell and Shapiro 1988; Beggs and Klemperer 

1992; Brock and Durlauf 2001). That is, users take the last period’s actual mean time 

allotment to make forecasts about the current period.  

Parametric Assumptions: 

The private utility of user i is concave: 
 

 

2

2
0

i ij

ij

U t

t









. This form provides the user the 

motivation to split time across two networks in MH. A function of the form

   i ij ijU t t


  where 0 1  satisfies the parametric assumption. The intuition behind

                                                 
8 In period  , users or user groups1,2,..., 1  may have already allocated some time to 

network 2. The th user or group, who has spent the full time T on network 1 until period

1  , will decide for the first time whether to allocate any time to network 2 based on its 

capability and the total time spent on network 2 by users1,2,..., 1  . Users 1,2,..., 1   will 

also reallocate their time to network 2 based on their expectation of user  ’s decision.  
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 is that it determines the value of a user’s time. All users are assumed to have the same 

valuation of time. 

 

We consider social utility functions that demonstrate constant strategic 

complementarity between the time allotted by the user and the expected mean time 

allotment by other users. 

 2 ,
0

i ij ij

ij ij

S t m

t m

  

 






 
   
 

 

A function of the form    
1

, 1
D

e e

i ij ij ij d ijd

d

S t m t m      



   satisfies the above 

requirement9 and represents the social utility derived per unit capability from time spent 

by others. A given network size (measured by the total time spent on the network) may 

generate disparate levels of network effects depending on level of interactions supported 

by the platform. E.g., social media platforms provide collaboration tools enabling 

interactive creation and diffusion of content, while professional networks like LinkedIn 

and Glassdoor offer features to conduct interviews or check crowd-sourced salary 

information. A platform supporting such interactive experiences will be successful in 

creating a higher network effect, which is captured by  , a network characteristic which 

                                                 
9 The discussion of social utility function uses the notation m for mean network effects from 

other homogeneous users. It holds true for heterogeneous users as well where the expected mean 

network effects from other users is denoted by M . 
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has a higher value for a platform that allows higher levels of interaction between users. In 

contrast to the multi-user functionality represented by  , the capability of the network, c, 

refers to features or functionality that is valuable to a single user regardless of her 

interactions with others. For the social utility to play a significant role in MH, the 

network must satisfy a minimum level of interactions between users. For example, a 

network where a user can only provide content individually will have a lower level of 

interaction than a platform where users can collaboratively generate and filter content. 

This constraint on the level of interactions that the platform must support is discussed in 

the next section. 

 

We assume that users preserve their social influence and affinities to technology and 

network effects when they migrate from network 1 to network 2 in both SH and MH 

cases. However, it is possible that social influence, affinities to technology and network 

effects vary with time or platform. I do not analyze such variation in user characteristics 

in this model. Thus, for an exogenous value of time T, user 'i s characteristics are defined 

by , ,i i    and the network 'j s characteristics are defined by ,jc  . 

1.3.2 Homogenous Users 

Homogeneous users, the starting point of this analysis, have the same affinity to 

technology and network effects. Let i  and i  for all i. The diffusion of 

information about the capabilities of network 2 occurs in a way such that in the first 

period, one user, who currently spends the entire time T on network 1, gets the 
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opportunity to make a decision regarding time allocation to network 2.  In each 

subsequent period, a different user gets the opportunity to make a first-time decision 

regarding time allocation between the two networks. In each of these periods, the 

capability required by the new entrant must be sufficient to overcome benefits from both 

the technology and network effects provided by the incumbent.   

In SH, users forego the benefits from capability and network effects on network 1 

to adopt network 2 completely. Thus it is difficult to migrate the initial users because they 

do not have significant network effects in network 2 in the early stages. In MH, the 

capability provided by network 2 should be sufficient to only partially migrate users to 

network 2. Therefore, the network effect on network 2 in MH builds more slowly than in 

SH. However, because of complete adoption in SH, network 2 must deliver a higher 

technology upfront in SH as compared to MH.  As stated before, the extent of interaction 

between users must be higher than a minimum threshold, which ensures that the social 

utility is affected sufficiently by the strategic interactions between the user and her 

network. 

Proposition 1a: For homogeneous users, the capability required by the new entrant to 

initiate migration in SH network is highest in the first period. In MH networks, the 

capability required to initiate incremental migration is less than that in SH networks. 

All proofs are provided in the Appendix G. 

Even though the network 2 in MH requires a lower capability in the initial periods 

to initiate migration, the capability requirement may grow as more users are induced to 

increase their level of adoption of network 2. However, it is of interest to know whether a 
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complete migration in MH is possible by slowly incrementing the technology but keeping 

the highest technology requirement strictly lower than that needed upfront in SH. This 

has significant implications for the technology development process for MH networks. 

Moreover, it also raises concerns for the incumbent network because of the possibility of 

complete migration in MH with a lower technology than in SH. 

Technology networks provide features to enable interaction amongst users and to 

leverage benefits derived from social utility (as embodied in ). However, users also 

derive higher benefits from social utility if they have higher affinity to network effects. 

Thus, the minimum required level of interactions increases with the affinity to technology 

and decreases with affinity to network effects. In networks with the minimum required 

level of interactions, the new entrant in MH may completely migrate homogeneous users 

with a capability lower than the highest capability required in SH. Further, such 

migration is easier if the user has a lower value for the time spent on the network. As the 

users’ valuation of time   gets closer to 1, the time allocation of users in MH network 

becomes similar to SH. Thus, networks where users have lower valuation of time are 

more likely to witness migration to newer networks since it is easier for the new entrant 

to pull such users compared to networks where users have high valuation of time. For 

example, Facebook may have been able to gradually attract users away from MySpace 

because of the potentially lower valuation of time by college students relative to users of 

professional networks such as LinkedIn. The model presented in this paper indicates that 

it may be relatively more difficult for a professional network competing with LinkedIn to 
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migrate users away because professionals, who form the majority in such networks, may 

have a relatively higher valuation of time than college students10. 

Proposition 1b: In MH, homogenous users will completely migrate to a new entrant with 

a technology capability lower than the highest capability required in SH, if in every 

period, the ratio of net loss in incumbent’s benefits by choosing MH over SH, to the 

benefits from new entrant by choosing MH is less than a threshold. This threshold

 22 1   is higher when the valuation of time by homogeneous users (denoted by  ) is 

lower and vice versa.  

Proposition 1b specifies the conditions necessary for a complete migration of 

homogeneous users under MH within the same time frame as SH. If the new entrant 

network increases technology slowly over a longer period of time (beyond the number of 

periods considered in the analysis) without any response from the incumbent, full 

migration could take place under less stringent conditions11. 

In case it is not feasible to keep the required capability on network 2 lower than 

that required in SH throughout the migration process, the new entrant can still buy more 

                                                 
10 http://www.forbes.com/sites/ciocentral/2011/02/16/why-linkedin-is-more-valuable-

than-facebook/ 

11 In the absence of any limitation of the number of periods within which migration must be 

completed, a homogenous user in MH may increment her time byT  where ( )D  is the period 

by which migration will be completed and D is the number of periods (= number of users or 

groups of similar users) in which the migration is completed in SH. 
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time to develop such capability in MH rather than SH, where network 2 must deliver the 

highest technology upfront. This extra time must be supported by regular release of 

usable parts (modules) so that a steady migration in MH is sustained.  

Shapiro and Varian (1998) describe a “revolutionary” or “10x” improvement 

strategy for new entrants to be able to penetrate a market characterized by an incumbent 

enjoying strong network effects. Proposition 1a and 1b suggest that a new entrant may 

not need a giant leap in technology to eventually capture the entire market; rather, in MH 

networks with certain characteristics, the new entrant can introduce small increments in 

technology at regular intervals and still manage to gain market share over time12. For 

example, MySpace and Facebook were launched in 2003 and 2004 respectively with very 

similar social networking tools like the ability to add friends by searching existing 

profiles, and posting messages and photos. Facebook continuously improved the social 

networking experience by adding capabilities gradually, while MySpace began losing its 

main demographics of teenagers due to poor design and privacy issues. As Facebook 

incrementally added features13 like Share, News Feeds, Mini-Feed, Marketplace, 

Translation tools, Facebook Chat, Like, Virtual Gift Shop, etc., and created a platform for 

Facebook application developers maintaining transparency in design and privacy control, 

                                                 
12 Shapiro and Varian (1998) suggest an incremental strategy as an alternative to revolutionary 

improvement; however, they define such a strategy as providing backward compatibility with the 

status quo. Further, their prescription implicitly involves single homing, such as the adoption of 

MS Word by WordPerfect users through conversion help features.    

13 http://newsroom.fb.com/content/default.aspx?NewsAreaId=20 
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MySpace struggled with its design or privacy related issues14. Thus, MySpace’s decline 

was not a result of a revolutionary technology shift induced by Facebook, but can be 

attributed to the latter’s gradual but steady stream of improvements. Similarly, Google+ 

entered the market in 2011 with a different design of social networking and has gained a 

sizable membership in a short time period15, and is steadily adding features to its 

platform. For example, since inception, Google+ has developed new features such as 

hangouts (which enable group video chats), customization of news feeds, and circles 

(which provide users more granular control over privacy than Facebook). If the 

incumbent (Facebook) does not innovate continuously, it may slowly lose market share to 

Google+ in spite of the network effects it has built. The next section numerically 

illustrates the above migration patterns. 

 

1.3.2.1 Numerical Illustrations for Homogeneous Users 

For a SH user, the decision is whether to adopt the new entrant network completely (by 

choosing T) or stay with the incumbent. I investigate the MH case where a user can 

allocate less than T to the new network. Since the information received about the new 

entrant is reliable in this model, users have no incentive to reduce their time on the new 

                                                 
14 http://www.msnbc.msn.com/id/19717700/ 

15 http://www.huffingtonpost.com/2011/07/15/google-plus-vs-

facebook_n_899922.html#s300815&title=Hangouts_Video_Chat 
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network in a later period.  In examples below, I use 
1 50,c  40,T  0.5,  0.5, 

0.5   and 200.D  . I analyze the following two cases.  

MH case 1: The first decision maker increments her time on the new network by 

either 0 or T/D in a network where everyone is connected to everyone, where D is the 

total number of decision making periods (and also the highest rank of measure of 

influence). In every period, all homogeneous users allocate the same time to network 2.  

MH case 2: The first decision maker increments her time on the new network by 

either 0 or xT D , where D is the total number of decision making periods and x is an 

integer ( 1x  ). In every period, all homogeneous users allocate the same time to network 

2. In this case, all decision making users migrate completely in period D/x. Thereafter, all 

new decision makers adopt network 2 completely when they make their first decision 

regarding time allocation. Table 1.2 shows the time allocation by various users over 

different periods. MH case 1 is represented by 1x  , where D is the period in which 

migration is completed.   

Table 1.3 shows that when homogeneous users are more capability affine, 

network 2 requires the least capability to ensure complete migration in SH, MH case 1 

and 2. For more network affine homogeneous users, network 2 requires the highest 

capability to motivate all users to migrate. As users become more affine to social utility 

and network effects rather than capability, it becomes more difficult for the new entrant 

to ensure complete migration. 
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Figure 1.2 shows the capability requirement of network 2 in homogeneous SH, 

MH cases 1 and 2 for users with equal affinity to both capability and network effects. 

Figure 1.3 shows that network 2 ensures complete migration in the final period (200
th

 

period) in MH case 2, while in MH case 1, the MH network replicates the behavior of a 

SH network from the 20
th

 period onwards, owing to faster build-up of network effects 

and social utility in case 1. The above examples illustrate the vulnerability of the 

incumbent.  For example, case 1 indicates that when users are highly capability affine, a 

new entrant can cause a complete migration in MH with a capability that is almost 

thirteen times smaller than that required in SH. Even when users are highly affine to 

network effects, the new entrant only needs about one third the capability required for the 

case of SH. So far I have assumed that users are homogeneous in the affinity towards 

capability and network effects, i.e.,  and are constant for all users. In the next section, 

I relax this assumption and analyze how heterogeneous users affect the earlier 

propositions. 

1.3.3 Heterogeneous Users 

Heterogeneous users have different affinities to single-user and multi-user 

applications offered by the network. Let us assume that there are three types of users (as 

shown in Table 1.4): Type 1 users, who have high affinity to capability but low affinity to 

network effects, Type 2 users, who have moderate levels of affinity to both capability and 

network effects, and Type 3 users, who have high affinity to network effect but low 
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affinity to capability. As in previous section, I still assume that all users are connected to 

each other.  

The diffusion of innovation in the real world begins with innovators, then spreads 

to early and late majority, and is finally adopted by laggards (Rogers, 1962). In the 

context of this model and social networks, an innovation in capability is most likely to 

attract users who are more affine to technology (e.g., single-player option in gaming 

networks) than users who are more network affine (e.g., multi-player option in gaming 

networks) in the early periods when the new entrant has not built sufficient network 

effects. For example, single-player games may be ideal to attract users who derive more 

benefits from their private utility of a technology in a social gaming network. Over time 

the technology to support multi-player options may be developed, thus targeting users 

who are more network effects affine. The diffusion pattern has strategic implications for 

network 2. This model suggests that targeting the capability affine users first may help 

the new entrant in developing its technology over time and build network effects in order 

to attract network affine users in later periods.  According to this model, a new entrant is 

better off focusing on attracting the Type 1 users followed by Type 2 and 3 in order to 

slowly build up the network effects in network 2 and in the process not requiring delivery 

of a path-breaking technology in the initial periods. 

 Proposition 2: For heterogeneous users, in both SH and MH, the new entrant network 

will prefer delivering capability to attract users in the following order: Type 1, Type 2 

and Type 3. 
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Proposition 2 may be extended to a continuum of  and whereby the new 

entrant would prefer users with highest affinity to capability to make migration decisions. 

From Proposition 2, I note that the new entrant in SH may gradually increase the 

capability required to be delivered by targeting users of Type 1 first followed by other 

types. Thus, a new entrant in SH may not have to deliver the highest technology in the 

first period as in the case of homogeneous users (Proposition 1). 

Proposition 3a: For heterogeneous user in SH, the capability requirement to enable 

complete migration first increases, reaches a peak and then decreases. 

Comparing the capability required for heterogeneous users in SH and MH, I note 

that the network effect builds faster in SH due to complete adoption. However, to enable 

this complete adoption, SH requires a higher capability in the initial periods. This 

required capability rises as the affinity to individual utility from capability reduces and 

affinity to social utility increases with network effects across periods. However, at some 

point in migration in SH, the capability requirement starts decreasing when the network 

effects in network 2 has been built sufficiently, and the remaining decision making users 

are more affine to network effects. This will make it easier for the network 2 in SH to 

migrate users completely in later periods.  

Similarly, in MH, the capability requirement rises in the initial periods and then 

declines in later periods. Since network effect builds slowly in MH as compared to SH, 

the highest capability required by MH may exceed SH if sufficient network effects have 

not built up. However, if there is sufficient demand for the technology delivered by 
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network 2 in MH, then migration on MH may continue with a lower technology than in 

SH.  

Similar to the case of homogeneous users, the minimum required level of interactions 

for heterogeneous increases with the highest affinity to technology and decrease with the 

lowest affinity to network effects. In such networks, the new entrant in MH may 

completely migrate heterogeneous users with a capability lower than the highest 

capability required in SH.  As in the case of homogeneous users, migration in MH with a 

lower capability than SH is easier if the user has a lower value for the time spent on a 

network.  

Proposition 3b: In MH, heterogeneous user will completely migrate to a new entrant 

with a technology capability lower than the highest capability required in SH, if in every 

period, the ratio of the incumbent’s net loss in benefits from choosing MH over SH, to the 

benefit from the new entrant by choosing MH, is less than a threshold. This threshold

2(2 1)   is higher when the valuation of time by heterogeneous users (denoted by  ) is 

low and vice versa. 

1.3.3.1 Numerical Examples for Heterogeneous Users 

We numerically analyze the case where heterogeneous users can choose increments of 

time (up to T) to spend on the new network and where the affinities to technological 

capability and network effects are uniformly distributed. I use the following learning 

model:  , , , , , , 1 , , , 1 , , , 1

a

i j d i j d i j d i j dM M M M            where 
ijdM 

is the expectation 

that user i  forms about the mean time allotment of all other users with social influence d
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in network 1 in period  . 
1

a

ijdM  
is the actual time allotment by other users in the 

previous period.  is a parameter which corrects for biases in expectation formation. 

When 0  ,
, , , , , , 1i j d i j dM M    . When 1  , 

, , , , , , 1

a

i j d i j dM M    . While this analysis 

may not encompass all learning strategies, it helps us illustrate the dynamics in migration 

patterns in SH and MH platforms.  

In the examples below, 1 50,c  40,T  0.5,  200,D   1,   0,1  and

 0,1  .  and follow a uniform distribution and reflects the heterogeneity of users. 

The diffusion of information is such that users with high (low) affinity to technology 

make a migration decision in the early (later) periods. I use tools in Matlab 7.9 to perform 

nonlinear optimization of time allotment by heterogeneous users to the two platforms. 

The definition of optimality is based on Karush-Kuhn-Tucker (KKT) conditions, which 

ensure that the gradient is zero at the minima but are modified by the total time 

constraint. Active Set algorithms are used to compute optimal time allocation. The 

algorithm starts from a feasible point, approximates the solution to the problem defined 

by active constraints, computes a Quasi-Newton approximation of the Hessian of the 

Lagrangian, removes constraints with negative Lagrange multiplier and searches for 

infeasible constraints in order to compute an optimal solution16. 

Figure 1.4 illustrates the growth of the new entrant in SH and MH where it offers 

the same capability for both SH and MH 2 2( 80, 1.262)SH MHc c    . This capability is 

                                                 
16 http://www.mathworks.com/help/toolbox/optim/ 
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sufficient for MH to initiate migration from network 1 in the initial periods leading to a 

large scale move to network 2 in the 125
th

 period; however, the SH network stalls with 

the same capability, whereby network 2 may become a niche provider to a few users with 

high affinity to technology. For instance, starting in 1995, eBay has been the dominant 

online auction site in the U.S. for a wide variety of products. By contrast, audiogon.com, 

a much smaller online marketplace which started business operations several years later, 

has been successful in creating a niche marketplace for high end audio products.   

If the required capability is delivered to continue the migration process, network 

growth may be slow initially in the case of MH, but the total time spent on the new 

network catches up to the level of SH in later periods (Figure 1.6). Only innovators and 

early adopters may choose to migrate to a new entrant when only SH is permitted; 

however, the same group of users may act as a trigger for slow bleeding of the incumbent 

network in MH. It should be noted that in order to enable complete migration in MH , the 

capability required may not always be below SH . Thus, it possible that initially the 

capability required is low in MH , however, it exceeds that of SH in later periods. This 

suggests that while new entrants in SH have to deliver a higher technology faster, a MH 

new entrant has more time deliver a better technology. In Figure 1.5, in order to enable 

complete migration, SH must deliver its highest technology by period 4. In contrast, the 

MH new entrant may deliver a technology lower than SH till the 96
th

 period and still 

continue migration.  While SH network had only fthis periods to deliver this highest 

capability, MH network can take twenty fthis times longer to deliver the highest required 
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capability. Similarly, in Figure 1.6, MH network 2 must deliver its highest technology in 

the 147
th

 period in order to enable complete migration.  

Since the bleeding in the incumbent network is generally slow when users make 

unconstrained optimal decisions, it may initially go undetected or not raise an alarm even 

when detected. Yet it is critical for the incumbent to take corrective action in order to pull 

back the users slowly migrating away from the incumbent, before sufficient network 

effect is reached on the new entrant to cause large scale migration in later periods. 

However, there are cases where the incumbent may not be in a position to react to 

capability improvements by the new entrant. For example, MySpace lost a majority of its 

user base to Facebook, but could not match the capabilities being delivered steadily by 

the latter. Thus, I suggest that the economic moat of network effects is susceptible to 

breach in the case where users do not have to give up on the incumbent in a single period 

to incrementally adopt a new entrant. 

To demonstrate how an incremental technological progress may breach the 

incumbency protection provided by network effects, I isolated the model from the 

incumbent’s reaction to the new entrant’s arrival. In the following section, I discuss the 

effect of the incumbent’s delivery of an improved capability as a reaction to the new 

network’s superior technology.  
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1.4 Incumbent’s Reaction to the New Entrant: Reverse Migration 

If the incumbent does not react17 to the new entrant’s capability with a steady stream 

of developments in its own platform, the network effect on the new network becomes 

progressively stronger. Because of the pattern of user decisions to migrate, an incumbent 

with a large user base will enjoy a strong network effect for a longer period of time. Since 

the new entrant will take more time to build up stronger network effects, the incumbent 

has the opportunity to deliver an improved capability and pull back the time lost to the 

competitor.  Nault and Vandenbosch (1996) suggest that incumbent firms should “eat 

their own lunch” by leapfrogging in innovation to face competition from a new entrant. 

Any improved capability delivered by the incumbent after the arrival of the new entrant 

has to overcome the pull created by the network effects developing on the new network. 

Thus, the incumbent should strive to deliver the desired improvement in capability as 

early as possible. As the affinity to technology increases, the user derives more private 

benefit from a given capability level. Thus, the capability improvement required to ensure 

that the user has an incentive to migrate back to the incumbent is lower for a user with 

higher affinity to private utility. If the incumbent delivers an improvement soon enough, 

                                                 
17 In this analysis, the new entrant does not anticipate the incumbent’s reaction to choose its 

capability as in a Stackelberg leadership model. Further, many online social networks like 

MySpace failed to respond quickly to a new entrant’s moves due to technological and other 

constraints. Further, even if the new entrant expects a reaction from the incumbent, there will be 

an increase in the former’s required capability in both SH and MH cases.  
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then it may cause the reversal of migration with a capability lower than that of the new 

entrant owing to its large user base. Thus a continuous development of the platform is a 

necessity for survival for both the incumbent and the new entrant. 

In the initial periods, when the required capability of MH is below that of SH, the 

incumbent must deliver a high technology to motivate users to increase the time spent on 

network 1. Further, network effects have not developed sufficiently on network 2. 

Therefore, in the initial periods it is relatively easier than later periods for both SH and 

MH network 1 to regain lost time from users who have partially migrated to network 2. 

However, for initial users in SH, who have migrated to the new entrant, the incumbent 

finds reverse migration more difficult in the initial periods. When users have a lower 

value of their time on a network, the incumbent may be able to regain its share of the 

total time more easily in the case of MH. For example, relative to a competitor of 

LinkedIn, Facebook may find it easier to attract back members who have partially 

adopted Google+ in the early periods because many users of such social networks may 

not value their time as much as busy professionals in LinkedIn. 

Proposition 4: For homogeneous users, it becomes increasingly easier for the MH 

network (compared to SH) to cause reverse migration as the valuation of time by users 

decreases. 

If there is no uncertainty about the quality of the capability offered (as in this 

model), the incumbent’s timely reaction may cause a ‘ping-pong’ behavior, where users 

spend more time with the network offering the best combination of capability and 

network effects in absence of other switching costs. It is however possible that a high 
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reputation of the network in improving its capabilities may undermine reactive efforts of 

its competitor preventing such behavior. 

In the first part of the chapter, I have shown how a new entrant can induce migration 

in MH for both homogeneous and heterogeneous users with capability smaller than the 

incumbent and slowly develop its capabilities over time to cause a large scale migration if 

the incumbent does not react with innovation. I have also shown that a new entrant in 

MH can cause complete migration by keeping its technology lower than SH, if the 

networks facilitate the minimum level of interactions. In the latter part I see how the 

incumbent can combat such a strategy by the new entrant and innovate in order to cause a 

reverse migration. I find that in the initial periods, it is relatively easier to cause reverse 

migration in MH compared to SH. This suggests that, in the modern era where MH 

platforms are common, both the incumbent and the new entrant should strive for 

continuous innovation and not rely only on network effects. The demise of online 

networks like MySpace and ensuing competition between Facebook and Google+ 

underscore the importance of continuous innovation. 

1.5 Limitations and Future Work 

In this study, I assumed that the ranks or weights a user assigns to others do not change 

across the two networks. However, it is plausible that a user may assign a higher or lower 

weight to a contact on the new network relative to that in the incumbent. For example, if 

the new entrant has superior multi-user games, a user may choose to interact more closely 

on the new network with contacts that enjoy such activities.  While such a scenario will 
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change the capabilities that need to be delivered by the new network to cause migration 

as well as the incumbent to regain lost time, both SH and MH settings will be affected in 

the same manner, thus not affecting the key results.   

For analytical tractability I assumed that the total time spent by a user, T, does not 

change due to the new network. However, it is possible that  may increase due to better 

capabilities of network 2 for all users; alternatively users who are more affine to 

technological capabilities may increase the time spent on networking. Thus relaxing the 

assumption of T being a constant will change the migration pattern. For example, I may 

not obtain a linear increase in the total time in SH. However, the main result of the ease 

in enabling migration in MH relative to SH will not be affected. If T increases due to the 

new network, it will help the latter grow even faster, thus supporting this thesis.  

We have not used any switching cost in the model other than that caused by 

network effects.  This is plausible in a social network setting without membership fees. 

The ability of users to realize benefits by splitting time among multiple social networks is 

driven by the capability of the networks. Thus the level of adoption of the new network is 

determined in part by the total time available rather than by a switching cost (other than 

that due to network effects). If there are additional switching costs, the required 

capability for the new entrant will increase in both SH and MH settings, while the key 

results should remain unaffected.  

In complex networks (Newman, 2003), network effects may be localized. 

Sundarajan (2007) studies the influence of local network effects on decisions to adopt a 

new product. Though I considered a fully connected network in this analysis, not 
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everybody contributes equally to network effects for a user in this model, and are 

assigned different weights based on their similarity with the focal user.  

We assumed that the diffusion of information about the new entrant takes place in 

a fully connected network through users with similar affinities to technology and network 

effects. This is similar to the notion of homophily (McPherson et al. 2001) in networks 

which suggests that users with similar characteristics tend to be associated with each 

other. If the network is not fully connected, groups of similar users in the network may 

not be directly connected to each other. Diffusion of information in such network 

topologies may be made easier by targeting users who connect disparate subnetworks of 

users (Granovetter 1973). Future research can delve into how complex network 

topologies impact the ease of migrating users in the multi-homing context.  

1.6 Conclusion 

The information economy has been characterized as a setting with strong network effects, 

and prior research has indicated that such forces favor the incumbent and can make it 

difficult for superior new technologies or networks to be adopted. I have noted that in the 

increasingly common scenario of multi-homing, an incumbent may be more vulnerable to 

a new entrant’s threats than previously believed in the network effects literature. This 

study’s contribution to the multi-homing literature is the introduction of dynamics of 

incremental adoption with resource constraints, a widely observed phenomenon that has 

received surprisingly little attention in the extant literature.   
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We also demonstrated that in a setting where users may incrementally adopt a new 

network by increasing the level of adoption over time, a new entrant need not provide the 

maximum technological capability at the outset as in the case of single homing; it has the 

opportunity to arrive with a marginally superior capability and to improve such capability 

steadily over time. In other words, the incumbency protection power of network effects 

appear to be overrated in the modern context of simultaneous and incremental adoption 

of multiple technologies. Moreover, I show that a multi-homing network can witness 

complete migration if the new entrant initially targets more capability affine users. Given 

the public nature of profiles, preferences and actual behavior of users on various social 

media, such targeting has become increasingly easier to implement.   

While our results underscore the vulnerability of the incumbent, I have also demonstrated 

that in the absence of switching costs other than that created by network effects, the 

incumbent can regain lost market share by delivering an improved capability before the 

network effects have built up sufficiently on the new entrant’s network. I find that it is 

relatively easier for the incumbent to cause reverse migration in the initial periods in 

multi homing networks compared to single homing networks, especially when users have 

a lower value for the time spent on a network. Thus, continuous innovation is critical for 

both the incumbent and the new entrant. These results indicate that network effects may 

contribute less to the competitive advantage of an incumbent than previously believed; 

further, the competitive intensity may increase considerably due to the opportunity for 

new entrants to compete with a powerful incumbent with just a marginally superior 

offering followed by incremental but steady improvements, and for the incumbent to 

react quickly to regain market share more easily than in the case of single homing. 
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Chapter 2:  To Commit or Not: Role of Intensity of Competition and 

Reputation on Preemption Strategies in Competing Technology 

Networks. 

2.1 Introduction 

Users with switching costs frequently face the dilemma of choosing to stay with their 

current technology provider or migrate to a competing firm
18

 with superior technology. 

Innovative firms often use preemption (e.g., the preannouncement
19

 of a future 

innovation) as a signaling strategy to deter new entrants and encourage existing users to 

wait for an improved technology, which adds to the complexity of the users’ decision 

problem. In an era of rapid advances in technology, the incumbent firm faces the 

challenge of determining the cost of technological improvement it is ready to bear and the 

time of delivery of such an endeavor. In addition, the firm must ensure that the actual 

delivery of the innovation is in accordance with the preannouncement, since the inability 

to do so would hurt the firm’s reputation, which, in turn, may affect the certainty a user 

associates with the firm’s ability to deliver according to future preannouncements.  

Preemptive strategies are common in technology networks that induce switching 

costs through factors such as network effects, contractual agreements and resources 

invested by users on the platform incompatible with that of the new entrant. 

                                                 
18 In this chapter the terms firm and network are used interchangeably. 

19 Preannouncement is a preemptive announcement made by a firm to prevent consumers from 

switching to the new entrant. 
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Preannouncements often differ in their timing, medium, target audience and extent of 

commitment. While some firms may choose to signal increase in capabilities in 

technology or production to deter a new entrant, others do not preannounce due to the 

fear of cannibalization, loss of credibility due to the inability to deliver and/or concerns 

regarding anti-trust laws. The timing of the pre-announcement should be coherent with 

the time taken by users to make purchase decision (Lilly and Walters, 1997). 

The firm may be truthful in its intention to deliver according to the 

preannouncement and still fail to deliver, or it may choose to make false 

preannouncement to preempt the market. In either case, failure to deliver will have a 

negative impact on the incumbent’s reputation or its ability to deliver according to its 

preannouncement in the future. Deliberate false preannouncement in the computer 

hardware and software industry is called ‘vaporware’
20

. In 1969, the United State Justice 

Department charged IBM for making false preannouncements of an advanced computer 

called System/360 Model 91 to be launched soon in response to its competitor Control 

Data Corporation’s (CDC) product. However, the product was not released until three 

years later. IBM’s strategy significantly hurt CDC’s sales. Similarly, Infinium Labs 

demonstrated a gaming console in 2004 that raised user expectations resulting in increase 

in share prices. However, the firm failed to announce that the product was canceled and 

was accused of a ‘pump and dump’ scam (Kahney, 2005). In the late 1980s, vaporware in 

the computer industry had reached epidemic proportions (Mohen, 1989). As a result, a 

council was formed in 1990 with several firms including HP and Sybase to issue a report 

to objurgate vacuous product announcements or ‘vaporware’ because of its negative 

                                                 
20 The term ‘vaporware’ was first used in reference to Microsoft’s Xenix Operating System, a 

product that Microsoft had announced but had no intention of supporting. 



 41 

impact on the industry’s capability (Messmer, 1990). With antitrust laws in place, press 

following pre-announcements closely (e.g., Wired Magazine Vaporware Awards) and 

social media giving the users a common platform to express their opinion and discontent, 

‘vaporware’ is no longer a feasible long term preannouncement strategy for incumbent 

firms. While vaporware has been studied in the preemption literature (Gerlach, 2004), I 

do not consider such fictitious preannouncements in our model and focus on credible 

preannouncements that have a chance of failure. 

While some firms make a commitment to specific improvements in product 

development and performance objectives, features, timeline of product launch, 

availability and pricing, other firms are ambiguous in their preannouncements. This 

research aims to understand if the reputation of the firm’s past delivery according to 

preannouncement, price competition and level of innovation over the status quo can 

explain the level of commitment in the preannouncement. In 2010, Apple entered the 

tablet computer market by announcing the launch of iPad, a revolutionary step in design 

and interface compared to tablet PC like HP Touch Smart that defined the tablet PC 

market before Apple’s entry. The incumbent HP reacted by preannouncing the release of 

Slate 500, a major leap in design over its existing tablets. However, the preannouncement 

lacked details regarding hardware and user interface. PCWorld reported:  

“The HP tablet is a basically a color e-reader running Amazon Kindle software, 

with few other details besides a sub-$500 price point and an estimated arrival on the 

market by mid-2010.”  The article also mentions: “Earlier … speculation was revving up 

for the Microsoft announcement, as it was thought Ballmer would introduce the dual-

screen Courier tablet which I got a taste for late last year, after a Gizmodo leak.”  
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This non-committal pre-announcement and obscurity surrounding hardware 

details seemingly did not go well with the users. In effect, the preannouncement had a 

negative impact on both Microsft’s and HP’s stock prices:  

“So disappointing was the (press) release that Microsoft and HP's shares fell 

yesterday….”
21

  

It seems that a non-committal preannouncement strategy could not prevent users 

from adopting the iPad, which became the industry benchmark for tablet features and 

pricing. It is almost counter intuitive that a high reputation firm needs to explicitly 

preannounce all its details. However, a high reputation firm bears the burden of high user 

expectations (Shapiro, 1982), and a lack of details in its preannouncement may hurt its 

future sales as users may choose to adopt the new entrant’s product. Was it prudent for 

HP to not commit to a future improvement in technology in the tablet market given its 

high reputation in this market? Could HP have done better by making a committed and 

detailed preannouncement given the high intensity of innovation competition in the tablet 

market?  

In early 2011, Apple announced its next innovation iPad 2 and delivered it in 

March of the same year. HP reacted with the preannouncement of HP Touch Pad. HP 

made it clear how it would match some of the key iPad capabilities and provided specific 

details of the hardware such as dimension, display size and technology, processor, 

memory, graphic engine, storage, battery, operating system, software, supported wireless 

                                                 
21 
http://www.pcworld.com/article/186172/why_the_microsofthp_tablet_is_a_big_disappointment.h

tml 

http://www.pcworld.com/article/186172/why_the_microsofthp_tablet_is_a_big_disappointment.html
http://www.pcworld.com/article/186172/why_the_microsofthp_tablet_is_a_big_disappointment.html
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standards, camera etc. After the preannouncement, the editor of a gadget review 

magazine wrote
22

:  

“As it stands, the HP TouchPad, on paper, looks to be a much better device. It’s 

just as good looking and svelte as the Apple darling, it has an equally pleasing display 

and an arguably better piece of software running the show. The killer blows though are 

the full web browsing, the webcam and the fact that it’s twice as powerful which really 

does make a huge impression.” User feedback in discussion forums stated
23

: “We feel 

that HP has the money and market share to make their product a success from day 1. 

WebOS and Palm already had a stable and loyal fan base - so HP will have to focus on 

generating sales in the regular user marketplace. Beats Audio and Dr. Dre music videos 

are certainly a start, but that won't be the end of it. Overall we're heavily anticipating 

waiting in line to pickup the HP TouchPad when it debuts.” Some reviewers went on to 

state “… and if all goes well, HP is definitely hoping that some iPad owners will be 

green-enough with envy to make the switch.”  

Since HP’s preannouncement, many online forums discussed the user dilemma of 

choosing between the TouchPad and iPad2 (
24

 
25

). Was HP’s committed 

preannouncement about Touch Pad, the reason why many users were willing to wait for 

the release of Touch Pad
26

 before they made an adoption decision? 

                                                 
22 http://www.pocket-lint.com/news/38452/apple-ipad-vs-hp-touchpad  

23 http://EzineArticles.com/6119151 

24 http://forums.webosnation.com/archive/index.php?t-285292.html 

25 http://www.popherald.com/hp-touchpad-4g-cheaper-than-ipad-2-counterpart-amazon-pre-

order-page-reveals-9669 

26 http://www.wired.com/gadgetlab/2011/08/hp-webos-tablet-touchpad 

http://www.pocket-lint.com/news/38452/apple-ipad-vs-hp-touchpad
http://forums.webosnation.com/archive/index.php?t-285292.html
http://www.popherald.com/hp-touchpad-4g-cheaper-than-ipad-2-counterpart-amazon-pre-order-page-reveals-9669
http://www.popherald.com/hp-touchpad-4g-cheaper-than-ipad-2-counterpart-amazon-pre-order-page-reveals-9669
http://www.wired.com/gadgetlab/2011/08/hp-webos-tablet-touchpad
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By the end of 2011, there were several major players in the Apple dominated 

tablet market and improvements in technology were incremental. In December 2011, 

Acer - an incumbent with moderate levels of technological innovation and reputation
27

 in 

the tablet industry, preannounced its Tegra 3 based tablet to prevent users from switching 

to new entrants. The preannouncement was vague and lacked details about price and user 

interface. A tablet reviewer wrote
28

: 

“While he was extremely vague on details, Acer’s president, Jim Wong, did 

validate that Acer will be bringing a quad-core tablet to the market in 2012, saying the 

company plans to remain aggressive on the tablet front.”  This was followed by leakage 

of videos showcasing functionalities of prototypes as noted by a reviewer: “Acer's latest 

Iconia Tab, the A200, leaked last month, with a video touting some of the tablet's 

capabilities, despite lacking an official announcement by Acer of the tablet's existence.”  

Finally, the Acer Iconia Tab was launched in June, 2012 and is considered to be 

one of the top players in the market after Apple and Samsung. While the lack of details in 

HP’s case hurt its sales, Acer appears to have gained by such obscurity in its 

preannouncements. Intuitively, this may be explained by the fact that users set different 

expectations from firms competing at disparate levels of technological competition and 

reputations. While an incumbent firm with high or low reputation competing in a high 

                                                                                                                                                 
HP, however, could not deliver according to consumer expectations, leading to less-than-expected 

sales. In August 2011, HP discontinued the Touch Pad and other WebOS devices, announcing its 

intent to reenter the market in 2013. 

27 Acer can be considered to be a moderately ranked player given its modest 35
th
 rank on CNET 

based on user rating before the launch of the tablet discussed above. The launch has pushed Acer 

in the top 15 in popularity and user rating. 

28 
http://www.tabletpcreview.com/default.asp?newsID=2831&news=Acer+Tegra+3+tablet+2012 

http://www.tabletpcreview.com/default.asp?newsID=2831&news=Acer+Tegra+3+tablet+2012
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innovation setting may suffer through its non-committal preannouncement by leading 

users to ‘great expectations’, the non-committal preannouncement may yield a user 

expectation just right for moderate innovation settings with an incumbent with low, 

moderate or high reputations. 

While the complete reasoning behind HP’s and Acer’s preemption strategy is not 

clear, highly reputed incumbent HP’s commitment in a high technology competition and 

moderately reputed Acer’s lack of commitment to future innovations in a moderate 

technology competition and the incumbents ability to preempt users in both cases raise 

the question regarding the role of intensity of competition in innovation and incumbent’s 

reputation on its preemption strategies in technology networks. Is it possible that 

incumbents can formulate better preemption strategies by taking the intensity of 

competition into account? Does the incumbent’s level of commitment to future 

innovations in a preannouncement depend upon its reputation? 

We model the case of two competing technology networks, where the product 

(network membership) is offered for a fee. In such markets, users derive benefits 

primarily from (i) the innovation in technology provided by the network and (ii) network 

effects associated with the technology. The networks earn profits from partnering with 

service providers, advertisement or similar sources based on membership, which, in turn, 

derive value from network effects. However, product innovation and delivery are not 

costless. In addition, users incur costs in switching from one network to the other. In such 

a setting with positive network externalities and other switching costs, what level of 

technological capabilities should an incumbent firm announce in response to a new 

entrant with superior capabilities? What choices of membership do the users make when 

they are allowed to switch between networks by incurring a cost? Moreover, is it in the 

best interest of the incumbent to preannounce an uncertain future innovation (i.e., 



 46 

‘commit’) or should it not provide any clear indication about the level of innovation (i.e., 

‘don’t commit’)? How does the competitive intensity in innovation and reputation of the 

incumbent influence the preemption strategy? This research seeks to answer these 

questions that are relevant to the modern competitive landscape of technology networks. 

The key contribution of this research is to demonstrate the role of competitive 

intensity and reputation on the level of commitment to future technological 

improvements in such markets. Our works contributes to the online technology network 

preemption literature by demonstrating that when the membership fees on the incumbent 

and the new entrant platforms are similar, and reputations ranges from moderate to high, 

the incumbent is better off making a vague preannouncement when the competitive 

intensity of innovation is moderate. In all other cases, the incumbent is better off making 

a committed preannouncement. Our chapter influences the design of better information 

systems to aid successful preannouncements by taking into consideration the reputation 

of the incumbent firm and the intensity of competition in the market. 

 

2.2 Past Literature 

Preannouncement is a signaling strategy used by firms to target users before the actual 

launch of the product (Herbig, 1997; Robertson 1988). Unlike announcements few weeks 

before the official launch of the product, a preannouncement is specifically targeted to 

preempt the market and prevent customers from switching to a rival product. The extant 

literature on new product preannouncement (NPP) does not distinguish between the two, 

leading to discordant results of the impact of preannouncement strategies (Su and Rao, 

2010). The focus of the NPP literature has been on the decision to preannounce or not 
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(Calantone and Schatzel, 2000; Eliashberg and Robertson, 1988; Schatzel et al., 2001), 

timing of preannouncement (Kohli, 1999; Lilly and Walters, 1997; Su and Rao, 2011), 

rationale behind preannouncement (Farrell and Saloner, 1986; Heil and Robertson, 1991) 

and content of the preannouncement (Popma et al., 2003). Other studies have studied 

diffusion of preannounced products (Farrell and Saloner, 2005; Rao, 2008), vaporware 

(Bayus et al., 2001; Dranove and Gandal, 2003) and user welfare (Fisher et al., 1983; 

Gerlach, 2004; Landis and Rolfe, 1985).  

The preemption literature discusses firm strategies for product pricing, 

preannouncement, timing and markets with or without network externalities (Beggs and 

Klemperer, 1992; Farrell, 1987; Farrell and Shapiro, 1988; Klemperer, 1987). Gerlach 

(2004) discusses the effect of announcement by a new entrant and the resulting reaction 

of the incumbent to preempt by cutting prices in a market where users have switching 

costs. In equilibrium, the new entrant does not always announce, and not announcing 

increases the ex-ante total welfare. Gerlach (2004) also shows that users can be better off 

with a ban on announcement. Choi et al. (2005) show that incentive for 

preannouncements are stronger in markets with network effects. In such markets 

preannouncements can be used to induce the delay of users' purchases and forestall the 

build-up of rival products' installed bases. The extant literature suggests that “vague” 

preannouncements may not have a strong influence on users and that information should 

be clear and informative. However, the literature also acknowledges that firms may not 

have an incentive to make clear preannouncements for the fear of product 

cannibalization, loss of reputation due to inability to deliver, and reaction from 
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competition. The costs and benefits of preannouncement are different for users and firms, 

and these are less explored issues especially in a market where the new entrant arrives 

with a superior technology and where the incumbent’s reputation influences its ability to 

successfully deliver a preannounced technology on time (Su and Rao, 2010). Our work 

attempts to bridge this gap by analyzing the effect of intensity of competition in 

innovation and reputation on the level of commitment in a firm’s preemption strategies. 

To the best of our knowledge, this is the first study that theorizes a strategic relationship 

between the intensity of competition in technological innovation, reputation of the 

incumbent and its level of commitment in the preannouncement when a new entrant 

enters with a technology better than status quo. The contribution of this paper is 

compared to the findings in the extant literature in Table 2.1. 

Ideally the incumbent should strive to induce high cost of switching to the new 

entrant, reduce the switching cost of users back from the new entrant, enhance reputation 

and bolster the proportion of loyalists in an attempt to keep the new entrant out of the 

market. However, this is not an easy endeavor. Thus, in most cases, the incumbent may 

have to share the market with the new entrant. Out of the feasible strategies of the 

incumbent, there can be a pure strategy (commit to a specific level of capability 

improvement) or no pure strategy equilibrium (don’t commit) depending on the intensity 

of market competition in innovation, reputation of the firm and the switching cost 

involved in migrating from the incumbent to the new entrant and vice versa. For markets 

with low levels of innovation, an incumbent with low reputation can deter the new 

entrant from entering the market and create a niche market. Similarly, for markets with 
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high intensity of competition in technological innovation, the incumbent commits to 

details of its future delivery in its preannouncement. However, for markets with moderate 

levels of innovation, the incumbent is better off randomizing its strategies and making a 

vague preannouncement and not committing to any level of technological innovation. 

This research combines factors specific to firms (reputation, cost of innovation), 

users (switching costs, loyalty), industry (network effects, membership fee) and 

innovation (level of innovation, profitability) in order to use preannouncement as a 

preemption strategy (Su and Rao, 2010). The incumbent firm should realize that for 

reputation to influence a firm’s profits, it must innovate in the cost effective production 

of desired technological capability before using a preemptive strategy. Firms should also 

understand the benefits of controlling the switching costs borne by the users and its effect 

on firm strategies.  

While the extant literature has explored how reputation of successful delivery 

may affect the timing of a firm’s preannouncement, it is not clear how firms with 

disparate levels of reputation should preempt in competitive technology markets with 

network effects and other switching costs, where the process of turning an innovation into 

a market product consumes time.  

2.3 The Model 

A two-period model is used to represent the dynamics in a market of two competing 

networks. Network A is the incumbent with capability ( 0)C  , and network B enters the 

market in period 0 with superior capability C  , 0  . T represents the intensity of 
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network effects when all users are on one network. Initially all users are on network A. 

To focus on network effects and switching costs, I assume no new users arrive while the 

existing users do not leave the market.  

A proportion  of the users are loyalists (Gerlach 2004) and will never switch to 

the new entrant. The remaining proportion 1  represents switchers, who are similar in 

characteristics and decision making and who may switch between networks under 

suitable conditions. ABS and BAS represent the switching cost of users (switchers) when 

they switch from network A to B and B to A respectively. This model does not capture 

any additional heterogeneity, i.e., all switchers may switch or stay back with the 

incumbent. All users have the same discount factor  . The decision tree of a switcher is 

shown in Figure 2.1.  

Upon the entry of new network B with capability , the incumbent A 

simultaneously preannounces an improved capabilityC   to be delivered in period 1, 

where 0  . The users believe that network A will deliver the preannounced technology 

with a probability  , and fail to do so with probability (1  ). Here  can be considered 

to be a proxy for the reputation of the incumbent based on past deliveries, and represents 

the ability of the incumbent to deliver according to the preannouncement (Kornhauser, 

1983). Users receive services for a fee Af and Bf on the incumbent and new entrant 

respectively. The network (or firm) generates revenues from a single partner or advertiser 

(on the other side of the market) that values all users on the platform equally and is 

willing to pay a price Ap and Bp per user in network A and B respectively. Content based 
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networks are known to charge a fixed price for pay-per-click advertisements (Novak and 

Hoffman, 2000). The price charged by the advertiser may depend upon the network size, 

reputation of the incumbent and competition with other advertising firms. While 

, , , ,AB BAC T S S are exogenously specified,   and ' are endogenous in regions specified 

by a range of  and difference in fees A Bf f .  

 

The probability of successful delivery may depend on the extent of undertaking 

by the incumbent, and this effect is captured in regions specified by  . I do not consider 

“vaporware” announcements, i.e., strategic false announcements made by the firm to 

deter entry by a competitor or migration of users. Our focus is on credible 

announcements, where the incumbent makes an honest effort to deliver the improvement, 

and where the chance of success is given by  .  

Figure 2.2 shows the main players in the model – switchers who make a decision 

to stay with the incumbent or migrate to the new entrant temporarily or permanently, the 

incumbent network A that preannounces a future delivery of technological innovation, the 

new entrant network B that delivers a capability in period 0 and a single advertising 

partner that generates revenue from the users on the incumbent and the new entrant. 

2.3.1 Switcher’s Problem 

While the loyalist always stays with the incumbent, the switcher has the choice of 

choosing the incumbent A or the new entrant B in period 0, before the actual delivery of 

the incumbent’s technology in period 1. In period 1, the switcher may switch from its 
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choice in the previous period. While making a decision of staying with the incumbent or 

switching to the new entrant in period 0, the switcher has to consider his/her choices 

corresponding to failure and successful delivery of the preannounced technology by the 

incumbent. Thus, a strategy is given by the switchers choice in period 0, choice in period 

1 if preannounced technology is delivered and choice in period 1 if incumbent fails to 

deliver according to the preannouncement. 

Table 2.2 shows the set of feasible strategies  1 2 3 4, , ,S S S S S  that a switcher can 

choose from. A switcher will choose a strategy from the strategy set S such that he/she 

derives the highest expected utility from that strategy. Table 2.3 shows the expected 

utility of the switcher corresponding to a feasible strategy.  

Table 2.4 shows the conditions given by incumbent’s preannouncement and new 

entrant’s technology, under which a switcher will choose a given strategy. Analysis of 

these conditions leads to the strategy profile of the switcher as shown in Figure 2.3. 

2.3.2 Firm’s problem 

The incumbent has to decide the level of technological innovation to preannounce and the 

new entrant has to decide the level of technology to deliver. I assume that both firms 

incur a convex cost in order to develop the technology. The cost of development 

 ,A B  depends on the base capability c and the level of improvement  ,   . The 

assumptions on the cost functions are: 
2 2

2
0, 0A A

c

  
 

   
and

2 2

2
0, 0B B

c

  
 

  
. This 

suggests that the cost of improving innovation over an already high base capability is 
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higher than a lower status quo. The advertisers pay the incumbent and new entrant Ap and

Bp , per user per period, respectively.  

  For a given switcher’s strategy S , the incumbent’s and new entrant’s profits are 

given as   ( , )A

S A A A AN p f c      and   ( , )B

S B B B BN p f c     respectively, 

where AN and BN are expected network effects for strategy S in the incumbent and the new 

entrant respectively (see Table 2.5). 

Figure 2.3 depicts four regions of technology competition. Region I, II, III and IV 

are characterized by different combinations of difference in membership fees and 

reputation of the incumbent firm. While, Figure 2.3 shows all feasible user strategies, the 

firm may not have an incentive to induce all such strategies. Table 2.5 shows the 

expected network effects of the incumbent and the new entrant given a user strategy. 

Given the higher cost of development for a higher level of improvement, in any 

given region the incumbent and new entrant would prefer to operate in regions that 

maximize its profits. In region I (see Figure 2.5), for the new entrant’s improvements in 

innovations above a threshold, the incumbent has to preannounce a higher technological 

improvement when BA ABS S . The high cost of switching back motivates the incumbent 

to prevent users from switching by making a higher credible preannouncement. This 

threshold increases with decreases in difference in fee structure and increase in the 

proportion of loyalists and switching costs. The region denoted by strategy 1S is the 

monopoly region, where the new entrant’s is deterred entry. In regions denoted by 
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strategy
4S , the incumbent does not make any preannouncement and generates revenues 

only from the loyalists. 

Proposition 1a: In a market with low reputation of the incumbent and high improvement 

in innovation by the new entrant, if the switcher’s cost of switching from the new entrant 

back to the incumbent is greater than the switching cost from the incumbent to the new 

entrant, the incumbent must preannounce a higher level of improvement and vice versa. 

Proposition 1b: In a market with low reputation of the incumbent and low improvement 

in innovation by the new entrant, an incumbent with high level of preannouncement can 

deter entry of the new entrant, while an incumbent with low level of preannouncement 

relies on the loyalists only for revenue generation. 

In region II, marked by high reputation of the incumbent and low to high difference in 

membership fees, the users choose to switch to the new entrant for high levels of 

improvements delivered by the new entrant for low or high levels of preannouncement. 

However, incumbent cannot prevent users to stay back on its platform by preannouncing 

moderate levels of preannouncement. Thus, preannouncement of moderate level of 

improvement is not a feasible strategy for the firm. 

Proposition 2a: In a market with moderate to high reputation of the incumbent and high 

difference in platform fees, a moderate level of improvement is not a feasible 

preannouncement strategy. 

Proposition 2b: In a market with high reputation of the incumbent and low improvement 

in innovation by the new entrant, an incumbent with high level of preannouncement can 
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deter entry of the new entrant, while an incumbent with low level of preannouncement 

relies on the loyalists only for revenue generation. 

Regions III and IV are marked by low difference in membership fees between the 

incumbent and the new entrant and moderate to high reputation of the incumbent. For the 

same level of reputation and membership fee of the incumbent, the new entrant has a 

lower membership fee in region III as compared to region IV. In these regions, for low 

levels of innovation by the new entrant, the incumbent can have a monopoly by 

preannouncing high levels of innovation. However, if the incumbent cannot make a 

credible preannouncement with high improvements, its better off conceding the switchers 

to the new entrant and relying on its loyalist base for revenues. Similarly, for high levels 

of innovation by the new entrant, a switcher always chooses the new entrant in period 0. 

The incumbent’s preannouncement of a high level improvement does not prevent the 

switcher from migrating to the new entrant. However, if the incumbent delivers according 

to a high preannouncement, the switcher will switch back to the incumbent. For moderate 

levels of improvements made by the new entrant, the incumbent can prevent switchers 

from migrating by making a high improvement preannouncement. However, if it can only 

deliver moderate levels of improvements, the incumbent is better off ‘sitting on the fence’ 

and not making any clear preannouncement. This is because the switcher may migrate to 

the new entrant if it knows the exact improvements that the incumbent has to offer. 

‘Sitting on the fence’ means that there is no pure strategy equilibrium and mixed strategy 

equilibrium may exist. In absence of pure strategy equilibrium, the incumbent firm’s 

strategy is to make its preannouncement vague and unpredictable. This could be 
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supported by teaser advertisements, partial disclosure of its product strategy. In the 

context of this paper, the primary purpose of such vague preannouncements is not to 

protect itself from cannibalization. In consumer electronics market, preannouncements 

are typically made 3 to 6 months before a product launch and this timeframe is too short 

to cannibalize a product without breaching strong patent laws. 

Proposition 3: In a market with moderate to high levels of reputation of the incumbent 

and low difference in fees between the incumbent and the new entrant platform, the 

incumbent will make a vague preannouncement for moderate levels of innovation by the 

new entrant if the incumbent cannot preannounce a high improvement in technology. For 

all other levels of innovation by the new entrant, the new entrant must commit to the level 

of improvement in its preannouncement. 

The incumbent in a moderate intensity of technological innovation in regions III and IV 

is better off not committing to any specific level of improvement. If it were to commit to 

a specific innovation, then the new entrant could be in a position to migrate users to its 

network with the delivery of better technology. However, the cost associated with the 

technological improvement does not justify the new entrant’s delivery if the incumbent 

was capable of much less. Thus, by not committing the incumbent creates a dilemma for 

the users. The absence of pure strategy equilibrium for firms, when the incumbent is in a 

market with moderate levels of innovation, could have interesting implications on firm 

strategies in this region.  

For moderate levels of innovations, the incumbent and the new entrant do not have pure 

strategy equilibrium, and therefore the incumbent’s preannouncement may not commit to 
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any specific technology. Rather the incumbent network would prefer to ‘sit on the fence’, 

make obscure preannouncements and keep the users guessing about its future strategies. 

To ‘Sit on the fence’ could mean that the incumbent devices strategies, to signal the users 

that staying loyal is best for them, without committing to any specific improvement e.g., 

the incumbent may support teaser advertisements incrementally disclosing their potential 

improvements or find spreading rumors or supporting positive speculations in online 

forums or media to their advantage. It should be noted that this non-committal strategy is 

not the same as vaporware whereby the firm makes false commitment. Not committing 

would mean that the networks do not have pure strategy equilibrium i.e. it has more than 

one feasible region of operations and will play a mixed strategy. Randomizing over 

different strategies means they could play any of the feasible strategies and are not 

committing to any one strategy in particular. Thus, switcher may not assume that 0  . 

Under such a scenario, switcher’s dilemma is deepened by vague preannouncements 

made by the incumbent. Thus, users can either choose to wait or take a leap of faith. The 

effect of ‘sitting on the fence’ may delay users from switching to the new entrant who 

may want to take a decision only after the incumbent’s technology is delivered in period 

2. The following example illustrates the ‘sitting on the fence’ strategy by Twitter in its 

early stages. 

By 2009, Twitter had attained moderate levels of innovation in the market of micro 

blogging and social networking service. Twitter protocols could be used by other micro 
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blogging or social networking service providers to create mash-ups29 or Twitter like 

applications. Thus, Twitter was directly competing with other networks providing Twitter 

based applications. In late 2009, Twitter made an announcement about increasing its 

capabilities by joining hands with YCombinator led Twitter projects (Justin.Tv, Scribd, 

Dropbox) by giving them a better access to tweet30 streams. The announcements did not 

clarify what level of access was going to be granted to YCombinator led companies and 

how this would affect other companies using the Twitter protocol. Twitter’s vague 

announcement can be seen as a signal its users to use applications developed by 

YCombinator led companies to get reliable and uninterrupted service. This may be 

Twitter’s strategy of getting a share of the mash-up market which was generating revenue 

based on the Twitter protocol without sharing profits with Twitter. Moreover, this non-

committal nature of Twitter has also left other user of the Twitter protocol (mash-up 

development firms) in a dilemma about their future strategies of building Twitter based 

mash-up applications. 

Thus, incumbents in markets with low or high levels of innovations commits to a given 

level of improvement over the status quo in their preannouncement. In contrast, in 

markets with moderate levels of innovation, incumbents are better off making 

preannouncement that are vague and non-committal. Such preannouncements lack in 

details and are targeted to create dilemma amongst users and instigate them to not switch 

                                                 
29 Mash-up is a term used in web development to characterize a web page or application that combines 

services from different sources to create a new service. 

30 Tweet is a post or an update in status on Twitter which is a micro blogging service. 
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to the new entrant. This phenomenon is observable in user electronics industry. Computer 

hardware based innovations are time consuming and take years of research and 

development before they reach the market. Such products are less prone to 

cannibalization in the short term and are often protected by design patents. Thus, when 

the incumbent preannounces an improvement in response to the new entrant, it is less 

likely that the new entrant immediately responds with an improvement. Our model 

focuses on the reaction of the incumbent in the form of preemptive announcement to a 

new entrant delivery of a technology. In particular, I present cases of preannouncement 

by incumbents with different reputations in the tablet and digital media receiver industry. 

It should be noted that preannouncement is most effective in markets where innovation 

over status quo is moderate or high and not low. An example of a market with low 

innovation over status quo could be the access control systems used in warehouses where 

the biometric based technology has evolved to a state guaranteeing required system 

performance and installations are already in place. Thus, in such markets with low 

intensity of competition in innovation, incumbents have the ability to become 

monopolies. In markets with moderate innovation over status quo such as user electronics 

firms that are followers rather than innovators, the incumbent firms are better off being 

vague about their innovation. However, in the user electric segment itself, innovator 

firms who create disruptive technology are better off committing to their levels of future 

innovations to hold users back when a new entrant arrives with a high technological 

innovation. In order to provide support to our propositions, I focus on market like the 
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computer hardware industry, where different levels of technological innovations, 

competitive intensity and incumbent’s reputation are observed.  

Examples of preemptive strategies suggested in our research being used in the tablet and 

digital media receiver industry is presented below. While the model isolates the results 

from external factors like market policies, marketing and brand building effects, 

examples from the two rapidly growing segments in user electronics provides some face 

validity to the theoretical results. 

2.4 Preannouncements in the tablet industry 

Industry Overview: A Tablet computer is a portable computing device with a 

touchscreen as its primary means of interaction. In the 1990s Personal Digital Assitant 

(PDA) was introduced and as a natural progression from the PDAs, tablet computer was 

conceptualized as early as 2000 by Microsoft 
31

. Since then tablet computers have been 

manufactured in several sizes and forms. By late 2009, the significant players in the tablet 

computing user market were Nokia (e.g., N800), Archos (e.g., Archos 5 HDD), Asus 

(R2H, R50A), Samsung (Samsung Q1 Ultra), etc. The industrial/ruggedized tablet market 

targeting professionals using the device in harsh conditions, was supported by 

manufacurers like TabletKiosk, MobileDemand and PaceBlade Technology. Another 

form of the tablet computer called convertible tablets catered to individuals who wanted 

the computing power of a laptop and the ease of interaction of the tablet was supported 

by firms such as Lenovo (e.g., X61 tablet), HP Compaq (e.g., TC4400), Fujitsu (e.g., 

                                                 
31 http://www.microsoft.com/en-us/news/features/2000/nov00/11-13comdex.aspx 

http://www.microsoft.com/en-us/news/features/2000/nov00/11-13comdex.aspx
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T4410 Tablet), etc. By 2012, tablet computers primarily targeted the user market (e.g., 

HP Tablet, Apple iPad, Dell Streak, Asus Eee Pad, Samsung Galaxy, etc.), enterprise 

market (e.g., MobileDemand xTablet, Motion Computing Tablets, General Dynamics 

Itronix, Data Ltd. Tablets, etc.) and the professional/ruggedized market (e.g., CISCO 

Cius, Black Berry PlayBook, etc.).  Thus, when Apple’s iPad was introduced in 2010, it 

was a new entrant that entered with a revolutionary change in design supported by 

Apple’s iTunes business model, interoperability with other Apple’s devices and an 

affordable price point. 

High innovation incumbent HP Slate and TouchPad vs. new entrant Apple iPad and 

iPad 2: Apple entered the tablet market with the iPad that was announced on January, 

2010 , was available for pre-order from March, 2010 and was launched with its Wi-Fi 

and Wi-Fi + 3G versions in early and late April respectively. In response to speculations 

over the upcoming Apple iPad, Microsoft’s Steve Balmer made preannounced HP Slate 

running on Windows 7 Operating System (OS) at CES in January 2010 to be released 

later in the year. As discussed in Section I, HP Slate’s preannouncement mentioned some 

of its capabilities but was silent on hardware and design details. This non-committal pre-

announcement and obscurity surrounding hardware details seemingly did not go well 

with the users. In effect, the preannouncement had a negative impact on both Microsft’s 

and HP’s stock prices. This preannouncement was followed by months of teaser 

advertisement, sneak peek videos and discussion of changes to the operating system 

supporting the HP tablet. Eventually, in October 2010, HP revealed its detailed 

specification just before the release. Given HP’s high reputation in the high innovation 
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pre-iPad tablet market, our research suggests that the non-committal preannouncement of 

the HP tablet was not in its best interest and the obscurity fuelled an increase in user 

expectations from HP, which it failed to meet. Would HP be better off making detailed 

preannouncements? HP’s changed strategy with its next tablet HP TouchPad and its 

initial success seems to indicate the benefits of a committed preannouncement. 

After the release of iPad, it became an industry standard in the modern tablet market and 

within a year of Apple’s entry into the tablet segment, it announced iPad2 and 

discontinued iPad on March 2, 2011. In addition the tablet industry saw the arrival of 

Android based new entrants. HP responded with a six month pre-launch 

preannouncement with details on as dimension, display size and technology, processor, 

memory, graphic engine, storage, battery, operating system, software, supported wireless 

standards, camera, support for Flash (which is not supported by Apple devices) etc. and 

added details like price and availability in subsequent months. The fact that such details 

satiated the information required by experts and users who were willing to wait for the 

TouchPad is evident from statements such as:  

“…finally we know all about the HP TouchPad and all its webOS 3.0 glory.”, “If 

you’re considering the iPad but really hoping for a viable alternative, the HP 

TouchPad isn’t going to let you down in this department.”, “TouchPad wins out 

on memory (over iPad). It has double the RAM. So, advantage HP.”, “…all in all, 

this is a large coup for the TouchPad which, if all put together correctly, should 

offer double the performance potential over the Apple IPad”, “What we’ve seen 
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from the HP press conference is that anything the iPad can do, the TouchPad can 

as well, and sometimes even better”. 

In 2011, HP had the largest market share in the non-Apple tablet industry
32

 
33

. Thus, it 

seems that a detailed, committed preannouncement strategy suited HP’s high reputation 

in the high innovation portable computing device manufacturing industry. 

Moderate innovation incumbent Acer vs. new entrant Samsung Galaxy Tab: In 

order to combat the dominant tablet players like Apple and Samsung, Acer that has built 

a relatively moderate reputation34 with its moderate levels of innovation in the computer 

industry preannounced the release of its latest Tegra 3 tablet for 2012 to prevent Acer 

users from switching to rival tablets. The preannouncement was vague and lacked 

specific details but Acer clarified that the tablet will be based on the NVIDIA’s latest 

chipset and has quad core processing capabilities. Acer’s vague preannouncement, 

discussed in detail in Section I, was followed by leakage of prototypes showcasing new 

functionalities. Finally, Acer’s Iconia Tab was unveiled in June 2012
35

 and is considered 

a strong player in the market apart from Apple and Samsung. Its ranking climbed from 

                                                 
32 
http://www.appleinsider.com/articles/11/11/22/hp_leads_all_1_2m_non_apple_tablets_sold_in_us_in_

2011.html 

33 http://venturebeat.com/2011/12/16/touchpad-nextag-gift-guide/ 

34 Acer’s previous tablet is ranked 35
th

 amongst tablets by CNET on the basis of user rating and 26
th

 based 

on popularity.Iassume that user rating and popularity of a product are good indicators of its reputation 

that is the probability that the consumer associates with a product delivery concurrent with the 

preannouncement. 

35 http://www.engadget.com/2012/06/13/acer-iconia-tab-a700-1920-x-1200-display-and-tegra-3/ 

http://www.appleinsider.com/articles/11/11/22/hp_leads_all_1_2m_non_apple_tablets_sold_in_us_in_2011.html
http://www.appleinsider.com/articles/11/11/22/hp_leads_all_1_2m_non_apple_tablets_sold_in_us_in_2011.html
http://venturebeat.com/2011/12/16/touchpad-nextag-gift-guide/
http://www.engadget.com/2012/06/13/acer-iconia-tab-a700-1920-x-1200-display-and-tegra-3/
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35
th

 position of its earlier tablets to top 15 in CNET according to user ratings. It appears 

that Acer’s strategy of vague preemption paid off given its moderate levels of innovation 

and moderate reputation in the industry. 

2.5 Preannouncements in the digital media receiver industry 

Industry Overview: The primary functionality of a Digital Media Receiver (DMR) also 

known as media streamer is to connect to streaming services that provide digital content 

such as music, video or picture for a television or home theater system. While some of 

the content could be free, the user may have to pay a subscription fee to enable streaming 

from certain content providers. DMRs can be found as both stand-alone devices such as 

Apple TV, Roku TV, NetGear EVA 8000 or integrated into other user electronic products 

such as gaming devices (e.g., Xbox 360 and PlayStation 3), set-top boxes, DVD/BlueRay 

players and Internet HDTVs. DMRs is perceived as a threat to traditional cable networks 

since it gives more choice and control over paid content to the user. 

High innovation incumbent Apple TV vs. new entrant Roku: Apple entered the DMR 

market with Apple TV in 2007 (originally called iTV). Steve Jobs pitched it as “the DVD 

player of the 21
st
 century”

36
. Apple TV priced at just under $300, allowed users to 

wirelessly play movies, TV shows, iTunes, music, photos, Mac or PC content on the 

widescreen TV. In 2008, streaming media innovator Roku teamed up with Netflix and 

entered the DMR market by allowing users to stream more than 10,000 movies and TV 

                                                 
36 http://www.apple.com/pr/library/2007/01/09Apple-TV-Coming-to-Your-Living-Room.html 

http://www.apple.com/pr/library/2007/01/09Apple-TV-Coming-to-Your-Living-Room.html
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episodes
37

. Roku DVP was delivered with a price tag just under $100 in May, 2008. In 

order to prevent users from switching to Roku in 2008, Apple made the following 

preemptive announcements
38

 about future capabilities: ability to play YouTube videos on 

Apple TV, Apple TV software that allows users to rent movies from iTunes Store directly 

from their TV and reduced price ($229).  In response the new entrant Roku made further 

partnerships with content providers such as Amazon VOD, Vimeo, Hulu, NHL and 

launched open platform for content delivery in addition to launching cheaper version of 

the streaming device in 2010. Another new entrant Dlink’s Boxee Box
39

 entered the 

market with a DMR that had features to integrate content viewing with social networking. 

In response, Apple announced the second generation Apple TV with smaller form factor, 

better user interface, AirPlay (a functionality that allows wireless streaming from Apple 

devices like iPad, iPhone and iPod Touch) and additional content provision from Netflix, 

Flickr and MobileMe. This preemptive announcement was successful in preventing users 

from switching to the strong competitors and reached sales of over one million units by 

December 2010 in addition to reaching major market share in movie and TV shows rental 

and purchase at the iTune Store. 

Moderate innovation incumbent Xtreamer vs. new entrant Syabas Popcornhour 

Multimedia Player: Xtreamer
40

 is an incumbent in the DMR market since 2009 and has 

                                                 
37 http://www.roku.com/about/pressroom 

38 http://www.apple.com/pr/library/2008/ 

39 http://hq.dlink.com/press/?yr=2010 

40 http://www.xtreamerusa.net/ 

http://www.roku.com/about/pressroom
http://www.apple.com/pr/library/2008/
http://hq.dlink.com/press/?yr=2010
http://www.xtreamerusa.net/
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built a moderate reputation through moderate innovations in the DMR industry with 

devices like MK1 and eTRAYz
41

. In October 2011, Sybas entered the DMR market with 

Popcornhour A-300
42

, a streaming device that supported a wide range of audio and video 

formats. The incumbent Xtreamer responded by teasing users about its next innovation 

Prodigy Silver that was eventually launched in Jan 2012 with full 3d support. The teaser 

advertisement on their website and media release did not specify the price or the release 

date
43

. In major events, the device was not demonstrated to the media and DMR 

enthusiasts and critics filled the blogosphere and forums with discussions about the 

device’s potential. A technology reviewer wrote:  

“Turning our attention to the Prodigy, this thing is seriously gorgeous for one reason: a 

large curved sheet of metal covering the top and sides. Functionality is another matter 

entirely, though, and as we mentioned before, Xtreamer isn't demoing it here. On paper, 

at least, it should take care of business thanks to USB 3.0 and AirPlay support along 

with an internal 3.5-inch hard drive bay -- and the company is currently taking pre-

orders for €50 (about $69), which seems dirt cheap for what you're getting. Like the 

Ultra, Xtreamer expects to ship it in early April.”  

The non-committal strategy keeping major features such as functionalities and release 

date paid off as Prodigy gained international recognition from critics and user alike, and 

was awarded the Innovative DMP product of 2011. 

                                                 
41 http://www.xtreamer.net/timeline/ 

42 http://www.syabas.com/press_release.html 

43 http://www.engadget.com/2011/03/01/xtreamer-ultra-htpc-hands-on-and-prodigy-eyes-on/ 

http://www.xtreamer.net/timeline/
http://www.syabas.com/press_release.html
http://www.engadget.com/2011/03/01/xtreamer-ultra-htpc-hands-on-and-prodigy-eyes-on/
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Low innovation incumbent JadooTV vs. new entrant Iomega TV with Boxee: 

JadooTV is a DMR launched in 2010 with content targeting the south Asian 

demographics. Most of the commercial DMRs have meager amount of content targeted 

toward south Asian population. In 2011, Iomega
44

 with Boxee - a cross platform software 

application with social networking features, entered the DMR market. In spite of the new 

entrant Iomega’s better features, the incumbent Jadoo TV was successful in defending its 

user-base with its detailed press releases and committed preannouncements regarding 

new firmware and additional digital content
45

. 

2.6 Advertiser and Firms’ Pricing Strategy and Consumer Welfare 

For regions specified by difference in fees on the incumbent and the new entrant 

platforms, reputation of the incumbent firm and the level of improvements in technology 

delivered by the new entrant and preannounced by the incumbent, the advertisers may be 

willing to pay different prices per user. The advertiser must have an incentive to 

participate and the firm must be able to generate enough advertising revenue given its 

membership fee structure. Thus, the firm and advertiser chose Ap and Bp so that there total 

profit   is maximized. The advertiser’s profit is given as

   A A A B B Bp N p N      where A and B are the revenue generate per user on the 

incumbent and the new entrant respectively. The advertiser’s budget constraint is given 

by A A B Bp N p N B  . The price that the advertiser pays and the cost of innovation on a 

                                                 
44 http://tv.iomega.com/#home 

45 http://jadootv.com/press-news 

http://tv.iomega.com/#home
http://jadootv.com/press-news
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platform depends upon the technology improvement offered by the platform. Thus, for 

given convex cost functions
A and

B , and revenue generated per user
A and

B , the 

price functions that maximize the total profitmust satisfy the following condition. 

A B
A B

A Bp p

 
 

   
  

   
 

Given the firm’s cost function of producing technology improvements given the status 

quo, the price that the advertiser is willing to pay on both platforms depends on the cost 

of producing the technological improvement and the conversion rate (revenue generated 

per user).  However, the advertiser has a budget constraint and increasing price on the 

incumbent for a given network effects leads to reducing the price on the new entrant and 

vice versa. The advertisers price may depend on the level of technological improvement 

on the platform, that impacts the expected network effect on the platform. If the 

advertiser has similar conversion rate and cost function across both platforms, their price 

functions must be equal. 

Proposition 4a: If the incumbent and the new entrant have similar revenue generation 

per user  A B  , then the ratio of the marginal rate of increase of cost with technology 

improvement on the incumbent to the new entrant must be equal to the ratio of marginal 

rate of increase of cost with technology improvements on the incumbent to the new 

entrant. 

Total consumer welfare for strategy S is given by switcher loyalist

S SW E E  where switcher

SE and

loyalist

SE are the expected utilities of the switcher and the loyalist respectively. In the region 
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specified by low intensity of competition in innovation, an incumbent’s preannouncement 

has the ability to deter the new entrant from entering the market. This has detrimental 

effect on the innovation and banning preannouncement in such markets may aid in 

increase in innovation. 

 

2.7 Conclusion 

In technology networks with switching costs, incumbent networks often use preemption 

strategies like the preannouncement of future technologies in order to dissuade users from 

migrating to the new entrant with superior technology. However, not all preemption 

strategies succeed. While some firms are better off making committed 

preannouncements, others find vague preannouncement strategy to be the best. This 

paper explores the role of reputation of the incumbent on preemption strategies. Our 

results show that in order to preempt users from migrating permanently, an incumbent 

with high reputation should make clear preannouncements, committing to a considerable 

future improvement in technology engaging in a ‘battle of giants’ with the new entrant 

that offers a high improvement over the status quo. A similar strategy is advisable for 

incumbent with low reputation. In a ‘battle of the minnows’ between two low technology 

networks, the incumbent is better of giving clear signals of it future improvements in 

technology. However, an incumbent with moderate to high reputation and low difference 

in fee structure with the new entrant should engage the market with vague 

preannouncements and not commit to any specific improvements in technology (sit on 
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the fence) when the intensity of competition in technology is moderate. The implication 

of vague preannouncements could be that the incumbent informs the market with 

incremental disclosure of its improvement as the delivery date comes closer or devise a 

marketing campaign with teaser advertisements. Further, while the reputation of the 

incumbent may help justify the preemption strategy, the profit of the firm is dependent on 

its ability to deliver technology in a cost effective manner.  

As the product development cycle progresses and industry matures, a firm may operate 

across different regions in a temporal fashion as the competitive intensity in the industry 

changes. 
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Chapter 3:  To Be or Not To Be Social: Effect of Revelation Policies on 

Negotiation in Socially Embedded Marketplaces. 

3.1 Introduction 

With the advent of social networks, many online platforms such as marketplaces where 

platform users can buy or sell goods and services have chosen to embed the social 

network into the marketplace (e.g., Facebook Marketplace, Oodle etc.). In such socially 

embedded marketplaces, buyers and sellers could see each other’s identities. It was 

believed that such marketplaces may outperform traditional marketplaces that are not 

socially embedded and often anonymous (e.g. Craigslist). While the buyers may be more 

likely to transact through trusted relationships in a socially embedded marketplace for 

products with high quality uncertainty, sellers may not be in a better position to negotiate 

with friends compared to anonymous networks. In addition, sellers may be wary of 

selling goods or services to their friends due to possibility of future dissatisfaction of 

buyer with the transacted good or service. While social networks like Facebook has been 

successful in growing its user base at an unprecedented rate, the Facebook Marketplace 

has been disappointing in attracting buyers and sellers in spite of a huge installed base on 

the platform. Thus, it is interesting from a research perspective to understand if 

marketplaces in social networking platform are better off being anonymous.  

One might argue that trust between buyers and sellers play a major role in 

transactions of products with high quality uncertainty (e.g. used products like cars, 

consumer electronics, house, tickets etc.)  and therefore revealing social identity may be 

necessary under such a scenario. However, quality uncertainty in such product segments 
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can be mitigated by a third party intermediary, while not revealing the identity of 

individuals can aid in more fruitful negotiations. For example, StubHub.com acts as an 

intermediary between buyers and sellers of sports, concerts and theater tickets by keeping 

the identity of the buyer and sellers anonymous. The success of Stubhub’s anonymous 

transaction portal versus the failure of Facebook Marketplace in the number of ticket 

postings and successful transactions motivates the research into the role of identity 

revelation of buyers and sellers on the formation of collaboration and negotiation. 

 The past literature on the impact of social ties on marketplace efficiency is sparse. 

Does information on social ties aid in the success of a negotiation? Is social information 

detrimental to marketplace efficiency? This research attempts to answer such questions 

using a variation of the ultimatum game and the weighted voting game with different 

social information revelation policies in an experimental setup. 

In this paper, I consider two frameworks: 1) Ultimatum Bargaining Game and 2) 

Weighted Voting Game (WVG). While the ultimatum bargaining game may be 

representative of how people bargain in online marketplaces such as Cragislist and 

Facebook Marketplace, the WVG is representative of bargaining in collaborative projects 

on platforms such as eLance where people with different levels of verifiable skill sets and 

social ties bargain their share of final payoff for a collaborative project deliverable. In 

particular, I attempt to understand the role of revelation policies on the negotiation 

pattern. I hypothesize that in an ultimatum game, the knowledge of social ties may result 

in deviation of behavior from sub game perfection even when the game is represented in 

an extensive form. The prior literature has not explored the effect of revelation policies 
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on outcomes of such games. In the WVG, this paper contributes to the literature on 

cooperative game theory by modifying value based solutions by considering the influence 

of revelation of social relationships on power status during negotiation. Overall, I intend 

to show that while socially aware marketplaces increases the probability of a negotiation 

being successful, it may result in the proposer being worse off as compared to a platform 

where the buyers are readily available, product quality uncertainty is low and social 

information is hidden. 

Generally economic models are driven by the assumption that all agents optimize 

their payoffs. However, an economic experiment called the ultimatum game (Guth et. al., 

1982) questioned this hypothesis. In the 2 person ultimatum game, the proposer has to 

split a certain amount between the responder and himself/herself. If the responder accepts 

the split, then both agents get their respective amounts. But, if the responder rejects the 

proposed split, both receive nothing. According to game theory, the proposer could offer 

a very small amount and the responder should accept it. However, experimental results 

suggest that the proposers offer 40-50% of the total amount to the responder and offers 

below 20% are rejected half the time. (Guth et.al., 1982). This finding shows that people 

are averse to inequity and resulted in modification of decision making models with the 

incorporation of social preferences of agents. Such models that incorporate ‘other 

regarding’ preference suggest that agents generate the feeling of inequity when they are 

worse off than their reference agents (Fehr and Schmidt, 1999; Bolton and Ockenfels, 

2000). The research on the impact of social ties on decision making in an ultimatum 

game is sparse. Polzer et. al. (1993) show that strangers demand more than friends in 



 74 

order to finalize a transaction. The social distance has been found to be negative 

correlated with offers (Hoffman et. al., 1996). Trust between agents increase as social ties 

become stronger (Glaeser et. al., 2000) but proposers are more prone to punishments or 

negative reciprocity from friends for an unkind action. Leider (2009) show that intrinsic 

altruism, social ties and repeated interactions in the future all influence pro-social 

behavior. Stahl and Haruvy (2008) show when the ultimatum bargaining game is 

represented as an abstract game tree, rather than described verbally, the behavior of 

players is consistent with sub game perfect outcome. In the first of this chapter, I 

contribute to the literature by looking at the behavior of proposers and responders in an 

ultimatum game with different revelation policies: completely anonymous, proposer 

know responder and not vice versa, responder knows proposer and not vice versa, both 

proposer and responder know others identity. In addition, I use a game tree to represent 

the game to players. In part 1, both players are equally powerful; while one player has the 

power to propose, the other player has the power to reject. In order to understand the role 

of power and social ties on negotiation strategies, I add a second experiment similar to a 

weighted voting game to this research. 

Cooperative game theory has developed several solution concepts to negotiations in 

coalitions (see Table 3.1). However, such solution concepts assume that all coalitions are 

equally probable. While this assumption is valid when members involved are anonymous 

and are represented only by their allocated resources or endowments, it may not hold true 

when coalitions take place in social networks. 
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Another related stream of literature is that of Public Good games. In a public good 

game, each person has an endowment that he can allocate to a private good or a public 

good knowing that contribution to a public good generates more social surplus than a 

private good. However, contributors to a public good get only a share of the surplus. 

Therefore, contributing to the private good is Nash equilibrium. However, in practice 

people do contribute to varied extent due to disparate reasons. The ideal situation in a 

public good game is the formation of a grand coalition. Table 3.2 summarizes a survey of 

public good games.  

This research primarily deals with endogenous formation of coalition structures 

through negotiations based on varied resources of individuals who may or may not know 

their social relationships with other negotiators. Unlike public goods a grand coalition is 

not necessary for the success of the coalition. In other words, in a public game, good 

produced by a smaller coalition is utilized by the entire population, whereas in our 

experiment only the successful coalition can consume its production and that too not 

necessarily equally but based on their negotiations. While the dilemma of a player in the 

public goods game is how much to contribute, the members of our experiment face the 

tradeoff of which members to form the coalition to maximize one’s payoff versus 

incorporating members with whom they have a social tie in the real world. The survey 

suggests that while there is some similarity between our setting and the public good 

game, the purpose of the experiment and implications are quite different. This research is 

more geared towards explaining why successful negotiations might be better built for 

anonymous networks. This may explain increased activity and successful negotiations on 
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Craigslist (anonymous) compared to Facebook MarketPlace (non-anonymous) in spite of 

trust issues on Craigslist. 

 The remaining of the chapter is organized as follows: Section 3.2 discusses past 

research in experimental economics using ultimatum games and weighted voting game, 

and lists the hypotheses to be tested in this research. Section 3.3 focuses on the research 

methodology and experiment design. The statistical analysis and results are discussed in 

Section 3.4 and Section 3.5 concludes the chapter. 

3.2 Theory and Hypotheses 

In this research I focus on the following two types of negotiation: a) One to one 

negotiation: where a buyer and seller negotiate the price of a product and, b) One to many 

negotiation: where there are multiple agents (limited to three agents in this research) 

involved in the negotiation that requires a collaboration formation, e.g., forming a 

collaboration with a group of freelancers whose skill set van be verified and then dividing 

the payoff according to mutual consent of collaborators. While the negotiation is 

operationalized using an ultimatum game, a weighted voting game is used to 

operationalize the collaboration process. 

In the ultimatum game, the proposer makes an offer to the responder, who can 

accept or reject the offer. If the responder agrees, he/she agrees to split the payoff 

according to the proposer’s offer, otherwise both get nothing. The sub-game perfect 

solution is for the proposer to offer the minimum amount to the responder and for the 

responder to accept this offer. However, in lab experiments, responders reject offers 
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below 30% (Guth et. al., 1982; Thaler, 1988; Roth, 1995). Such deviations from sub 

game perfect behavior can be attributed to various reasons: subjects may prefer equal 

splits (Bolton, 1991; Stahl and Haruvy, 2002) or they may show spite (Kirchsteiger, 

1994). Other reasons could be cultural influences, the wording of the experiment or 

random role assignments (Slonim and Roth, 1998; Capra, 2004). Often expectation to be 

judged as fair by the experimenter or some divine source may motivate near equal splits. 

Some subjects may not understand backward induction and may have a learning effect 

(Johnson et. al., 2002; Gale et. al., 1995).Stahl and Haruvy (2007) show that a simple 

game tree representation of the ultimatum game without suggestions about “dividing the 

pie” results in behavior consistent with sub game perfection. In the one to one negotiation 

experiment, a game tree representation of the ultimatum game is used in order to isolate 

the influence of “other regarding behavior” on the game outcome. In this research, the 

interest is particularly in understanding how the policy regarding the revelation of 

identities of the players influences their decision making. I use one of the following four 

revelation policies in each round: 

P1: The proposer and responder do not know each other’s true identities. 

P2: The proposer knows the true identity of the responder and not vice versa. 

P3: The responder knows the true identity of the proposer and not vice versa. 

P4: The proposer and responder of the ultimatum game know each other’s true 

identities. 
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3.2.1. One To One Negotiation 

In each round of the experiment, half of the participants are randomly assigned as 

proposers and the other half as responders. The proposer and responders may belong to 

the same cohort (friends) and therefore have social ties or they may be from different 

cohorts (strangers) and not know each other. When the negotiating agents’ identities are 

not revealed, the proposer may not have any incentive to deviate from sub game perfect 

behavior. However, when identities are revealed both ways (i.e. proposer can see the 

responder and vice versa). 

Under policy P2, where the responder does not know the true identity of the proposer, a 

proposer who has strong social ties with the responder within the cohort of friends may 

prefer a more equitable solution. However, within the same cohort of friends, a proposer 

with weak social ties with the responder may behave more strategically. Similarly, within 

cohort of strangers, the one way identity revelation of the responder may not affect the 

proposer to deviate from sub-game perfect behavior. 

Hypotheses 1: The distribution of sub game perfect behavior and subsequent earning of 

proposers in stranger cohort does not change across policies P1, P2, P3 and P4. 

Hypotheses 2: The distribution of sub game perfect behavior and subsequent earning of 

proposers in friends cohort is higher in policy P1 when compared to policies P2, P3 and 

P4. 

Hypotheses 3: Under policy P1, the distribution of sub game perfect behavior and 

subsequent earning of proposers is similar across both friends and strangers cohort. 
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Hypotheses 4: Under policy P2, P3 and P4, the distribution of sub game perfect behavior 

and subsequent earning of proposers is higher in cohort of strangers than friends. 

Hypotheses 5: Under policy P2, P3 and P4, the distribution of equitable behavior of 

proposers is higher in cohort of friends than strangers. 

When both proposers and responders are visible to each other, friends are expected to 

have more equitable payoff division due to obligations based on social ties. However, 

strangers would behave in a sub game perfect manner in spite of revelation of identities. 

There may be some stranger pairs that may deviate from strategic behavior due to fear of 

being identified later 

3.2.2 One To Many Negotiation 

In the Ultimatum game, both participants have equal power. While the proposer can 

propose according to his/her will, the responder can accept or reject it. Such bargaining 

situations may be common in marketplaces where there is a one on one interaction such 

as buyers and sellers in an online marketplace. However, when in certain networks such 

as collaborative networks more than two people could be involved in bargaining and they 

may not have the same power to bargain. Such games fall under the category of 

cooperative game theory. 

Cooperative game theory46 provides solution concepts such as Core and Shapley 

value that specify how the winnings should be distributed among the members of the 

                                                 
46 In non-cooperative game theory players take decisions independently. However, in cooperative game 

theory players negotiate with each other to form a coalition and agree upon the the distribution of payoff 

shares. 
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coalition. However, research on the efficacy of such game theoretic solutions in real 

environments is sparse. Social ties and its interaction with resources held may influence 

negotiations and cause deviations from game theoretic solutions. I am particularly 

interested in the following research questions: What coalitions will form? How will the 

coalition distribute the pay-off amongst its members? What mechanisms enable agents to 

pay-off distribution predicted by the game theory?  

In particular, I implement and analyze a Weighted Voting Game (WVG) model 

from cooperative game theory. Unlike parliamentary voting, in WVG all votes are not 

equal. This kind of voting is seen in shareholder meetings where the votes are weighted 

by the shares held. An agent 'i s weight iw represents the number of votes she controls and 

the quota q represents the number of votes necessary to pass a motion such that

2

T
T

V
q V  , where TV is the total number of votes possible. Thus, a WVG is characterized 

by  1 2: , ,..., Nq w w w where N represents the total number of agents. However, the weight 

of the agent is not an accurate indication of the influence yielded by the agent on the final 

outcome. For example, consider a VWG model characterized by 10 :5,5,3,1 . Here, 

agents with power 3 and 1 yield no influence on the final outcome and are therefore 

called dummy agents. Similarly, consider 10 :5,4,1 where all agents have the same 

power or influence on the final outcome. Thus, instead of using the weight as an indicator 

of the influence, cooperative game theory suggests using a power index such as Banzahf 

power index (originally introduced by Penrose in 1946) or Shapley-Shubik power index. 
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While the Benzahf power index assumes that agents are free to join or leave the coalition 

as they are negotiating, the Shapley-Shubik power index assumes that agents do not leave 

a coalition during the negotiation period. A coalition is successful if the sum of the 

weights of all agents in the coalition exceeds a threshold and if all agents in that 

coalition are in agreement over the distribution of the pay-off. The differences between 

the two power indexes for N agents are listed in Table 3.3. Since we are interested in 

coalitions which are not necessarily grand coalitions, I focus on the Banhaf index for the 

second part of the experiment. 

 

Banzhaf Power Index: 

In a weighted voting game, a swing or critical vote for agent i is defined as a 

winning coalition that would be unsuccessful if i defected. Thus, agent 'i s Banzhaf power 

index iB is defined as the ratio of the number of swings for agent i to the total number of 

swings for all agents. The normalized Banzhaf power index is given by

1

i
i N

j

j

B








, where

i denotes the number of winning coalitions in which agent i is critical. 

However, this definition has a network specific normalization and is not 

appropriate to compare powers of actors across networks. Thus, an alternate definition of 

agent 'i s Banzhaf power index iB is defined as the ratio of number of swings for agent i to 

the total number of winning coalitions (2 1)N  .  
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In this paper, I refine the ‘value’ solution concept based on power index and 

develop an experimental setup where agents interact with each other and form coalitions. 

In order to receive the payoff, the agents must form a successful coalition. A coalition is 

deemed successful if the individual weights of its agents are greater than the threshold 

and the agents forming the coalition agree upon the distribution of the payoffs among the 

members of the coalition. 

The classical power indices like Banzhaf and Shapley-Shubik assume that all 

coalitions are equally probable. However, when network structure is common knowledge 

and the identity of agents is revealed, the probability of forming a coalition is dependent 

on the preferences of the agents. While the classical power indices may be accurate in 

predicting negotiation behavior in anonymous networks, the probability of coalition 

formation based on preferences should be considered in order to understand negotiation 

strategies in non-anonymous collaborative networks. The coalition formation in non-

anonymous networks may depend on social relationships like strength of ties in addition 

to resources available with agents.  

Modified Banzhaf Power Index 

Consider a 3 agent WVG [5:3,2,2]with agents a, b and c. According to Banzhaf, 

the winning coalitions of this game are  1 ,C a b ,  2 ,C a c and  3 , ,C a b c . Here

 , ,a b c is called the grand coalition because all the agents are members of this coalition. 

In this example, a is critical in all the three winning coalitions, while b and c are each 

critical in 1 winning coalition. Thus, the Banzhaf index for a ,b and c are 
3 1

,
5 5

and
1

5
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respectively. However, Banzhaf considered that all the winning coalitions are equally 

probable. When agents make the decision to join a coalition in social networks, the 

strength of ties among agents may influence their decision to form a coalition.  

Figure 1 shows three possible social network configuration of agents in WVG 

discussed above. From Figure 1, the solid arrow represents a strong strength of tie and a 

dotted line represents a weak strength of tie. In configuration (i), a and b have a strong tie 

and therefore is more likely to select only b than only a in order to make a successful 

coalition. In configuration (ii), a is most likely to include both b and c in the coalition 

because of strong social tie. In configuration (iii), while a is not required to include both 

b and c in order to form a successful coalition, not including both b and c may result in 

rejection of the proposal. Therefore, in configuration (iii), a is most likely to include both 

b and c. In configuration (iv), a would propose a grand coalition for the same reason. If a, 

b and c are all weakly connected, then a will be equally likely to select either b or c. In 

the context of this research, the proposer is aware of the social tie strength with a 

responder when the identity of the other agent is revealed. Thus, configurations in Figure 

1 demonstrate how social ties can affect the size of the coalition. However, when a 

coalition size is chosen, how is the payoff distributed. In order to understand payoff 

distribution, one has to know the possible distributions. For example, if a 2 agent 

coalition is proposed with possible division that can be proposed are (75,25) and (50,50), 

and if a 3 agent coalition is proposed with possible division that can be proposed are 

(60,20,20) and (34,33,33), what payoff distribution should be proposed that will have the 

highest chance of acceptance?  
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Depending on the strength of tie between agents, the proposer can choose to 

maximize total earning of agents with strong ties while minimizing the difference 

between the strongly tied, or maximize his own profit only. 

 In configuration (i), owing to strong strength of ties between a and b, the 

proposer should choose (50,50). Similarly, if a, b and c have weak strength of ties, then 

the proposer a is most likely to maximize his own profit and choose either b or c and 

offer (75,25). 

In configuration (ii) and (iii), due to at least one weak tie, the proposer would 

maximize his own profit only, given that he has already chosen a grand coalition instead 

of a 2 member coalition and therefore choose (60, 20, 20). However, in configuration 

(iv), owing to high strength of ties amongst all members, the proposer would choose to 

maximize his total earning of agents with strong ties while minimizing the difference 

between strong tied members. 

In the experiment for ‘one to many negotiation’, the proposer and responder are 

randomly chosen within friends or strangers network and negotiation takes place 

according to one of the two policies (P1 and P4) described before. Under policy P1, there 

is complete anonymity and under policy P4, all agents can see each other’s true identity. I 

hypothesize the following: 

 

Hypotheses 6a: The proposer forms more optimal coalition size than grand coalitions 

under policy P1 in friend network. 

Hypotheses 6b: The proposer forms more optimal coalition size than grand coalitions 

under policy P1 in stranger network. 



 85 

Hypotheses 7a: The proposer forms more optimal coalition size than grand coalitions 

under policy P4 in stranger network. 

Hypotheses 7b: Under policy P4, in a friend network, optimal sized coalition is proposed 

if the proposer has at most one strong tie with one of the responders and the responders 

have weak ties, otherwise a grand coalition is proposed. 

Hypotheses 8a: Under policy P4, in a friend network, when a grand coalition is proposed, 

the proposer choses a payoff distribution that maximizes his payoff if the strength of tie 

with at least one responder is weak. Otherwise the proposer chooses a payoff distribution 

that is more equitable. 

Hypotheses 8b: Under policy P4, in a friend network, when an optimal sized coalition is 

proposed, the proposer choses a payoff distribution that maximizes his payoff if the 

strength of tie with the responder is weak. Otherwise, the proposer chooses a payoff 

distribution that is more equitable. 

 

3.3 Research Method and Experiment Design 

I developed two lab experiments using Z-tree (Fischbacher, 2007). While one experiment 

is based on the Ultimatum game (refer to Appendix H), the other is based on the 

Weighted Voting Game (refer to Appendix I). The recruitment process involves posting 

flyers with student organizations inviting juniors and seniors in The University of Texas 

at Austin campus and inviting them to join a Facebook group. Once a sufficient number 

of students join the group, an invitation is sent to all of them to click on an application 

and participate in a pool from which students will be selected for the lab experiment. A 

450 student social network was created. From this network, multiple groups of 30 
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strangers and friends, and multiple groups of 15 strangers and friends were selected, after 

performing cluster analysis on information retrieved from Facebook. From these groups 

two non-intersecting groups of 30 stranger and 30 friends were selected for Part 1, and 

two groups of 15 friends and strangers were selected for Part 2. Stranger networks had no 

two users had less than two degrees of separation. Additionally, all selected members are 

required to answer a short questionnaire in accordance with the Big 5 measures to ensure 

that sample is representative. Both parts of the experiment are conducted on separate days 

and participants who have participated in part 1 are excluded from the pool for part 2. 

The exact social tie strength information is requested to the participants who can see the 

identity of the interacting participant (if the policy is that of non-anonymity), after they 

have made an economic decision in each round. In completely anonymous rounds, such 

information is not required. The tie strength information is kept confidential and is never 

revealed to other participants. Written consent is required from participants before 

beginning the experiment. 

Part 1 of the experiment has 4 sessions in total, with one session devoted to each policy. 

Part 2 has two sessions and implements policy P1 and P4. In part 1, each session has 29 

rounds allowing a total of 1740 data points. Additionally, under anonymous policy P1, 5 

extra rounds are played so that agents can get familiar with the application. These extra 

rounds are left out of the analysis. In part 2, under policy P1 (complete anonymity 

policy), session 1 had 91 rounds with 5 additional rounds (dropped for analysis) for  

getting familiar with the system, (182 data points) and session 2 has 91 rounds (182 data 

points). 
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When the participants arrive for the experiment, they are given a consent form 

and they are notified that all rounds will not be anonymous. In order to participate in the 

experiment, their first and last name may be revealed to the other participant in certain 

rounds with prior notification to the participants in the round before they make an 

economic decision in the experiment. Participants will be requested to rate their social tie 

strength on a scale of 1 to 5 when the identity is revealed. Participants who have agreed 

to participate by signing the consent form will receive a $5 show up fee that will be 

added to their total earnings at the end of the experiment. Each participant was led to a 

computer (with Z-tree) in the Behavioral Lab in The University of Texas, Austin. At the 

beginning of each part, the subjects took a short paper quiz and read introductory 

instructions to learn the instructions. Further, the instructions included the detailed steps 

of the experiment and all the rules used to determine payoffs. After each part, upon 

reading through these, the subjects saw the correct answers explained in detail via 

slideshow. At this stage, the revelation policy of the identity was explained to the 

participants (see Appendix H and I for detailed instructions). After explaining the 

experiment, the pilot proceeded with Part 1 or Part 2 of the experiment. 

In each round of Part 1 of the experiment, the players are randomly paired and each 

member of the pair is randomly allotted as the ‘First Mover’ or a ‘Second Mover’. The 

total number of rounds is not announced at the beginning of the experiment to prevent 

wealth effects but participants are told that there will be a minimum of 5 rounds. 

Participants are given 100 tokens in each round that last 20 seconds long and shown a 

decision tree according to which the first mover has to decide how to split these tokens 
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with the second mover. The revelation policy is notified to both movers at the beginning 

of each round before they make decisions. The final payoff calculations are explained in 

the experiment. 

In each round of Part 2 of the experiment, three players are randomly grouped and 

assigned as user R, G or B. The players are shown a decision tree and are notified about 

the revelation policies in each round. User R is given 100 tokens and has to make 

decisions regarding coalition with G or B or both, and has to select one of the possible 

ways of dividing the tokens with the chosen users. The chosen users can either accept or 

reject the division proposed (Please see Appendix H for detailed instruction). Each round 

lasts for 20 seconds. The actual number of rounds is not announced to the participants at 

the beginning of the experiment to prevent wealth effects. 

The final payoff is based on the performance of five randomly chosen rounds by the 

computer at the beginning of the experiment. However, the chosen rounds are revealed to 

the participants at the end of the experiment. The conversion of tokens into dollar amount 

is discussed in the Instructions (Appendix H and Appendix I). Participants make all 

decisions using computers in the lab. There is NO video or audio recording done. Final 

payments are done privately to the participants. 

For the analysis, the use of non-parametric tests to compare treatments (revelation 

policies) is commonplace in experimental economics studies. Such a simple approach is 

sufficient because lab experiments carefully controls for possible confounding effects by 

random assignment of participants. In addition, to eliminate learning effects, we omit the 

first 5 rounds of the experiment from our analysis. 
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3.4 Analysis and Results 

In order to understand non-random association between two categorical variables, a 

Fisher’s exact statistical test is used. In this chapter, we test the hypotheses using the 

Fisher’s exact test. For small sample sizes, this test has higher accuracy compared to Chi-

square test.  

In one to one negotiation, there is one proposer and one responder. Figure 3.2-3.5 

shows the percentage of offers made by the proposer in stranger and friend networks and 

the rate of acceptances under Policies P1-P4 respectively. Hypotheses 1 is supported at 

5% level of significance. Thus, in stranger networks, proposers show significantly more 

sub game perfect behavior (80-20) than equitable behavior (60-40) in the tree based 

ultimatum game and this behavior does not change across policies. However, Figure 3.2-

3.5 show that in friend network, the sub game perfect behavior is dominant when policy 

P1 is implemented and the equitable behavior is dominant when at least one member in 

the one to one negotiation is visible. Hypotheses 2 is supported at 5% level of 

significance. Hypotheses 3 states that there is no significant difference in the successful 

sub game perfect proposals between friend and stranger networks under policy P1 

(complete anonymity). As shown in Figure 3.2, Hypotheses 3 is supported. From Figure 

3.3-3.5, we can see that there is a significant difference between distribution of sub game 

perfect behavior between friend and stranger networks. The stranger network has 

significantly more (at 5% significance level) successful sub-game perfect proposals than 

the friend network, supporting Hypotheses 4. Similarly, the friend network has 
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significantly more (at 5% significance level) successful equitable proposals than the 

stranger network, supporting Hypotheses 5. 

In one to many negotiation, there is one proposer but two responders and two 

policies are implemented, namely P1 (complete anonymity) and P4 (complete visibility). 

Figure 3.6 shows the distribution of proposer’s offers in friend and stranger networks 

under policies P1 and P4. Table 3.4 and Table 3.5 show coalition size corresponding to 

proposed offers in stranger and friend networks under policies P1 and P4 respectively. 

Fisher’s exact test on the data shown in Table 3.4 reveals that under policy P1 

where both proposer and responder are anonymous, the proposer in both friend and 

stranger network makes significantly more optimal coalition size of two members only 

rather than forming a grand coalition of all three members, supporting Hypotheses 6a and 

6b. A coalition of size two is considered optimal because the total resource levels are just 

enough to ensure getting the payoff if the proposal is successfully accepted. It should be 

noted that the extra resource in the grand coalition does not add any extra payoff. Fisher’s 

exact test on the data shown in Table 3.5 reveals that under policy P4 where all members 

of the coalition are visible to each other, the proposer in a stranger network forms 

significantly more optimal sized coalition than grand coalition, thereby supporting 

Hypotheses 7a. Similarly Hypotheses 7b is supported in Table 3.5 that shows, under 

policy P4, the proposer in a friend network, proposes significantly more optimally sized 

coalitions than grand coalitions if the proposer has at most one strong tie with one of the 

responders and the responders themselves have weak ties amongst them. 
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In a friend network, when a grand coalition is chosen under policy P4, the 

proposer’s choice of payoff distribution depends on his strength of tie with the 

responders. If the coalition has at least one responder with whom the proposer does not 

have a strong tie, then the proposer offers significantly more inequitable distribution and 

tries to maximize his own payoff. However, if the proposer has strong ties with both the 

responders in a grand coalition, the proposer chooses a more equitable payoff 

distribution, supporting Hypotheses 8a. Similarly, when the proposer proposes an 

optimally sized coalition in a friend network under Policy P4, the proposer behaves in a 

sub game perfect manner if he has weak ties with the responder. However, if the proposer 

has chosen a responder with whom he has strong ties, then the proposer deviates from the 

sub game perfect behavior and chooses a more equitable solution. 

 

3.5 Conclusion 

The main challenge for online marketplaces has been to attract sellers. Once a 

marketplace has sufficient number of sellers in a product category, buyers are attracted to 

the market, motivating more sellers to join the platform. While trust plays a dominant 

role in certain product categories, such concerns can be mitigated by the intermediary by 

verifying the sellers claimed quality level and ensuring payment by the buyer upon 

successful delivery of promised product. With the advent of online social networks, 

marketplaces have been embedded with social ties information, with the hope that it will 

assuage trust concerns between buyers and sellers. However, socially embedded 
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marketplace such as Facebook Marketplace does not perform as well as anonymous 

networks such as Craigslist. This raises the question regarding the efficacy of revealing 

social information to encourage negotiation. Is social information detrimental to the seller 

and does it hinder his ability to make better deals? Using an experimental economics 

setup, I show that proposers are better off in an anonymous network. Thus, social 

networking platforms must reconsider their marketplace identity management policies. 

Socially embedded marketplaces should realize that by inhibiting direct access to the 

identities of the negotiating agents, but letting the agents know that they are among 

friends or strangers help the proposer negotiate better. 

 Similarly, policy design for collaboration is also an interesting problem in online 

marketplaces. While knowing a person’s identity may aid a project manager choose team 

members with desired skill level, a non-anonymous setting may lead to sub optimal team 

sizes and the manager may be obligated to hire his friends due to their social ties. Thus, a 

collaboration platform may be better off by not embedding social tie information. 

Interesting collaboration dynamics emerge through the experiments based on weighted 

voting game and tree based ultimatum game. The choice of optimal coalition size 

depends on the policy as well as the social tie structure of the agents involved in 

collaboration experiment. This has implications for collaborative marketplace design and 

shows that anonymity in the presence of a third party intermediary that can verify skill 

level leads to optimal team formation and aids the manager. 
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Appendices 

Appendix A: Figures for Chapter 1 

Figure 1.1: Time Spent on MySpace and Facebook (Source: www.compete.com) 

 

 

Figure 1.2: Capability Requirements of the New Entrant to Cause Migration in SH 

and MH Cases 1 and 2. 
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Figure 1.3: Growth of the New Entrant Network in SH and MH Cases 1 and 2. 

 

Figure 1.4: Growth of New Entrant Network in SH and MH when Users are 

Heterogeneous and the New Entrant Offers the Same Capability to 

Both SH and MH. 
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Figure 1.5: Capability Required by New Entrant to Continue Migration in SH and 

MH Networks. 

 

Figure 1.6: Growth of the New Entrant in SH and MH Network Corresponding to 

the Capability Delivered in Figure 1.5. 
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Appendix B: Figures for Chapter 2 

Figure 2.1: Decision Tree of a Switcher. 

 

 

Figure 2.2: The Main Players in the Model - Switchers, Incumbent Network A, New 

Entrant Network B and the Advertising Partner. 
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Figure 2.3: Graphical Representation of Switcher’s Feasible Regions of Operation 

in Terms of Difference in Fee Structure and Reputation of the 

Incumbent Firm.  
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Figure 2.4: Players involved in the two sided market where the new entrant network 

B delivers an improvement over status quo and the incumbent network 

A preannounces an improvement to users who pay a membership fee to 

use the platform and a single advertiser pays a price to place their ads 

on the platform.  
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Figure 2.5: Regions of operation specified by the intensity of competition in 

innovation for a given reputation and fee structure. 
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Appendix C: Figures for Chapter 3 

Figure 3.1: Some Possible Network Configurations in a 3 Agent WVG. 

 

Figure 3.2: Proposer’s Offer Distribution For Policy 1 (Part 1). 
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Figure 3.3: Proposer’s Offer Distribution For Policy 2 (Part 1). 

 

 

Figure 3.4: Proposer’s Offer Distribution For Policy 3 (Part 1). 
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Figure 3.5: Proposer’s Offer Distribution For Policy 4 (Part 1). 

 

 

Figure 3.6: Proposer’s Offer Distribution For Policy 1 and 4 (Part 2). 
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Appendix D: Tables for Chapter 1 

Table 1.1: Extant Literature on Multi-homing. 

Study Focus Extent of adoption of 

platforms studied? 

Rochet and 

Tirole (2003) 

Role of governance structure in pricing 

in the presence of MH. Incremental 

adoption issues not considered.   

No 

Gabszewicz 

and Wauthy 

(2004) 

Two-sided markets and price 

competition in the presence of MH. A 

visitor can buy passes to two exhibition 

centers, while an exhibitor can also 

exhibit in both centers.  

No 

Armstrong and 

Wright (2005) 

Pricing dynamics of two sided markets 

in the presence of MH and 

externalities.  

No 

Parker and 

Van Alstyne 

(2005) 

Analyzes when a firm can offer a free 

good in two-sided markets.  

No 

Armstrong 

(2006) 

Equilibrium prices to be paid by 

platform users with cross side 

externalities in 2-sided markets. Extent 

and timing of adoption of multiple 

platforms not considered.  

No 

Doganoglu and 

Wright (2006) 

Effect of compatibility on private and 

social incentives in multi-homing, 

which involves complete adoption of 

multiple platforms.  

No 

Eisenmann et 

al. (2006) 

Strategies for two-sided markets -- 

“winner-takes-all” scenarios are 

possible for high MH costs and cross-

side network effects. The dynamics of 

incremental adoption of multiple 

networks are not considered.  

No 

Landsman and 

Stremersch 

(2011) 

Effect of level of MH on sales. 

Platform level MH hurts sales when 

platforms have low market share. 

However, mature platforms with large 

market shares witness more seller level 

No. This chapter focuses on 

whether platform or seller 

level MH is beneficial, and 

not on how sellers may 

choose to divide their 
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multi-homing.  investment in developing 

games across multiple 

platforms.  

 

 

Table 1.2: Time Allocation in MH by Homogeneous Users for Cases 1 and 2. 

User # Period 1 Period 2 . . . . Period D/x . . . . Period D 

User 1 xT/D 2xT/D . . . . T . . . . T 

User 2 0 2x T/D . . . . T . . . . T 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

User D/x 0 0 0 T . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

User D 0 0 . . . . . . . . . . . . T 

 
Table 1.3: Highest Capabilities Required for Complete Migration in SH and MH 

Networks of Homogeneous Users. 

    Highest capability 

required in SH  

Highest capability 

required in MH case 1 

Highest capability 

required in MH case 2 

0.9 0.1 673.7 53.3 313.3 

0.5 0.5 2853 452.3 1746 

0.1 0.9 10800 3972 4630 
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Table 1.4: Types of Heterogeneous Users in Network 1 in period 0. 

 

 

 

    User type 

High Low Type 1 

Moderate Moderate Type 2 

Low High Type 3 
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Appendix E: Tables for chapter 2 

Table 2.1: Survey of Research in New Product Announcement and 

Preannouncement. 

Study Research Finding Impact of 

reputation on 

preannounceme

nt strategy 

studied? 

Calantone and 

Schatzel, 2000 

The main driver behind a firm’s decision to 

preannounce is its goal to establish itself as an 

industry leader. 

No. 

Eliashberg and 

Robertson, 

1988 

Market dominance, company size, market 

competition and customer switching costs drive the 

decision to preannounce. 

No. 

Schatzel et al., 

2001 

New product introduction and withdrawals are 

preannounced to establish industry leadership.  

No. 

Kohli, 1999 Preannouncement timing is determined by 

switching cost of users, length of buying process, 

competition in the industry, product complexity and 

cannibalization by other products. 

No. 
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Lilly and 

Walters, 1997 

Preannouncement timing is determined by 

switching cost of users, length of buying process, 

competition in the industry, product complexity, 

certainty of features to be delivered, cannibalization 

by other products, product innovation and customer 

loyalty. 

No. 

Su and Rao, 

2011 

Preannouncement timing is determined by market 

dominance, competition in the industry, 

cannibalization by other products, product 

innovation and profitability. 

No. 

Farrell and 

Saloner, 1986 

Preannouncement is made earlier if network effects 

are high. Users do not adopt the product if it is not 

preannounced. 

No. 

Heil and 

Robertson, 

1991 

The benefits of preannouncement should exceed its 

potential costs. 

No. 

Popma et al., 

2003 

Content of new product announcement (not pre-

announcement) is analyzed. It is found that the 

content is not industry specific but firm specific 

and affects competitive interaction. Announced 

products have an effect on new product 

No. 
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announcements. 

Rao, 2008 Preannouncement impacts user’s utlity change at 

feature level. 

No. 

Bayus et al., 

2001  

Vaporwares are profitable for the firm if the 

benefits outweigh the penalty costs. 

No. 

Dranove and 

Gandal, 2003 

Preannouncement slowed down adoption of 

competing technology. 

No. 

Fisher et al., 

1983  

Truthful preannouncement can increase social 

welfare. 

No. 

Gerlach, 2004  Preannouncement is an effective tool in markets 

where users have switching costs. 

No. 

Landis and 

Rolfe, 1985 

Misleading preannouncements do not help in 

building market power. 

No. 

Sattler and 

Schirim, 2002 

Brand value and prior vaporware impacts the 

credibility of a firm’s preannouncement. 

No. 

Su and Rao 

(2010) 

Whether, when and what to preannounce depends 

on factors specific to firms, customers, distributors, 

shareholders, industry, new product innovation and 

legal issues. 

No. 

 

 



 109 

Table 2.2: Switcher’s Strategy Set. 

Switcher’s 

decision in 

period 0 

Switcher’s decision in period 1 Strategy 

A A if incumbent successfully delivers. 

A if incumbent fails to deliver. 

1S  

A A if incumbent successfully delivers. 

B if incumbent fails to deliver. 

2S  

A B if incumbent successfully delivers. 

A if incumbent fails to deliver. 

Not feasible. If switcher 

chooses A if incumbent 

fails to deliver in period 

1, he/she will not choose 

B if the incumbent 

delivers in period 1. 

A B if incumbent successfully delivers. 

B if incumbent fails to deliver. 

Not feasible. If switcher 

chooses B if incumbent 

fails to deliver in period 

1, he/she could have done 

better by switching to B 

in period 0. 

B A if incumbent successfully delivers. Not feasible. If switcher 
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A if incumbent fails to deliver. chooses A upon failure to 

deliver, he/she could have 

done better by choosing B 

in period 0.
 

B A if incumbent successfully delivers. 

B if incumbent fails to deliver. 

3S  

B B if incumbent successfully delivers. 

A if incumbent fails to deliver. 

Not feasible. If switcher  

choose A upon 

incumbent’s failure to 

deliver, he/she cannot 

choose A when 

incumbent delivers. 

B B if incumbent successfully delivers. 

B if incumbent fails to deliver. 

4S  

 

 

Table 2.3: Expected Utility of a Switcher for Feasible Strategies. 

Switcher’s 

Strategy 

Expected utility of the switcher 

1S
 

     1A A AC T f C T f C T f             

2S         1 1A A AB BC T f C T f C T S f                



 111 

3S  

 
 

    
1

1 1

BA A

AB B

B

C T S f
C T S f

C T f


 

 

      
        

       

 

4S  

 
  

    

1
1

1 1

B

AB B

B

C T f
C T S f

C T f

 
 

 

      
       

     

 

 

Table 2.4: Strategies and Their Feasibility Conditions. 

Switcher 

strategy 

(Period 0 

choice) 

New entrant’s technology Incumbent’s preannounced technology  

 

1S
 

(A) 

1

1

AB
A B

S
T f f




 

   
       

  

 
 

 

,

min

1 1

A B AB

AB BA
A B

T f f S

S S
T f f






 

   
 

  
   

   

 

2S
 

(A)
 

 

 

1

1 1

A B

AB

T f f

S






 



 
       

 

  
 
 

 

AB A BT S f f      

    1 1A B AB BAT f f S S          

 

3S
 

(B)
 

A B BAT f f S           

 
 

1 1

max
,

1 1

A B AB

AB BA
BA A B

T f f S

S S
S T f f

  


 

 

      
 

   
  

   

 



 112 

4S
 

(B)
 

 

 

1
,

1

1

min

1 1
,

AB
A B

A B

AB

A B BA

S
T f f

T f f

S

T f f S




 






 





    
       

   
  
      

    
 

   
   
 
      

 

0   

 

 

Table 2.5: Expected Network Effects on the Incumbent and the New Entrant. 

Strategy 
AN  BN  

1S  2T  0  

2S     1 1T T        1 1 T    

3S   2T T       2 1 T    

4S  2 T   2 1 T  

 

 

 

  



 113 

 

Appendix F: Tables for chapter 3 

Table 3.1: Solution Concepts to Coalition Negotiation Problems. 

Study Contribution Does this study consider 

coalitions to have 

different probability of 

occurence? 

Von Neumann and 

Morgenstern (1944) 

Introduced stable sets as a 

solution concept for games 

with more than two players.  

No. No solution in a stable 

set is preferred to another 

solution. 

Nash (1950, 1953) Introduces the solution 

concept to Nash bargaining 

game in which two agents 

negotiate in order to select 

an equilibrium when 

multiple equilibria exist. 

Non-cooperation leads to 

pareto inefficiency. 

No, if payoffs are 

symmetric. 

Shapley (1953) Introduces the solution 

concept of Shapley value 

that assigns to each 

No. 
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individual a share of the 

total surplus generated by 

the grand coalition. 

Aumann and Maschler 

(1964) 

Suggests that characteristic 

functions used to denote 

negotiations are not very 

useful in practical situations 

and introduced the 

bargaining set as the set of 

all stable solutions to the 

negotiation game according 

to goal and rules of the 

game, and power of the 

players. 

No. 

Davis and Maschler (1965) Introduces kernel that is a 

subset of the bargaining set. 

The notion behind the 

kernel is that certain 

compromises and solutions 

to the negotiation game are 

more likely because of the 

No. Though the authors 

acknowledge that tie 

strength may have an 

effect on the choice of the 

solution, the model does 

not explicitly incorporate 

that. 
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“way people think”. 

Schmeidler (1969) Introduces nucleolus, a 

subset of the kernel and 

found at the intersection of 

the core and the kernel. 

Nucleolus is a refinement of 

the solution concept of 

negotiation games.  

No. 

Aumann and Drize (1974) Studies game theoretic 

phenomenon that does not 

depend upon any one 

solution notion but is 

applicable across different 

solution concepts such as 

Von Neumann and 

Morgenstern, Core, Value, 

Kernel, Nucleolus and 

bargaining set. 

No. 

Shenoy (1979) Modifies payoff solution 

concepts such as core, value 

and bargaining set by 

No. 
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allowing side payments. 

Selten (1981) Analyzes a non-cooperative 

model of bargaining. 

No. 

Rubinstein (1982) Analyzes bargaining games 

with negotiation costs and 

discount factors and 

identifies conditions for 

perfect equilibrium under 

different cost structures. 

No. 

Hart and Kurz (1983) Discusses how certain 

coalition structures are more 

likely to form than others 

but does not justify the 

rationale behind existence 

of such coalitions. 

No. 

Aumann and Myerson 

(1988) 

Analyzes endogenous 

coalition structure 

formation and the effect of a 

player’s decision to form a 

coalition on other players. 

No. 

Gul (1989) Shows that the payoff No. 
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related to efficient equilibria 

converges to Shapley values 

when the time between 

periods of the dynamic 

game is sufficiently small. 

Moldovanu (1990) Analyses similarities in 

cooperative and non-

cooperative analysis by 

combining them. 

No. 

Chatterjee et al. (1993) Focuses on efficiency 

properties of stationary 

equilibria of strictly 

superadditive games with 

large discount factors. 

No. 

Hart and Mas-Colell (1996) 

Gomes, Hart and Mas-

Colell (1999) 

Introduces the concept of 

consistent vector field and 

its relationship with 

subgame perfection in finite 

horizon non-cooperative 

bargaining games. 

No. 

Bloch (1996) Proposes a method to No. 
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characterize equibria in 

coalition in symmetric 

majority games. 

Bennett (1997) Presents an approach to 

solve multilateral 

bargaining problems with 

reservation prices. 

No. 

Ray and Vohra (1999) Designs an algorithm to 

characterize equilibrium 

coalition structure when 

characteristic function is 

symmetric. 

No. 

 

Table 3.2: Survey of Public Good Games. 

Research Contribution Considered 

social ties? 

Fehr and Gachter 

(1999) 

 

Cinyabuguma et al. 

(2004) 

This research finds that punishment of free 

riders improve cooperation levels in both 

strangers and partners settings.  

No. 
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Sutter et al. (2010) 

Masclet et al. (2003) Non-pecuniary punishments are as effective 

as pecuniary punishments only in the initial 

periods. 

No. 

Kroll et al. (2007) Voting to expel helps increase contribution. No. 

Fehr and Rockenbach 

(2003) 

 

Punishment undermines altruistic 

cooperation. 

No. 

Frank (1988) 

Sober and Wilson 

(1998) 

Bergstrom (2002) 

Cooperative behavior can be induced with 

assortative matching (ensuring matching 

with likeminded people only). 

No. 

Ahn et al. (2008) This research examines the endogenous 

group formation in public goods 

environment. When entry to the group is 

restricted, highly cooperative mid-sized 

groups formed. However, when entry/exit is 

free or exit is restricted, large but 

uncooperative groups were formed. 

Moreover, contribution decreased over time 

in restricted exit setting. 

No. 
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Tiebout (1956) Efficiency is feasible over long term if 

groups can self-select. 

No. 

Charness and Yang 

(2008) 

Groups are endogenously formed through 

voting (members can vote out a free riding 

member out of the group). The public good 

game has economies of scale, so group size 

should increase till economies of scale 

persist. The experiment also allows for 

mergers, exits and redemption of free riding 

players. 

No. 

Andreoni (1993) This research tests the public good crowding 

out hypothesis that suggests that an increase 

in institutional spending crowds out 

investment spending. The authors find that 

crowding out is incomplete and subjects 

who are taxed are much more likely to 

cooperate than choose Nash equilibrium 

moves, thereby questioning the free rider 

hypothesis.  

No. 

(Coase bargaining) 

Hoffman and Spitzer 

These papers suggest that in 2 player 

bargaining games the agreements are closer 

No. 
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(1982)  

 

(Sequential 

bargaining) 

Guth and Tietz 

(1988) 

Ochs and Roth 

(1989) 

Spiegel et al. (1990) 

 

(Ultimatum game) 

Camerer and Thaler 

(1995) 

Roth (1995) 

to 50-50 split rather than sub game perfect 

equilibrium predictions. 

Kravitz and Gunto 

(1992) 

Rabin (1993) 

Gueth and Huck 

(1997) 

These papers explain the 50-50 split by 

using two hypotheses jointly, namely, (i) 

expected utility hypotheses: fair offers are 

made by self-interested proposers because 

of fear of rejection of unfair offers by fair 

minded people. (ii) normative hypotheses: 

proposers are driven by fairness of pay. 

No. 
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Forsythe et al. (1994) 

Hoffman et al. (1994) 

Carpenter (2002) 

 

The papers separate the expected utility (or 

instrumental) and normative hypotheses 

(fair offers) by pretesting the subjects about 

their social preferences (competitive, 

egoistic, fair, altruistic). This helps in 

controlling for social preference. Proposers 

offer less in a dictator game than an 

ultimatum game.  

 

Carpenter (2202) challenges the expected 

utility hypotheses and finds that most 

rejection come from competitive and 

egoistic bargainers rather than fair minded 

participants. Competitive agents tend to 

sacrifice money for their relative standing. 

No. 

Cason and Khan 

(1998) 

Communication (verbal) is more effective 

than monitoring in raising contributions 

No. 

Chaudhuri et al. 

(2005) 

In absence of punishments for free riders, 

inter-generational advice (private: to a 

successor in the next period, public: on 

common message board, or common 

No. 



 123 

knowledge: read aloud by the experimenter) 

can be passed. Common knowledge advice 

increase contribution and prevents free 

riding. 

Van Dijk et al. 

(2002) 

  

Social ties are formed through repeated 

successful interactions in a public good 

game. 

Yes.  

But pre- existing 

social ties are not 

considered.  This 

paper is similar to 

cooperation as the 

equilibrium 

strategy in a 

repeated game. 

Haan et al. (2008) Group of friends contribute more to public 

goods than group of classmates (who are not 

friends) and the total contribution is 

distributed equally in the group. 

Yes. 

But the result we 

expect in our 

setting is exactly 

the opposite. 

Friends create a 

loss for the high 

resourced player 
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who is unable to 

exploit his high 

power position. 

Harrison et al. (2011) Cost endured (in terms of physical 

discomfort) was found to be directly 

proportional to the strength of social tie 

between donor and recipient. 

Yes. There is no 

negotiation here, 

but this is closest 

in implication to  

our research. 

Gulyas (2012) This paper shows that extent of fairness can 

used as another measure for tie strength. 

Yes. But in this 

paper, fairness 

involves equity 

and does not 

consider the 

power status of 

the individual 

(based on 

resources). 
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Table 3.3: Differences Between Banzhaf and Shapley-Shubik Power Index. 

 

Banzhaf Power Index Shapley-Shubik Power Index 

Sequence joining the coalition does not 

matter. 

Sequence of joining the coalition 

matters. 

All sizes of coalitions are considered. Only coalitions of size N are 

considered. 

2N coalitions from empty set to grand 

coalition. 

!N sequential coalitions of the same 

size. 

Depends on critical agents. Depends on pivotal agents. 

More than one critical agent per coalition 

possible. 

Only one pivotal agent per sequential 

coalition. 

 

Table 3.4: Proposal and Acceptance Distribution For Policy P1 (Part 2). 

Policy P1 Proposed (%) Accepted (%) 

 Stranger Friend Stranger Friend 

R&G 41.67 38.89 93.33 89.29 

R&B 38.89 43.06 96.43 96.30 

R,G&B 19.44 18.06 71.43 92.31 
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Table 3.5: Proposal and Acceptance Distribution For Policy P1 (Part 2). 

Policy P4 Proposed (%) Accepted (%) 

 Stranger Friend Stranger Friend 

R&G 29.17 15.28 76.19 90.91 

R&B 50.00 8.33 91.67 92.73 

R,G&B 20.83 76.39 66.67 100.00 

 

Table 3.5: Relationship Between Network Ties, Coalition Size and Payoff for Policy 

P4 in Friend Network (Part 2). 

 

Tie 

Strength 

of RG 

Tie 

Strength 

of GB 

Tie 

Strength 

of RB 

 Optimal 

Coalitions 

(% of total 

proposals) 

% of Optimal 

Coalitions 

with     75-25 

(rest  are    

 50-50) 

Grand 

Coalitions 

(% of total 

proposals) 

% of Grand 

Coalitions 

with      

60-20-20 

(rest are        

34-33-33) 

W W W 92 97 8 0 

W W S 76 12 24 50 

W S W 44 8 56 17 

W S S 19 54 81 70 

S W W 96 24 4 0 

S W S 8 100 92 96 

S S W 22 60 78 65 

S S S 4 100 96 90 
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Appendix G: Analytical Proofs for Chapter 1 

 

Proof of Propositions 1a and b  

The benefit derived by user i in period   from network 1 in the SH case is given by 

 1 1 1

1

,
D

SH

i i i d i d

d

B c U T S T m      



  
   

  
  

Similarly, the benefit derived by user i in period   from network 2 in SH is  

 2 2 2

1

,
D

SH

i i i d i d

d

B c U T S T m      



  
   

  
  

The benefit derived by user i from splitting time between networks 1 and 2 in MH is 

given by 

 
2

1 1

,
D

MH

i j i i ij i i ij d ijd

j d

B c U t S t M        

 

  
   

  
 

  

 

The capability required in period  for SH in order to migrate user i and other users who 

are socially influenced by user 'i s decision is given by the minimum value of 
2

Sc that is 

derived from
2 1

SH SH

i iB B  . 

 

 

1

1

2 1

2

1

,

,

D

i i d i d

dSH

D

i i d i d

d

U T S T m

c c

U T S T m

  



  

  

  









 
  

 
 

  
 




 

From the equality, the first order condition reveals  
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1 2

2 1 1

1 2 3

, ,

,

D D

SH i d i d i d i d

d d

S T m S T m
c

k k k
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D
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1

,
D

i i d i d

d

k U T S T m     
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 3 1

1

,
D

i i d i d

d

k U T S T m     



 
   

 
 .

 

It can be shown that if the incumbent does not retaliate, i.e., if 1 0
c







, the mean 

estimated time allotment of other users (and therefore social utility) on network 1 

decreases due to appropriate supply of technological innovation: 
1

0
i dm 







. Thus the 

mean estimated time allotment (and therefore social utility) on network 2 increases, i.e., 

2
0

i dm 







. Therefore 

2

SHc  must be highest in the first period (
2

0

SHc 







). 

The capability required in period  for MH in order to migrate user i and other users who 

are influenced by user 'i s decision is given by
2

MHc that is derived from

 1 2max ,MH SH SH

i i iB B B  
 
where 

1 2

MH MH MH

i i iB B B    .  

In MH, the capability required in the first period to allow multi-homing is given by
21

MHc

such that 
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However, in SH, users completely migrate to the new entrant. This is possible only if

21 21

SH MHc c . 

In MH, the capability delivered in period  must satisfy the condition 2 1

MHc c  . The 

highest capability required to enable partial migration in MH is given by 
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The above inequality may be substituted by its parametric form (Section 3.1) and 

rewritten as 
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Thus the minimum value of level of interactions that must be satisfied for a MH network 

is given as 

 1 2

min 2 2 1 T 




    

Note that min increases with and decreases with .   
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For MH to enable migration with a lower capability then the highest capability needed for 

SH (in period 1), i.e. for 21 2

SH MHc c  , we have the following necessary condition: 
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The left hand side (lhs) of this inequality is positive for min  . Differentiating the lhs of 

the above inequality with respect to  reveals that the lhs increases with  . We also 

know that 22 1   . Thus, the threshold   decreases with an increase in  . Since the 

left and right hand sides of the above inequality are moving in opposite directions with an 

increase in  and may have a crossover point, this suggests that it is relatively easier to 

satisfy the above inequality for a lower  . 

 

 

 

 

 



 131 

Proof of Proposition 2 

We first analyze the SH case. Heterogeneity is created by three types of users: Type

with affinities  and  where  1,2,3  . The capability required by the SH network 2 

for type as given by
2

SHc   is shown below. 
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We know that in the initial periods, the network effect in 1 is higher than that in network 

2. Thus, in order to provide a lower capability, network 2 will prefer a lower value of i

and a higher value of i . Thus Type 1 user should be the first to make a decision. After 

Type 1 users have migrated, the network effect will reduce in network 1 and increase in 

network 2. Thus, the required technology to pull Type 2 users will be lower than that 

required for Type 3, given Type 2’s relatively higher affinity to capability. Finally, Type 

3 users with highest affinity to network effects should be targeted. The Type 3 users have 

lost benefits from Type 1 and Type 2 users because they have already migrated to the 

network 2. Thus, this category of users will find it beneficial to migrate completely at 

once to make up for lost network effects. 

In MH, the capability required by network 2 to partially migrate is given by 
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We know that 

       1 2i i i i iU T U t U t       

 1 1 1 2 2

1 1 1

, , ,
D D D

i d i d i i d i d i i d i d

d d d

S T m S t M S t M           

  

      
       

      
    

Therefore, similar to SH, network 2 in MH will prefer to attract users with high affinity to 

private utility first and low affinity to network effect or social utility later.  

 

Proof of Proposition 3a 

From Proposition 2, when users are heterogeneous, the new entrant network targets users 

with decreasing affinity to private utility and increasing affinity to network effects or 

social utility. Thus,
   








, where  is positive. Since the new entrant delivers 

the appropriate capability required for migration, if
1

0
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(i.e., if the incumbent does 

not react), the following is true: 
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The condition for 
2

0

SHc 







can be expanded and written as 

1 2
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 and 1 2TS S S  . 

Thus, when the difference in social utility is greater than the above threshold, the 

capability requirement for a new entrant increases in TS . However, when the difference in 

social utilities equals the threshold, the SH network reaches its highest required 

capability, i.e. 
2

0

SHc 







, and when 2S increases further, it results in lowering the 

requirement for capability required for migration, i.e., 
2

0

SHc 







. 

The threshold 
1

2
( )

T

i

S
U T

 

  

 

  

  
 

  

increases with gamma and decreases with alpha.  

 

 

Proof of Proposition 3b: 

Similar to Proposition 1, the minimum level of interactions that must be satisfied for a 

MH network for heterogeneous users is given as 

 1 2max
min

min

2 2 1 T 
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The required level of interactions increases with and decreases with an increase in  . 

Thus, in a network with more technology affine users, the network should implement 

functionalities to motivate users to gain from social aspects of the network. 

For MH to have a lower capability than that for SH, we find a condition such that in any 

period  MH requires a lower technology than the highest technology required by SH, 

i.e., 21 2

SH MHc c  . From Proposition 1 (for homogeneous users), the condition can be 

rewritten as, 
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The left hand side (lhs) of this inequality is positive for min  . Differentiating the lhs of 

the above inequality with respect to  reveals that the lhs increases with  . We also 

know that 22 1   . Thus, the threshold  decreases with an increase in  . Since the 

left and right hand sides of the above inequality are moving in opposite directions with an 



 135 

increase in  and may have a crossover point, this suggests that it is relatively easier to 

satisfy the above inequality for a lower  .  

 

 

Proof of Proposition 4 

We analyze the capability requirements for homogeneous users from the perspective of 

network 1, which now reacts to network 2’s improvement in technology. Given the 

capability, 2

SHc  , of the new network, in period  , the incumbent must provide a new 

capability given by 
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Similarly, for MH the requirement by the incumbent to cause reverse migration is given 

by 
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We know that for homogeneous users, the SH network new entrant has to provide the 

highest capability upfront. To compare the minimum capabilities required for reverse 

migration, we can rewrite the above requirements in terms of benefit functions as 

follows: 
11 1

S Mc c  if 
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From Proposition 1, min  ensures that
21 2

SH MHc c 
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We also know that  1 2

min 2 2 1 T 




   . Therefore, the condition under which the 

incumbent’s capability required in MH for reverse migration is lower than in SH is given 

by 
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Since  0,1  , the required threshold (i.e., the right hand side of the above equation) 

decreases as users place a higher value on their time spent on a network. Moreover, in the 
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initial periods when sufficient network effects have not developed on the new entrant, the 

left hand side of the equation is higher than in later periods. Therefore it is easier for MH 

to cause reverse migration. 
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Appendix H: Instruction for participants in Part 1 of Chapter 3 

 Welcome [Introduce yourself and helpers. Talk about recruitment process.] 

This is an experiment about economic decision making. If you follow the instructions 

carefully you might earn a considerable amount of money. This money will be paid at the 

end of the experiment privately and in cash. [Wave Cash.] 

The experiment will last for about 60 minutes. Everyone will get $5 for showing up for 

this experiment. Additional payments will depend upon how you and other participants 

make in the experiment; how the payment will be determined will be explained in detail 

momentarily. 

During the experiment, it is important that you remain SILENT. If you have any 

questions, or need assistance of any kind, RAISE YOUR HAND but DO NOT SPEAK. 

One of the experiment administrators will come to you and you may whisper your 

question to him. If you laugh, talk, or exclaim out loud, you will be asked to leave and 

will not be paid. We expect and appreciate your cooperation. 

You will make your decisions using the computer mouse and keyboard. Do NOT click 

the mouse button unless you are told to do so. You may reposition your mouse pad so 

that it is comfortable for you to use. [The screen will be blank until everyone clicks the 

Begin button. But do not do anything yet.] 

You will be making a decision as described by a DECISION TREE on the over-head 

projection. I will now display an example of a decision tree in order to explain what it 

means. CAUTION, this is an example of a Tree and not the Tree that you will use in you 

in your decision task. After explaining the tree, we will have a short quiz to ensure that 
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you have understood how to read the tree. This quiz is only for educational purposes 

before starting the actual experiment and the quiz results does not affect your earnings. 

Our helpers will check your quiz answers to make sure that you have can read the 

decision tree correctly. 

[Example of Decision Tree for Part 1] 

 

A decision tree consists of nodes (represented by the circles) and branches (represented 

by the lines). The computer will randomly allot you as the first mover or second mover. 

The first mover is represented by the red node and he/she chooses one of the two possible 

decisions (A or B) shown by the red branches without knowing what the second mover 

has chosen. Similarly, without knowing what the first mover has chosen the second 

mover chooses L or R. For example, if the First mover has chosen A and second mover 

has chosen R, then first mover will get 20 tokens and the second mover will get 30 

tokens.  

You will multiple rounds in this experiment and each round the computer will randomly 

allot you to a partner. One of you will be allotted a first mover and the other second 

A B 

L R L R 

40 

10 

20 

30 

10 

40 

45 

5 
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mover randomly by the computer. Each time a decision tree will be displayed and you 

will have 1.5 minute to make a decision. A timer will show the time left at the right hand 

corner of your screen.  At the end of a 1 minute, a submit button will appear. You will hit 

that button to submit your answer. You may change your answer by simply clicking a 

different choice before hitting the Submit button. Before you make a decision, the 

computer screen will show you a policy message telling you if the first mover can see the 

second mover’s true identity and vice versa. There are four possible policy messages you 

could see before making a decision.  

“First mover and second mover cannot see each other’s identity.”-this means that both 

first and second mover will never know the other decision maker’s true identity in that 

round of the experiment. 

“First mover can see second mover. Second mover cannot see first mover.”-this means 

that the first mover will see your first and last name, but the second mover will never 

know the true identity of the first mover in that round of the experiment. 

“First mover cannot see second mover. Second mover can see first mover.”-this means 

that first mover will never know who the second mover was in that round of the 

experiment, but the second mover can see your first and last name. 

“First and second mover can see each other’s identity.”-this means that both first mover 

and second mover can see each other’s first and last name. 

In each round, you will read the policy message and make choice between A or B (if you 

are the first mover) and between L or R (if you are the second mover). We will play 
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multiple rounds in this experiment. After each round you will note the points earned in 

the table provided to you along with this instruction sheet.  

You will know that you have played the last round, when the instruction on the screen 

says so. After the final round, the points earned by you in each round will be displayed 

along with your role (first mover or second mover) in that round and a USER ID (which 

will be a number). You will use this USER ID to fill up the post experiment questionnaire 

and receipt to collect your payment. [Pass the post experiment questionnaire and receipt]. 

Payment:  

At the end of the experiment, the computer will randomly generate 10 numbers 

representing the rounds that will count towards everyone’s payoff. The total points 

earned by you in these randomly selected 10 rounds will be multiplied by 0.02 to show 

the dollar amount earned. Remember this will be added to the $5 show up fee.  

Once you hand in the Post experiment Questionnaire and filled out the Receipt, you can 

collect your earning that will be filled in an envelope. You will come to the collection 

desk only when your USER ID is called to collect your envelope. 
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The actual decision tree used in the experiment is shown here.  
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Appendix I: Instruction for participants in Part 2 of Chapter 3 

 Welcome [Introduce yourself and helpers. Talk about recruitment process.] 

This is an experiment about economic decision making. If you follow the instructions 

carefully you might earn a considerable amount of money. This money will be paid at the 

end of the experiment privately and in cash. [Wave cash.] 

The experiment will last for about 60 minutes. Everyone will get $5 for showing up for 

this experiment. Additional payments will depend upon how you and other participants 

make in the experiment; how the payment will be determined will be explained in detail 

momentarily. 

During the experiment, it is important that you remain SILENT. If you have any 

questions, or need assistance of any kind, RAISE YOUR HAND but DO NOT SPEAK. 

One of the experiment administrators will come to you and you may whisper your 

question to him. If you laugh, talk, or exclaim out loud, you will be asked to leave and 

will not be paid. We expect and appreciate your cooperation. 

You will make your decisions using the computer mouse and keyboard. Do NOT click 

the mouse button unless you are told to do so. You may reposition your mouse pad so 

that it is comfortable for you to use. [The screen will be blank until everyone clicks the 

Begin button. But do not do anything yet.] 

You will be making a decision as described by a DECISION TREE on the over-head 

projection. I will now display an example of a decision tree in order to explain what it 

means. CAUTION, this is an example of a Tree and not the Tree that you will use in you 

in your decision task. After explaining the tree, we will have a short quiz to ensure that 
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you have understood how to read the tree. This quiz is only for educational purposes 

before starting the actual experiment and the quiz results does not affect your earnings. 

Our helpers will check your quiz answers to make sure that you have can read the 

decision tree correctly. 

[Example of Decision Tree for Part 1]  

 

A decision tree consists of nodes (represented by the circles) and branches (represented 

by the lines). In each round, the computer will randomly allot you as user R, G or B. R 

has made 3 pies, G has made 1 pie and B has made 1 pie to enter a pie sale. However, the 

guidelines for the sale suggest that the pie making team can have more than 1 member 

and must have made 4 or more pies to sell.  

R, G or B cannot enter the sale alone. Since R has the most number of pies (3 pies out of 

total 4 required), R decides whether he wants to enter the pie sale with ‘only G’ or ‘only 

B’ or ‘both G and B’. On entering the sale with 4 or more pies, the pies are immediately 

sold and R gets 100 tokens. Now, R must decide how to divide this token amongst the 

selected participant without knowing if the division is acceptable to the selected 

participant(s). 

For example, if R chooses to enter the pie sale with B only and not G, then R must decide 

how he/she wants to divide the 100 tokens with B (there are 2 possible divisions as 

shown in the tree), without knowing if the division is acceptable to B. Similarly, B will 

make decision to accept or reject both possible proposals. After both R and B have made 

their decisions, R’s actual choice of token division will be revealed. If B has accepted 
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that proposed division, then both R and B will get the tokens according to the mutually 

accepted token division. However, if the proposal by R was not acceptable by B, then 

both R and B will get nothing. 

Let us see another example, using the decision tree [on the overhead projector]. Please 

note that the divisions of tokens in this tree will be different from what you will see in the 

actual experiment. 

The top red node in the tree represents R. If you are R then you have the following 

choices: 

R sells with G only 

o Divide 100 tokens according to Choice R1 

o Divide 100 tokens according to Choice R2 

R sells with both G and B 

o Divide 100 tokens according to Choice R3 

o Divide 100 tokens according to Choice R4 

R sells with B only 

o Divide 100 tokens according to Choice R5 

o Divide 100 tokens according to Choice R6 

Note that the computer will allow you to select only one of the six choices. If you are R, 

you will not know if person or persons you want to sell the pie with have accepted your 

proposal. 
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If you are G or B, then you have to make a decision regarding each of the possible 

divisions without knowing if R has chosen you or the division of tokens R has proposed. 

If R has selected Choice 1, will you accept the proposed division of 100 tokens. 

o Yes 

o No 

If R has selected Choice 2, will you accept the proposed division of 100 tokens. 

o Yes 

o No 

If R has selected Choice 3, will you accept the proposed division of 100 tokens. 

o Yes 

o No 

If R has selected Choice 4, will you accept the proposed division of 100 tokens. 

o Yes 

o No 

If R has selected Choice 5, will you accept the proposed division of 100 tokens. 

o Yes 

o No 

If R has selected Choice 6, will you accept the proposed division of 100 tokens. 

o Yes 

o No 
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Please note that: 

i) If R has selected Choice 1 or 2, G’s decision matters and B’s decision does not 

matter. 

ii) If R has selected Choice 3 or 4, both G’s and B’s decision matters. If one of 

them does not accept the proposal R, G and B get 5 tokens each. 

iii) If R has selected Choice 5 or 6, B’s decision matters and G’s decision does not 

matter. 

 

 

You will make decisions in multiple rounds along with two more randomly selected 

participants in this experiment and each round the computer will randomly allot you as R, 

G or B. Each time the decision tree will be displayed and you will have 1.5 minute to 

make your decisions. A timer will show the time left at the right hand corner of your 

screen.  At the end of a 1 minute, a submit button will appear. You will hit that button to 

submit your answer. You may change your answer by simply clicking a different choice 

before hitting the Submit button.  

Before the experiment begins you will be asked to fill out your first and last name. This is 

known as your true identity. Before you make a decision, the computer screen will show 

you a policy message telling you if others can see your true identity or vice versa. There 

are two possible policy messages you could see before making a decision.  



 148 

 “R, G and B cannot see each other’s true identity.”-this means that R, G and B will 

never know the other decision maker’s true identity in that round of the experiment. 

“R, G and B can see each other’s true identity.”-this means that R, G and B know the 

true identity of each other. 

The policy is thoroughly implemented for the round and may change from one round to 

another. 

In each round, you will read the policy message and make decisions using the decision  

 

tree shown on the screen. We will play multiple rounds in this experiment. After each 

round you will note the points earned in the table provided to you along with this 

instruction sheet.  

You will know that you have played the last round, when the instruction on the screen 

says so. After the final round, the points earned by you in each round will be displayed 
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along with your role (R, G or B) in that round and a USER ID (which will be a number). 

You will use this USER ID to fill up the post experiment questionnaire and receipt to 

collect your payment. [Pass the post experiment questionnaire and receipt]. 

Payment:  

At the end of the experiment, the computer will randomly generate 10 numbers 

representing the rounds that will count towards everyone’s payoff. The total points 

earned by you in these randomly selected 10 rounds will be multiplied by 0.02 to show 

the dollar amount earned. Remember this will be added to the $5 show up fee.  

Once you hand in the Post experiment Questionnaire and filled out the Receipt, you can 

collect your earning that will be filled in an envelope. You will come to the collection 

desk only when your USER ID is called to collect your envelope. 
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