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Although practitioner research in Information Systems has touted the relevance of online 

payment systems as a critical element for success of e-commerce business models, the 

strategic needs for adopting online payment systems are still unclear to most firms. This 

dissertation studies how one design feature of online payment systems – pricing scheme 

or temporal separation of payments and consumption - may be used strategically to 

compete in the market for information goods. I incorporate consumer “mental 

accounting” (MA) from Behavioral Economics literature into a firm level model. 

Contrary to the predictions from traditional microeconomic theories, the results from my 
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game theoretic models show that when consumers are assumed to maintain mental 

accounts, the choice of pricing schemes does matter to firms in a competitive market. An 

experiment is conducted to further evaluate the analytical findings. In the experiment, 

sellers or firms compete against one another in a simulated consumer market exhibiting 

MA characteristics. The experimental results reveal that the Nash Equilibrium (NE) 

predictions of the game theoretic models may not hold in practice due to (i) market 

dominance of one firm over the other (ii) variations in market MA characteristics and (iii) 

differences in other payment system design features. The results of this dissertation not 

only offer insights about the strategic importance of online payment systems but also 

provide an explanation as to how economic and behavioral aspects of digital consumption 

may interact with one another.           
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Chapter 1: Introduction 

Improvements in network infrastructure, hardware capabilities and encryption 

technologies are increasingly enabling development of new online payment systems 

(O’Mahony, Peirce and Tewari, 2001). An online payment system is defined as any 

method or process that enables a consumer to pay for a purchased good over the wired 

and wireless Internet. Both practitioners and researchers feel that the success of e-

commerce business models may well depend upon secure and successful implementation 

of online payment systems (Aldridge, White and Forcht, 1997; Burnham, 1999). Several 

online payment systems have been proposed and several more are on the drawing boards 

(Bohle, 2001; Jrykonen and Paunonen, 2003). However, though the new applications in 

ecommerce are expected to drive the demand for online payment systems from the 

consumer side (Burnham, 1999), the firms still do not see a clear business value for 

making new online payment systems available to the consumer. While projected 

operational cost savings have not been compelling enough to justify the costs of adopting 

new payment systems (Bennett, 2001), the strategic benefits of online payment systems 

have remained largely unexplored. That is why, except for online credit card usage, we 

have not seen any wide-scale adoption of online payment systems in the business to 

consumer ecommerce world.  

 Pricing scheme is a design feature of online payment system. I research the 

strategic importance of pricing scheme as an online payment system design choice. 

Pricing scheme deals with how payment and consumption are temporally separated from 

one another. Simple examples of pricing schemes include pre-payment (payment before 
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consumption), pay-as-you-go (payment and consumption simultaneous) or post payment 

(payment after consumption) pricing schemes. Developments in payment technologies 

and information infrastructure are enabling greater flexibility in implementation of 

different pricing schemes through various online payment options (Jrykonen and 

Paunonen, 2003). For example, when consumers download a song from an online music 

provider or access a computer document through Wi-Fi connectivity in a coffee-shop, 

they may rely on a direct billing payment solution. In such cases, aggregate payments are 

generally made to the mobile service provider at the end of a monthly billing cycle (e.g., 

T-mobile data services at Starbucks). Here the pricing scheme is post payment since 

payment follows consumption. There are also pre-payment pricing schemes. For 

example, consumers who make purchases using prepaid Internet scratch cards or 

Millicent micro-payment systems pay in advance for anticipated future consumption of 

digital goods and services. There are also pay-as-you-go pricing schemes where there are 

no temporal separation between payment and consumption.  For example, consumers 

who pay for goods using direct debiting e-wallets pay for their goods when they make the 

purchase. Table 1 shows some examples of traditional and online payment systems 

implementing different pricing schemes. 

 Does flexibility to implement different pricing schemes through online payment 

systems offer firms strategic benefits? Traditional microeconomic theories tell us that the 

differences among the pricing schemes should not matter to a rational consumer, 

provided the revenue streams are properly discounted. Consequently, if it does not matter 

to the consumers, it should not also matter to the firms. But neoclassical assumptions 
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about rational behavior are not always descriptively true. Behavioral decision theorists 

and behavioral economists have set forth descriptive models of economic decision-

making by incorporating psychological insights about user behavior into normative 

models (Simon, 1955; Kahneman and Tversky, 1979). Within this literature, research on 

“mental accounting” (MA) has shown that the temporal separation of payment and 

consumption (i.e., pre-payments and post payments) impacts a consumer’s mental 

perception of a transaction, and subsequently affects her preference for a given pricing 

scheme (Thaler, 1999). Specifically, experimental studies have shown that pre-payment 

pricing schemes offer greater hedonistic pleasure to consumers than other pricing 

schemes (Prelec and Loewenstein, 1998; Ariely and Silva, 2002). According to the 

double-entry MA theory postulated by Prelec and Loewenstein (1998), individuals 

mentally combine payment and consumption within a single mental account (even though 

payment and consumption are temporally separated) and then evaluate this account every 

time they pay or they consume. Due to the mental linkages between payment and 

consumption, a consumer experiences an imputed cost of payment during consumption 

and an imputed benefit of consumption during payment (Prelec and Loewenstein, 1998). 

The imputed costs of payment and the imputed benefits of consumption that consumers 

experience do not balance each other out but depend on whether the consumers are 

paying before, after or during consumption. When the consumers experience payment 

and consumption like above, the firms may use such pricing schemes strategically to 

differentiate their product offerings.   
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The context of my research is the emerging market for information goods. 

Information goods are defined as intangible digital goods and services (Shapiro and 

Varian, 1999; Bhargava and Choudhury, 2001). Examples include online weather reports, 

location-based services like restaurant finders, mobile multi-player games, digitized 

music, e-books, streaming videos, messaging applications, etc (Benni et al., 2003; 

Copeland et al., 2003). The wired and wireless Internet is becoming the delivery option 

for these information goods, and online delivery necessitates means for online payment 

(Alves et al., 2001; Jagannathan, 2002: Williams, 2003). Although credit cards may 

suffice for some of these applications, new micro-payment based payment systems are 

necessary for many of the proposed applications (Bohle, 2001). Hence, an investigation 

of the strategic use of pricing schemes is most appropriate in the emerging market for 

information goods and services. Moreover, due to intense competition, the focus of firms 

in this market has moved towards identifying innovative ways to differentiate their 

products and services (Shapiro and Varian, 1998; Bakos and Brynjolfsson, 1999; 

Gundepudi, Rudi and Seidmann, 2001; Clemons, Gu and Lang, 2002). Customization 

(i.e., the extent to which a product matches any given consumer’s tastes) is one such 

vertical differentiating dimension that has been found to significantly influence the 

dynamics of this market (Dewan et al., 2003). Vertical differentiation occurs when all 

consumers have some kind of agreement regarding which product is more preferable 

(Mussa and Rosen, 1978; Klein and Lefler, 1981). For example, in the market for 

automobiles most consumers agree that a Mercedes or a BMW is more preferable to a 

Mitsubishi or Mazda if all the four cars are equally affordable. I investigate the dynamics 
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of pricing scheme as a differentiating dimension in an information goods market where 

“level of customization” is already used by firms to vertically differentiate their product 

offerings.  

I seek answers to the following research questions: 

• How does the temporal separation of payment for and consumption of information 

goods implemented through the online payment systems impact the differentiation 

strategies of firms? 

• How does the level of customization of information goods interact with the firm’s 

choice of a pricing scheme? 

In the first part of my dissertation, I build game theoretic models in which two firms 

compete against one another in a vertically differentiated market. One of the two firms is 

stronger in the sense that this firm is more capable of customizing products to consumers’ 

desired utility levels than the other firm (Benni et al., 2003). Customization is included as 

the vertical differentiating dimension for two reasons - (i) to capture the dynamics of an 

information goods market and (ii) to investigate how a vertical differentiating dimension 

like customization interacts with the firms’ choice of pricing scheme. The consumers do 

MA of their payment and consumption based on the behavioral assumptions from 

BE/MA literature (Prelec and Loewenstein, 1998). Two MA models are built – a Static 

MA model and a Dynamic two-stage MA model. In the Static MA Model, price and 

customization are endogenous, while the firms choose pricing schemes. The analytical 

solution of the model reveals that depending upon the level of customization there are 
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two distinct equilibria to this game – (i) both firms choose the pre-payment pricing 

scheme when the firms are well differentiated with respect to customization and (ii) the 

two firms choose different pricing schemes (the first firm chooses pre-payment and the 

second firm chooses post payment) when the firms are not differentiated with respect to 

customization. In the Dynamic two-stage MA model, customization is a choice variable 

for the weaker firm. Only price is endogenous. The results reveal that, in equilibrium, the 

weaker firm would choose a well differentiated lower customization level and offer the 

same pre-payment pricing scheme as the stronger firm.   

In the second part of the dissertation, I empirically test the findings from the 

analytical models within an experimental set-up. The main reason for conducting the 

experiments is to further investigate the intuitions behind the analytical results. 

Moreover, some of the analytically derived results seem counter-intuitive under certain 

market conditions (like due to the differences in payment system design features or the 

dominance of one firm over the other). I formalize these arguments as hypotheses and 

test them using a controlled experiment. In the economics literature, well designed 

laboratory experiments having the salient features of real world economic markets have 

been argued to offer significant implications for theory development and testing (Smith, 

1976; Plott, 1982; Hertwig and Ortmann, 2001). The use of Experimental Economics 

methodologies, though rare in IS literature, are not without precedence (Clemons and 

Weber, 1996; Tung and Marsden, 2000). I build an experimental setting where sellers 

compete against one another in a market that comprises simulated buyers exhibiting MA 

characteristics. The results are analyzed using multiple logistic regression techniques. 
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The results reveal three interesting findings. First, contrary to the findings of the Static 

MA model, when the two firms are not well differentiated with respect to customization, 

the weaker firm is more likely to choose the same pricing scheme. That is the weaker 

firm does not optimally differentiate by picking a different pricing scheme. Second, 

contrary to the findings of the Dynamic MA model, when the consumer market has 

higher levels of MA characteristics or when these characteristics are different across the 

two firms, the weaker firm is more likely to deviate from the analytically-derived 

equilibrium outcome. Third, when the market has one firm dominant over the other with 

respect to profits and market share, the weaker firm is more likely to play non-optimal 

strategies, may be, as a way to curb the stronger firm’s market dominance; the weaker 

firm’s tendency to deviate goes down when the stronger firm becomes less dominant in 

the market. This non-optimal behavior of the weaker firm when there are greater 

inequities in profit distribution may be attributable to competitive reactions arising out of 

“preference for fairness” behavior researched in the behavioral and experimental 

economics literature (Kahneman, et al., 1986; Kachelmeier and Shehata, 1992; Fehr and 

Schmidt, 1999; Bolton and Ockenfels, 2000).   

Overall, both analytical and experimental findings of this dissertation indicate that 

the choice of pricing scheme does become a differentiating dimension for firms under the 

MA assumptions. The research emphasizes that competition need not be based on prices 

alone but may arise through other strategic dimensions like pricing schemes and 

customization. The results are especially relevant in an information goods market where 

advancements in payment and encryption technologies allow firms the flexibility of 
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adapting different pricing schemes by implementing new online payment systems. The 

dissertation also has critical implications for the designers of payment systems since it 

captures the firm perspective. Firm perspective is crucial because it is the firms who 

adopt and make these payment systems available to the consumers. Finally, this 

dissertation contributes to both MA and product differentiation literatures. It contributes 

to the MA literature by investigating the firm level implications of a consumer-level MA 

theory. It also extends the experimental and analytical research on product differentiation 

by looking at pricing scheme as a differentiating dimension and investigating how pricing 

scheme interacts with other differentiating dimensions.  

The definitions of all the key terms used in this dissertation are presented in Table 

2. The structure of rest of this dissertation is as follows. The next chapter reviews the 

related literature. Chapter 3 presents the analytical models. Chapter 4 presents some 

hypotheses based on the findings of the analytical models. Chapter 5 describes the 

experimental set-up used to test those hypotheses. Chapter 6 contains detailed analyses of 

the experimental results and limitations. Chapter 7 concludes with a discussion on results, 

contributions and future research directions. 
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Chapter 2: Related Literature 

2.1 Pricing of Information Goods and Related Products  

Intense competition in the market for information goods has led practitioners and 

researchers to investigate the possibilities of using alternative competitive strategies 

(Clemons, Dewan and Kauffman, 2001). The prior literature in this area has revolved 

around the determination of prices commensurate with the value of the information 

goods. Consequently, most research has put forward “price-based” measures like 

“versioning” and “bundling” as viable competitive strategies for selling information 

goods (Shapiro and Varian, 1998; Bakos and Brynjolfsson, 1999, 2000). However, recent 

literature in related areas shows that along with prices, firms may also use other 

differentiating mechanisms, like the level of customization of the product, to strategically 

position their products and services (Dewan et al., 2003).  

Customization 

Recent studies in the marketing and information systems literature have looked at the 

strategic implications of product customization on firms’ strategies, not only in the 

market of information goods but also in other industries. For example, Dewan et al. 

(2000) show that within a duopolistic setting, the benefits from customization may 

disappear when both sellers decide to customize their offerings. When both the sellers 

customize, the sellers compete not just on price but also on the level of customization, 

and this increased competition results in reduced profits for both firms.  
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Research suggests that the level of customization of a product or service may be a 

vertical differentiating dimension that firms can use to strategically differentiate their 

products or services from those of their competitors. Vertical differentiation occurs when 

all the consumers agree as to which products are more preferable (Mussa and Rosen, 

1978; Klein and Lefler, 1981). For example, in the market for automobiles most 

consumers would agree that a Mercedes is more preferable to a Mitsubishi if both cars 

were equally affordable. The arguments concerning customization are similar: if a 

product is more customized to a consumer’s tastes, the product is always preferable to the 

consumer given she would be expected to pay the same amount of money for a less 

customized product.  

The Information Systems literature on customization has revolved around the 

question of whether IT helps firms to use customization to differentiate their offerings. 

Recent practitioner and academic literature indicates that IT developments are rapidly 

bringing down the costs of customizing a product (Pine et al., 1995). Supply-chain wide 

information systems significantly reduce sellers’ cost of collecting buyers’ preference 

information and this reduction in costs makes it easier for the firms not only to customize 

products but also to find out how much the consumers are willing to pay at the different 

levels of customization (Pine et al., 1995; McKenna, 1995; Hagel and Rayport, 1997).  

Since the consumer’s preferences for a given product may be spread across 

several attributes, the ability to customize each attribute to match each consumer’s 

preference may determine the effectiveness of customization as a differentiating 

dimension. Customization has costs and these costs depend on the nature of the products. 
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Surely, the cost of customizing the various attributes of a physical good (e.g. a car) to 

match each customer’s preference is higher than the cost of customizing different 

attributes of an information good (Palmer and Eriksen, 1999; Hui and Chau, 2002). In the 

information goods market, the customization costs are less because the marginal costs for 

producing an information good are much less than those for a physical good (Shapiro and 

Varian, 1999). The costs of customizing a product or service are even less prohibitive 

compared to the other markets when a firm already has an established database of 

consumer preferences and can cheaply use that information to customize its offerings to 

match each customer’s tastes (Dewan et al, 2003). In this dissertation, I consider a market 

of information goods where firms use level of customization as a vertical differentiating 

dimension. 

Pricing Scheme 

Although some recent literature on the pricing of information goods has dealt with 

pricing schemes (West, 2000; Gundepudi, Rudi and Seidmann, 2001; Jain and Kannan, 

2002), the strategic use of pricing schemes has mostly been discussed in the literature on 

the pricing of network services (Mackie-Mason and Varian, 1995; McKnight and 

Boroumand, 2000). In fact, the literature on the pricing of network services has long 

debated the difference between flat-rate pricing scheme (generally subscription, payment 

before consumption) and usage based pricing scheme (pay-as-you-go pricing scheme). 

The primary motivation for this research is controlling network congestion and usage 

through the pricing of networks. The main appeal for flat rate pricing is its simplicity 

(thereby reduced risks and administrative costs) and robustness to competition. 
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Moreover, the consumers are found to dislike the experience of having a “meter” 

running, which is the case when usage-based pricing mechanisms are employed (Train, 

1991). In a more recent paper based on the actual user preferences, Altman and Chu 

(2001) finds that there is a greater demand for more flexible pricing schemes for network 

services than the predominant flat-rate or per minute usage based pricing schemes. The 

current literature on the pricing of network services argues that firms may strategically 

benefit by offering alternative pricing schemes to the consumers since there exists 

consumers who prefer such pricing schemes over currently predominant flat-rate or per 

minute usage based pricing schemes (Mackie-Mason and Varian, 1995; McKnight and 

Boroumand, 2000). Mason (2001) examined two pricing schemes within a duopolistic 

setting - a two part pricing scheme (fixed subscription plus usage) and a flat rate pricing 

scheme (only subscription). His results show that when the cost of using a two part 

pricing scheme is zero, it is always the best response for a firm to use a two part pricing 

scheme when the other firm is offering a flat rate.  

 The literature on the pricing of online databases also identifies pricing scheme as 

a differentiating dimension (West, 2000; Jain and Kannan, 2002). West (2000) analyzes 

pricing strategies for online databases and examines how dynamic pricing schemes may 

arise as responses to the technological and market changes. In a paper on pricing online 

databases, Jain and Kannan (2002) recommend the use of pricing schemes as competitive 

strategic responses. By explicitly incorporating the impact of uncertainty on consumers’ 

purchase decisions, they show that an increased competition between firms may make it 

optimal for the sellers to choose different pricing schemes in equilibrium.   
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Using option theory, Gundepudi, Rudi and Seidmann (2001) examine a firm’s 

strategies when it offers an information good through three pricing schemes - spot 

buying, forward buying at a reduced price and a combination of two. Forward and spot 

buying are like two distinct pricing schemes – in forward buying, payment precedes 

consumption while in spot buying, consumption and payment are simultaneous. The 

authors assume that forward buying will be preferred by consumers who have relatively 

high expectations and low uncertainty in their reservation prices for information goods 

while spot buying will be preferred by consumers who have relatively low expectations 

and high uncertainty in their reservation prices for the information goods. In a market 

with consumer preferences like above, the authors show that firms selling information 

goods can increase their revenues by using a combination pricing scheme. 

2.2. Descriptive Model of Consumer Market  

Although the notion of using pricing scheme as a differentiating mechanism has existed 

in information goods, networking and other related literature, most of this research pre-

supposes the rationality of consumer market according to the norms of traditional 

microeconomic theories. But, as recent research in behavioral economics documents, the 

tenets of economic theories of rationality and exponential discounting sometimes run 

afoul of the realities of consumer choice. In my research I model consumer behavior 

according to the empirical findings from MA / BE research (refer to Appendix A for a 

review of BE/MA literature).  

Consumer Mental Accounting of Payments and Consumption 
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Payment and consumption are two central components in every consumer purchase.  

How do consumers experience these components?  Among the various alternatives 

discussed in MA/BE literature, double-entry mental accounting emerges as the most 

theoretically plausible and empirically supported description of how consumers process 

their payment and consumption experiences (Prelec and Loewenstein, 1998) (see 

Appendix A for a review of MA/BE literature and a detailed discussion on the consumer 

mental accounting of payments and consumption). In my firm-level models (discussed in 

chapter 3), I assume double-entry mental accounting to model consumer behavior.  

In double-entry mental accounting an individual mentally combines payment and 

consumption within a single mental account but evaluates that account every time she 

pays or consumes. There is one set of entries for payments and another set of entries for 

consumption experiences. An individual feels a net pain or pleasure at the moment of 

consumption or payment depending on whether her mental account is in the red or in the 

black at that particular moment. Prelec and Loewenstein (1998) propose that the effects 

of time distance from payment depend on whether the payments are made before or after 

consumption. They argue that paying after a consumption experience is hedonistically 

inferior to paying before consumption.  

The double-entry mental accounting theory describes the reciprocal interactions 

between the pleasure of consumption and the pain of paying (Prelec and Loewenstein, 

1998). According to this theory, when payment and consumption are temporally 

separated, a consumer’s pleasure from consumption is undermined by an imputed cost of 

payment, and her pain from payment is buffered by an imputed benefit of consumption. 
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Imputed Cost of payment is a disutility that reduces the pleasure of consumption by 

bringing in negative thoughts of payment associated with that consumption. Imputed 

Benefit of consumption is a utility that buffers the pain of paying by bringing in positive 

thoughts of consumption that the payment will pay for. When payment and consumption 

are temporally separated, there is imperfect imputation of costs and benefits. In other 

words, utility from imputed benefit of consumption experience is less than that from the 

actual consumption experience and disutility from imputed cost of consumption is less 

than that from actual payment experience. Prelec and Loewenstein (1998) captured these 

imperfect imputations through two coupling coefficients or MA characteristics – 

attenuation (α), representing the degree to which payments attenuate pleasure of 

consumption and buffering (β), representing the degree to which consumption buffers 

pain of payment.  

Double-entry mental accounting theory assumes prospective accounting to 

compute imputed costs and imputed benefits (see Appendix A for a detailed explanation 

on prospective accounting). Based on anticipation and dread (Loewenstein, 1987; 

Loewenstein and Prelec, 1991, 1993), prospective accounting assigns importance only to 

the future events. Prior research has revealed that the utility or disutility from past events 

depreciates at a much greater rate than the utility or disutility from future events 

(Gourville and Soman, 1998). Under prospective accounting, the impact of past payment 

and consumption is assumed to be zero. Thus, when prospective accounting is assumed, 

only future payment and consumption determine imputed costs and imputed benefits. 

Naturally, under this assumption, a pre-payment pricing scheme has lesser imputed costs 
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(since, there is no future payment) but greater imputed benefits (since, consumption is 

mostly in the future). Contrastingly, a post payment pricing scheme has greater imputed 

costs (since, payment is in the future) but lesser imputed benefits (since, there is no future 

consumption). Thus, given a certain level of coupling coefficients or MA characteristics, 

the prospective accounting assumption makes pre-payment pricing schemes 

hedonistically superior to post payment pricing schemes i.e., if everything else is kept the 

same (e.g. coupling coefficients, product characteristics, etc.), the net utility that a 

consumer derives from using a pre-payment pricing scheme is greater than that for a post 

payment pricing scheme. 

Relation between pricing schemes and payment systems 

For a given individual, the level of MA characteristics (i.e., attenuation and buffering), 

depend on two things - (i) the design features of the payment system she uses (i.e., 

payment system design features other than pricing scheme like payment interface, 

payment confirmation process, number of payment steps, etc.) and (ii) her own 

consumption experience (dependent on the product or service characteristics).  

The level of imputed costs and imputed benefits can vary from one payment 

system to another even though the pricing scheme remains the same (see Table 3 for 

examples). An example will make this point clearer. Charge cards and credit cards are 

two payment systems, both based on the post payment pricing scheme. However, the two 

payment systems are different from one another in design - for charge cards the consumer 

pays the entire payment due at the end of the billing cycle while, for credit cards, the 

consumer has the option to pay only the minimum amount due at the end of a billing 
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cycle. Thus, charge cards have low attenuation - since a single bill covers many distinct 

items, none of which is individually responsible for the total - but high buffering – since 

the consumer can relate benefits of all consumption to just one payment. Credit cards, on 

the other hand, have low attenuation - since a single bill covers many items - and low 

buffering - since no single payment is associated with all the consumption in that billing 

cycle (not true if the consumer pays the entire amount due at the end of every billing 

cycle). Thus, though both charge cards and credit cards are based on the post payment 

pricing scheme, a given consumer will experience dissimilar imputed benefits from the 

two payment systems due to the differences in payment system designs.  

Although MA/BE research has espoused hedonic superiority of pre-payment 

pricing schemes based on prospective accounting assumption (see Appendix A for a 

detailed discussion), other design features of payment systems and actual consumption 

experiences may nullify those advantages by moderating the levels of attenuation and 

buffering experienced by the consumers. For example, when a consumer uses her charge 

card, she experiences low imputed costs (due to low attenuation coefficients) and high 

imputed benefits (due to high buffering coefficients). Now, if there is a payment system 

based on the pre-payment pricing scheme that has low imputed costs and low imputed 

benefits, a consumer might evaluate the charge card to be less painful even though the 

charge card is based on a hedonistically inferior post payment pricing scheme. This is 

because the hedonic advantage of using a pre-payment scheme might be nullified by the 

greater imputed benefits (due to relatively higher buffering coefficient) that a consumer 

enjoys when she uses a charge card.  
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Summary of Chapter 2 

Through Double-Entry Mental Accounting, BE/MA research shows that when consumers 

are assumed to maintain mental accounts of their transactions, the timing of payment and 

consumption does make a difference to their preference behavior. However, the impact of 

this behavior is yet to be investigated at a firm level. Can firms strategically use 

knowledge of consumer double-entry mental accounting to differentiate their offerings 

from those of their competitors? I consider an information goods market where the firms 

already use customization as a way to vertically differentiate their products or services. 

The main objective of this thesis is examining the strategic plausibility of using pricing 

scheme as a differentiating dimension in such a market. The few instances of related 

literature that have researched this possibility almost always assumed a rational consumer 

market and thereby, ignored the implications of the descriptive findings from the 

Behavioral Economics literature. I model the consumer market to behave according to the 

findings of double-entry mental accounting literature and then examine the impact of this 

consumer level behavior on the firm level competitive strategies. In the next chapter I 

will describe the analytical models. 
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Chapter 3: Models 

I assume a duopoly model where each firm has three pricing scheme choices. The 

duopoly provides a starting point for this research since it incorporates strategic 

interactions that characterize competition while maintaining the mathematical tractability 

in an analytical model. I consider the duopoly case with an anticipation that some of my 

results will lead to more generic and practical insights for other kinds of markets at a later 

time. I also believe that duopolies or oligopolies may constitute realistic representations 

of information goods markets. In fact, past literature has argued the suitability of 

analyzing duopoly or oligopoly models in the IT-services markets, such as the 

information goods market, vis-à-vis more complex representations of firm competition 

(Barua, 1991; Bashyam, 2000).  

In the duopoly model, the first firm (Firm 1) is assumed to be the technology 

leader with incumbency advantages while the second firm (Firm 2) is either an entrant 

(facing a fixed entry cost of zero) or a relatively new firm in the market with no particular 

technology advantage. Consumption is assumed to take place over two periods (points A 

and B in Figure 1). At each time period, the consumer has a desired utility, u ~U (0, 1). 

The firms are aware of the distribution but not the exact level of the utility. The level of 

customization, or a firm’s ability to provide the desired consumer utility is captured by a 

factor θ ∈[0, 1], which can also be interpreted as the quality of the product or service 

(e.g., customized digital content) in terms of how well the service matches the 

consumer’s expectations. In the model, I let 11 =θ and θθ =2 i.e., I take Firm 2’s degree 

of match relative to Firm 1’s, with Firm 1 being the quality leader. Such an asymmetric 



 20

situation is not uncommon. For example, Dewan et al. (2003) find that when firms adapt 

customization sequentially, the first entrant always achieves a profit advantage and may 

deter the entry of a new firm by choosing its customization scope strategically. I assume 

that the consumers know the level of customization offered by each firm through past 

experiences, reputation or other signaling mechanisms. 

The strategy space for a firm is given by },,{ 21 MMF=Ω . Strategies are 

differentiated on the basis of when the consumers are required to make their payments p 

against these consumptions. The strategies are depicted in Figure 1. In the first strategy 

(F), the firm induces the consumer to pay at the beginning of the consumption period 

(pre-payment pricing scheme). In the second strategy (M1), the consumer pays as she 

consumes (pay-as-you-go pricing scheme) while in the third strategy (M2), the consumer 

pays at the end of the second period (post payment pricing scheme).  

Three distinct games are built – (i) a benchmark model where consumers behave 

rationally and (ii) a Static MA model where the consumers are modeled to maintain 

double entry mental accounts and (iii) a Dynamic two-stage MA model (an extension of 

the Static MA model) where customization is also an exogenous variable along with 

pricing scheme. The duopoly strategy space in (i), (ii), and second stage of (iii) is shown 

in Table 4. 

3.1 Benchmark Model  

The consumer utilities are calculated as follows: If a firm chooses strategy F, net utility to 

the consumer is Fi pu −+ θδ )1(  where Fp  is the payment made at the beginning of stage 

1 (point A in Figure 1), iθ  is the customization level of firm i, and δ is the discount 
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factor. Using the same notation, the net consumer utilities under the strategy choices M1 

and M2 are derived as ))(1(
1Mi pu −+ θδ and )(

2Mii puu −+ θδθ , respectively. To derive 

the demand and optimum payoffs for each strategy combination, I assume that a 

consumer either (i) chooses one of the two firms to satisfy her desired utility or (ii) 

simply decides not to use any of the two services when her net utility from payment and 

consumption is less than zero. The derivation of demand and optimal pay-offs for the (F, 

F) strategy combination is as follows: 

A consumer who is indifferent between the two firms equates the net consumer surplus 

from each and solves, 

21 )1()1( FF pupu −+=−+ θδδ  

Solving for u, the utility level for this marginal consumer, 
)1)(1(

21
*
1 θδ ++

−
= FF ppu  

Similarly, a consumer indifferent between buying from a firm, say Firm 2, and not 

buying at all solves,  

0)1( 2 =−+ Fpuθδ  

Solving for u, the level of this marginal consumer, 
θδ )1(

2
*
2 +
= Fpu  

Let those consumers with utility level above *
1u purchase from Firm 1 and those between 

*
1u and *

2u  purchase from Firm 2. As one of the firms has the highest level of 

customization (characterized as the incumbency advantages of the first firm) and the 

other has a relatively lower level, this assumption is without any loss of generality. Thus, 

the demands for the two firms can be written as 
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The equilibrium prices are found by maximizing each profit level with respect to the 

corresponding prices 
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On solving the game using the optimal payoffs for each strategy combination, I find that 

in equilibrium, it does not make any difference to the two firms whether the consumer 

pays earlier, later or as she consumes in terms of the optimal pay-offs that the firms 

receive i.e., the benchmark model, as expected, corroborates the traditional 

microeconomic viewpoint. 

Proposition 1: For the benchmark model, the firms remain indifferent between the 

pricing schemes in equilibrium. The payoffs to the firms for all the strategy combinations 

are 

2
*
1 )4(

)1)(1(4
θ

θδ
−
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−
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3.2. Static MA Model 

As mentioned in Chapter 2, I adopt double-entry MA theory proposed by Prelec and 

Loewenstein [1998] to model mental accounting behavior of the consumers. The core 

intuition underlying double-entry MA theory is that the thoughts of payments can 

undermine the pleasures of consumption (i.e., the imputed costs of consumption), and 

conversely, the pain of making payments can be buffered by the thoughts of consumption 

that these payments will finance (i.e., the imputed benefits of payment). The first set of 

entries records the net utility derived from consumption after subtracting the disutility of 

associated payments, and the second set of entries records the net disutility of payments 

after adjusting for the (positive) utility of associated consumption.  The model is based on 

three assumptions about the nature of mental accounting: (a) prospective accounting - this 

describes how imputed costs and benefits depend on the timing of consumption and 

payments (see Appendix A for a discussion on prospective accounting); (b) prorating - 

this is an amortization rule for allocating a single payment over multiple consumption 

events, or a single consumption event over multiple payment events; and (c) coupling - 

this allows for the imperfect (i.e., less than complete) imputation of payments to benefits, 

and of benefits to payments (see the discussion on coupling coefficients in section 2.2). 

The operational version of the model is briefly described as follows. Consider a 

consumer experience related to a product or service that takes place over a time horizon 

Nn ,...,1= . At any time n , the consumer may engage in consumption (e.g., enjoy a 

customized news report), make a payment (e.g., pay for the service), or engage in both 

consumption and payment. The utility from the “consumption experience” during a time 
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period n  is: 
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u α                                         (1) 

Here, nu  is the (conventional) utility gained from consumption. However, this (positive) 

utility is reduced by the second term in equation (1), which represents the imputed cost of 

consumption. That cost can be explained as follows.  At the time of consumption, the 

consumer is reminded of a “shadow of the future” cast by all the remaining (future) 

payments. Of that total remaining payment, the fraction that is imputed to the current 

consumption is a function of how much consumption remains for the future. Intuitively, 

if the remaining payments will support significant consumption in the future, then the 

imputed cost of current consumption is low. 

Effectively, the imputed cost of consumption at time t is based on the sum of 

payments remaining at time n  (i.e., ∑
≥ ni

ip ), prorated over consumption remaining at time 

n (i.e., ∑
≥ni

in uu ). However, not all of this cost is imputed to consumption—this cost is 

adjusted downward by ]1,0(∈α  , which represents the “degree of attenuation,” , i.e., the 

degree to which the payments attenuate the pleasure of consumption. Such imperfect 

“coupling” between consumption and payment (adapted from Prelec and Loewenstein, 

1998) allows for the reality that the benefits of consumption are seldom washed out 

completely by the thoughts of payment.  

Likewise, the disutility from the “payment experience” during a time period t is: 
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Here, np  is the (conventional) disutility due to payment. However, this (negative) 

disutility is reduced by the first term in equation (2), which represents the imputed benefit 

of payment. That benefit can be explained as follows.  At the time of payment, the 

consumer is reminded of a “silver lining” represented by the benefits of future 

consumption that the payment facilitates. Of that total remaining consumption, the 

fraction that is imputed to the current payment is a function of how much payment is 

postponed into the future. Intuitively, if the remaining consumption needs to be supported 

by significant payments in the future, then the imputed benefit of the current payments is 

low.  

Effectively, the imputed benefit of payment at time t is based on the sum of 

consumption (utility) remaining at time n   (i.e.,∑
≥ni

iu ), prorated over payment remaining 

at time n  (i.e., ∑
≥ni

in pp ). However, not all of this benefit is imputed to the payment—

the benefit is adjusted downward by the coupling coefficient ]1,0(∈β , which represents 

the “degree of buffering,” i.e., the degree to which consumption buffers the pain of 

payment. Integrating these “double entries,” the total consumer experience at time n is 

captured by adding (1) and (2): 
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Accordingly, when the consumers look forward into the future, the overall expected 

pattern of the consumer experience over multiple periods that involve consumption 

and/or payments ( Nn ,...,1= ) can be derived and discounted to the beginning of period 1 

by applying the discount factorδ . Table 5 summarizes the definition and derivation of 

imputed costs and imputed benefits. 

Two points should be further noted.  First, while the mental accounting model 

described above is algebraically precise, it provides a general and flexible representation 

of consumer utility formation. For example, setting βα = = 0 removes the effects of 

mental accounting and yields the conventional (neoclassical) notion of utility. Second, 

the model can easily accommodate heterogeneous consumers who differ in their values of 

α and/orβ . The consumers at any location in the linear market could be drawn from a 

distribution of α and/orβ , in which case, the specific values of these coefficients would 

correspond to a representative consumer at that location. 

The following example shows how consumer utilities are derived in the MA 

model. When a firm chooses strategy F, a consumer who uses its product has 

consumption experiences at times A and B and a payment experience at time A (see 

Figure 1). Then the imputed costs of consumption at point A are )2( Fpα , while at 

point B, the imputed costs are 0. Thus the consumer’s utility from consumption 

experience is )2()1( Fpu αθδ −+ . Similarly, the imputed benefits of payment at point A 

are θβu2  and the consumer’s disutility from payment experience is θβupF 2+− . 

Hence, net consumer utility for strategy F is Fpuu )21(2)1( αθβθδ +−++ . The same 
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process is repeated for the other two strategies. As in the benchmark model, the demands 

and profits are calculated by identifying the marginal consumer and the game is solved 

using the optimal payoffs. 

The following are the derivations for the demand and optimal payoffs for the 

strategy pair (F, F), i.e., when both the firms select the pre-payment pricing scheme.  A 

consumer who is indifferent between purchasing from either of the two firms equates the 

net consumer surplus from each: 

1)21(2)1( Fpuu αβδ +−++  = 2)21(2)1( Fpuu αθβθδ +−++  

Solving for u, the utility level for this marginal consumer is given by 

)1)(21(2
))(2( 21

*
1 θδβ

α
−++

−+
= FF pp

u . Similarly, a consumer indifferent between buying from a firm, 

say the lower customization firm (Firm 2), and not buying at all solve for u the following 

equality:  

2)21(2)1( Fpuu αθβθδ +−++   = 0 

Hence for this marginal consumer, 
θδβ

α
)21(2

)2( 2
*
2 ++

+
= Fp

u . 

The consumers with utility levels above *
1u purchase from Firm 1 and those between 

*
1u and *

2u  purchase from Firm 2. Thus, the demands for the two firms can be written as: 
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The profits are then computed as 
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The equilibrium prices are found by maximizing each profit level with respect to the 

corresponding prices 
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The same process is repeated for all the other strategy combinations.  

The resulting 3x3 payoff matrix is shown in Table 6.  I solve the 3x3 static game and 

derive the following Lemma and Theorem. 

Lemma 1: M1 and M2 are dominated strategies for Firm 1. For δ high and α low, M1 

strategy is (weakly) dominated for Firm 2. 

Theorem 1: If mental accounting is the prevalent consumer characteristic in the 

market and if  

βδδβ
δβθ
+++

++
<

232
21  
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then (F, F), is the unique Nash Equilibrium (NE). If this inequality is reversed, then 

we have two distinct regions over which we have unique Nash equilibrium. The 

unique Nash equilibrium is 
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The proof of Theorem 1 is provided Appendix B. The main finding from the Static MA 

model is as follows: when differentiation with respect to the level of customization of 

product is higher (i.e., 1<<θ ), the firms do not differentiate with respect to their choice 

of pricing scheme and we have (F, F) as the NE. But when this differentiation is less i.e., 

Firm 2 offers a level of customization closer to that offered by Firm 1 ( 1→θ ), it makes 

more sense for Firm 2 to shift to a “post payment” pricing scheme and we have (F, M2) as 

the NE.  

Discussion on the Static MA Model Results  

The results from the Static MA model are similar to the findings of two-dimensional 

product differentiation literature where firms are found to maximally differentiate in one 

dimension while minimally differentiating in the other (Neven and Thisse, 1990; Irmen 

and Thisse, 1998; Vandenbosch and Weinberg, 1995). The NE outcome of the static MA 

model indicates that when the firms are maximally differentiated with respect to the 

customization level (i.e., 1<<θ ), both firms minimally differentiate by choosing the same 
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pricing scheme, F. Conversely, when they are minimally differentiated with respect to 

customization (i.e., 1→θ ), the two firms maximally differentiate by choosing different 

pricing schemes. The (F, F) equilibrium outcome makes intuitive sense. In equilibrium, 

the two firms concentrate on two distinct segments of the market – Firm 1 caters to the 

quality sensitive market while Firm 2 caters to the price sensitive market. Under this 

situation it makes sense for both firms to offer a hedonistically superior pre-payment 

pricing scheme, F.  

However, the (F, M2) equilibrium outcome is less intuitive. Under this 

equilibrium, Firm 2 actually offers a product that is qualitatively similar to that of Firm 1. 

Hence, it makes less sense as to why Firm 2 would choose to offer a hedonistically 

inferior pricing scheme, M2 (i.e., post payment pricing scheme), when it is competing 

with Firm 1 for the same group of consumers. The (F, M2) outcome makes sense only 

when the consumers are almost equally sensitive about price and customization benefits. 

Under such a situation, (F, M2) will imply that the two firms are farthest from one another 

within the same segment and the consumers who are slightly more price sensitive will 

pick Firm 2 over Firm 1. However, such a situation is unlikely to be the case in practice. 

3.3. Dynamic Two-stage MA Model 

In the Static MA model, the customization level (θ) is endogenous to the model since it is 

not a choice variable for the firms. I extend the Static MA model into a Dynamic two-

stage MA model by making the level of customization a choice variable for Firm 2. In the 

Dynamic two-stage MA model, Firm 2 chooses its customization level with respect to the 

level of Firm 1 in the first stage of the game while both firms simultaneously choose a 
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pricing scheme in the second stage. Thus, the second stage of this model is same as the 

Static MA model. I also relax my assumption that the marginal consumer has equal levels 

of attenuation for each firms’ products and let firm i ’s product yield attenuation 

coefficient, iα , 1, 2i = . The main reason for doing the above is to accommodate the fact 

that the level of attenuation depend on other design features of the payment system (e.g. 

payment interface, payment confirmation process, etc.). 

I use backward induction to solve the two-stage game. Theorem 1 (from Static 

MA model) implies that there are two possible NEs to the second-stage game – (F, F), 

where both firms choose the pre-payment pricing scheme as equilibrium strategy and (F, 

M2), where Firm 1 chooses pre-payment pricing scheme while Firm 2 chooses the post 

payment pricing scheme. Hence, to obtain the optimal payoffs at the end of the second 

stage, Firm 2 needs to find out the optimal value of θ that will maximize its second stage 

payoffs for the (F, F) and (F, M2) strategy combinations. The solution of the two-stage 

model reveals the following theorem: 

Theorem 2:  (F, (
7
4

→θ , F)) is the unique Nash Equilibrium of the Dynamic two-

stage MA model. 

Proof: Firm 2’s second stage optimal pay-off for the strategy combination (F, F) is as 

follows 
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When (F, F) is the equilibrium in the second stage, the optimal value of θ is found out 

by maximizing [A] with respect to θ, leading to 
7
4

=θ  ; the optimal profit for the 

second firm is 
22448

21
α
βδ

+
++  

Firm 2’s second stage optimal payoff for the strategy combination (F, M2) is as 

follows 
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When (F, M2) is the equilibrium in the second stage, the optimal value of θ is found 

out by maximizing [B] with respect to θ, leading to 
7
4

=θ ; the optimal profit for the 

second firm in this case are: 
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Thus, at equilibrium, Firm 2 will choose a level of 
7
4

=θ  in the first stage and 

strategy F in the second stage, while Firm 1 chooses F in the second stage ■ 

Discussion on the Dynamic two-stage MA Model Results 

The equilibrium outcome of the Dynamic two-stage MA model indicates that when Firm 

1 has an advantage with respect to the level of customization it offers to its customers, it 

is optimal for Firm 2 to remain at lower customization levels vis-à-vis that of Firm 1 and 

offer the same pre-payment pricing scheme. Hence, the resulting equilibrium (i.e., the NE 
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outcome) will be the same as the (F, F) equilibrium of the Static MA model discussed in 

the last section; under this equilibrium outcome, Firm 2 is better-off targeting those 

customers who are more price-sensitive and are less inclined to pay extra for product 

customization. And, as long as Firm 2 chooses a well differentiated low customization 

level (i.e., close to the optimal level of
7
4

=θ ), Firm 1 and Firm 2 will satisfy the 

demands of two separate consumer segments and will not directly compete against one 

another.   

Summary of Chapter 3 

The analytical results of the Static MA model indicate that there are two equilibrium 

outcomes depending on the level of customization – (i) (F, M2), when Firm 2’s level of 

product customization is close to that of Firm 1 and (ii) (F, F), when Firm 2’s level of 

product customization is considerably less than that of Firm 1. The level of customization 

is endogenous in the Static MA model. The results from the Dynamic two-stage MA 

model however, shows that when Firm 2 is allowed to choose its level of customization, 

in equilibrium, it chooses a well differentiated customization level, 
7
4

=θ  in the first 

stage and pre-payment pricing scheme, F in the second stage. In the next chapter, I will 

discuss and put forward some theoretical arguments and testable hypotheses as to why 

the analytical equilibrium predictions from both models (Static and Dynamic MA 

Models) may not hold true under certain market conditions. 
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Chapter 4: Hypotheses 

4.1. Hypotheses based on Static MA Model 

The static MA Model has two equilibrium outcomes depending on the level of 

customization – (F, F) and (F, M2). The (F, F) equilibrium outcome (refer to section 3.2) 

of the Static MA Model suggests that when Firm 1 and Firm 2 are well-differentiated 

along the customization dimension (i.e., the Firm 2 products have much lower 

customization levels), both firms offer the pre-payment pricing scheme to the consumers. 

Intuitively, the above equilibrium makes sense. When Firm 2 offers a low customization 

level, the price of its product is also low compared to Firm 1’s product. Hence, Firm 2 

essentially caters to a consumer segment that is more price-sensitive and is less 

concerned about the reduced customization benefits. Firm 1, on the other hand, caters to a 

customer segment that values the additional benefits from customization and is less 

sensitive about the price they need to pay for the increased benefits. Keeping everything 

else constant, the pre-payment pricing schemes are hedonistically superior since they 

result in reduced imputed costs of payment and increased imputed benefits of 

consumption for all consumers (Prelec and Loewenstein, 1998). Hence, it makes better 

sense for both Firm 1 and Firm 2 to offer the pre-payment pricing scheme to their 

respective consumer segments. Based on the theoretical arguments presented above, I 

draw the following hypothesis: 

Hypothesis 1A: When Firm 2 offers a less customized product, the NE 

outcome from the Static MA Model is more likely to occur. 
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Contrastingly, the (F, M2) equilibrium outcome is somewhat counter-intuitive when Firm 

2’s decision to select the M2 strategy is analyzed. When Firm 2 is competing with a 

product with a similar level of customization as Firm 1, Firm 2 is competing for the same 

consumers as Firm 1. But Firm 1 has a superior product vis-à-vis Firm 2 since Firm 1 has 

the incumbency advantages with respect to the level of customization it delivers to the 

consumers (i.e., 1<θ ). Hence, intuitively, it makes less sense as to why Firm 2 will 

compete with Firm 1 for the same consumers with a product that is doubly inferior - less 

customized product and a hedonistically inferior pricing scheme (since FM p2  when 

everything else is kept constant). The only tangible benefit that accrues to the consumers 

when they buy from Firm 2 is the slightly reduced price they pay for the product (since 

price is endogenously determined). However, it is expected that the consumers who 

prefer the benefits of higher customization level are aware of the fact that greater 

customization is always associated with a higher price for the product. Hence Firm 2 may 

find it impractical to expect the consumers belonging to this segment to be equally 

sensitive to both price and customization benefits. In this situation, Firm 2 may offer the 

pre-payment pricing scheme even though offering the post payment pricing scheme 

would result in higher profits.  

Furthermore, the (F, M2) equilibrium outcome makes Firm 1 more dominant in 

the market. As a result, Firm 1 earns much higher returns vis-à-vis Firm 2. However, 

Firm 1’s earnings become less when Firm 2 decides to shift from an M2 to an F strategy. 

This shift confers both costs and benefits to Firm 2. Like Firm 1, Firm 2 also makes less 

profit when it chooses F instead of M2. When Firm 2 chooses F, Firm 2’s product 
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qualitatively moves closer to Firm 1’s product. This, in turn, reduces the prices of 

products offered by both the firms (since, qualitatively similar products result in more 

head-on competition for the same consumers) and consequently, increased competition 

leads to reduced profits for both the firms. However, there are two main factors that may 

induce Firm 2 to deviate from the optimal M2 to an F strategy – (i) proportionally Firm 1 

loses more than Firm 2 and (ii) Firm 2 gains market share when it deviates and thereby 

makes Firm 1 less of a dominant firm in the market. The payoff ratios illustrate these 

points further. For example at 8.0,8.0,95.0 === βαθ , the payoff for Firm 1 when 

Firm 2 chooses the pricing scheme, F, is on average 6.67 times less than what Firm 1 

would have earned had Firm 2 chosen M2. Contrastingly, the payoff for Firm 2 is only 

2.31 times less for the same two choices. Further, if we give credit to Firm 2 for gaining 

market share at the higher levels of customization (without affecting the equilibrium 

outcomes), Firm 2 earns only 1.25 times less if it chooses F over M2. Based on the 

theoretical arguments presented in the last two paragraphs, I draw the following 

hypothesis: 

Hypothesis 1B: When Firm 2 offers a more customized product, the NE 

outcome from the Static MA Model is less likely to occur. 

In future, I will refer Hypotheses 1A and 1B as the Customization Effects. 

4.2. Hypotheses based on Dynamic two-stage MA Model 

The dynamic two-stage model suggests that when customization is not an endogenous 

variable, Firm 2 should choose its level of customization such that its products are well 
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differentiated from those offered by Firm 1. In the following sub-sections I will discuss 

the market conditions under which the above equilibrium outcome may not occur in 

practice. 

Market MA Characteristics 

The market MA characteristics, attenuation and buffering, are endogenous variables in 

both the static and dynamic models. However, the levels of attenuation and buffering in 

the consumer market are dependent upon a number of factors like product characteristics, 

payment system design features (i.e., features other than the pricing scheme), consumer 

demographics, channel design, etc. Although the analytical equilibrium outcome of 

Dynamic two-stage MA model is valid for all the levels of consumer market MA 

characteristics, higher levels of attenuation (α) and buffering (β) may induce Firm 2 to 

deviate from its optimal strategy and choose non NE strategies. The level of attenuation 

experienced by the marginal consumer indicates the overall market attenuation level. The 

importance of the pricing scheme as a differentiating dimension increases when the 

market has greater attenuation levels. This is because greater attenuation implies greater 

imputed cost of consumption for the consumer; consequently, it matters more to the 

consumer whether she pays before, after or during her consumption. Intuitively, the 

model equilibrium outcome of (F, (
7
4

→θ , F)) makes less sense when the attenuation 

levels are high. At the lower levels of attenuation, the consumers care less about the 

temporal separation of payment and consumption. In simplistic terms, at the lower levels 

of attenuation, we can imagine the consumer market to strictly comprise two groups – 
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consumers who care about the price and consumers who care about the level of 

customization. In equilibrium, Firm 1 caters to the second group while Firm 2 caters to 

the former. However, when the strategic importance of the pricing scheme increases vis-

à-vis customization (i.e., at the higher levels of attenuation), it may make some sense for 

Firm 2 to directly compete with Firm 1 in all the consumer segments instead of remaining 

at the low-price niche. In other words, the consumer segments may merge or move closer 

to one another. When the attenuation level is low, the consumer’s net experienced utility 

is higher since the imputed costs of consumption are low compared to the actual 

consumption benefits. However, when the imputed costs of consumption go up due to the 

higher levels of attenuation coefficient, the consumers’ net experienced utility is less; as a 

result a highly customized product may appear to the consumer to be only moderately 

superior to a poorly customized product. Consequently, at the firm-level, the costs of 

deviation from the optimal strategy are also less for Firm 2. Although the equilibrium 

outcome remains the same at all the levels of attenuation, the mathematical model 

indicates that it becomes less costly for Firm 2 to deviate from its equilibrium strategy 

when the attenuation levels are higher. At the high levels of attenuation, the optimum 

profit levels for Firm 2 are lower than those at the low levels of attenuation; 

consequently, Firm 2’s loss with respect to its profits is also less when it deviates from its 

optimal strategy.  

Hypothesis 2: All else remaining constant, Firm 2 will have a greater 

likelihood of playing an NE strategy when the consumer market has lower 

levels of attenuation.  
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In future, I will refer this hypothesis as the Attenuation Effect. 

Arguments similar to those for attenuation effect are also applicable for the second MA 

characteristic: buffering. Given everything else is held constant, the level of buffering 

experienced by the marginal consumer indicates the overall consumer market buffering 

level. Buffering experienced by the marginal consumer during payment is tied to her 

consumption experience. When the consumer market has greater buffering levels the 

importance of pricing scheme as a differentiating dimension increases. This is because 

greater buffering means increased imputed benefits of payment to the consumer; 

consequently, it matters more to the consumer whether she is paying before, during or 

after her consumption. Intuitively, the Dynamic two-stage MA model equilibrium 

outcome makes less sense when the buffering levels are high. Like attenuation, greater 

consumer market buffering levels imply that the firms’ choice of pricing scheme now 

plays a more crucial role in improving the payment experience of the consumer. At the 

lower levels of buffering, the consumers care less about the temporal separation of 

payment and consumption. But, at the higher levels of buffering a considerable portion of 

consumers’ net experienced utility may be derived from the increased imputed benefits 

compared to the utility derived from the customization benefits. Thus the two segments 

(“low customization-requirement but high price sensitivity” and “high customization-

requirement but low price sensitivity”) move closer to one another at the higher levels of 

consumer market buffering. Firm 2 can now offer a product that is not only cheaper but 

can also satisfy the preferences of a greater number of consumers belonging to both the 

segments. Thus, when the strategic importance of the pricing scheme vis-à-vis 
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customization increases at the higher levels of buffering, it may make more sense for 

Firm 2 to directly compete with Firm 1 in all the consumer segments instead of remaining 

at the low-price niche. Consequently, when the market buffering level is higher, Firm 2 

may be induced to play a non-NE strategy.  

Hypothesis 3: All else remaining constant, Firm 2 will have a greater 

likelihood of playing an NE strategy when the consumer market has lower 

levels of buffering.  

In future, I will refer this hypothesis as the Buffering Effect. 

Other Payment System Design Features 

The level of attenuation experienced by a consumer depends on her own characteristics 

and payment system design features other than pricing scheme. In my Dynamic two-stage 

MA model, the marginal consumer does not necessarily have equal levels of attenuation 

for each firm’s product offerings since the two firms may offer pricing schemes 

implemented by two different payment systems. Thus, even if both firms offer the same 

pricing scheme (say, F), the attenuation experienced by a given consumer while using 

Firm 1’s product need not be same as the attenuation she experiences when she uses Firm 

2’s product i.e. 21 αα < or 21 αα >  ( iα can be conceptualized as the attenuation 

experienced by the marginal consumer when she uses the product offered by Firm i).  

 When 21 αα >  and everything else is kept constant, the imputed cost of 

consumption experienced by the marginal consumer while using Firm1’s product is 
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greater than what she experiences while using Firm 2’s product. Consequently, the 

consumer’s net experienced utility is reduced to a greater extent when she uses Firm 1’s 

product. In the analytically derived equilibrium (i.e. the NE outcome of the Dynamic 

two-stage MA model), Firm 1 offers a more customized product to the consumers while 

Firm 2 offers a less customized product at a lower price. Thus, Firm 2 does not directly 

compete with Firm 1 since it caters to the demand of a low price niche segment. 

However, when the attenuation level for Firm 1 are higher than that for Firm 2, the extra 

benefits offered by Firm 1 through more customized products are partly offset by the 

greater imputed costs of consumption (since, 21 αα > ). This disadvantage that the Firm 

1’s products suffer due to higher imputed costs may induce Firm 2 to move out of its 

niche segment i.e., Firm 2 may decide to directly compete with Firm 1 for the same 

consumers by offering a product that is closer to that offered by Firm 1 with respect to its 

customization level. Thus, when the attenuation level for Firm 1’s product is higher than 

that for Firm 2’s products, Firm 2 may deviate from its equilibrium strategy.   

Hypothesis 4: All else remaining constant, Firm 2 will have a lesser likelihood of 

playing an NE strategy when the attenuation levels experienced by the consumers 

are greater for Firm 1 than for Firm 2 i.e. when 21 αα > . 

When 21 αα < and everything else is held constant, the imputed cost of consumption 

experienced by the marginal consumer while using Firm1’s product is less than what she 

experiences while using Firm 2’s product. This makes Firm 2’s product doubly inferior to 

that of Firm 1 – not only is it less customized vis-à-vis Firm 1’s product offering but 
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there are also higher imputed costs of consumption (since, 21 αα < ). Under such a 

situation, it makes little sense for Firm 2 to move out of its low price niche segment. 

Hence, Firm 2 is less likely to deviate from its equilibrium strategy when 21 αα < . 

Hypothesis 5: All else remaining constant, Firm 2 will have a greater likelihood 

of playing an NE strategy when the attenuation levels experienced by the 

consumers are greater for Firm 2 than for Firm 1 i.e. when 21 αα < . 

In future, I will refer hypotheses 4 & 5 as the Payment System Effects. 

Market Dominance: Effects due to Inequitable Profit & Market sharing  

My model predicts that Firm 1 dominates the market in equilibrium. Firm 2 only serves 

those consumers who cannot afford to buy Firm 1’s product. However, when Firm 2 

deviates from the low customization equilibrium strategy, Firm 1 becomes a less 

dominant player in the market. Although Firm 2 gains market share when it deviates, it 

loses out on the profits. In practice, such non-optimal strategies may not be out of place 

when firms take a long-term outlook. When there is an inequitable profit distribution in 

the market, the dominant firm may eventually drive off all competition (even niche 

players) and establish a monopoly. For example, Firm 1 may utilize its greater profits to 

establish a cheaper version of its product that directly competes with Firm 2’s product at 

the lower end of the market.  Firm 1’s dominance gets severely restricted when Firm 2 

offers a highly customized product and is able to compete directly with Firm 1 for the 

same consumers instead of remaining in the low-price niche segment. Firm 1 becomes 

less dominant in two ways – (i) its profits come down drastically and (ii) Firm 2 gains 
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more market share and thus become more visible in the market. Plugging the parameter 

values into the mathematical model also demonstrates a similar reduction in the 

dominance of Firm 1 over Firm 2.  

I predict Firm 2’s decision to deviate from the equilibrium strategy will be 

directly proportional to the extent of Firm 1’s dominance in the market. In my model, the 

inequitable profit distribution exemplifies market dominance. Greater the inequitable 

profit distribution between Firm 1 and Firm 2 in equilibrium, greater is the dominance of 

Firm 1 over Firm 2. Firm 2 may deviate from the equilibrium strategy when it feels 

threatened by Firm 1’s dominance. The underlying theoretical basis for Firm 2’s decision 

is based on preferences for fairness. The behavioral and experimental economics 

literature on preference for fairness and game theory has indicated that simple self-

interest models may not hold when players perceive the resulting payoffs to be unfair 

(Rabin, 1993; Fehr and Schmidt, 1999; Luft, 1997). Thus, if players perceive the relative 

standing of their profits to be unfair vis-à-vis the profits made by the other party, they 

might retaliate against those perceived inequities in ways that do not maximize the wealth 

of either party playing the game (Kahneman, et al., 1986; Kachelmeier, et al., 1991; 

Bolton and Ockenfels, 2000). Preference for fairness in the context of my model is Firm 

2’s competitive reaction to the perception that Firm 1 is getting more than its fair share of 

the market profits (Kachelmeier and Shehata, 1992).  Though fairness argument is found 

to be more applicable to settings involving individuals rather than firms, the decision 

making situation researched here is not unlike individuals taking decisions; typically, a 

crucial decision like to stay in the niche segment or to compete with a dominant player at 
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the cost of lesser profits  is more often taken by one or two senior individuals within an 

organization (the CEO or some other senior executive) – under such circumstances 

deviations from the optimal strategy are not unreasonable due to preference for fairness 

or retaliation complemented by a desire to gain more market share. 

Based on the above arguments, I hypothesize that Firm 2 may choose a non-NE 

strategy as a way to mitigate the perceived market dominance of Firm 1 as evidenced by 

the inequitable nature of profit distribution between the two firms. This retaliatory 

behavior is complemented by the fact that Firm 2’s market share also increases when it 

chooses a non-NE, higher level of customization. However, if the inequities in profit 

distribution are brought down, Firm 2 is less threatened by Firm 1’s dominance and 

consequently, its tendency to play the NE strategy may increase. I derive the following 

hypotheses from these observations: 

Hypothesis 6A: Firm 2’s likelihood of playing an NE strategy should decrease 

when Firm 1’s market dominance increases. 

Hypothesis 6B: Firm 2’s likelihood of playing an NE strategy should increase 

when Firm 1’s market dominance decreases. 

In future, I will refer Hypotheses 6A & 6B as the Market Dominance Effects. 

Summary of Chapter 4 

The analytical results described in Chapter 3 may not hold under certain market 

conditions. This chapter outlines those conditions and develops two distinct sets of 
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hypotheses – (i) hypotheses based on the Static MA model (i.e., customization effect) 

and (ii) hypotheses based on the Dynamic Two-stage MA model (i.e., attenuation, 

buffering, payment system and market dominance effects). These hypotheses are 

empirically tested through an experiment described in the next chapter. 
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Chapter 5:  Experiment Design 

Procedures 

The experiment design follows the Dynamic two-stage MA model described in Chapter 

3. The experiment is designed to test the hypotheses drawn on both the Static MA model 

and Dynamic two-stage MA model. It is possible to test both models through a single 

experiment since the second stage of the Dynamic MA model is equivalent to the Static 

MA model.  

The experiment is designed to have firms compete against one another in a market 

comprising simulated consumers who exhibit MA characteristics. The experiment has a 3 

x 4 x 2 design – the independent variables being Market Dominance (three levels), 

Attenuation (four levels) and Buffering (two levels). Market Dominance is a between-

subject treatment while Attenuation and Buffering are within-subject treatments (i.e., all 

the subjects experience the variations in attenuation and buffering levels). The two sellers 

or firms engage in eight two-stage games. Each game is a within-subject treatment (4 

levels of attenuation x 2 levels of buffering). A game is thus a simulated consumer 

market condition. Each game is played for 3 rounds in order to control for any potential 

learning effect. A firm is anonymously paired with the same firm for all 3 rounds of a 

particular game, and then re-paired with another firm following the completion of a game 

using a turnpike design. At the beginning of each session, the subjects are randomly 

assigned either the role of Firm 1 or that of Firm 2. Roles assigned in the beginning of 
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any session remained the same throughout the session. The order of games is randomized 

to control for order effects, if any. 

In the first stage of each game, Firm 2 chooses a customization level while Firm 1 

waits. There are three customization level choices for Firm 2 – low, medium, and high, 

with the “low” customization level corresponding to the optimal level of θ i.e., 
7
4

=θ . 

Medium level corresponds to 8.0=θ  and high level corresponds to 95.0=θ . Both firms 

are shown payoff matrices corresponding to these levels. The payoff matrices for each 

game are derived using the simulated market levels of attenuation and buffering and a 

discounting factor of 0.9. The order of strategies within the matrices is randomized. 

Figure 2 shows the first stage of the games as it appears to a subject playing Firm 2. 

Once Firm 2 chooses a customization level in the first stage, the choice 

information is shown immediately to Firm 1. In the second stage, both firms 

simultaneously choose their pricing schemes. The final payoffs to the two firms depend 

on the simulated market conditions (i.e., the levels of attenuation, buffering, and 

discounting) and the choices made by the firms (i.e., the pricing scheme and 

customization level). 

 There are three levels of between-subject treatment, Market Dominance (based on 

Firm 1’s dominance over Firm 2) - High Dominance (Treatment 1), Medium Dominance 

(Treatment 2) and Low Dominance (Treatment 3). In the experiment design, the market 

dominance of Firm 1 over Firm 2 is characterized by the inequities in profit distribution. 

In order to manipulate the level of market dominance of Firm 1 over Firm 2 I use private 
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exchange rates to pay the subjects playing Firm 2. Firm 1 does not have a private 

exchange rate and does not know that Firm 2 is accorded one. There is no asymmetry in 

information sharing because Firm 2 does not know that Firm 1 does not know about its 

private exchange rate. There are three private exchange rates for the three between-

subject treatments. In Treatment 2, the subjects playing Firm 2 have higher private 

exchange rates than those in Treatment 1 and in Treatment 3, the subjects playing Firm 2 

have higher private exchange rates than those in Treatments 1 and 2. For Treatment 1, the 

subjects playing Firm 2 are accorded a private exchange rate of 2 (i.e., 1 experimental 

dollar is equivalent to $2). For Treatment 2, the subjects playing Firm 2 are accorded a 

private exchange rate of 4 (i.e., 1 experimental dollar is equivalent to $4). For Treatment 

3, the subjects playing Firm 2 are accorded a private exchange rate of 10 (i.e., 1 

experimental dollar is equivalent to $10). Higher private exchange rates are paid in 

Treatment 2 and Treatment 3 to experimentally reduce the dominance of Firm 1 over 

Firm 2 by decreasing the inequity in profit sharing between Firm 1 and Firm 2. The rates 

are fixed in such a way that there is no inequity in Treatment 3. Thus, High Dominance is 

“high inequity” in profit distribution (Treatment 1), Medium Dominance is “low 

inequity” in profit distribution (Treatment 2) and Low Dominance is “no inequity” in 

profit distribution (Treatment 3). The third treatment level is called Low Dominance 

because, despite no inequity in profit sharing, Firm 1 still has a superior product and a 

greater market share at equilibrium. 

There are two within-subject treatments – attenuation and buffering. Attenuation 

has four levels - low-low /high-low /low-high /high-high. Buffering has two levels - 
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low/high. Each attenuation-buffering level combination represents a game. The within-

subject design comprising 8 games is shown in Table 7. As mentioned before attenuation 

that a consumer experiences for a particular firm’s products are dependent on the 

payment system design features.  Since the two firms may have different payment 

systems, the levels of attenuation for the two firms’ products may vary. The four 

attenuation levels shown in Table 7 are arranged according to the attenuation levels for 

Firm 2’s product. For example, a “low-low” attenuation level means that the attenuation 

levels for both Firm 1 and Firm 2 products are low.  Similarly, a “high-low” attenuation 

level indicates that the attenuation level for Firm 1’s product is high while that for Firm 

2’s product is low. The “low” & “high” values used in the experiment for simulation 

purposes are equal to 0.2 & 0.8 respectively. The conceptualization of buffering also has 

a similar complexity. However, I control for the inter-firm differences in buffering 

because the level of buffering is more dependent on the actual consumption experiences 

whose inter-firm differences are not explicitly considered in this dissertation.  The 

buffering levels are either “low” (=0.2) or “high” (=0.8) for both firms. The choice of the 

values used for simulation of the attenuation and buffering levels is guided by past 

research and prior pilot studies. Prelec and Lowenstein also used similar values of 

attenuation and buffering to illustrate their examples (Prelec and Lowenstein, 1998). 

The attenuation and buffering levels of the eight games discussed above may also 

be viewed from another perspective. According to this perspective, the games can be 

divided into the following four groups. In Group 1, the market has low attenuation (low 

α) and low buffering (low β) levels for Firm 1’s product. For Firm 2’s product, the 
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market has either similar attenuation levels [Game 1, 21 αα = ] or higher attenuation levels 

[Game 5, 21 αα < ]. In Group 2 the market has low attenuation (low α) and high buffering 

(high β) levels for Firm 1’s product. For Firm 2’s product, the market has either similar 

attenuation levels [Game 2, 21 αα = ] or higher attenuation levels [Game 6, 21 αα < ]. In 

Group 3 the market has high attenuation (high α) and low buffering (low β) for Firm 1’s 

product. For Firm 2’s product, the market has either similar attenuation levels [Game 3, 

21 αα = ] or lower attenuation levels [Game 7, 21 αα > ]. In Group 4 the market has high 

attenuation (high α) and high buffering (high β) for Firm 1’s product. For Firm 2’s 

product, the market has either similar attenuation levels [Game 4, 21 αα = ] or lower 

attenuation levels [Game 8, 21 αα > ]. Note that the buffering level for both firms in 

Groups 1 & 3 is “low” while that for both firms in Groups 2 & 4 is “high.” Thus the first 

game in each group (i.e., Game 1, Game 2, Game 3 and Game 4) has similar attenuation 

levels for both Firm 1 and Firm 2’s products. In other words, Game 1, Game 2, Game 3 

and Game 4 has 21 αα = .  The second game in each group has dissimilar attenuation 

levels for Firm 1 and Firm 2’s products. Game 5 and Game 6 has 21 αα <  and Game 7 

and Game 8 has 21 αα > . These differences become relevant when the payment system 

effects (i.e., Hypotheses 4 and 5) are tested in the analysis stage. The games with the 

corresponding payoff numbers are shown in Table 8.  The equilibrium outcome for each 

game in Table 8 is highlighted in bold. 

Incentive Scheme  
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The subjects are paid a $5 show-up fee for participation. In addition, they earn money 

according to the decisions they and their counterparts make while playing the games. 

Each subject plays a total of 24 rounds (8 games x 3 rounds). Hence, payoffs from each 

individual round carry less salience to the players. To increase salience, the subjects are 

paid by randomly choosing one game out of the 8 played and paying them their 

accumulated earnings in the 3 rounds of the selected game.  

The subjects playing Firm 2 are also rewarded at a flat rate for gaining market 

share. The market share bonus is paid to make the subjects aware of the gain in market-

share if they choose higher levels of customization. The extra payoffs for market share 

did not change the theoretically derived equilibrium outcome. In each session, the market 

share payoffs are incorporated in two ways - either as additional gains within the payoff 

matrices or as additional information that the subjects are able to use to calculate the 

market share gains on their own. An orthogonal design is followed to ensure that this 

manipulation is reflected in all the between-subject treatments. To reward the subjects for 

increasing their market shares, in Treatment 1, the subjects playing firm 2 are paid extra 

$0.30 (not subject to the private exchange rates) for choosing medium θ and an extra 

$0.55 for choosing high θ (not subject to the private exchange rates). There is no extra 

payoff for choosing low θ. In Treatment 2, the incentives for market share are $0.60 for 

choosing medium θ and extra $1.10 for choosing high θ. In Treatment 3, the incentives 

for market share are $1.50 for choosing medium θ and extra $2.70 for choosing high θ.  

In Treatment 1, the NE earnings of the subjects playing Firm 1 and Firm 2 are 

$20.61 and $5.88, respectively. In Treatment 2, the NE earnings are $20.61 and $11.76, 
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respectively. In Treatment 3, the NE earnings are $20.61 and $23.52, respectively. Given 

the average duration of the experimental sessions being around 1 hour, we can see that 

the amounts paid compare fairly well with the average hourly rates of the student subjects 

(Friedman and Sunder, 1994). 

Summary of Chapter 5 

An experiment is designed to test the hypotheses described in Chapter 4. The experiment 

design uses a simulated consumer market.  The subjects play the role of firms i.e., either 

the role of Firm 1 or that of Firm 2. There are three between-subject treatments reflecting 

the level of market dominance of Firm 1 over Firm 2 (characterized by the level of 

inequity in profit distribution). The subjects play eight games of three rounds each against 

one another. Each game is a simulated consumer market condition and represents a 

within-subject treatment. In the next chapter, I will discuss the results and statistical 

analysis.  
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Chapter 6: Data Analysis 

Eighty eight undergraduate business students from a big urban southwestern university 

participated in eleven experimental sessions. The subjects are recruited from different 

undergraduate business classes through their professors and are given monetary 

incentives for participation. Data from two sessions are not used because (i) there are 

incomplete rounds and (ii) there is bias due to subjects communicating with one another. 

Forty eight outcomes from two subjects are further eliminated due to subjects’ inadequate 

understanding of the experimental procedures. Eight hundred and sixteen outcomes from 

70 subjects are included in the final analyses, out of which 272 outcomes are final round 

(third round) outcomes. The session-specific details are reported in Table 9.   

The experiment is conducted using a software program developed specifically for 

this dissertation. The program is written in C# and uses a .net framework. The program 

matches the players according to a config file which is prepared prior to the experimental 

sessions. Each session has a unique config file. The config files ensure two things - (i) the 

subjects are anonymously and randomly matched according to a turnpike design and (ii) 

the order of games is randomized when the program is run. The payoff values for the 

different consumer market conditions (i.e., due to the variations in attenuation, buffering 

and customization) are added into the program as game files. The final payoffs to both 

players in each round (i.e., the round outcomes) are automatically recorded in a data file 

at the end of every round. The program also has the capability to show the results of the 

previous rounds to the players as they are playing the games. For preliminary data 
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analysis the data from the program data files is captured into an excel file. The final data 

analysis is carried out using SPSS XII. 

Manipulation Checks  

Two kinds of manipulation checks are conducted in each experimental session – (i) 

checks prior to the experiment and (ii) post-experiment survey. There are three pre-

experiment checks. First, in each session I followed a pre-determined script to ensure that 

each session is conducted in exactly the same way as the others (see Appendix F). 

Second, each subject has to complete an understanding test (see Appendix D) after he or 

she has finished reading the instructions. The objective of this test is to ensure that the 

subjects understood the instructions clearly and are able to compute their payoffs 

intelligently when they play the games. Third, two practice rounds are conducted in order 

to give the subjects some understanding of the software program before they actually 

started playing the experimental games. The post-experiment survey (see Appendix G) 

accomplished two things – (i) collected demographic information and (ii) collected 

subjects’ viewpoints on the different experimental manipulations. Among other things, 

the results indicated that 95.7% of the subjects found the games easy to comprehend, 

95.7% of the subjects had no problems deriving the payoffs, 91.4% of the subjects were 

able to work out their opponent’s strategy every round and 92.9% of the subjects did not 

know or could not guess who they are playing against. Furthermore, the differences 

among the three between-subject treatments (High/Medium/Low Dominance) are 

statistically tested using the responses from four questions in the post-experiment survey 

(refer to Q.2, Q.4, Q.11 and Q.13 in Appendix G). The results of the multivariate 
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analysis of variance (MANOVA) test indicated that the subjects playing the role of Firm 

2 noticed the inequitable distribution of profits in the High Dominance treatment more 

than the other two treatments (Wilkes’ Λ = 0.225, F8, 48 = 6.646, p < 0.001).  The results 

indicate that the manipulation of market dominance of Firm 1 over Firm 2 through use of 

private exchange rates worked quite well within the experimental set-up.      

6.1. Outline of Analysis 

I run eight multiple logistic regression models to analyze the six hypotheses described in 

chapter four. The first four models test the customization effect (Hypotheses 1A & 1B). 

In other words, the first four models test the hypotheses drawn on the Static MA model. 

The first two of these four models (i.e., LR1 and LR1 Reverse) use all 816 outcomes 

while the last two models (i.e., LR2 and LR2 Reverse) use only the 272 final round 

outcomes. The final round outcomes are separately analyzed in order to isolate learning 

effects, if any.   

The last four multiple logistic regression models test the hypotheses drawn on the 

Dynamic Two-stage MA model (Hypotheses 2 through 6B). Only 272 final round 

outcomes are analyzed in these four models. The first two of these last four models (i.e., 

LR3 and LR3 Reverse) test market dominance (Hypotheses 6A & 6B), attenuation 

(Hypothesis 2) and buffering (Hypothesis 3) effects. The last two models (i.e., LR4 and 

LR4 Reverse) test market dominance (Hypotheses 6A & 6B), payment system 

(Hypotheses 4 & 5) and buffering (Hypothesis 3) effects. The reason for running separate 

logistic regression models is to distinguish between the attenuation effects and payment 
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system effects (since the payment system effects arise due to the attenuation differences 

between the two firms’ products). 

I present the tests of hypotheses based on the Static MA model in section 6.2. The 

descriptive statistics for the second-stage outcomes vis-à-vis the analytical predictions are 

presented in section 6.2.1. An overview of multiple logistic regression methodology is 

presented in section 6.2.2. LR1 and LR1 Reverse results are described in section 6.2.3 

while LR2 and LR2 Reverse results are described in section 6.2.4.  I present the tests of 

hypotheses based on the Dynamic two-stage MA model in section 6.3. The descriptive 

statistics for the overall game outcomes vis-à-vis the NE predictions are presented in 

section 6.3.1. LR3 and LR3 Reverse results are described in section 6.3.2 while LR4 and 

LR4 Reverse results are described in section 6.3.3. Table 10 summarizes the analysis 

outline and mentions the relevant sections. The summarized results from the different 

models are presented in Table 11.  

6.2. Tests of Hypotheses based on the Static MA Model: Customization Effect 

In the second stage of each round, both firms simultaneously choose a pricing scheme. 

The customization level is pre-determined by Firm 2’s choice in the first stage of the 

round. The Static MA model is the same as the second-stage of the Dynamic two-stage 

MA model. I use the experimental outcomes of the second-stage games to test the 

hypotheses based on the Static MA model (i.e., the customization effect or Hypotheses 

1A and 1B).   

6.2.1 Descriptive Statistics 
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Out of the 816 second-stage equilibrium outcomes, 469 are low customization (i.e., Firm 

2 chose its customization level to be low at 571.0
7
4
==θ  during the first stage), 192 are 

medium customization (i.e., Firm 2 chose its customization level to be medium at 

8.0=θ  during the first stage) and 155 are high customization (i.e., Firm 2 chose its 

customization level to be high at 95.0=θ  during the first stage). The rationale behind 

using three customization levels is discussed in chapter 5. Overall, 657 of the 816 

equilibrium outcomes (80.5%) are the same as the second-stage NE outcome (the second-

stage NE outcome for each payoff matrix is depicted in bold in Table 8). The descriptive 

statistics are shown in Table 12.   

The results show that the incidence of the second-stage NE outcome is greater 

when the customization levels are lower. In fact 91.3% of the experimental equilibrium 

outcomes at the low customization level matched the second-stage NE outcome (i.e., the 

NE outcome of the Static MA model), while the corresponding numbers for medium and 

high customization are 75.3% and 54.2%, respectively. The second-stage equilibrium 

outcomes for the final round results are also similar. Out of the 272 final round outcomes, 

156 are low customization, 64 are medium customization and 52 are high customization. 

The incidence of the second-stage NE outcome is far greater in the low customization 

condition (92.9%) than in the medium (71.9%) or the high customization (51.9%) 

conditions. The percentages and the actual number of cases are pictorially depicted in 

Figure 3.  
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Although the total number of cases in the medium and high customization 

condition is less than that in the low customization condition, it is clear that there are 

more incidences of non-NE outcomes at the higher levels of customization than at the 

lower levels. Figure 4 and Figure 5 pictorially depict the session-specific equilibrium 

outcomes. Figure 4 deals with the results from all the rounds (816 outcomes) while 

Figure 5 deals with only the 272 final round outcomes.   

As can be seen in Figures 4 & 5, the trend is not uniform across all the sessions. 

One of the critical differences between the sessions is the difference in the levels of 

market dominance (the between-subject treatments). The variance in the observed 

equilibrium outcomes across the sessions may be partly attributable to those differences. 

In fact, the impact of the differences in market dominance on the second-stage 

equilibrium outcome is statistically measured during the analysis stage and is found to be 

significant. Another reason for the non-observance of the general trend in all the sessions 

may be an insufficient number of cases at each customization level. Take for example the 

third round outcomes from session 10 (Figure 5, bottom-left box). Here, when we look at 

the trend across the three customization levels based on the percentage of second-stage 

NE outcome, the trend appears to be different from the overall trend. That is, the 

percentage of second-stage NE outcome does not gradually become less as the level of 

customization becomes higher. But, just looking at a descriptive aggregate statistic like 

above can be misleading. This is because in session 10 there are only 3 cases each of high 

customization and medium customization vis-à-vis 26 cases of low customization. The 

results from the individual sessions are reported in Table 13. 
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6.2.2 Overview of Logistic Regression Methodology 

Multiple Logistic Regression is preferred over Analysis of Covariance (ANCOVA) 

because the dependent variable is a categorical dichotomous 0-1 variable. It is less 

prudent to model with linear regression techniques (like ANCOVA, which is a special 

form of linear regression), because linear regression models allow the dependent variable 

to take values greater than 1 or less than 0. Logistic regression model is a type of 

generalized linear model that extends linear regression model by linking the range of real 

numbers to the 0-1 range.  

 The interpretation of multiple logistic regression models is not like that of 

multiple linear regression models. The interpretation of logistic regression results 

revolves around an unobserved continuous variable, Z, (logit function) which can be 

thought of as the "propensity towards" the event of interest. In the first four models, Z 

represents a players’ propensity to play a NE strategy in the second-stage of each round, 

with larger values of Z corresponding to greater probabilities of a second-stage NE 

outcome. In the logistic regression models, the relationship between Z and the probability 

of second-stage NE outcome is described by the following link function: 
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                                                     iZ  is the value of the unobserved variable for the ith 

case (logit function) 

The general model assumes that Z is linearly related to the predictors. 

where
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                                         ijx  is the jth predictor in the ith case 

                                         jb  is the jth coefficient 

                                          N is the number of predictors 

Since Z is unobserved, the predictors are related to the probability of second-stage NE 

through the following substitution of Z 
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The logistic coefficients are estimated through an iterative maximum likelihood method. 

Like the linear regression coefficients, the logistic coefficients are partial coefficients, 

controlling for other variables in the model. 

6.2.3 Models: LR1 & LR1 Reverse 

I denote the first two multiple logistic regression models (where, all the 816 outcomes are 

used) as LR1 and LR1 Reverse. Here, the second-stage NE outcome, Exp1, is the 

dependent variable and the level of customization is the independent variable. Exp1 is 

coded as 1 when both firms select second-stage NE strategies and as 0 otherwise. The 

second-stage NE outcome is equivalent to the NE outcome from the Static MA model 
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(see Chapter 3). Market Dominance, Attenuation, Buffering, Round and Session are 

added to the models as covariates. The three customization levels are coded in the dataset 

as 1 (low customization), 2 (medium customization) and 3 (high customization). To run 

logistic regression, the customization levels are dummy coded using two dummy 

variables.  To understand the contrasts across all the three customization levels, two 

separate dummy coding schemes are used. In the first coding scheme (used in model 

LR1), the reference level is “high” customization, and in the second (used in model LR1 

Reverse), the reference level is “low” customization. The dummy coding schemes for the 

categorical dependent variables and covariates used in LR1 are shown in Table 14. LR1 

Reverse has similar coding schemes for all the variables except for customization. The 

coding scheme for customization used in LR1 Reverse is explained later. 

The logit functions for LR1 and LR1 Reverse are as follows: 
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where,  

2
iNE

p is the probability that the ith case has a second-stage NE outcome 

Cust(1), Cust(2) are the dummy variables for customization (reference level, high 

customization for LR1 and low customization for LR1 Reverse) 

Dom(1), Dom(2) are the dummy variables for market dominance (reference level, 

Treatment 3 or Low Dominance) 
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Att(1) to Att(3) are the dummy variables for attenuation (reference level, “high-high”)  

Buf(1) is the dummy variable for buffering (reference level, “high”) 

Rnd(1), Rnd(2) are the dummy variables for round (reference level, Round 3) 

Ses(1) to Ses(8) are the dummy variables for session (reference level, Session 10) 

The model summary results for LR1 and LR1 Reverse are depicted in Table 15. 

The goodness-of-fit statistics for both LR1 and LR1 Reverse are strong. The goodness-

of-fit statistics help to determine whether the model adequately describes the data. The 

Hosmer-Lemeshow statistic for both LR1 and LR1 Reverse indicate a good fit since the 

significance value is greater than 0.051. The reported Nagelkerke R-squared value for 

both LR1 and LR1 Reverse are 0.2252. Model predictability is also found to be quite 

high, around 81.5%. The parameter estimates for LR1 are reported in Table 16. 

Overall, the parameter estimates of LR1 indicate that the coefficients 

corresponding to customization are significant at the 0.1% level. However, the meaning 

of a logistic regression coefficient is not as straightforward as that of a linear regression 

coefficient. While the jb coefficient is convenient for testing the significance of the jth 

                                                 
1 The Hosmer-Lemeshow statistic is the most reliable test of model fit for binary logistic regression. The 
test divides the subjects into deciles based on the predicted probabilities, and then computes a chi-square 
from observed and expected frequencies. If the Hosmer-Lemeshow statistic is 0.05 or less, we reject the 
hypotheses that there is no difference between the observed and model-predicted values of the dependent 
variable. In other words, rejection of null hypothesis means that the model predicts values significantly 
different from what they ought to be (i.e., the observed values). Thus, a value greater than 0.05, indicates 
support for the alternate hypothesis. 
2 The R-squared statistic, which measures the variability in the dependent variable explained by a linear 
regression model, cannot be computed for logistic regression models. In logistic regression, pseudo R-
squared statistics having similar properties as the true R-squared statistic are used. The pseudo R-squared 
statistics are based on comparing the likelihood of the current model to the null model (one without any 
predictors). Larger pseudo R-square statistics indicate that more of the variation is explained by the model, 
from a minimum of 0 to a maximum of 1. There are two pseudo R-squared statistics - Cox and Snell R-
squared statistic and Nagelkerke R-squared statistic. The maximum value of the Cox and Snell R-squared 
statistic is actually somewhat less than 1; the Nagelkerke R-squared statistic is a correction of the Cox and 
Snell statistic so that its maximum value is 1. 
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predictor, Exp( jb ) or jbe  is easier to interpret. Exp( jb ) represents the ratio-change in the 

odds of the event of interest for one-unit change in the predictor.  

In LR1, the logistic coefficients for Cust(1) and Cust(2) (i.e., 1b and 2b ) are 

2.137*** and 1.005***, respectively. The interpretation of the significant coefficient for 

Cust(1) is as follows: Exp( 1b ) is 8.47. This means the odds of second-stage NE when 

Cust(1) = 1 are 8.47 times more than the odds of second-stage NE when Cust(1) = 0 and 

Cust(2) = 0. According to the coding scheme mentioned in Table 12, Cust(1) = 1 means 

low customization and Cust(1) = 0 means the reference level (i.e., high customization). In 

other words, the odds of second-stage NE in the low customization condition are 8.47 

times more than the odds of second-stage NE in the high customization condition. The 

above interpretation becomes easier to comprehend when we consider the probabilities. 

Assume the probability of second-stage NE outcome to be 0.5 when Cust(1) = 0 and 

Cust(2) = 03. Then the corresponding odds for second-stage NE outcome is given by 
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customization level is low, the probability of second–stage NE outcome increases 

                                                 
3 The default probability of second-stage NE outcome for each case can be found by directly plugging the 
value of the intercept into the Z-functional form and making all the other coefficients equal to zero 
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significantly from 0.5 to 0.89. The result strongly supports Hypothesis 1A which predicts 

that when Firm 2 offers a less customized product, the second-stage NE outcome (i.e., the 

Static MA model NE outcome) is more likely to occur.  

We can similarly investigate 2b , the logistic coefficient for Cust(2). According 

the coding scheme of customization in LR1, Cust(2) = 1 corresponds to medium 

customization while Cust(1) = 0 and Cust(2) = 0 is the reference level, high 

customization. In other words, the coefficient for Cust(2) contrasts the medium and high 

customization levels. Thus, if the probability of second-stage NE outcome increases 

when Cust(2) = 1 vis-à-vis when Cust(2) = 0, this indicates additional support for 

Hypotheses 1A. Assuming that the probability of second-stage NE outcome at high 

customization (i.e., Cust(1) = 0 and Cust(2) = 0) is 0.2 instead of 0.5, the corresponding 

odds for second-stage NE outcome is given by 
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of Exp( 2b ) = 2.731, the odds of second-stage NE outcome at cust(2) = 1 becomes 
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If, the probability of second-stage NE outcome at the high customization level had been 

0.5, then the probability of second-stage NE at the medium customization level would 

have significantly increased to 0.73. Therefore, the significance of both Cust(1) and 

Cust(2) provide strong support for Hypothesis 1A. To test Hypothesis 1B, we need to 
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analyze the reverse direction i.e., compare the low customization level with the medium 

and high customization levels. Model LR1 Reverse captures the reverse comparisons. 

The parameter estimates for LR1 Reverse are shown in Table 17. 

In LR1 Reverse, the reference level is low customization (vis-à-vis high 

customization in LR1). Thus Cust(1) = 1 means medium customization and Cust(2) = 1 

means high customization. In LR1 Reverse, 1b  and 2b , the logistic coefficients 

corresponding to Cust(1) and Cust(2) are -1.132*** and -2.137***, respectively. Exp( 1b ) 

and Exp( 2b ) values are 0.322 and 0.118, respectively. Following the computational logic 

described in the previous paragraphs and assuming a second-stage NE outcome 

probability of 0.5 for the reference level (i.e., low customization), the results show that 

the probability of second-stage NE outcome significantly decreases to 0.11 (from 0.5) 

when the customization level is high or to 0.24 (from 0.5) when the customization level is 

medium. Thus the likelihood of obtaining second-stage NE outcome decreases when 

Firm 2 offers a more customized product. This result strongly supports the Hypothesis 1B 

prediction that when Firm 2 offers a more customized product, the second-stage NE 

outcome (i.e., the Static MA model NE outcome) is less likely to occur. 

 Although no formal hypotheses are drawn regarding the impact of market 

dominance, market MA characteristics or payment system design features on second-

stage equilibrium outcome, I investigate their impact by adding them as covariates in 

LR1 and LR1 Reverse (Tables 16 & 17). One of the reasons for their inclusion is the 

variance observed in the session-specific equilibrium outcomes of the second-stage 

games (see Figures 4 & 5). The logistic coefficients for “Market Dominance”, 3b  and 4b  
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corresponding to Dom(1) and Dom(2) are -1.468** and -2.047***, respectively. The 

significance of 3b indicates that the probability of second-stage NE outcome significantly 

decreases from 0.5 to 0.187 when the market setting changes from Low Dominance to 

High Dominance. Similarly, the significance of 4b  indicates that the probability of 

second-stage NE outcome significantly decreases from 0.5 to 0.11 when the market 

setting changes from Low Dominance to Medium Dominance. Clearly, the results 

indicate that when there is inequity in profit distribution and one firm is more dominant 

over the other, the probability of second-stage NE outcome decreases. The results 

conform to my intuitions because the theoretical rationale for deviation from second-

stage NE outcome at the higher customization level (described in section 4.1) becomes 

less strong when Firm 1 is less dominant over Firm 2. However, the results are somewhat 

inconsistent since the decrease in the probability of second-stage NE is greater in the 

medium dominance treatment than in the high dominance treatment. None of the other 

covariates, attenuation, buffering, round or session are significant at the 5% level.    

6.2.4 Model: LR2 and LR2 Reverse 

A total of 272 final round second-stage outcomes are used in LR2 and LR2 Reverse 

models. Even though LR1 shows that “round” has no significant effect on the second-

stage NE outcome, in LR2 and LR2 Reverse I analyze only the final round outcomes (out 

of the three rounds played in each game) to address the possibility of any learning effect. 

Like in LR1, in LR2 the second-stage NE outcome, Exp1, is the dependent variable and 

the level of customization is the independent variable. Market Dominance, Attenuation, 

Buffering, and Session are again added as covariates. The dummy coding scheme for 



 67

customization is reversed in LR2 Reverse i.e., the dummy coding scheme for 

customization in LR2 and LR2 Reverse are exactly like LR1 and LR1 Reverse 

respectively (see Table 13).  

The logit functions for LR2 and LR2 Reverse are as follows: 
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where,  

2
iNE

p is the probability that the ith third round case has a second-stage NE outcome 

Cust(1), Cust(2) are the dummy variables for customization (reference level, high 

customization for LR2 and low customization for LR2 Reverse) 

Dom(1), Dom(2) are the dummy variables for market dominance (reference level, 

Treatment 3 or Low Dominance) 

Att(1) to Att(3) are the dummy variables for attenuation (reference level, high-high)  

Buf(1) is the dummy variable for buffering (reference level, high) 

Ses(1) to Ses(8) are the dummy variables for session (reference level, Session 10). 

The model summary results for both customization coding schemes are depicted 

in Table 15. The goodness-of-fit statistics of LR2 and LR2 Reverse are stronger than 

those for LR1 and LR1 Reverse. First, the Hosmer-Lemeshow statistics for both LR2 and 

LR2 reverse are not significant. Second, the Nagelkerke R-squared value for both LR2 
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and LR2 Reverse is greater at 0.305. Model predictability is also found to be quite high, 

around 82.4%. The parameter estimates for LR2 are reported in Table 18. 

The customization coefficients are significant in LR2, as are the coefficients for 

the market dominance variations. In LR2, 1b  and 2b , the logistic coefficients 

corresponding to Cust(1) and Cust(2) are 2.546*** and 0.924*, respectively. Exp( 1b ) and 

Exp( 2b ) values are 12.757 and 2.52, respectively. Following the computational logic 

described while discussing LR1 results and assuming a second-stage NE outcome 

probability to be 0.5 for the reference level (i.e., high customization), the results reveal 

that the probability of second-stage NE outcome significantly increases to 0.93 (from 0.5) 

when the customization level is low or to 0.72 (from 0.5) when the customization level is 

medium. Clearly, the likelihood of occurrence of second-stage NE outcome increases 

when Firm 2 offers a less customized product. Therefore like LR1, LR2 results strongly 

support Hypothesis 1A which predicts that when Firm 2 offers a less customized product, 

the second-stage NE outcome (i.e., the Static MA model NE outcome) is more likely to 

occur. LR2 Reverse is used to test Hypothesis 1B and compare the reference level, low 

customization, to the medium and high customization conditions. The parameter 

estimates for LR2 Reverse are reported in Table 19. 

In LR2 Reverse, 1b  and 2b , the logistic coefficients corresponding to Cust(1) and 

Cust(2) are -1.622*** and -2.546***, respectively. Exp( 1b ) and Exp( 2b ) values are 

0.198 and 0.078, respectively. Assuming a second-stage NE outcome probability to be 

0.5 for low customization, the probability of second-stage NE outcome significantly 
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decreases to 0.165 when the customization level is high or to 0.07 when the 

customization level is medium. Thus, the likelihood of second-stage NE outcome sharply 

decreases when Firm 2 offers a more customized product. This result strongly supports 

Hypothesis 1B which predicts that when Firm 2 offers a more customized product, the 

second stage NE outcome (i.e., the Static MA model NE outcome) is less likely to occur. 

 In LR2 and LR2 Reverse, none of the covariates (attenuation, buffering, or 

session) other than Dominance are found to be significant at the 5% level. The logistic 

coefficients for Dominance, 3b  and 4b corresponding to Dom(1) and Dom(2) are -2.036* 

and -1.378, respectively. The significance of 3b indicates that the probability of second-

stage NE outcome significantly decreases from 0.5 to 0.125 when the market setting 

changes from Low Dominance to High Dominance. However, 4b is not significant. Hence 

I cannot conclude that the probability of second-stage NE outcome significantly 

decreases when the market setting changes from Low Dominance to Medium 

Dominance. Overall, the result supports the following theoretical rationale. When the 

market exhibits a more equitable profit distribution (i.e., low dominance), Firm 2’s 

incentives to deviate (as described in section 4.1) at the higher customization levels are 

less strong. In fact, the probability to deviate from the second-stage NE outcome 

continually decreases when Firm1 becomes less and less dominant over Firm 2. 

Consequently, the predictions of Hypothesis 1A or 1B are less applicable in the Low 

Dominance markets. LR2 results strengthen this interpretation. In LR1, I found that the 

decrease in the probability of second-stage NE outcome is actually higher in the medium 

dominance market than in the high dominance market. The LR2 results do not have this 
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problem. In fact, though insignificant at the 5% level (p = 0.132), the 4b  coefficient 

indicates that the probability of second-stage NE outcome decreases from 0.5 to 0.20 

when the market setting changes from Low Dominance to Medium Dominance i.e., the 

probability of second-stage NE outcome decreases in the medium dominance markets, 

but the decrease is not as much as the decrease in the high dominance markets. 

6.3. Tests of Hypotheses based on the Dynamic two-stage MA Model 

The Nash Equilibrium (NE) outcome of the Dynamic two-stage MA model is (F, 

(
7
4

→θ , F)). In other words, the NE outcome of the model means the following: Firm 2 

would choose low customization (i.e.,
7
4

→θ ) in the first stage and both Firm 1 and Firm 

2 would choose the pre-payment pricing scheme, F, in the second stage. In the previous 

section (section 6.2), I analyzed only the second-stage equilibrium outcome taking the 

choice made by Firm 2 in the first stage as given. In this section, I will analyze the 

equilibrium outcome of the entire two-stage game. From now on, I refer to the analytical 

equilibrium outcome of the Dynamic two-stage MA model as the “NE outcome” (refer to 

Theorem 2) and investigate how the experimental equilibrium outcomes deviate or do not 

deviate from this outcome.  

The basis for empirical investigation will follow the hypotheses drawn in Chapter 

4. The tests of Hypotheses 2 through 6B are conducted through four multiple logistic 

regression models (LR3, LR3 Reverse, LR4, LR4 Reverse). In all the models I force the 

intercept term to be 0 in order to facilitate interpretation of the hypothesized effects. 
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While discussing the customization effects in section 6.2, I set the default probability of 

second-stage NE outcome to be 0.5. Now, by eliminating the intercept term, I formally 

include the default probability for the NE outcome to be 0.5 into the models themselves. 

6.3.1 Descriptive Statistics 

The NE outcome, (F, (
7
4

→θ , F)) is captured as a variable, NashEq, which is coded as 1 

when both firms select NE strategies and as 0 otherwise. The descriptive statistics are 

shown in Tables 20 and 21.  Table 20 compares the percentage of NE outcome across 

the three between-subject treatments, while Table 21 compares the percentage of NE 

outcome reached for each game the subjects played. The amount of NE play is 

significantly different across the three between-subject treatments. In total there are 288 

outcomes for the High Dominance (High Inequity) treatment, of which 126 (43.8%) are 

NE outcomes. There are 336 equilibrium outcomes for the Medium Dominance (Low 

Inequity) treatment, of which 174 (51.8%) are NE outcomes. There are 192 equilibrium 

outcomes for the Low Dominance (No Inequity) treatment, of which 128 (66.7%) are NE 

outcomes. When only the third round outcomes are considered, the percentage of NE 

outcomes in the High, Medium and Low Dominance treatments are 40.6%, 52.7% & 

73.4%, respectively. Pooling the observations for all the three treatments, only 52.5% of 

the equilibrium results are NE outcomes. Thus, there are more NE outcomes in the Low 

Dominance (No Inequity) treatment than in the Medium Dominance (Low Inequity) or 

High Dominance (High Inequity) treatments and there are more NE outcomes in the 
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Medium Dominance (Low Inequity) treatment than in the High Dominance (High 

Inequity) treatments.  

Figure 6 graphically highlights the differences between the three between-subject 

treatments. Figure 6A indicates that in the High Dominance (High Inequity) treatment, 

the frequencies of non-equilibrium outcomes (black columns) are almost always higher 

than the frequencies of NE outcomes (white columns). Contrastingly, just the reverse is 

true in the Low Dominance (No Inequity) treatment (Figure 6C). Medium Dominance 

(Low Inequity) is in between High and Low Dominance (Figure 6B). Figure 6D indicates 

how the mean value of NashEq varies across the games (i.e., within-subject treatments) 

and between-subject treatments. NashEq takes the value of 1 when the experimental 

outcome matches the NE outcome and 0 otherwise. Hence, a mean value of NashEq 

closer to 1 would indicate greater incidence of NE outcome. The line tracing the mean 

values of NashEq in the High Dominance treatment clearly lies below the lines tracing 

the mean values of NashEq in the Low and Medium Dominance treatments. Also, the line 

traces of the means of NashEq indicate a definite pattern by which the results differ from 

one game to the other (i.e., between the within-subject treatments).  

Figure 7 graphically highlights the differences in NE outcomes for the within 

subject variations. Figure 7A indicates how the mean value of NashEq varies across the 

payment system differences and between-subject treatments. The line tracing the mean 

values of NashEq in the 21 αα =  case (“Firm 1 = Firm 2” in Figure 7A) clearly lies below 

the line tracing the mean values of NashEq in the 21 αα < case (“Firm 1 < Firm 2” in 

Figure 7A). Also, the line tracing the mean values of NashEq in the 21 αα =  case (“Firm 
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1 = Firm 2” in Figure 7A) clearly lies above the line tracing the mean values of NashEq 

in the 21 αα >  case (“Firm 1 > Firm 2” in Figure 7A). Figure 7B indicates that the mean 

values of NashEq, are almost always higher (i.e., indicating more NE outcomes) when 

the market attenuation levels are low (white columns) than when the market attenuation 

levels are high (black columns). Similarly, Figure 7C indicates that the mean values of 

NashEq, are almost always higher (i.e., indicating more NE outcomes) when the market 

buffering levels are low (white columns) than when the market buffering levels are high 

(black columns). However, these differences seem to be moderated by the level of market 

dominance since the effects are less evident when Firm 1 is less dominant over Firm 2 

(e.g. see sessions 9 and 10 in Figures 7B and 7C). 

6.3.2 Models: LR3 & LR3 Reverse 

LR3 tests Market Dominance (Hypothesis 6), Attenuation (Hypothesis 2) and Buffering 

(Hypothesis 3) effects. The dependent variable is the NE outcome of the Dynamic two-

stage MA model, NashEq. Like Exp1 in LR1 and LR2, NashEq is a categorical 

dichotomous 0-1 variable. Hence, logistic regression is preferred over ANCOVA to test 

the hypotheses. The categorical independent variables are Market Dominance, 

Attenuation and Buffering.4 The three market dominance levels are coded in the dataset 

as 1 (High Dominance), 2 (Medium Dominance) and 3 (Low Dominance). To run logistic 

regression, the dominance levels are dummy coded using two dummy variables and Low 

Dominance is the reference level. The dummy coding for market dominance is reversed 

in LR3 Reverse. The four attenuation levels are coded in the dataset as 1 (Low-Low), 2 
                                                 
4 Dominance, Attenuation and Buffering are covariates (not dependent variables) in LR1 and LR2 as they 
are not hypothesized to have any impact on the second-stage equilibrium outcome 
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(High-Low), 3 (Low-High) and 4 (High-High). The attenuation levels are dummy coded 

using three dummy variables with “High-High” attenuation as the reference level. The 

two buffering levels are coded in the dataset as 1 (Low) and 2 (High). The buffering 

levels are dummy coded using one dummy variable with “High” buffering as the 

reference level. The dependent variable coding schemes are shown in Table 22.  

Session and game are added as categorical covariates. I also add a third covariate, 

MS into the models, reflecting the way in which the market share payoffs are made 

known to the subjects. MS is coded as 1 when the market share payoffs are given as 

additional information and as 2 when the market share payoffs are included within the 

payoff matrices.  

The logit functions for LR3 and LR3 Reverse are as follows: 
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where,  

iNEp is the probability that the ith third round case has a NE outcome 

Dom(1), Dom(2) are the dummy variables for market dominance (reference level, Low 

Dominance for LR3 and High Dominance for LR3 Reverse) 

Att(1) to Att(3) are the dummy variables for attenuation (reference level, high-high)  

Buf(1) is the dummy variable for buffering (reference level, high) 
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MS(1) is the dummy variable for MS (reference level, market share pay-offs as additional 

information) 

Ses(1) to Ses(8) are the dummy variables for session (reference level, Session 10) 

Game(1) to Game(7) are the dummy variables for game (reference level, Game 8). 

The Hosmer-Lemeshow statistic for LR3 is not significant (0.668). The 

Nagelkerke R-squared value is reported at 0.138. Model predictability is found to be 

around 63.6%. The parameter estimates for LR3 are reported in Table 23. 

The parameter estimates of LR3 reveal significance for the Dominance and 

Attenuation coefficients. The buffering coefficient is not significant. Among the 

covariates, only game is found to be significant at the 5% level. In LR3, 1b  and 2b , the 

logistic coefficients corresponding to Dom(1) and Dom(2) are -1.967*** and -1.649*, 

respectively. Exp( 1b ) and Exp( 2b ) values are 0.14 and 0.192, respectively. According to 

the coding scheme used in LR3 (see, Table 22), Dom(1) = 1 corresponds to High 

Dominance (i.e., high inequity of profit distribution) and Dom(2) = 1 corresponds to 

Medium Dominance (i.e., low inequity of profit distribution). Dom(1) = 0 and Dom(2) = 

0 corresponds to the reference level, Low Dominance (i.e., no inequity of profit 

distribution). Given the default NE outcome probability of 0.5, the odds for NE under 

Low Dominance treatment are 1
5.01

5.0
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of Exp( 1b ) = 0.140, the odds of NE outcome at Dom(1) = 1 become 

)(*)( 10)2(,0)1( bExpNEodds DomDom == = 0.140. Thus, the corresponding NE outcome 
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probability at Dom(1) = 1 reduces to 
140.01

140.0
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1)1(
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+ =

=

Dom

Dom

NEOdds
NEOdds

= 0.12, meaning 

that the probability of NE outcome significantly reduces from 0.5 in the Low Dominance 

condition to 0.12 in the High Dominance condition. In other words, the likelihood of 

deviation from NE outcome increases in the High Dominance condition. Using the same 

computational logic, the probability of NE outcome at Dom(2) = 1 reduces to  

192.01
192.0

)(1
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1)2(

1)2(

+
=

+ =

=

Dom

Dom

NEOdds
NEOdds

= 0.16, meaning that the probability of NE outcome 

significantly reduces from 0.5 in the Low Dominance condition to 0.16 in the Medium 

Dominance condition. Combined, the Dom(1) and Dom(2) results show that the 

likelihood of NE outcome decreases when Firm 1 becomes more dominant. These results 

strongly support Hypothesis 6A, which predicts that Firm 2’s likelihood of playing an NE 

strategy should decrease when Firm 1’s market dominance increases. However, the above 

results do not reveal whether Firm 2’s likelihood of playing an NE strategy increases 

when Firm 1’s market dominance decreases (Hypothesis 6B). To test Hypothesis 6B, the 

coding scheme for Dominance must be reversed to make High Dominance the reference 

level. The parameter estimates of LR3 Reverse are reported in Table 24. 

When I reverse the coding scheme for Dominance, Dom(1) = 1 represents 

Medium Dominance and Dom(2) = 1 represents Low Dominance. Dom(1) = 0 and 

Dom(2) = 0 signify the reference level, High Dominance. The results from LR3 Reverse 

do not reveal a significant change in the NE outcome probability when the market setting 

changes from High Dominance to Medium Dominance. This is because 1b , the 
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coefficient for Dom(1), is not significant. However, the probability of NE outcome 

significantly increases from 0.5 to 
112.41

112.4
+

= 0.80 when the market conditions change 

from High dominance to Low dominance. The results partially support Hypothesis 6B 

which predicts that Firms 2’s likelihood of playing an NE strategy should increase when 

Firm 1’s market dominance decreases. Nevertheless, the results do not indicate that the 

incidence of NE outcome significantly increases when market conditions change from 

high dominance to medium dominance. 

 Although, the parameter estimate for LR3 shows attenuation to be significant at 

the 5% level, not all the dummy variable coefficients for attenuation are significant. 

Namely, 3b  (1.157*) and 5b (1.814**), the coefficients corresponding to Att(1) and 

Att(3) are significant. But the 4b  coefficient corresponding to Att(2) is not significant. 

These results provide some support for an Attenuation Effect (Hypothesis 2). According 

to the coding scheme shown in Table 22, the reference level for attenuation is “high-

high” (i.e., when the attenuation for both Firm 1’s and Firm 2’s products are high). Att(1) 

= 1 means attenuation is “low-low” (i.e., when the attenuation for both Firm 1’s and Firm 

2’s products are low). Exp( 3b ) corresponding to Att(1) is 3.179. The significant 

3b coefficient shows that the probability of NE outcome increases from 0.5 to 
179.31

179.3
+

= 

0.76 when Att(1) = 1. In other words, the probability of NE outcome is significantly 

higher in the attenuation “low-low” condition than in the attenuation “high-high” 

condition. This result supports Hypothesis 2, which predicts that the likelihood of 
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deviations from NE outcome should be greater when the market has higher attenuation 

levels.  The significant 5b coefficient corresponding to Att(3) shows that the probability 

of NE outcome increases from 0.5 to 
137.61

137.6
+

= 0.86 when Att(3) = 1. In other words, 

the probability of NE outcome is significantly higher in the attenuation “low-high” 

condition than in the attenuation “high-high” condition. The intuition behind this result 

comes from the differences in payment system properties, as will be discussed in greater 

detail in the next sub-section.  

  The coefficient for buffering is not significant. Hence, LR3 results do not support 

a Buffering Effect (Hypothesis 3) which predicts that Firm 2 has a greater likelihood of 

playing an NE strategy when the consumer market has lower levels of buffering. If there 

are Buffering Effects, the likelihood of NE outcome should be higher at the lower levels 

of buffering. The results reveal that although the probability of NE outcome increases 

from 0.5 to 
176.21

176.2
+

 = 0.69 when the buffering levels are low, the increase in the 

probability is not statistically significant. One reason for the insignificance of buffering 

coefficients could be lack of sufficient data5; in fact, the buffering coefficient is found to 

be significant when all the 816 experimental outcomes are included in the dataset6.  

6.3.3 Models: LR4 and LR4 Reverse 

LR4 and LR4 Reverse test Payment System (Hypotheses 4 and 5), Market Dominance 

(Hypothesis 6) and Buffering (Hypothesis 3) effects. Like LR3, the dependent variable is 

                                                 
5 Unlike multiple linear regression models, there is no standard way of calculating the statistical power for 
multiple logistic regression models. 
6 These results are not reported in this dissertation and are available upon request. 
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the NE outcome of the Dynamic two-stage Model, NashEq. The categorical independent 

variables are Market Dominance, Attenuation Difference and Buffering. The three market 

dominance levels are coded in the dataset as 1 (High Dominance), 2 (Medium 

Dominance) and 3 (Low Dominance). The two buffering levels are coded in the dataset 

as 1 (Low) and 2 (High). The three attenuation-difference categories (characterizing the 

differences in payment system designs) are coded in the dataset as 1 (when 21 αα = ), 2 

(when 21 αα < ), and 3 (when 21 αα > ). To facilitate running the multiple logistic 

regression models, the attenuation-difference levels are dummy coded using two dummy 

variables. To understand the contrasts across all the three attenuation-difference levels, 

two models (LR4 and LR4 Reverse) are run with different dummy coding schemes for 

attenuation-difference. In the first model (LR4), the reference level is 21 αα > , and in the 

second model (LR4 Reverse), the reference level is 21 αα = . The dummy coding schemes 

for attenuation-difference in LR4 and LR4 Reverse are shown in Table 25. Like in LR3, 

MS, session and game are added as categorical covariates. The dummy coding schemes 

for Dominance, Buffering, MS, session, and game in LR4 and LR4 Reverse are the same 

as those shown for LR3 in Table 22. 

The logit functions for LR4 and LR4 Reverse are as follows: 
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 80

iNEp is the probability that the ith third round case has a NE outcome 

Dom(1), Dom(2) are the dummy variables for market dominance (reference level, Low 

Dominance) 

AttDiff(1), AttDiff(2) are the dummy variables for attenuation-difference (reference 

level, 21 αα >  for LR4 and 21 αα =  for LR4 Reverse)  

Buf(1) is the dummy variable for buffering (reference level, high) 

MS(1) is the dummy variable for MS (reference level, MS=1) 

Ses(1) to Ses(8) are the dummy variables for session (reference level, Session 10) 

Game(1) to Game(7) are the dummy variables for game (reference level, Game 8). 

The Hosmer-Lemeshow statistic for LR4 is not significant (0.645). The 

Nagelkerke R-squared value is 0.129. Model predictability is 64.3%. The goodness-of-fit 

statistics for LR4 Reverse are similar. The parameter estimates for LR4 are reported in 

Table 26. 

The parameter estimates for LR4 reveal significance for the Dominance, 

Attenuation-difference and Buffering coefficients. None of the covariates are found to be 

significant at the 5% level. Turning first to attenuation-difference, LR4 results reveal that 

the dummy variable coefficients 3b  (1.107*) and 4b (1.402**) corresponding to 

AttDiff(1) and AttDiff(2) are significant at the 5% level. This result provides strong 

support for the Payment System Effects (Hypotheses 4 and 5). According to the coding 

scheme for attenuation-difference in LR4 (shown in Table 25), the reference level for 

attenuation-difference is 21 αα >  (i.e., when the attenuation for Firm 1’s products is 
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higher than that for Firm 2’s products). AttDiff(1) = 1 means  that the attenuation-

difference is 21 αα =  i.e., when the attenuation for Firm 1’s and Firm 2’s products are 

equal. Exp( 3b ), corresponding to AttDiff(1), is 2.738. Positive 3b coefficient shows that 

the probability of NE outcome significantly increases from 0.5 to 
738.21

738.2
+

= 0.73 when 

AttDiff(1) = 1. In other words, the probability of NE outcome becomes significantly 

higher in the 21 αα =  condition than in the 21 αα >  condition. Thus, this result supports 

Hypothesis 4, which predicts that the likelihood of NE outcome should be less when the 

attenuation levels experienced by the consumers are greater for Firm 1 than for Firm 2. 

The significant positive 4b coefficient corresponding to AttDiff(2) renders further support 

to this hypothesis. Exp( 4b ) is 4.062. The results show that the probability of NE outcome 

increases from 0.5 to 
062.41

062.4
+

= 0.80 when AttDiff(2) = 1 (i.e., the probability of NE 

outcome becomes significantly higher in the 21 αα <  condition than in the 21 αα >  

condition). LR4 results strongly support Hypothesis 4 because the increase in probability 

is more in the 21 αα >  condition (0.5 to 0.8) than in the 21 αα =  condition (0.5 to 0.73). 

The results imply that as the attenuation experienced by the consumers for Firm 1’s 

product becomes increasingly greater than the attenuation experienced for Firm 2’s 

products, Firm 2’s likelihood of playing the NE strategy declines (supports Hypothesis 

4). Hypothesis 5 is tested using the results from LR4 reverse. The parameter estimates for 

LR4 Reverse are reported in Table 27. 
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In LR4 Reverse, only 3b  (1.814***), the coefficient for AttDiff(1), is significant. 

The coefficient for AttDiff(2), 4b , is not significant (p = 0.157). However, the 

interpretation of logistic coefficient for AttDiff(1) is different in LR4 Reverse.  

According to the coding scheme for attenuation-difference in LR4 Reverse (shown in 

Table 25), the reference level for attenuation-difference is 21 αα =  (i.e., when the 

attenuation for Firm 1’s and Firm 2’s products are equal). AttDiff(1) = 1 means that the 

attenuation-difference is 21 αα <  (i.e., when the attenuation for Firm 1’s products is less 

than that for Firm 2’s products). Exp( 3b ) is 6.137. Positive 3b coefficient corresponding 

to AttDiff(1) shows that the probability of NE outcome significantly increases from 0.5 to 

137.61
137.6

+
= 0.86 when AttDiff(1) = 1. In other words, the probability of NE outcome 

becomes significantly higher in the 21 αα <  condition than in the 21 αα =  condition. 

Thus, this result supports Hypothesis 5, which predicts that Firm 2 will have a greater 

likelihood of playing an NE strategy when the attenuation levels experienced by the 

consumers are greater for Firm 2 than for Firm 1.  

 The coefficient for Buffering, 5b (1.136*), is significant in LR4 but not in LR4 

Reverse (0.778, p = 0.131). According to the coding scheme shown in Table 22, the 

reference level for buffering in LR4 & LR4 Reverse is “high” (i.e., when the consumer 

market buffering levels for both firms are high). Thus, in the logit function, Buf(1) = 0 

means buffering is “high” and Buf(1) = 1 means buffering is “low”. Exp( 5b ), 

corresponding to Buf(1), is 3.114. The significant 5b  coefficient shows that the 
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probability of NE outcome increases from 0.5 to 
114.31

114.3
+

= 0.77 when Buf(1) = 1. In 

other words, the probability of NE is significantly higher in the buffering “low” condition 

than in the buffering “high” condition. Therefore, this result provides some support for a 

Buffering Effect (Hypothesis 3), which predicts that Firm 2 will have a greater likelihood 

of playing an NE strategy when the consumer market has lower levels of buffering.  

 Like LR3, the parameter estimates of LR4 and LR4 Reverse strongly support 

Hypothesis 6A (Market Dominance Effects). In LR4, 1b  and 2b , the logistic coefficients 

corresponding to Dom(1) and Dom(2) are -1.527*** and -1.206*, respectively. Exp( 1b ) 

and Exp( 2b ) values are 0.217 and 0.299, respectively. According to the coding schemes 

used for the independent variables in LR4 (see Table 22, LR3 and LR4 coding schemes 

are the same for Dominance, Buffering, MS, session, and game), Dom(1) = 1 corresponds 

to High Dominance (i.e., high inequity of profit distribution) and Dom(2) = 1 

corresponds to Medium Dominance (i.e., low inequity of profit distribution). Dom(1) = 0 

and Dom(2) = 0 corresponds to the reference level, Low Dominance (i.e., no inequity of 

profit distribution). The results indicate that the probability of NE outcome significantly 

reduces from 0.5 in the Low Dominance condition to =
+ 217.01

217.0 0.178 in the High 

Dominance condition. In other words, the likelihood of deviation from the NE outcome 

significantly increases in the High Dominance condition. Using the same computational 

logic, the probability of NE outcome at Dom(2) = 1 reduces to  

299.01
299.0
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)(
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+
=
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= 0.23. Thus, the probability of NE outcome 
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significantly reduces from 0.5 in the Low Dominance condition to 0.23 in the Medium 

Dominance condition. Combined, Dom(1) and Dom(2) results show that the likelihood of 

NE outcome decreases when Firm 1 becomes more dominant over Firm 2. The results of 

LR4 Reverse are similar. The results strongly support Hypothesis 6A which predicts that 

Firm 2’s likelihood of playing an NE strategy should decrease when Firm 1’s market 

dominance increases. In the next sub-section I will discuss the limitations of this 

dissertation and then move on to discuss the results in Chapter 7. 

6.4. Limitations 

I use a simulated consumer market instead of using human participants as consumers. I 

did this because it is not feasible to have an experimental design that will make the 

subjects playing the role of consumers notice the differences between the three time-

dependent pricing schemes within the short duration of the experiment. Nonetheless, this 

is a limitation of this research; the use of some other methodology (e.g. a field 

experiment) may help in overcoming this limitation.  

Secondly, since I use a within-subject design to test some of my hypotheses, there 

is always the problem of subjects being sensitized by the previous treatments. Having a 

separate session for each within-subject treatment would have been impractical both from 

the perspective of design and that of budget. However, the order effects are minimal in 

the experimental design since each within-subject treatment is an independent game and 

the subjects are anonymously and randomly paired against one another in each game. 

Additionally, two measures are taken to control for the order effects. First, the order of 

within-subject treatments is randomized in the different experimental sessions, and 
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second, the order of strategies in the different pay-off matrices is randomized from one 

game to another. Further, during the statistical analysis, I added “session” and “game” as 

covariates to isolate any miscellaneous order effects. Both covariates are found not to be 

significant.  

The use of undergraduate students as subjects may be another source of concern. 

Studies comparing behavior of professionals and students have shown that the findings 

from student subject pools are no different from those obtained from the professional 

subject pools (DeJong et al., 1988). The only problem of using student subjects could 

have been the danger of subjects being insufficiently experienced to really understand the 

experimental market (Ball and Cech, 1996). However, since my experimental setting is 

quite simple, the dangers of any miscomprehension are minimal. Also post experiment 

survey reveals that most subjects did not have any problem in comprehending the games. 

I did not incorporate risk of collection into the models. Firms may perceive 

different risks associated with adoption of different pricing schemes. For example, a firm 

might perceive the post payment pricing scheme to be more risky since there are risks of 

non-payment after consumption. In my model and experimental set-up, I assume that the 

firm’s decision to adopt a pricing scheme is entirely dependent on the market 

characteristics and competitive forces and not on its perception of collection risks.  

Summary of Chapter 6 

Eighty eight undergraduate students participated in the experiment. Eight hundred and 

sixteen outcome results are collected during the experiment, of which 272 are final round 

outcomes. The data analysis is carried out through 8 multiple logistic regression models. 
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The first four models tested the hypotheses on the Static MA model (i.e., tested 

customization effect) and last four models tested the hypotheses on the Dynamic two-

stage MA model (i.e., tested market dominance, attenuation, buffering and payment 

system effects). The experimental results indicate strong support for customization (H1A 

and H1B) and market dominance effects (H6A and H6B). LR1, LR1 Reverse, LR2 and 

LR2 Reverse models strongly support customization effect while LR3, LR3 Reverse, 

LR4, LR4 Reverse models strongly support market dominance effect. Payment system 

effect (H5 and H6) has moderate support (from models LR4 and LR4 Reverse), while 

attenuation (H2) and buffering (H3) effects received partial support.  There are some 

limitations to this research. However, none of the limitations are significant enough to 

undermine the main findings of this dissertation. In the next chapter I will conclude by 

discussing the results, contributions and future research directions. 
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Chapter 7: Discussion, Contributions and Future Research Directions 

Discussion of Results 

The analytical findings of my dissertation are analogous to the maximal-minimal findings 

of product differentiation literature (Shaked and Sutton, 1982; Neven and Thisse, 1990; 

Vandenbosch and Weinberg, 1995). According to this literature, when there are two 

differentiating dimensions, firms maximally differentiate with respect to one dimension 

and minimally differentiate with respect to the other. Similarly, my Static MA Model 

(where, customization is a endogenous differentiating dimension) predicts that the two 

firms differentiate with respect to pricing scheme only when their products are not 

differentiated with respect to the level of customization (i.e., (F, M2) equilibrium at 

higher levels of θ). However, contrary to the analytical predictions, the experimental 

results reveal that there is less likelihood of occurrence of second-stage NE outcome (i.e., 

the NE outcome of the Static MA model) when Firm 2 offers a more customized product 

to the consumers. In other words, the experimental result indicates, that when Firm 2 

enters the market with a more customized product, Firm 2 may not follow the maximal-

minimal differentiation prescription of product differentiation literature by offering the 

M2 (i.e., post payment) pricing scheme to the consumers; instead Firm 2 may forego its 

optimal profits and offer the same pricing scheme, F (i.e., pre-payment), as Firm 1.  This 

observed deviant behavior of Firm 2 strongly supports Hypotheses 1A and 1B 

(Customization Effects) discussed in Chapter 4.   
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The analytical results from the Dynamic two-stage MA model indicate that when 

the firms are allowed to choose both pricing schemes and level of customization 

exogenously, they differentiate only with respect to customization and not with respect to 

pricing scheme. At NE, both Firm 1 and Firm 2 choose the pre-payment pricing scheme 

in the second stage while Firm 2 chooses a less customized (i.e., well-differentiated) 

product offering in the first stage. However, subsequent, experimental investigation 

reveals, that certain market conditions like dominance of Firm 1 over Firm 2 (Market 

Dominance Effects), or differences in payment system design features (Payment System 

Effects), may preclude or accentuate occurrence of NE outcomes. The results indicate that 

these effects may induce Firm 2 to deviate from its optimal strategy and thereby, directly 

compete with Firm 1 in the same market segment even though Firm 2 offers a 

qualitatively inferior product (since Firm 1 is assumed to be the technology leader having 

incumbency advantages that Firm 2 cannot match). The market MA characteristics 

(Attenuation Effect, Buffering Effect) are also found to result in deviations from the NE 

outcome but the results are not as strong as those observed for market dominance or 

payment system design features. 

Strong support for the Market Dominance Effects (Hypotheses 6A and 6B) 

indicates that when one firm is dominant over the other, inequitable distribution of profits 

can result in a competitive reaction from the dominated firm (here, Firm 2). Such 

competitive reaction results in the dominated firm choosing a non-optimal strategy that 

brings down the profits of both firms. My experimental results show that when the level 

of market dominance of Firm 1 is artificially reduced through the manipulation of the 
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private exchange rates, Firm 2 is less likely to retaliate against the inequities of profit 

distribution by choosing a non-optimal strategy. However, when the inequities in profit 

distribution are kept as they are, Firm 2 is likely to deviate from its optimal strategy and 

adopt non-optimal strategies that not only reduce the market dominance of Firm 1 but 

also result in reduced profits for both firms. Support for this deviant behavior comes from 

the arguments based on “preference for fairness” discussed in Chapter 4 (Kachelmeier 

and Shehata, 1992; Fehr and Schimdt, 1999).  

The support for the Payment System effects (Hypotheses 4 and 5) indicates that 

differences in payment system design features (i.e., design features other than pricing 

scheme) can preclude or accentuate incidence of NE outcomes. In this dissertation, the 

differences in payment system design features are characterized as the difference in the 

levels of attenuation experienced by the marginal consumer while using each firm’s 

products. The experimental results indicate that when the market conditions are such that 

the attenuation for Firm 1’s products is greater than that for Firm 2’s product, Firm 2 is 

more likely to deviate from its optimal strategy. Contrastingly, when the attenuation for 

Firm 1’s products is less than that for Firm 2’s product, Firm 2 is more likely to opt for its 

optimal strategy. The results indicate that a firm’s choice of payment system design 

features (above and beyond the pricing scheme choice) may also have strategic 

implications.   

 There is only partial support for the Attenuation (H2) and Buffering (H3) Effects. 

The likelihood of NE outcome did not significantly decrease in all the statistical models 

when the level of attenuation increased. LR3 offered some statistically significant support 
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for the attenuation effect. However, even in LR3, the differences across the four levels of 

attenuation are not significant for all the between-level comparisons. The buffering effect 

also received partial empirical support. The support of Buffering effect comes only from 

LR4, where the likelihood of NE outcome is found to significantly increase when the 

consumer market buffering levels are decreased. Readers can look at Table 11 for a 

summary of all the experimental results. 

Contributions 

This dissertation extends Information Systems research on online payment systems. The 

dissertation identifies a strategic rationale as to why firms should consider making 

different online payment systems available to their consumers. My research points out 

that pricing scheme, a design feature of online payment systems, is a differentiating 

dimension that firms can use strategically to compete against one another. Unlike most 

prior literature that discussed the possibility of using pricing scheme as a differentiating 

dimension, my dissertation considers an alternate demand structure built according to the 

descriptive empirical findings from the Behavioral Economics and Marketing literature. 

Moreover, as the payment system effects illustrate, the differences in other design 

features of payment system (like payment interface, payment confirmation process, 

security procedures, etc.) also play a crucial role in determining how firms strategize in a 

competitive market. These findings are most relevant for the emerging market for 

information goods because not only does this market need new online payment systems 

to suit new applications but also intense competition in this market necessitates firms to 

look for innovative ways to differentiate their offerings from those of their competitors 
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(Clemons, Dewan and Kauffman, 2001). This dissertation demonstrates how two 

differentiating dimensions, pricing schemes and customization, may interact with one 

another when price is endogenously determined by the prevalent market forces. This 

research also emphasizes that competition in the market for information goods need not 

be based on prices alone but may be simply through other strategic dimensions like 

pricing schemes or other design features of online payment systems.  

The dissertation is relevant to the designers of online payment systems since 

though consumer perspective has previously been researched and incorporated into 

payment system design, no research has yet looked into how changes in consumer 

behavior may have an impact on firm decision-making vis-à-vis firms’ strategic choice of 

payment systems. Firm perspective is crucial to the online payment system design 

because it is the firms who adopt these online payment systems and make them available 

to the consumers.  

The empirical portion of this dissertation extends the experimental economics 

literature on product differentiation and fairness. Prior literature on experimental 

economics has stressed the need for experimental verification of theories on multi-

dimensional product differentiation (Brown-Kruse et al, 1993; Garcia-Gallego and 

Georgantizis, 2001) and this dissertation contributes to that effort. Also, the crux of 

market dominance argument lies in the theory of preference for fairness (Kachelmeier 

and Shehata, 1992; Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000; Kachelmeier et 

al., 1991). This theoretical conceptualization though previously argued in several other 
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contexts, has seldom been used to test theories on product differentiation. My research 

fills that gap. 

Finally, this dissertation also contributes to the MA literature since it investigates 

the strategic firm level implications of a consumer level MA theory. Though there have 

been several studies that investigated the impact of MA phenomenon on the different 

aspects of consumer behavior, very few studies have actually investigated how such 

behavior at the consumer level might impact the strategies of firms who cater to those 

consumers. My dissertation is a step towards that direction. 

Future Research Directions 

There are several directions for future research. A natural extension of this dissertation 

would be to incorporate a multiple firm setting and observe how firms behave when there 

are more than two firms in the market. Another direction of research would be to consider 

MA characteristics (i.e., attenuation and buffering) as exogenous variable. Firms can 

influence attenuation or buffering experienced by the consumer by controlling design 

features of the payment systems or characteristics of consumption experience. Although 

this dissertation touches this issue briefly during the empirical phase, attenuation and 

buffering are never considered as exogenous decision variables. Hence, an interesting 

future research direction would be to analyze the firm level implications when the levels 

of attenuation and buffering are also choice variables for the firms. In this dissertation, I 

investigate how pricing scheme interacts with a vertical differentiating dimension like 

customization. It would be interesting to research how the market dynamics change when 

the interacting differentiating dimension is a horizontal dimension instead of being a 



 93

vertical dimension (i.e., not all consumers are in agreement over which product is more 

preferable, e.g. color, travel distance etc.). Another extension of this research may 

involve investigation of how consumer behavior changes when the firms strategize 

assuming MA behavior of consumers i.e., testing the reverse direction. Further, it would 

be interesting to see how pricing schemes are used as strategic differentiators in an 

asymmetric information scenario where one firm has more information than the other i.e., 

one firm due its proximity to the consumers has a better ability to understand consumer 

MA behavior while the other firm blindly assumes all the consumers to be rational 

decision-makers. Finally, the consumer market need not only constitute mental 

accounting or non-mental accounting consumers but may contain a combination of both 

kinds of people. It would be worthwhile to find out how firm equilibrium strategies work 

out when the firms calculate their payoffs assuming a probabilistic distribution of 

consumers maintaining mental accounts. Several of these research directions are subjects 

of my current research. 
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Figures and Tables 

 
 
 
 
 
 
     
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Post Payment, M2 

Pay-as-you-go, M1 

u 

u 

A BA 

u

PF 

B
A 

PM1 

u

B
A 

p 

u u

Pre-Payment, F 

PM2 

PM1 

 
Figure 1: Pricing Schemes 

 
 



  

 95

 

 

Figure 2: First Stage Choices for Firm 2 
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Figure 3: Second-stage Equilibrium Outcomes 
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Figure 4: Session-specific Second-stage Equilibrium Outcomes 
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Figure 5: Session-specific Second-stage Equilibrium Outcomes (only Third Round)
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Figure 6: Equilibrium Outcomes of the Dynamic Two-stage Games 
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Figure 7: Equilibrium Outcomes across Within-Subject Treatments
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Figure 8: Prospective Accounting - Dependence of 
Imputed Cost of Consumption on the Time of Payment7 

                                                 
7 Adapted from Prelec and Loewenstein (1998) 
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Consumption takes place along 
this vertical line.  When 
payment and consumption are 
simultaneous, temporal 
separation is equal to 0 
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Figure 9: Second-stage screen shot for Firm 1 
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Figure 10: Second-stage screen shot for Firm 2
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Table 1: Payment Systems and Pricing Schemes 

Payment System  
Any method or process that enables a consumer to pay for 
a good purchased. Pricing scheme is a design feature of 
payment system 

Examples  

Pricing Scheme  
Deals with how payment and consumption 
are temporally separated from one another 

Traditional Online 

Pre-payment (payment before consumption) Subscription Dual Slot mobile payment, 
Stored value cards 

Pay-as-you-go (payment and consumption 
simultaneous) 

Cash, Check, Debit Card Micro-payment solutions 
like Subscrip, Direct 
debiting e-wallets 

Post Payment (consumption before payment) Credit Card, Charge Card Mobile Direct Billing, 
Payword 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 105

 

Table 2: Definition of Key Terms 
Key Term Definition /Explanation 

Payment System Any method or process that enables a consumer to pay for a good purchased. 

Online Payment System Any method or process that enables a consumer to pay for a purchased good 
over the wired and wireless Internet. 

Pricing Scheme A design feature of payment system that deals with how payment and 
consumption are temporally separated from one another. 

Information Goods Intangible digital goods and services. Examples include online weather reports, 
location-based services like restaurant finders, mobile multi-player games, 
digitized music, e-books, streaming videos, messaging applications, etc. 

Vertical Differentiation Vertical differentiation occurs when all the consumers have some kind 
agreement regarding which product is more preferable.  

Level of Customization Firm’s ability to provide the desired consumer utility. It is a vertical 
differentiating dimension. 

Double entry Mental 
Accounting 

Individuals mentally combine payment and consumption within a single mental 
account but evaluate the account every time they pay or consume. For a given 
transaction, one set of entries is for payments and the other set of entries is for 
consumption. 

Imputed cost of 
consumption 

Disutility that reduces the pleasure of consumption by bringing in negative 
thoughts of payment associated with that consumption. 

Imputed benefit of 
payment 

Utility that buffers the pain of paying by bringing in positive thoughts of 
consumption associated with that payment. 

Attenuation It is the degree to which payments attenuate pleasure of consumption. It is a 
MA characteristic or coupling coefficient and is one of the components used to 
compute imputed cost of consumption.  

Buffering It is the degree to which consumption buffers pain of payment. It is a MA 
characteristic or coupling coefficient and is one of the components used to 
compute imputed benefit of payment 
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Table 3: Pricing Schemes, Payment Systems and MA Characteristics 
Payment Systems  

Examples of 
Currently used 
Payment System 

Coupling 
Coefficients/ MA 
characteristics 

Examples of new 
online payment 
systems 

Subscription with no 
payment confirmation 

Attenuation: Low 
Buffering: Low 

Pre-payment  

Subscription with 
payment confirmation 

Attenuation: High 
Buffering: Low 

Stored Value Cards, 
Dual slot mobile 
payment solutions, 
Micro-payment 
solutions like 
Millicent, Micromint 

Pay-as-you-
go  

Cash, Checks, Debit 
cards 

Attenuation: High 
Buffering: High 

Direct Debiting E-
wallets, Micro-
payment solutions like 
NewGenpay systems 

Credit Cards Attenuation: Low 
Buffering: Low 

Pricing 
Schemes  

Post 
payment  

Charge Cards Attenuation: Low 
Buffering: High 

Mobile Direct Billing 
Solutions, Payword 
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Table 4: Duopoly Strategy Space 

 Firm 2 

 Pre-payment, F Pay-as-you-go, M1 Post payment, M2 

Pre-payment, F (F, F) (F, M1) (F, M2) 

Pay-as-you-go, M1 (M1, F) (M1, M1) (M1, M2) 

 

 
Firm 1 

Post payment, M2 (M2, F) (M2, M1) (M2, M2) 

 

 

 

 

Table 5: Imputed Costs and Imputed Benefits 
MA Constructs Definition Notation Expressed as 

Imputed Costs  Disutility that reduces the pleasure of 
consumption by bringing in negative 
thoughts of payment associated with that 
consumption 

np)  ∑∑ ≥
≥

ni
i

ni
i

n p
u

u
)(α  

Imputed Benefits Utility that buffers the pain of paying by 
bringing in positive thoughts of consumption 
associated with that payment. 

nu)  ∑∑ ≥
≥

ni
i

ni
i

n u
p

p
)(β  
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Table 6: Payoffs Derived from the Static MA Model  

   Firm 2  

   F    1M   2M  

  F   
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Table 7: Within-Subjects Design 

Buffering Attenuation 

(Firm1-Firm 2) 

Game 

Low-Low Game 1 

High-Low Game 7 

Low-High Game 5 

Low 

High-High Game 3 

Low-Low Game 2 

High-Low Game 8 

Low-High Game 6 

High 

High-High Game 4 
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Table 8: Games and Payoffs 
Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 1 

 F M1 M2 F M1 M2 F M1 M2 
F $6.10, $0.88 $6.16, $0.80 $6.66, $0.72 $3.26, $0.66 $3.36, $0.62 $4.30, $0.66 $0.90, $0.22 $1.04, $0.22 $2.38, $0.44 
M1 $5.50, $0.86 $5.54, $0.80 $6.02, $0.72 $2.88, $0.64 $2.96, $0.60 $3.84, $0.64 $0.68, $0.18 $0.82, $0.20 $2.06, $0.40 
M2 $4.12, $0.78 $4.18, $0.72 $4.64, $0.66 $1.50, $0.40 $0.48, $0.38 $2.46, $0.50 0, 0 0, 0 $0.68, $0.16 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 2 
F M1 M2 F M1 M2 F M1 M2 

F $9.28, $1.32 $9.50, $1.22 $11.42, $1.02 $4.98, $1.00 $5.36, $0.96 $8.82, $1.10 $1.36, $0.32 $1.94, $0.42 $6.80, $1.02 
M1 $8.12, $1.30 $8.32, $1.18 $10.10, $1.02 $4.08, $0.92 $4.46, $0.90 $7.70, $1.08 $0.70, $0.18 $1.22, $0.30 $5.80, $0.96 
M2 $3.62, $0.82 $3.84, $0.78 $5.84, $0.84 0, 0 0, 0 $3.02, $0.62 0, 0 0, 0 $0.84, $0.20 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 3 
F M1 M2 F M1 M2 F M1 M2 

F $4.80, $0.68 $4.84, $0.54 $5.24, $0.42 $2.56, $0.52 $2.64, $0.40 $3.38, $0.38 $0.70, $0.16 $0.82, $0.14 $1.88, $0.26 
M1 $3.64, $0.68 $3.70, $0.52 $4.02, $0.42 $1.92, $0.50 $1.98, $0.40 $2.56, $0.38 $0.46, $0.14 $0.54, $0.12 $1.38, $0.24 
M2 $2.40, $0.60 $2.44, $0.48 $2.70, $0.38 $0.88, $0.32 $0.94, $0.26 $1.44, $0.28 0, 0 0, 0 $0.40, $0.10 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 4 
F M1 M2 F M1 M2 F M1 M2 

F $7.30, $1.04 $7.46, $0.80 $8.98, $0.60 $3.90, $0.78 $4.22, $0.64 $6.94, $0.64 $1.08, $0.26 $1.52, $0.28 $5.34, $0.60 
M1 $5.42, $1.02 $5.54, $0.80 $6.74, $0.60 $2.72, $0.72 $2.96, $0.60 $5.12, $0.64 $0.46, $0.14 $0.80, $0.20 $3.86, $0.56 
M2 $2.12, $0.64 $2.24, $0.52 $3.40, $0.48 0, 0 0, 0 $1.82, $0.36 0, 0 0, 0 $0.50, $0.12 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 5 
F M1 M2 F M1 M2 F M1 M2 

F $6.10, $0.68 $6.16, $0.54 $6.66, $0.42 $3.26, $0.52 $3.36, $0.40 $4.30, $0.38 $0.90, $0.16 $1.04, $0.16 $2.38, $0.26 
M1 $5.50, $0.68 $5.54, $0.52 $6.02, $0.42 $2.88, $0.50 $2.96, $0.40 $3.84, $0.38 $0.68, $0.14 $0.82, $0.12 $2.06, $0.24 
M2 
 

$4.12, $0.60 $4.18, $0.48 $4.64, $0.38 $1.50, $0.32 $0.48, $0.26 $2.46, $0.28 0, 0 0, 0 $0.68, $0.10 
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Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 6 
F M1 M2 F M1 M2 F M1 M2 

F $9.28, $1.04 $9.50, $0.80 $11.42, $0.60 $4.98, $0.78 $5.36, $0.64 $8.82, $0.64 $1.36, $0.26 $1.94, $0.28 $6.80, $0.60 
M1 $8.12, $1.02 $8.32, $0.80 $10.10, $0.60 $4.08, $0.72 $4.46, $0.60 $7.70, $0.64 $0.70, $0.14 $1.22, $0.20 $5.80, $0.56 
M2 $3.62, $0.64 $3.84, $0.52 $5.84, $0.48 0, 0 0, 0 $3.02, $0.36 0, 0 0, 0 $0.84, $0.12 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 7 
F M1 M2 F M1 M2 F M1 M2 

F $4.80, $0.88 $4.84, $0.80 $5.24, $0.72 $2.56, $0.66 $2.64, $0.62 $3.38, $0.66 $0.70, $0.22 $0.82, $0.22 $1.88, $0.44 
M1 $3.64, $0.86 $3.70, $0.80 $4.02, $0.72 $1.92, $0.64 $1.98, $0.60 $2.56, $0.64 $0.46, $0.18 $0.54, $0.20 $1.38, $0.40 
M2 $2.40, $0.78 $2.44, $0.72 $2.70, $0.66 $0.88, $0.40 $0.94, $0.38 $1.44, $0.50 0, 0 0, 0 $0.40, $0.16 

Low Customization (θ = 0.571*) Medium Customization (θ = 0.8) High Customization (θ = 0.95) Game 8 
F M1 M2 F M1 M2 F M1 M2 

F $7.30, $1.32 $7.46, $1.22 $8.98, $1.02 $3.90, $1.00 $4.22, $0.96 $6.94, $1.10 $1.08, $0.32 $1.52, $0.42 $5.34, $1.02 
M1 $5.42, $1.30 $5.54, $1.20 $6.74, $1.02 $2.72, $0.92 $2.96, $0.90 $5.12, $1.08 $0.46, $0.18 $0.80, $0.30 $3.86, $0.96 
M2 
 

$2.12, $0.82 $2.24, $0.78 $3.40, $0.84 0, 0 0, 0 $1.82, $0.62 0, 0 0, 0 $0.50, $0.20 
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Table 9: Between-Subject Treatments8 

Session Treatment Market Condition 
Number 

of 
Subjects 

Number of 
Equilibrium 
Outcomes 

Number of 
Third 
Round 

Equilibrium 
Outcomes 

1 Treatment 1 High Dominance (High Inequity) 8 96 32 

3 Treatment 1 High Dominance (High Inequity) 8 96 32 

4 Treatment 2 Medium Dominance (Low Inequity) 7 72 24 

5 Treatment 2 Medium Dominance (Low Inequity) 8 96 32 

6 Treatment 2 Medium Dominance (Low Inequity) 8 96 32 

7 Treatment 1 High Dominance (High Inequity) 8 96 32 

8 Treatment 2 Medium Dominance (Low Inequity) 7 72 24 

9 Treatment 3 Low Dominance (No Inequity) 8 96 32 

10 Treatment 3 Low Dominance (No Inequity) 8 96 32 

   70 816 272 

                                                 
8 Session 2 and Session 11 are omitted from the final dataset 
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Table 10: Outline of Statistical Analysis 

Analytical 
Model 

Hypotheses Logistic 
Regression 

Model 

Details Dissertation 
Section 

LR1, LR1 
Reverse 

 Analyzes all 816 second-stage outcomes 

 LR1 Reverse is the same as LR1 except for the reverse 
coding of level of customization 

Section 6.2.3 Static MA 
Model 

Customization Effect (H1A 
and H1B) 

LR2, LR2 
Reverse  

 Analyzes only 272 final round second-stage outcomes 

 LR2 Reverse is the same as LR2 except for the reverse 
coding of level of customization 

Section 6.2.4 

Attenuation (H2), Buffering 
(H3) and Market Dominance 
(H6) Effects 

LR3, LR3 
Reverse 

 Analyzes only 272 final round outcomes 

 LR3 Reverse is the same as LR3 except for the reverse 
coding of level of Market Dominance 

Section 6.3.2 Dynamic 
Two-stage 
MA 
Model  

Payment System (H4 and 
H5), Buffering (H3) and 
Market Dominance (H6) 
Effects 

LR4, LR4 
Reverse 

 Analyzes only 272 final round outcomes 

 LR4 Reverse is the same as LR4 except for the reverse 
coding of level of Attenuation-difference (payment system 
differences) 

Section 6.3.3 
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Table 11: Summarized Hypotheses Tests 
Hypothesis DV Predictor 

Variable 
Model Reference 

Level 
Dummy 
Variable 

Level b Probability9 
 

Customization Effects         
High  Cust(1) Low 2.137*** Increases to 0.89 LR1 
 Cust(2) Medium 1.005*** Increases to 0.73 
High Cust(1) Low 2.546*** Increases to 0.93 

Hypothesis 1A: When Firm 2 offers 
a less customized product, the NE 
outcome from the Static MA Model 
is more likely to occur. 

2nd 
stage 
NE  

Customization

LR2 
 Cust(2) Medium 0.924* Increases to 0.72 
Low Cust(1) Medium -1.132*** Decreases to 0.24 LR1 

Reverse  Cust(2) High -2.137*** Decreases to 0.11 
Low Cust(1) Medium -1.622*** Decreases to 0.17 

Hypothesis 1B: When Firm 2 offers 
a more customized product, the NE 
outcome from the Static MA Model 
is less likely to occur 

2nd 
stage 
NE 

Customization

LR2 
Reverse  Cust(2) High -2.546*** Decreases to 0.07 

Attenuation Effects         
High-High Att(1) Low-Low 1.157* Increases to 0.76 
 Att(2) High-Low NS  

LR3 

 Att(3) Low-High 1.814*** Increases to 0.86 
High-High Att(1) Low-Low NS  
 Att(2) High-Low NS  

Hypothesis 2: All else remaining 
constant, Firm 2 will have a greater 
likelihood of playing an NE strategy 
when the consumer market has 
lower levels of attenuation 

NE Attenuation 

LR3 
Reverse 

 Att(3) Low-High NS  
Buffering Effects         

LR3 High Buf(1) Low NS  
LR3 
Reverse 

High Buf(1) Low NS  

LR4 High Buf(1) Low 1.136* Increases to 0.77 

Hypothesis 3: All else remaining 
constant, Firm 2 will have a greater 
likelihood of playing an NE strategy 
when the consumer market has 
lower levels of buffering. 
 

NE Buffering 

LR4 
Reverse 

High Buf(1) Low NS  

                                                 
9 The probability of equilibrium outcome at the reference level is assumed to be 0.5 
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Hypothesis DV Predictor 
Variable 

Model Reference 
Level 

Dummy 
Variable 

Level b Probability9 
 

Payment System Effects         

AttDiff(1) 21 αα =  1.007* Increases to 0.73 Hypothesis 4: All else remaining 
constant, Firm 2 will have a lesser 
likelihood of playing an NE strategy 
when the  attenuation levels 
experienced by the consumers are 
greater for Firm 1 than Firm 2 i.e., 
when 21 αα > . 
 

NE Attenuation-
Difference 

LR4 21 αα >  
Attenuation 
for Firm 1’s 
products 
greater than 
that for Firm 
2’s products 

AttDiff(2) 21 αα <  1.402** Increases to 0.80 

AttDiff(1) 21 αα <  1.814*** Increases to 0.86 Hypothesis 5: All else remaining 
constant, Firm 2 will have a greater 
likelihood of playing an NE strategy 
when the attenuation levels 
experienced by the  consumers are 
greater for Firm 2 than Firm 1 i.e., 
when 21 αα < . 
 

NE Attenuation-
Difference 

LR4 
Reverse 

21 αα =  
Same 
Attenuation 
for Firm 1’s 
and Firm 2’s 
products 

AttDiff(2) 21 αα >  NS  

Market Dominance Effects         
LR3 Low Dom(1) High -1.967*** Decreases to 0.12 
  Dom(2) Medium -1.649** Decreases to 0.16 
LR4 Low Dom(1) High -1.527*** Decreases to 0.18 

Hypothesis 6A: Firm 2’s likelihood 
of playing an NE strategy should 
decrease when Firm 1’s market 
dominance increases. 

NE Market 
Dominance 

  Dom(2) Medium -1.206* 
 

Decreases to 0.23 

High Dom(1) Medium NS  Hypothesis 6B: Firm 2’s likelihood 
of playing an NE strategy should 
increase when Firm 1’s market 
dominance decreases. 
 

NE Market 
Dominance 

LR3 
Reverse  Dom(2) Low 1.414** Increases to 0.80 

*p<0.05, **p<0.01, ***p<0.001
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Table 12: Results – Second-stage Equilibrium Outcomes 
All Rounds Only 3rd Round  

Total 
Outcomes 

2nd stage 
NE 

Outcomes 

% Total 
Outcomes

 

2nd stage 
NE 

Outcomes 

% 

Low Customization 469 428 91.3 156 145 92.9 

Medium Customization 192 145 75.5 64 46 71.9 

High Customization 155 84 54.2 52 27 51.9 

Overall 816 657 80.5 272 218 80.1 
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Table 13: Session-specific Second-stage Equilibrium Outcomes 
All Rounds Only 3rd Round Session Customization 

Total 
Outcomes 

2nd stage 
NE 

Outcomes 

Total 
Outcomes 

2nd stage 
NE 

Outcomes 
Session 1 Low  45 45 16 16 
 Medium  20 17 5 4 
 High  31 12 11 4 
Session3 Low  45 37 12 12 
 Medium 38 30 13 11 
 High  13 11 7 5 
Session 4 Low  48 44 16 15 
 Medium  12 8 5 3 
 High  12 6 3 3 
Session 5 Low  51 48 17 16 
 Medium  28 20 9 6 
 High  17 9 6 3 
Session 6 Low  55 51 18 18 
 Medium  21 16 9 7 
 High  20 11 5 2 
Session 7 Low  52 44 16 11 
 Medium  25 18 10 6 
 High  19 12 6 2 
Session 8 Low  33 31 11 10 
 Medium  17 8 5 3 
 High  22 6 8 3 
Session 9 Low  66 57 24 22 
 Medium  19 17 5 4 
 High  11 8 3 2 
Session 10 Low  74 71 26 25 
 Medium  12 11 3 2 
 High  10 9 3 3 
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Table 14: LR1 Dummy Coding Scheme for the Categorical Dependent and Control 
Variables 

 
 

Customization N Cust(1) Cust(2)       
Low 1 469 1.000 .000      

Medium  2 192 .000 1.000      
High  3 155 .000 .000      

Dominance N Dom(1) Dom(2)      
High 1 288 1.000 .000      

Medium  2 336 .000 1.000      
Low  3 192 .000 .000      

Attenuation N Att(1) Att(2) Att(3)     
Low-Low 1 204 1.000 .000 .000       
High-Low 2 204 .000 1.000 .000       
Low-High 3 204 .000 .000 1.000       
High-High 4 204 .000 .000 .000       

Buffering N Buf(1)         
Low 0 408 1.000         
High  1 408 .000         

Round N Rnd(1) Rnd(2)        
 1 272 1.000 .000        
  2 272 .000 1.000        
  3 272 .000 .000        
Session N Ses(1) Ses(2) Ses(3) Ses(4) Ses(5) Ses(6) Ses(7) Ses(8) 
 1 96 1.000 .000 .000 .000 .000 .000 .000 .000
  3 96 .000 1.000 .000 .000 .000 .000 .000 .000
  4 72 .000 .000 1.000 .000 .000 .000 .000 .000
  5 96 .000 .000 .000 1.000 .000 .000 .000 .000
  6 96 .000 .000 .000 .000 1.000 .000 .000 .000
  7 96 .000 .000 .000 .000 .000 1.000 .000 .000
  8 72 .000 .000 .000 .000 .000 .000 1.000 .000
  9 96 .000 .000 .000 .000 .000 .000 .000 1.000
  10 96 .000 .000 .000 .000 .000 .000 .000 .000
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Table 15: Logistic Regression Models testing Customization Effect 
Test of Model Coefficients Hosmer and Lemeshow Test 

 
Model 

Chi-Square df Sig. 

-2 Log 
Likelihood 

 

Cox & 
Snell R-
square 

 

Nagelkerke 
R-square 

Chi-Square df Sig. 

LR1 
 

124.4 16 0.000 680.47 0.141 0.225 7.48 8 0.486 

LR1 Reverse 
 

124.4 16 0.000 680.47 0.141 0.225 7.48 8 0.486 

LR2 
 

58.07 14 0.000 213.04 0.192 0.305 3.71 8 0.882 

LR2 Reverse 
 

58.07 14 0.000 213.04 0.192 0.305 3.71 8 0.882 
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Table 16: Parameter Estimates for LR1 

Predictors b S.E. Wald df Sig. Exp(b) 

Customization   78.039 2 .000  
Cust(1) 2.137 .242 77.775 1 .000 8.470
Cust(2) 1.005 .247 16.536 1 .000 2.731
Market Dominance   14.180 2 .001  
Dom(1) -1.468 .541 7.362 1 .007 .230
Dom(2) -2.047 .545 14.119 1 .000 .129
Attenuation   2.856 3 .414  
Att(1) .075 .267 .079 1 .778 1.078
Att(2) .436 .273 2.542 1 .111 1.546
Att(3) .086 .271 .102 1 .750 1.090
Buf(1) .250 .195 1.641 1 .200 1.283
Round   1.947 2 .378  
Session   11.379 6 .077  
Constant 1.139 .540 4.439 1 .035 3.122

 

 

Table 17: Parameter Estimates for LR1 Reverse 

Predictors b S.E. Wald df Sig. Exp(b) 

Customization   78.039 2 .000  
Cust(1) -1.132 .242 21.889 1 .000 .322
Cust(2) -2.137 .242 77.775 1 .000 .118
Market Dominance   14.180 2 .001  
Dom(1) -1.468 .541 7.362 1 .007 .230
Dom(2) -2.047 .545 14.119 1 .000 .129
Attenuation   2.856 3 .414  
Att(1) .075 .267 .079 1 .778 1.078
Att(2) .436 .273 2.542 1 .111 1.546
Att(3) .086 .271 .102 1 .750 1.090
Buf(1) .250 .195 1.641 1 .200 1.283
Round   1.947 2 .378  
Session   11.379 6 .077  
Constant -1.132 .242 21.889 1 .000 .322
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Table 18: Parameter Estimates for LR2 

Predictors b S.E. Wald df Sig. Exp(b) 

Customization   32.385 2 .000  
Cust(1) 2.546 .453 31.627 1 .000 12.757
Cust(2) .924 .437 4.466 1 .035 2.520
Market Dominance   5.564 2 .062  
Dom(1) -2.036 .871 5.463 1 .019 .131
Dom(2) -1.378 .914 2.274 1 .132 .252
Attenuation   .010 3 1.000  
Att(1) .000 .493 .000 1 .999 1.000
Att(2) .004 .489 .000 1 .994 1.004
Att(3) -.039 .498 .006 1 .937 .961
Buf(1) -.211 .354 .357 1 .550 .810
Session   11.254 6 .081  
Constant 1.049 .885 1.405 1 .236 2.853

 

 
Table 19: Parameter Estimates for LR2 Reverse  
 

Predictors b S.E. Wald df Sig. Exp(b) 

Customization   32.385 2 .000  
Cust(1) -1.622 .441 13.511 1 .000 .198
Cust(2) -2.546 .453 31.627 1 .000 .078
Market Dominance   5.564 2 .062  
Dom(1) -2.036 .871 5.463 1 .019 .131
Dom(2) -1.378 .914 2.274 1 .132 .252
Attenuation   .010 3 1.000  
Att(1) .000 .493 .000 1 .999 1.000
Att(2) .004 .489 .000 1 .994 1.004
Att(3) -.039 .498 .006 1 .937 .961
Buf(1) -.211 .354 .357 1 .550 .810
Session   11.254 6 .081  
Constant 3.595 .868 17.151 1 .000 36.401
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Table 20: Equilibrium Outcomes across the Between-Subject Treatments 

All Rounds Only 3rd Round Between-
Subject 
Treatments 

Market Condition 
Total NE 

Results % Total NE 
Results % 

Treatment 1 High Dominance (High 
Inequity) 288 126 43.8 96 39 40.6 

Treatment 2 Medium Dominance (Low 
Inequity) 336 174 51.8 112 59 52.7 

Treatment 3 Low Dominance (No 
Inequity) 192 128 66.7 64 47 73.4 

Overall  816 428 52.5 272 145 53.3 

 

 

Table 21: Equilibrium Outcomes across the Games (Within-Subject Treatments) 
Overall 

Attenuation All Rounds 3rd Round 
Game 

Firm 1 Firm 2 

Buffering 

Total NE % Total NE % 

1  Low Low Low 102 58 56.9 34 20 58.8 

2  Low Low High 102 52 51.0 34 17 50.0 

3  High High Low 102 45 44.1 34 15 44.1 

4  High High High 102 44 43.1 34 19 55.9 

5  Low High Low 102 55 53.9 34 18 52.9 

6 Low High High 102 68 66.7 34 22 64.7 

7 High Low Low 102 68 66.7 34 20 58.8 

8 High Low High 102 38 37.3 34 14 41.2 

Total    816 428 52.5 272 145 53.3 
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Table 22: LR3 Dummy Coding Scheme for the Categorical Dependent and Control 
Variables 

Dominance N  Dom(1) Dom(2)       
High 1 96 1.000 .000      

Medium 2 112 .000 1.000      
Low  3 64 .000 .000      

Attenuation  N Att(1) Att(2) Att(3)     
Low-Low 1 68 1.000 .000 .000     
High-Low 2 68 .000 1.000 .000     
Low-High 3 68 .000 .000 1.000     
High-High 4 68 .000 .000 .000     

Buffering  N Buf(1)       
Low 0 136 1.000       
High 1 136 .000       

MS  N MS(1)       
Not included 1 120 1.000       

 Included 2 152 .000       
Session  N Ses(1) Ses(2) Ses(3) Ses(4) Ses(5) Ses(6) Ses(7) Ses(8) 
 1 32 1.000 .000 .000 .000 .000 .000 .000 .000
  3 32 .000 1.000 .000 .000 .000 .000 .000 .000
  4 24 .000 .000 1.000 .000 .000 .000 .000 .000
  5 32 .000 .000 .000 1.000 .000 .000 .000 .000
  6 32 .000 .000 .000 .000 1.000 .000 .000 .000
  7 32 .000 .000 .000 .000 .000 1.000 .000 .000
  8 24 .000 .000 .000 .000 .000 .000 1.000 .000
  9 32 .000 .000 .000 .000 .000 .000 .000 1.000
  10 32 .000 .000 .000 .000 .000 .000 .000 .000
Game  N game(1) game(2) game(3) game(4) game(5) game(6) game(7) 
 1 34 1.000 .000 .000 .000 .000 .000 .000 
  2 34 .000 1.000 .000 .000 .000 .000 .000 
  3 34 .000 .000 1.000 .000 .000 .000 .000 
  4 34 .000 .000 .000 1.000 .000 .000 .000 
  5 34 .000 .000 .000 .000 1.000 .000 .000 
  6 34 .000 .000 .000 .000 .000 1.000 .000 
  7 34 .000 .000 .000 .000 .000 .000 1.000 
  8 34 .000 .000 .000 .000 .000 .000 .000 
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Table 23: Parameter Estimates for LR3 

Predictors b S.E. Wald df Sig. Exp(b) 

Market Dominance   12.834 2 .002  
Dom(1) -1.967 .574 11.740 1 .001 .140
Dom(2) -1.649 .603 7.488 1 .006 .192
Attenuation   10.882 3 .012  
Att(1) 1.157 .545 4.507 1 .034 3.179
Att(2) .767 .542 2.005 1 .157 2.153
Att(3) 1.814 .563 10.370 1 .001 6.137
Buf(1) .778 .515 2.282 1 .131 2.176
MS(1) .345 .552 .392 1 .531 1.412
Session   4.946 6 .551  
Game   9.757 4 .045  

 

Table 24: Parameter Estimates for LR3 Reverse 

Predictors b S.E. Wald df Sig. Exp(b) 

Market Dominance   9.006 2 .011  
Dom(1) -.235 .537 .192 1 .662 .791
Dom(2) 1.414 .550 6.608 1 .010 4.112
Attenuation   4.278 3 .233  
Att(1) -.258 .508 .257 1 .612 .773
Att(2) -.647 .513 1.593 1 .207 .524
Att(3) .400 .518 .596 1 .440 1.492
Buf(1) .778 .515 2.282 1 .131 2.176
MS(1) .345 .552 .392 1 .531 1.412
Session   5.097 6 .531  
Game   4.895 3 .180  
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Table 25: Dummy Coding Scheme for Attenuation-Difference 

Model Attenuation
-Difference Level Number of 

Outcomes AttDiff (1) AttDiff (2) 

21 αα =  1 136 1.000 .000

21 αα <  2 68 .000 1.000

LR4 

21 αα >  3 68 .000 .000
  

AttDiff (1) AttDiff (2) 

21 αα =  1 136 .000 .000

21 αα <  2 68 1.000 .000

LR4 Reverse 

21 αα >  3 68 .000 1.000
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Table 26: Parameter Estimates for LR4 

Predictors b S.E. Wald df Sig. Exp(b) 

Market Dominance   12.608 2 .002  
Dom(1) -1.527 .469 10.584 1 .001 .217
Dom(2) -1.206 .503 5.747 1 .017 .299
Attenuation Difference   10.731 2 .005  
Attdiff(1) 1.007 .449 5.043 1 .025 2.738
Attdiff(2) 1.402 .462 9.214 1 .002 4.062
Buf(1) 1.136 .452 6.318 1 .012 3.114
MS(1) .350 .555 .397 1 .529 1.419
Session   3.255 5 .661  
Game   8.505 4 .075  

 
  

Table 27: Parameter Estimates for LR4 Reverse 

Predictors b S.E. Wald df Sig. Exp(b) 

Market Dominance   12.834 2 .002  
Dom(1) -1.967 .574 11.740 1 .001 .140
Dom(2) -1.649 .603 7.488 1 .006 .192
Attenuation Difference   10.565 2 .005  
Attdiff(1) 1.814 .563 10.370 1 .001 6.137
Attdiff(2) .767 .542 2.005 1 .157 2.153
Buf(1) .778 .515 2.282 1 .131 2.176
MS(1) .345 .552 .392 1 .531 1.412
Session   3.940 5 .558  
Game   11.705 5 .039  
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Table 28: Consumer Mental Accounting of Payments and Consumption 

Mental 
Account 

Explanation Evaluation of mental 
Accounts 

Strengths/Weaknesses 

Separate 
Mental 
Accounts 

Individuals experience 
payments and consumption as 
discrete events and evaluate 
them separately as losses or as 
gains 

During payment and 
consumption 

Loss Aversion makes it 
untenable (Kahneman 
and Tversky, 1979; 
Thaler, 1999) 

Single Entry 
Mental 
Accounts 

Individuals establish single 
mental accounts by creating 
symbolic linkages between 
specific acts of consumption 
and specific payments. 

Only when account is 
closed 

Cannot explain pain felt 
during payments when 
payment and 
consumption are 
separated 

Double Entry 
Mental 
Accounts 

Individuals mentally combine 
payment and consumption 
within a single mental account 
(like in single entry mental 
account) but evaluate the 
account every time they pay or 
consume. 

Multiple times, during 
each payment and 
consumption 

Comprehensive, 
overcomes weaknesses 
of single entry mental 
accounts 
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Appendix A: Review of Behavioral Economics / Mental Accounting 
Literature 

This appendix is divided into two parts. In part A, I discuss some basic concepts in BE / 

MA literature. In part B, I discuss the psychology of consumer mental accounting of 

payment and consumption  

Part A: Background Literature 

Prospect Theory 

To understand individual behavior with respect to payments and consumption I begin by 

considering the descriptive theories of human decision making.  Expected utility theory 

(EUT) is the most important economic theory of decision making under conditions of 

uncertainty.  According to EUT, a rational decision maker should and will select options 

that offer the highest expected utility, where expected utility is measured as the utility of 

individual outcomes multiplied by their respective probabilities of occurring.  A version 

of EUT introduced in the 1950s in which the probabilities are subjective is known as 

subjective expected utility theory (SEUT).  Although EUT and SEUT had some value in 

predicting decisions, behavioral research demonstrated that both models were 

incomplete.   

Prospect theory, introduced by Kahneman and Tversky (1979), proved to be a 

psychologically richer and more descriptively accurate theory of decision making under 

uncertainty.  Like EUT and SEUT, prospect theory assumes that the value of an option is 

measured as the summed product of uncertainties and outcomes.  However, the more 

psychological prospect theory differs from the economic theories in several important 

respects.  First, prospect theory replaces the notion of utility and a utility function with 

“value” and a value function.  The value function, which represents the central 

components of the human pleasure machine, has three important properties. First, it is 

defined over perceived gains and losses relative to some natural reference point, rather 

than in terms of absolute values of wealth as in the standard economic theory. The 

motivating idea behind such a definition of value is that the context within which 

outcomes are presented plays a key role in determining whether people will perceive 
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those outcomes to be good or bad.  A $50 cost may actually be perceived to be a gain by 

the consumer who was expecting to pay a lot more, whereas a $25 discount may be 

perceived to be a loss by the consumer who was expecting a larger discount.  Thus 

depending on the point of reference a decision maker employs, each transaction is 

accorded the status of either a gain or a loss. Second, the value function is concave for 

gains and convex for losses.  This contrasts with the concavity of the standard utility 

function across all values.  The unique shape of the value function corresponds to the idea 

that there is diminishing sensitivity to both increasingly large gains and increasingly large 

losses. Hence the difference between a $10 loss and a $20 loss has a larger impact on the 

consumer than the difference between a $110 loss and a $120 loss. Third, the value 

function is steeper for losses than for gains.  This feature implies that the pleasure 

incurred from a $100 gain is less than the pain incurred from a $100 loss. 

Mental Accounting and Hedonic Editing - Integration and Segregation of Gains & 

Losses 

Prospect theory drives home the point that people do not think about value in purely 

economic terms.  The value of, say, a $100 gift certificate to a shopper may vary 

depending on various contextual factors.  In a similar vein, research shows that people 

treat some sources of money different from others.  Specifically, people tend to organize 

their financial world into separate “mental accounts,” the contents of which are often 

treated differently. Although such differential treatment promotes economically 

indefensible decisions, research shows that mental accounting is pervasive.  As such, it 

should be of great interest to firms as they consider different ways to price their goods 

and services.   

The architect of mental accounting, Richard Thaler, defined mental accounting as 

a set of cognitive operations used by individuals to organize, evaluate and keep track of 

her financial activities (Thaler, 1999).  In accordance with prospect theory, people tend to 

view the contents of their mental accounts in terms of gains and losses. In recent years, 

researchers have begun to ask how people can manipulate the gains and losses in their 

mental accounts so as to experience them in the most hedonistically favorable ways.  This 
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research shows that individuals may use four simple hedonic editing principles to make 

themselves happier: (a) segregate their gains (“gain savoring”), (b) integrate their losses, 

(c) cancel losses against larger gains (“loss buffering”), and (d) segregate silver linings.  

The justification for these principles is as follows.  When gains are segregated, the feeling 

of pleasure is enhanced relative to the feeling of pleasure experienced when the gains are 

aggregated.  Thus, two $100 discounts are better than a single $200 discount.  When 

losses are integrated, the feeling of pain is reduced relative to the feeling experienced 

under segregation.  Thus, a single $200 price increase hurts less than two $100 price 

increases.  When losses are cancelled against larger gains, the feeling of pain from the 

loss is eliminated behind the larger gain.  Finally, segregating silver linings highlights the 

small gains that might otherwise be invisible in the face of a relatively larger loss.      

Thaler and Johnson (1990) explored the limits of hedonic editing principles by 

researching the impact of prior outcomes on current decision choices. They used 

“temporal spacing” to facilitate cognitive segregation or integration of events.  They 

argued that events are more likely to be integrated if they are temporally contiguous (e.g., 

events that occur on the same day), but more likely to be segregated if they are 

temporally spaced (e.g., events that occur two weeks apart). The authors found evidence 

that supported the hedonic principles.  Linville and Fisher (1991) arrived at similar 

conclusions with respect to people’s preferences for temporally separating and combining 

“emotionally impactful” events. 

Mental accounting research on segregation of gains and integration of losses 

indicates that hedonic editing principles serve as reasonably good descriptions of how 

people would like their worlds to be organized (though there is less evidence in support 

of loss integration).  Therefore, hedonic editing principles may offer insights regarding 

how consumers are likely to view transactions in which there is temporal separation 

between payment and consumption. 

Breaking and Combining Experiences 

In order to understand how consumers are likely to experience the totality of their 

purchase experience, it is important to understand the impact of each of the transient state 
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that comprises the purchase experience.  If we assume that consumption and purchase are 

two states that consumers experience, each with their own hedonic features, a key 

question is whether and how separation of payment and consumption affects the 

consumer’s experience. For insight, I turn to the recent literature on how people 

experience different outcome sequences in intertemporal choice tasks. 

The literature on how people evaluate and experience single outcomes versus 

sequences of outcomes is now extensive (Loewenstein and Prelec, 1991, 1993; Ariely 

and Carmon, 2000). An important question that this stream of research seeks to answer is 

whether or not people integrate the transient states that they experience as events unfold. 

Though there are exceptions (e.g., Ariely and Zauberman, 2000), most of the literature 

suggests that people do integrate their experiences as events unfold.  When a person 

watching a play is asked to rate her enjoyment of the play at fixed intervals, her 

numerical answers provide a “hedonic profile” of her overall experience. Research 

examining the relationship between hedonic profiles and overall evaluations of 

experiences demonstrates that the pattern of such hedonic profiles impacts overall 

evaluations.  

Loewenstein and Prelec (1991, 1993) found that people summarize their overall 

experiences more positively, when the sequence of events show an improving trend. 

Ariely (1998) also reported that trend was a positive predictor of overall experience. In an 

experiment that measured pain levels, he shows that a sequence of aversive stimuli that 

increases in intensity over time is rated to be more painful than sequences that either do 

not change or that decrease in intensity. Other research has identified the “velocity” or 

rate at which hedonic profiles change to be an important determinant of overall 

experiences (Hsee and Abelson, 1991; Hsee, Abelson and Salovey, 1991).  

Ross and Simonson (1991) studied the chronological ordering of events and 

theorized that people prefer experiences that have “happy endings”. They showed that an 

experience consisting of both a negative and a positive event is evaluated as more 

satisfactory if the positive event occurs last. Varey and Kahneman (1992) showed that 

extended aversive episodes are not evaluated simply by integrating disutility of 
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successive intervals.  Instead, final moments and trend quality (improving or 

deteriorating) are more important predictors.  Other studies also found that key points in 

time, such as the most intense moments and the final moments (i.e., peak and end) of an 

experience, accounted for global retrospective evaluations of experiences (Frederickson 

and Kahneman, 1993; Redelmeier and Kahneman, 1996).  

However, not all events comprising an experience are automatically integrated 

before the experience is evaluated. Ariely and Zauberman (2000) theorized that the 

relationship between experiences and their overall evaluations will differ depending on 

whether the experiences are perceived to be composed of single or multiple components. 

Their results showed that the breaking up of experiences substantially reduces the impact 

of a hedonic profile on overall evaluations. When there are multiple experiences that are 

temporally separated from one another, each isolated experience (rather than the overall 

hedonic profile) may provide a basis for judgment (Ariely and Zauberman, 2000).  

The discussion above should be of interest to firms who are concerned about how 

consumers are likely to feel about the purchase experience.  Whether consumers 

experience a purchase as a loss or a gain may depend on whether or not they integrate the 

transient states of paying and consuming, as well as the order in which those events 

occur.  Consider, for example, the consumer who prepays for digital content (such as a 

stock report) online versus one who pays for the identical content weeks after consuming 

the report.  Will one of these consumers report having a more positive overall purchasing 

experience?  Will these consumers evaluate the constitute parts (consumption and 

payment) differently?  If the answer to either question is yes, then firms should be aware 

that the payment technology they choose may affect customer satisfaction as well as the 

chance of repeat business. 

Part B: Transactions – Payments and Consumption 

Payment and consumption are two central components in every consumer purchase.  

How do consumers experience these components?  The answer may depend on the nature 

of the mental accounts that consumers employ for their purchases.  At least three types of 
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mental accounts have been discussed in the literature: separate accounts, single entry 

accounts, and double-entry accounts. I discuss each type of account below.   

Consumers Maintain Separate Mental Accounts 

According to this view, individuals experience payments and consumption as discrete 

events, and evaluate them separately as losses or as gains (Hirst et al, 1994). Thus, people 

experience a feeling of gain when they consume and a feeling of loss when they make a 

payment.   These feelings may occur at different times and thus, may be independent of 

one another. Thus pricing schemes are evaluated as combinations of discrete events, 

where one group of events is identified as gains (consumption benefits) while the other 

group is identified as losses (payments).  

However, the suggestion that payment and consumption are isolated gains or 

losses may not be generally applicable. Payment and consumption are ordinarily linked to 

one another even when they are temporally separated (Thaler, 1999). Moreover, the 

construal of payments as losses may not always be hedonistically inefficient (Thaler, 

1999). The following example, adapted from Thaler (1999), illustrates this point. Imagine 

a thirsty consumer who values a can of soda at $1 is standing in front of a vending 

machine that sells soda for $0.75. Although the consumer should make the purchase 

under these conditions, one who frames payments as losses should reject the purchase 

when her coefficient of loss aversion is more than 1.34 (which is less than most 

conservative empirical estimates of loss aversion coefficients!). The concept of loss 

aversion comes from Prospect Theory (see Kahneman and Tversky, 1979). Research has 

shown that people are more sensitive to losses than they are to gains and this added 

sensitivity to losses is measured by the loss aversion coefficient (Kahneman and Tversky, 

1979; Thaler, 1985). If loss aversion coefficient is 1.34 then the loss experienced by the 

above consumer is $1.00 (i.e., 1.34 * $0.75). Past studies on loss aversion have estimated 

the average value of loss aversion coefficient to be around 2.25 (Thaler, 1999). Hence, in 

the above example, even though the consumer values the bottle of soda at a price greater 

than its cost, a loss aversion coefficient of more than 1.34 makes the transaction a net loss 

for the consumer.  Thus, under this interpretation, almost every transaction becomes 
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hedonistically painful to the consumer unless utility derived from consumption is 

considerably more than the disutility of payment.     

Consumers Maintain Single Entry Mental Accounts  

This viewpoint postulates that individuals establish mental accounts that create symbolic 

linkages between specific acts of consumption and specific payments. Individuals 

combine payment and consumption events together within a mental account and evaluate 

the transaction only when the account is closed (Thaler, 1999). When payment and 

consumption are temporally separated, closure depends on which event is later. In pre-

payment pricing schemes, closure takes place with the last consumption, while in post-

payment pricing schemes closure takes place with last payment. A payment, by itself, is 

not deemed a loss, and consumption, by itself, is not deemed as a gain. However, for pre-

payment pricing schemes, if consumption does not take place or if the consumption is not 

commensurate to the payment made, then the individual might retrospectively evaluate 

the payment as a loss. On the other hand, consumption might be evaluated retrospectively 

as a gain if the mental account is closed without a commensurate payment made against 

that consumption. But, in general, it is assumed that in a normal transaction, payment and 

consumption are commensurate with one another though they may take place at different 

times. Thus, if an individual maintains a mental account for a given transaction and only 

evaluates the account at the time of closing, it should not matter to her whether she is 

paying earlier, later, or as she is consuming (assuming revenue streams are discounted).  

However, the assumption that consumers maintain single entry mental accounts 

may not explain the actual feelings of loss or gain that consumers experience in 

transactions where payment and consumption occur at different times. When people 

make payments, they often do experience an immediate pain of loss (Prelec and 

Loewenstein, 1998). For example, imagine paying for a vacation six months after you 

have enjoyed it. Though the amount you are paying is commensurate to the enjoyment 

you derived during the vacation, the pain associated with payment may be the only 

immediate sensation.  In fact, your enjoyment during the vacation itself may have been 

reduced by thoughts of the impending payments.  In contrast, a prepaid vacation may be 
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more enjoyable because it is un-marred by thoughts of future payment.10 A consumer 

who maintains a single entry mental account for the vacation transaction will not perceive 

any difference between the two situations.  

Consumers Maintain Double-Entry Mental Accounts  

According to the third view, individuals mentally combine payment and consumption 

within a single mental account but evaluate the account every time they pay or consume. 

Thus an individual feels a net pain or pleasure at the moment of consumption or payment 

depending on whether the mental account is in the red or the black at that particular 

moment (Prelec and Loewenstein, 1998). It is called double-entry mental accounting 

because there are two sets of entries – one for all the consumption experiences belonging 

to the mental account and the other for all the payments made against those consumption 

events. Prelec and Loewenstein (1998) propose that the effects of the time distance from 

payment depend on whether the payments are made before or after consumption events. 

Based on anticipation and dread (Loewenstein, 1987), they argue that paying after a 

consumption experience is hedonistically inferior to paying before consumption.  

Prelec and Loewenstein (1998) formulate a double-entry mental accounting 

theory that describes the reciprocal interactions between the pleasure of consumption and 

the pain of paying. According to this model, when payment and consumption are 

temporally separated, a consumer’s pleasure from consumption is undermined by an 

imputed cost of making a payment, and her pain from payment is buffered by an imputed 

benefit derived from that payment.  An imputed cost of payment is a disutility that 

reduces the pleasure of consumption by introducing negative thoughts of payment 

associated with that consumption. An imputed benefit of consumption is a utility that 

buffers the pain of paying by introducing positive thoughts of consumption. Thus the 

utility from consumption experience is equal to the utility from consumption less the 

imputed costs of payment.  The disutility from payment experience is equal to the 

disutility from payment less the imputed benefits of consumption. The consumer’s net 

                                                 
10 Of course, one’s enjoyment of a prepaid vacation could be hampered by thoughts of one’s new, 
impoverished state.  Though it is an empirical question, we would predict that such negative thoughts 
peaked at the time payment was contemplated and offered.   
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utility in the transaction mental account is the summation of the net utility from the 

payment account and the net utility from the consumption account.  

Pricing Implications of the Double-Entry Mental Account:  

Firms Should offer Pre-payment Technologies 

Among the three alternatives discussed above, the double-entry mental accounting 

method emerges as the most theoretically plausible and empirically validated description 

of how consumers process their payment and consumption experiences.  That is, 

payments and consumption are most likely integrated and evaluated during each payment 

and consumption event. Double-entry mental accounting overcomes the weaknesses of 

both separate and single entry mental accounts (refer Table 28 for a synopsis) 

Double-entry mental accounting predicts that the consumers prefer pre-payment 

pricing schemes over post payment or pay-as-you-go pricing schemes. The rationale for 

superiority of the pre-payment pricing scheme comes from the assumption of 

“prospective accounting”. In prospective accounting, expected utility or disutility from 

future payment and consumption is given more weight than utility or disutility from past 

experiences of payment and consumption. The assumption theoretically agrees with the 

empirical work of Gourville and Soman (1998) who found prepaid sunk costs (like pre-

payments) to fully depreciate with passage of time. I show a pictorial representation of 

the prospective accounting assumption in Figure 8 (adapted from Prelec and 

Loewenstein, 1998).  

Under prospective accounting assumption of double-entry mental accounting, the 

experience of consumption and payment is enhanced by pre-payment. Imagine the 

context of paying for and enjoying a vacation example that I mentioned while discussing 

single entry mental accounting. If the vacation is paid for a long time in advance (point A 

in Figure 8), then the imputed cost of enjoying the vacation is essentially zero and the 

vacation feels almost free. If the vacation is recently prepaid (point B), then the imputed 

cost is not negligible but still relatively small due to payment depreciation (see Gourville 

and Soman, 1998). The imputed costs are highest if the payment needs to be made right 

after consumption (point C) and then the costs gradually decrease as payment is pushed 
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to the future (point D). Based on the assumption of prospective accounting, double entry 

mental accounting predicts strong debt aversion. Prelec and Loewenstein (1998) show 

that for most feasible ranges of discount factors consumers find it less painful to prepay 

than to pay later. Consumers are found to prefer pre-payment pricing schemes even if it 

involves paying more for the same usage. This result is further strengthened by a recent 

experimental study (Ariely and Silva, 2002) where the authors asked the subjects to 

choose between various payment systems which were differentiated with respect to 

timing of payments and consumption. The findings revealed that the subjects strongly 

preferred pre-payment pricing schemes like subscription mechanisms over other payment 

systems based on non pre-payment pricing schemes. Accordingly, firms should also offer 

pre-payment technologies as they are more acceptable to consumers. 
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Appendix B: Proof of Theorem 1 

I will first prove that F strategy played by Firm 1 dominates M1 and M2 strategies. If Firm 

2 plays F, for Firm 1 the payoff for playing F is higher than playing M1 if 
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Collecting terms I get 
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Or 
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But since Y>X and 9>YX, this inequality always holds. Thus Firm 1 will always choose 

to play F over M1 as the best response to Firm 2’s F strategy.  

Similarly, if Firm 2 plays F, Firm 1 will respond by playing F over M2 if 
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but as in the previous case, ( ) 0)(9 >−−− XYYXXY  since Y>X and 9>YX. Thus if 

Firm 2 plays F, Firm 1 will play F over M2, i.e., F is the best response strategy for Firm 

2’s choice of F.  

If Firm 2 plays M1, Firm 1 again chooses to play F as the best response over M1 if  

( )

2)4)(1(

)1)(1)(1(4
2))21(

11
4)(21(

)
21

11
1(214

θα

θδβ

θδβ
δβα

θ
δβ
δβ

δβ

−+

−++>

++
++

−+

++
++

−++































 

Since, ( )
)1(

)1)(1(
)21(

21
α

δβ
α

δβ
+

++>
+

++ , it’s enough to show  

2)4(

)1(
2))21(

11
4(

)
21

11
1(

θ

θ

θδβ
δβ

θ
δβ
δβ

−

−>

++
++

−

++
++

−































 

Let )
21

11
1( θ

δβ
δβ

++
++

−=













Y  and )1( θ−=X . I need to show 

22 )3()3( X
X

Y
Y

+
>

+
 

but since, Y>X, and 9>XY, this inequality holds. 

Next, I show that F is the best response over M2 for Firm 1 when Firm 2 chooses to play 

M1 strategy. For that, I need to show that  



  

 140

( )

( )( )
2

)1(1
)1)(1(412

)
)1(1
)1)(1(1))(1(1(8

2))21(
11

4)(21(

)
21

11
1(214









++
++

−++

++
++

−++
>

++
++

−+

++
++

−++































θ
βδ
δβδαα

θ
βδ
δββδδ

θδβ
δβα

θ
δβ
δβ

δβ
 

Since, 0)1( >+ δα , δαδδαδα +>++ 222  and hence ( )δαα
δ

α ++
>

+ 122
1 implying 

( )
( )( )δαα

βδδ
α

δβ
++
++

>
+

++
12

))1(1(8

)21(
214  as ( )δβ ++ 21 > ))1(1( βδ ++ .  

Let θ
δβ
δβ

++
++

−=
21

)1)(1(1Y  and ( ) θβδ
δβ

++
++

−=
11

)1)(1(1X . I have Y>X and I have to show 

22 )3()3( X
X

Y
Y

+
>

+
. But as before, since 9>XY, this inequality always holds. 

Finally, if Firm 2 plays M2, Firm 1 responds by playing F over M1 if 

( )

2))1)(1(
)11(

4)(1(

)1)(1(
)11(

1)1)(1(4

2))21(
11

4)(2(

)
21

11
1(218

θδβ
βδ

α

θδβ
βδ

δβ

θδβ
βδ

α

θ
δβ
βδ

δβ

++
++

−+

++
++

−++

>

++
++

−+

++

++
−++
































































 







 

In order to show that this inequality holds, I first note that 

( )
α

δβ
α

δβ
+

++
>

+
++

1
)1)(1(4

2
218  as ( ) )1)(1(21 δβδβ ++>++ and αα +>+ 2)1(2 . 

Then, I let 


















++
++

−=









θδβ
βδ

)1)(1(
)11(

1X  and )
21

11
1( θ

δβ
βδ

++

++
−=







 







Y . Thus it is enough to 

show 22 )3()3( X
X

Y
Y

+
>

+
. But since Y>X and 9>XY, this inequality holds. 

In order to show that F is the dominating strategy for Firm 1, I need to show F yields 

higher payoff than playing M2. This implies  
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Hence, this completes the part of the proof which establishes that F is Firm 1’s dominant 

strategy.  

I now need to find Firm 2’s best response strategy. Since Firm 1 is going to play F no 

matter what Firm 2 does, it is enough to compare Firm 2’s payoffs given Firm 1 plays the 

F strategy. 

I start by comparing Firm 2’s F strategy to M1.  Playing F yields higher payoff for Firm 2 

if  
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Firm 2.  

Next, I compare Firm 2’s F strategy to M2. I will check whether the following inequality 

holds: 
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if this inequality is reversed, M2 is the best response of Firm 2.  
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Appendix C: Experiment Instructions 

General Rules 

This is an experiment on the economics of decision making. If you follow the instructions 

carefully and make good decisions, you can earn a considerable amount of money. You 

will be paid in private and in cash at the end of the experiment. 

 

There are eight people participating in this session of the experiment. It is important that 

you do not talk or in any way try to communicate with other people during the 

experiment. If you disobey the rules, we will have to ask you to leave the room. If you 

have any questions or need any assistance, please raise your hand and somebody will 

help you.   

 

Brief Overview of the Economic Setting 

Consider a market that has two firms competing for market share. There are two 

strategies that the firms are able to manipulate – level of customization and pricing 

scheme.  

 

Level of customization is the extent the product is customized to the satisfaction of the 

consumer. Pricing Schemes are concerned with when the firm decides to charge its 

customers to generate revenue (e.g. pre-payment, pay-as-you-go and post payment).  

 

In the above market, Firm 1 is the incumbent while Firm 2 is the new entrant. However, 

Firm 1 can only choose pricing scheme as its strategy. Firm 2 can choose both level of 

customization and pricing scheme as its strategies. 

 

Description of the Experiment 

You will play the role of either Firm 1 or Firm 2. Your role will remain the same 

throughout this session. Your role is decided at the beginning of the session when you 
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picked your user name and password. Hence, four of you will be assigned the role of 

Firm 1 (or Player 1) and four of you will be assigned the role of Firm 2 (or Player 2). 

 

The experiment operates from Game to Game. In total there will be 8 Games (named 

Game 1 to Game 8) in this session. Each Game will have 3 Rounds (Round 1, Round 2 

and Round 3). In addition, there will be 2 practice rounds in the beginning of the 

session. Therefore, in total, there will be 26 rounds (2 + 8 x 3) in this session. 

 

In the beginning of each Game, players playing the role of Firm 1 will be anonymously 

matched with players playing the role of Firm 2. The matching will remain the same for 

all 3 Rounds of a Game. However, matching will change in the next Game. You will not 

know who is paired with you in any round. Similarly, the other people in this experiment 

will not know who they are paired with in any given round. 

 

Description of a Round 

At the beginning of each round, the computer program will tell you the Game and Round 

number and prompt you to make choices. Firm 1 is a row player i.e., his or her strategy 

choices will be in the rows. Firm 2 is a column player i.e., his or her strategy choices will 

be in the columns. 

 

There are two stages in each round. In the first stage, only Firm 2 will take a decision and 

choose a level of customization – high, medium or low.  

 

In stage 1, both players will be shown 3 matrices, with each matrix representing a level of 

customization. Each matrix will have 9 cells. Firm 1’s payoffs will be the numbers (in 

red) in the top of each cell and Firm 2’s pay-offs will the numbers (in blue) in the bottom 

of each cell. The numbers actually represent the $$ amounts that you can earn in 

this study.  
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For players playing the role of Firm 2, the first stage screen would look like that shown in 

the figure below [Figure 2].  

The players playing the role of Firm 1 will also see the same screen but they will have no 

choices to make at this stage. By selecting a level of customization (low, medium or 

high), Firm 2 is essentially choosing one of 3 matrices shown above. 

 

The players playing the role of Firm 2 should not take more than 1 minute to take their 

decisions. 

 

Once, Firm 2 has decided on a level of customization, both Firm 1 and Firm 2 will play in 

second stage of the round. Firm 1 will be informed about the decision that Firm 2 takes in 

the first stage.  

 

In the second stage both firms will decide on a pricing scheme based on the matrix (level 

of customization) chosen by Firm 2.  

 

For those playing the role of Firm 1 (Row Player), the second stage screen would look 

like the figure bellow (supposing Firm 2 chooses Medium Customization in stage 1) 

[Figure 9] 

 

Note that Firm 1’s strategies are Pre-payment, Pay-as-you-go and Post payment and the 

strategy choices are depicted in Red 

 

For those playing the role of Firm 2 (Column Player), the second stage screen would look 

like the figure below (supposing it has chosen Medium Customization in the first stage) 

[Figure 10] 
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Note that Firm 2’s strategies are Pre-payment, Pay-as-you-go and Post payment 

(Columns) and the strategy choices are depicted in Blue 

 

Time limit for both players in stage 2 is 1 minute. None of the players will know the 

outcome of the round till both the players paired together that round has made their 

decisions. 

 

The round is over after both players have decided their strategies in stage 2. You will be 

immediately shown how much you and your opponent earned in that round. Final payoffs 

to both players in a given round will be determined by the decisions both players will 

make during the round. 

 

Example (based on the numbers in screen snapshots shown in Figure 2) 

Suppose Firm 2 chooses medium customization in the first stage. In the second stage 

suppose, Firm 1 chooses Pre-payment and Firm 2 chooses Pay-as-you-go Then the final 

outcome will be $4.36 for Firm 1 and $0.92 for Firm 2. 

 

Note that your actual earnings might be different depending on the additional pieces 

of information you will receive immediately after logging-in.  

 

[During some sessions additional piece information is given to players playing the role of 

Firm 2. It is shown separately in Appendix E]  

 

Payment 

The numbers in the cells within the matrices actually represent the $$ you can earn by 

playing the games in this study. After you have made your decisions for all the 8 Games 

(24 Rounds), your final payment will be determined as follows: 
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At the end of this session, I will conduct a lottery to draw one Game (out of the 8 Games 

you will play) as the Payoff Game. Your final earnings will be equivalent to whatever $$ 

amount you will earn in the 3 rounds of that Game. Suppose Game 4 is chosen. So if you 

make $7.46 in Game 4 - Round1, $5.12 in Game 4 – Round 2 and $ 5.42 in Game 4 – 

Round 3, your total earnings are going to be $18.00 for this session. 
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Appendix D: Understanding Test Questions 

Understanding Test 

Now, please complete the quiz below. If there are any questions raise your hand and a 

monitor will come to where you are sitting and answer your question. When everyone has 

completed the quiz correctly we will begin the decision making part of the experiment. 

 

What role are you playing?   Player 1   Player 2 

 

Answer the following questions based on the screen-shots and example shown in the 

instructions. Use the additional pieces of information you received after logging-in 

1. Suppose Firm 2 chooses Medium Customization in stage 1. In stage 2, Firm 1 

chooses Pay-as-you-go and Firm 2 chooses Post payment 

a. What is your pay-off?         

b. What is your opponents pay-off?        

2. Suppose Firm 2 chooses High Customization in stage 1. In stage 2, Firm  1 chooses 

Post payment and Firm 2 chooses Pre-payment 

a. What is your pay-off?         

b. What is your opponent’s pay-off?        
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Appendix E: Information given to Firm 2 

HELLO! YOU ARE PLAYING THE ROLE OF FIRM 2 

YOU ARE A COLUMN PLAYER, HENCE YOUR STRATEGIES WILL BE ALONG 

THE COLUMNS  

YOUR PAY-OFFS WILL BE THE BOTTOM NUMBERS (IN BLUE) IN EACH CELL 

WITHIN THE MATRICES. 

AS FIRM 2 YOU WILL CHOOSE BETWEEN THREE LEVELS OF 

CUSTOMIZATION IN STAGE 1 

IN STAGE 2, YOU WILL CHOOSE ONE OF THE THREE PRICING SCHEMES AS 

YOUR STRATEGY. YOUR OPPONENT WILL NOT KNOW ABOUT YOUR 

CHOICE TILL HE /SHE HAS ALSO MAKE A DECISION.  

 

When Market Share Pay-offs are not included in payoff matrices 

Treatmen1 [Treatment 2] {Treatment 3}  

 

1. YOU WILL HAVE “INTERNAL PAYOFF” OF 2 [4]{10}. THIS MEANS IF YOU 

EARN $0.92 IN A GIVEN ROUND (LIKE IN THE EXAMPLE SHOWN IN THE 

INSTRUCTIONS), THEN YOU WILL MULTIPLY $0.92 BY 2 [4]{10} AND 

ACTUALLY EARN $1.84 [$3.68]{$9.20}(IF THIS ROUND IS DRAWN IN THE 

LOTTERY) 

 

2. IN ADDITION TO ABOVE, YOU CAN ALSO EARN MARKET SHARE 

PAYOFFS. THE MARKET SHARE PAYOFFS ARE AS FOLLOWS: 

LOW CUSTOMIZATION-  $0 [$0]{$0} 

MEDIUM CUSTOMIZATION-  $0.30 [$0.60]{$1.50} 

HIGH CUSTOMIZATION-  $0.55 [$1.10]{$2.70} 

HENCE IN THE EXAMPLE SHOWN IN THE INSTRUCTIONS, YOUR ACTUAL 

EARNINGS WOULD BE ($1.84 + $0.30) = $2.14 [($3.68 + $0.60) = $4.28] {($9.20 

+ $1.50) = $10.70} [BECAUSE MEDIUM CUSTOMIZATION WAS CHOSEN]  
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Appendix F: Script used for running the experimental sessions 

After the 8 participants have filled in the consent form  

The experiment will begin with a lottery. Each one of you will come one at a time and 

pick a chit from the envelope I am holding in my hand. On picking up the chit please 

show the chit to me or my assistant. We will tell you where you need to sit. Do not log 

into the computer at this point. 

 

[The chits determine the role of the players (i.e., Firm 1 or Firm 2). They also contain the 

user names and passwords. The players playing the role of Firm 1 are seated in one side 

of the room while the players playing the role of Firm 2 are seated in the other side of the 

room]   

 

After the participants are seated 

Please read the instruction booklet lying in front of you. Read till you reach the section 

titled “understanding test.” You should read the instructions very carefully till you have a 

good understanding of the experiment. Raise you right hand once you have finished 

reading.  

 

After all the participants have finished reading the instructions 

Please log into the program using your username and password. Do not click the 

“continue” button on the screen that opens up as soon as you log in. Read the information 

you see in the screen and complete the “understanding test” in the instructions booklet. 

You may need the information in the screen to complete the understanding test. Once you 

have finished answering the understanding test raise your right hand. My assistant and I 

will come around and check your answers. If you fail to answer the test questions 

correctly in two attempts you will be replaced by a stand-by participant. 

 

After all the subjects have finished answering the understanding test 
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There will be two practice rounds before the actual games. There is no time limit for the 

practice rounds. Take your own time to decide on your strategies during these practice 

rounds since they are relevant to your understanding of the software program. The two 

practice rounds will be followed immediately by Game 1, Round 1. The games will 

follow one after another until all the 8 games (or the 24 rounds) are played. The time 

limit for each stage of a round is 1 minute. The program will not advance to the next 

round till everyone has finished taking his or her decision in a given round. At any time 

during the experiment, you can click the “results” button on the screen and check how 

you did in the previous games or rounds. At the end of the last round (i.e., Game 8, 

Round 3) a screen will pop-up showing your results in all the 24 rounds. Please raise your 

right hand when you see this screen at the end of the experiment. 

 

You can now click the “continue” button to start playing the practice rounds. From now 

on you are on your own. You should not talk to one another or look at other’s screens 

while you are playing. Anyone violating these rules will be asked to leave. Best of luck! 

 

After the participants have played all the 24 rounds 

I will now conduct a lottery to determine which game will be used as the payoff game. 

Your earnings will be equivalent to whatever $$ amounts you earned in the 3 rounds of 

that game. I will now ask one of you to volunteer and pick up a chit from the envelope I 

am holding in my hand. 

 

After the lottery is conducted and the payoff game is declared 

Please complete the survey at the end of the instruction booklet. After you have finished 

answering the survey please raise your right hand. I will call your names one at a time to 

pay you your earnings. I will collect the username chit, instruction booklet and survey at 

the time of paying. So please bring them with you when you come here to receive your 

payment.    
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Appendix G: Post Experiment Survey 
Name: 

Date of Birth: 

Major: 

Sex:    Male   Female 

Country of origin:  

Year in College (tick whichever apply):    

 Freshman   Sophomore   Junior  Senior  Graduate 

Your Role in the Experiment:     Firm 1   Firm 2 

 

 
Please answer the following questions (use ticks) 

 Strongly 
Agree    Neutral    Strongly 

Disagree 

1. I found the games easy to 
comprehend  ο ο ο ο ο ο ο 

2. I found the game payoffs to be 
unfair to me 

ο ο ο ο ο ο ο 

3. My role remained the same in all 
the rounds  

ο ο ο ο ο ο ο 

4. I found the game payoffs to be 
unfair to my opponents 

ο ο ο ο ο ο ο 

5. I was matched with a different 
opponent in every 3 rounds 

ο ο ο ο ο ο ο 

6. The instructions were clear and 
easy to understand 

ο ο ο ο ο ο ο 

7. My opponent remained the same 
throughout the entire duration of 
the game 

ο ο ο ο ο ο ο 

8. I had no problems deriving the 
payoffs in each round 

ο ο ο ο ο ο ο 

9 The games were easy to solve  ο ο ο ο ο ο ο 
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10. I did not know exactly whom I am 
playing against  

ο ο ο ο ο ο ο 

11. I would have earned more had I 
played the role of the other firm 

ο ο ο ο ο ο ο 

12. I was able to work out my 
opponent’s strategy in each round 

ο ο ο ο ο ο ο 

13. I would have earned less had I 
played the role of the other firm 

ο ο ο ο ο ο ο 
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