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Abstract 

The ability to digitize information goods such as music and movies and the 

growing accessibility of the Internet has led to online piracy and the emergence of a 

new class of retailers that specialize in digital downloads. Both online piracy and 

digital retailers have changed the dynamics of the information goods distribution 

channel. In my dissertation I focus on issues related to this change.  

In the first chapter, “Digital music set free: the flip side of DRM,” I study the 

effect of Digital Rights Management (DRM) mechanisms on the competition between 

traditional and digital retailers and on online piracy. DRM refers to technologies 

designed to control how end users may access, copy, or convert digital media. In the 

context of music downloads, DRM makes piracy of digital music more difficult, and 

until recently, most legal outlets for downloadable music only sold songs with DRM 

protection. Recently download retailers have convinced record companies to allow 

them to sell DRM-free music. The introduction of DRM-free music raises several 

important questions: Will music piracy increase as the opponents of DRM-free music 

predict? Will the music industry profits go up or down? How will CD retailers be 

affected? Will all labels start selling the unprotected (DRM-free) content?  

I address these and related questions by developing a model of a music 

distribution channel that allows a record label to sell through both traditional CD 

retailers and iTunes-like download services at different wholesale prices. Among the 
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interesting results, the analysis indicates that the level of piracy may decline when 

DRM protection is removed and that the traditional retailers much prefer to compete 

with distributors of pirated digital music rather than with legal music download 

services. 

The competition between online and traditional retailers has led to interesting 

pricing policies on which I focus in the second chapter, “Digital movies at one simple 

price: the effect on competition.” Online retailers tend to prefer uniform pricing (e.g., 

iTunes Store) where all "products" carry a single price, while traditional retailers do 

not have a policy of uniform prices. It is important to understand why one retailer 

should choose a single, uniform price and what impact it has on the competing retailer 

who chooses multiple prices. I focus specifically on the impact that single price policy 

adopted by digital retailer has on the traditional retailer. I also analyze the choice of 

uniform vs. differentiated pricing by modeling the competition between online and 

traditional retailers for vertically differentiated information goods. Importantly, I 

demonstrate how the asymmetric equilibrium we observe in the market today can 

change systematically with the nature of competition between the retailers. 
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1. Digital Music Set Free: The Flip Side of DRM  

1.1. Introduction 

Before recording technologies, music could be experienced only in person - in a 

church, at social gatherings, or during live concerts. People could not take music 

home, buy or sell it, or even hear it again. The introduction of recording technology in 

the late nineteenth century transformed music into more than just a service; it also 

became a product that could be bought and sold. The technology began with piano 

rolls, followed by phonograph cylinders, gramophone discs, tapes, and CDs. The most 

recent developments entail digital recording, enabled by the invention of purely 

electronic recording formats such as WAV digital music files and the MP3 compressed 

file type. 

Recent advances in digital technologies, including portable digital media 

players, improving compression technologies and the Internet, have created at exactly 

same time the opportunity and the cost for the music industry. 

The opportunity is the new distribution channel: the Internet. In 2000, Sony 

Music Entertainment opened the first online store for digital music, but sales of 

downloadable music really accelerated only after Apple Inc. opened the iTunes Store 

on April 28, 2003. After the sudden success of Apple's iTunes Music Store, other 

companies rushed to launch their own stores, determined to get a piece of the digital 

pie: the revenues from digital music downloads increased 6 times from 2004 to 2007 

(see Figure 1). 



2 

 

Figure 1. Retail value of music in digital (downloaded) format (RIAA 2007). 

 As is the case with almost every product, musical recording can be acquired 

either legally or illegally; that is, it can either be bought or stolen. With the rapid 

adoption of broadband technology, growing accessibility of the Internet, and better 

compression technologies, it has become even easier for consumers to share digital 

music using the Internet, which created the new cost for the music industry: the 

download piracy. The content industry argues that piracy costs several billion dollars 

per year (see SIIA 2001; IFPI 2002). The spread of download piracy was accelerated by 

firms such as Napster, one of the first widely used peer-to-peer music sharing services, 

operated between June 1999 and July 2001 and allowed music fans to share MP3 

format song files easily. 

Since 1999 to 2007, sales of music on physical media have declined over 45% 

(RIAA 2007). Although music industry executives have blamed an array of factors for 

this decline (e.g., increasing popularity of video games and DVDs, decreasing number 
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of new music releases, etc.), the main culprit has been download piracy. Since 

download piracy have been such a great concern for music industry, when record 

labels decided to start selling digital music via Internet, they introduced audio files 

protected with DRM technologies to ensure that online stores did not simply add to 

the piracy problem. 

Digital rights management (DRM) refers to technologies designed to control 

how end users can access, copy, or convert information goods, such as software, 

music, movies, or books. For years, DRM was the primary means to protect digital 

products from unauthorized copying and distribution. Similar to most other 

information good industries, the music industry believes that DRM technologies 

decrease download piracy and that without DRM protection, piracy volumes would 

grow, just because it would become easier to copy digital music illegally. Furthermore, 

the music industry believes that download piracy adversely affects its profits in the 

music distribution channel. 

Existing research addresses the second part of this belief chain, namely, the 

connection between piracy and profits. For example, some researchers support the 

music industry's belief about the negative impact of piracy on industry profits, though 

others question this conjecture and demonstrate that piracy can positively affect the 

profits of the copyright owners in certain conditions. The model presented herein 

instead addresses the first part of the belief system: By focusing on the relationship 



4 

between DRM and piracy, it challenges the music industry's assumption that a lower 

degree of DRM protection results in higher piracy volumes. 

From the moment music became available for sale in a digital format, it was 

protected by DRM technologies. Yet the music industry, worth more than $35 billion 

worldwide (see IFPI 2004), has been suffering the effects of download piracy all along. 

For example, in 2005 alone, approximately 13.2 billion songs were downloaded 

illegally in the United States, according to the International Federation of the 

Phonographic Industry (IFPI, 2006). The music industry also posits that without DRM, 

piracy volumes would be even higher (RIAA, 2008). But is the industry correct? 

Certainly, DRM makes illegal copying harder, which should decrease piracy volumes. 

But there also may be a downside to using DRM technologies, because they restrict the 

ways consumers can access or listen to music that they have purchased. Will the 

introduction of DRM-free music lead to increases in download piracy, as expected by 

opponents of DRM-free music? Will the music industry suffer decreased profits or 

actually enjoy profit increases? What will the effects be for CD retailers? 

To address these and related questions, this research models a music 

distribution channel that allows for both traditional CD retailers and download 

services like iTunes. Although the proposed model applies to various types of 

information goods, for simplicity of exposition, the paper focuses on the music 

industry, with a music album as a product for sale. The model assumes that a music 

album is available to consumers in either digital (e.g., downloadable files) or 
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traditional (e.g., CDs) format. Furthermore, music in digital format can be either DRM-

protected or DRM-free. Consumers are assumed to have heterogeneous preferences 

for downloaded music versus CDs, and they derive higher utility from DRM-free than 

from DRM-protected music. A record label can distribute music via iTunes-like 

download services and traditional retailers selling CDs. Consumers can obtain the 

music in digital or traditional format legally from an official retailer, or they can steal 

music in digital format from "music pirates." Finally, consumers differ in terms of their 

propensity to engage in piracy, which might increase if unprotected, DRM-free, digital 

music were to become available from digital retailers. 

In the benchmark hypothetical case, record label distributes music via a single 

retailer who sells music in both digital and traditional format and competes with 

“music pirates.” Later the model is extended to competitive set up where digital and 

traditional retailers compete for customers with each other and with “music pirates.” 

The analysis demonstrates that record label earns highest profits when selling digital 

music in DRM-free format and traditional formats. This finding is a result of consumer 

preference for unrestricted, DRM-free music. Because consumers have higher 

willingness to pay for such music, the retailer can charge higher retail price when it 

becomes available for sale, and the record label, anticipating such price increase, raises 

wholesale price, so both record label and retailer benefit from selling DRM-free music. 

The analysis of competitive model adds another interesting result: Counterintuitively, 

with introduction of DRM-free music, download piracy decreases. This finding is a 
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result of the competition between digital and traditional retailers. Compared with 

DRM-protected music, DRM-free music is a stronger competitor for the music in 

traditional format. Therefore, with the introduction of DRM-free music, the retail price 

for music in traditional format decreases, and more consumers prefer buying legal 

music to stealing it. 

The rest of this chapter is organized as follows: The next section provides a 

review of relevant literature and defines the positioning of this work among current 

research. Section 1.3 features the model and related assumptions. Section 1.4  considers 

a base case: the monopoly scenario, and highlights  the basic nature of benefits from 

abandoning DRM. Sections 1.4.2–1.4.3 provide the analysis of a more general 

competitive setup where consumers’ propensity to engage in piracy might increase in 

the absence of DRM, and present results and some conclusions with direct bearing on 

the music industry. Section 1.4.4 presents comparative statics and discusses some 

other strategic options available to record label to impact its profits. Section 1.5 

presents an extension to the basic model: consumers face uncertainty about the success 

or failure to obtain a pirated music. Finally, the conclusion and some future research 

directions appear in Section 1.6. 

1.2. Literature review 

When digital music was introduced to the market, it was protected by DRM 

technologies. The music industry believes that DRM technologies decrease download 

piracy and that without DRM protection, piracy volume would grow, just because it 
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would be easier to copy digital music illegally. Furthermore, the music industry 

believes that download piracy adversely affects profits in the music distribution 

channel. Current literature already has addressed several aspects of this belief system. 

First, research investigates the download piracy phenomenon, digital rights 

management systems, and how profits are made in music industry. Second, the vast 

majority of research addresses the connection between piracy and profit. Some articles 

support the music industry's belief about negative impacts of piracy on its profits, 

whereas others question this claim and demonstrate that piracy sometimes can affect 

the profits of the copyright owners positively. The following subsections provide 

overviews of these research streams. 

The work presented herein provides a missing piece, in that it addresses the 

relationship between DRM and piracy and challenges the music industry's 

assumption, which is also widely accepted in academic research, that a higher degree 

of DRM protection results in lower piracy volumes. 

1.2.1. Piracy of digital products 

Internet piracy refers to the uploading of copyrighted music, movies, books, 

and other digitized goods to the Internet for anyone to copy or the downloading of 

such content from Web sites. Copying and distributing copyright-protected digital 

content from the Internet usually violates copyright law, which attempts to reward 

creators and encourage them to create more works. Therefore, the creator of an 

original work has the exclusive right to reproduce, sell, and distribute copies. For 
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example, if a person writes a book or a song, others may not sell that book or song 

without the author's consent. Although violation of law is easily apparent when 

someone steals a book from Barnes & Noble or a CD from Circuit City, a significant 

majority of Internet users believe that downloading a book or song from the Internet 

without paying for it is not illegal. In their survey, Lenhart and Fox (2000) find that  

“- 78% of Internet users who download music do not think it is stealing to save 

music files to their computer hard drives. A majority of the general Internet 

population also holds this view; 53% say downloading music is not stealing 

and only with 31% believe it is. Whether they are Internet users or not, young, 

highly educated, and relatively affluent consumers support downloaders' right 

to receive music online for free. 

- 61% of music downloaders say they do not care if the music they capture is 

copyrighted. “ 

Clement (2003) offers a good background of the piracy of digital products, 

including an analysis of the piracy value chain. Piracy is not new to the media 

industry, but “a new 'quality' of illegal mass distribution has been reached” (Clement, 

2003, p. 325). Clement also illustrates his analysis with details about illegal copying 

methods and interesting examples of piracy in music and video industry. 

Early studies of economic, behavioral, and demographic factors that cause 

piracy focused on software piracy. For example, Solomon and O'Brien (1991) study the 

effects of demographic factors on attitudes toward software piracy and report that 

women, older consumers, and people with an ethical predisposition toward legal 

justice tend to pirate less. 

Later Gopal et al. (2004) present a model of behavioral dynamics that indicates 

the general model of software piracy applies to audio piracy, with some key 
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differences. They therefore provide recommendations for the recording industry about 

which steps may be more likely to decrease piracy. For example, they suggest that a 

greater awareness of the implications of piracy is likely to reduce actual piracy 

behavior. 

1.2.2. DRM technologies  

From existing literature pertaining to DRM technologies, two streams of 

research emerge 

 1. Studies of methods for controlling or preventing piracy. 

 2. Studies of consumer acceptance of DRM.  

In the first stream, Gopal and Sanders (2006) develop an analytical model to 

test the implications of antipiracy measures on publisher profits, considering both 

preventive and deterrent controls. Preventive controls attempt to decrease piracy by 

preventing copying or making it costly, whereas deterrent controls use legal sanctions 

to check crime. Their results suggest that preventive controls decrease profits, whereas 

deterrent controls may increase them. Conner and Rumelt (1991) also provide an 

analytical model of the decision to pirate and analyze preventive protection policies, 

noting that increased protection might have the opposite effect on profits, with and 

without the network externalities. From a technology perspective, an array of papers 

consider effective ways to increase protection, including Lin et al.'s (2005) discussion 

of advances in digital video content protection, Liu's (2003) comprehensive review of 
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DRM protection mechanisms for multimedia files, and van Oorschot's (2003) summary 

of software protection papers. 

The most popular strategy for fighting piracy involves encrypting digital 

content to prevent copying and illegal distribution. Studies of consumer acceptance od 

DRM show that with this strategy, legitimate users may experience constraints on 

their legitimate usage of the content (see Berry 2002; Pfeiffer Consulting 2001). 

According to the IDC's (2000) research regarding which constraints music consumers 

will accept, as summarized in Figure 2, most consumers reject all restrictions, and the 

most objectionable constraint is limiting a content to a particular device - exactly the 

restriction Apple previously applied to songs sold on iTunes. Yoon (2002) also show 

that various restrictions on the usage of the content decrease the utility that legitimate 

users derive from that content. The model proposed herein therefore uses these 

findings to justify the claim that consumers may prefer a DRM-free version of a 

product to a DRM-protected version. 

 

Figure 2. Individual acceptance of usage constraints. 
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1.2.3. Impact of piracy on the business of content providers 

As Figure 1 reveals, music sales have been declining during the past decade; 

most of the industry blames illegal music downloads. Some authors provide empirical 

evidence in support of that claim, such as Liebowitz (2002), who integrates 30 years of 

data to determine the most important influences on record sales. He concludes that 

record sales suffered four declines prior to 2001, and the modern decline does not 

appear different in character from previous ones; however, recent data about record 

sales support the claim that MP3 downloads harm the recording industry. Hui and 

Png (2002) develop and test hypotheses from theoretical models of end-user and 

reseller piracy using international panel data for music CDs and find empirically that 

demand for music CDs decreases with piracy, suggesting that theft outweighs any 

positive effects. However, they also note that the impact of piracy on CD sales is 

considerably smaller than industry estimates. Peitz and Waelbroeck (2004) support the 

claim of losses due to Internet piracy with 2000-2001 cross-country evidence and 

detailed U.S. survey data. Also, Takeyama (1997) demonstrates that if dynamic effects 

are taken into account, losses in profits due to copying may be even greater. 

Yet Slive and Bernhardt (1998) present an opposing argument and suggest 

limited piracy should be permitted in the presence of strong network externalities 

because piracy represents a form of price discrimination. Connor and Rumelt's (1991) 

model further suggests that in some circumstances, even with significant piracy, the 

absence of DRM protection increases firms' profits due to positive network 
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externalities, such as the incentive to economize on postpurchase learning and 

customization costs. Shy and Thisse (1999) arrive at similar findings in a duopoly, and 

Takeyama (1994) finds that in the presence of positive network externalities, piracy 

can lead to a Pareto improvement in social welfare. 

Takeyama (2003) also demonstrates that the information value of copying can 

improve social welfare (for both producer and consumer), though only in cases 

marked by asymmetric information about product quality. Alvisi et al. (2004) argue 

that in the absence of piracy, the monopolist has no incentive to differentiate its 

products. With piracy though, the monopolist might produce more than one level of 

quality, in which case the introduction of lower quality products may enable the 

monopolist to capture some consumers who would otherwise prefer to pirate. 

King and Lampe (2002) prove that assumptions common to literature that 

supports piracy as a positive network externality are not simply convenient but also 

necessary for the firm to consider piracy a profit-maximizing tactic. Specifically, these 

assumptions are that customers have differential abilities to pirate, the seller does not 

have the ability to price discriminate directly among different customers, the number 

of potential pirates is relatively small, and the ability to pirate is inversely correlated 

with customers' willingness to pay. 

Some of these assumptions might seem too restrictive, especially in the context 

of the music industry. For example, consider consumers who have fast Internet 

connections and are aware of existence of p2p networks such as BitTorrent, which 
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enable them to download any song for free. However, these consumers might also be 

highly moral and not want to violate their ethical code, which prevents them from 

stealing. These consumers are willing to pay for legal music, but they are certainly able 

to pirate. Their willingness to pay depends on how much they like the music they 

consider obtaining, not on their ability to pirate, which remains constant regardless of 

how much they like a song. Furthermore, Lenhart and Fox (2000) find that 78% of 

downloaders do not consider it stealing to download music online without paying. 

Does 78% of potential pirates really represent a relatively small number? Thus, a 

critical look at these four assumptions suggests that at least some are unlikely to hold 

in the context of the music industry. In such conditions, existing literature suggests 

that piracy harms the content providers' profits and that DRM protection should be 

enforced to decrease piracy volume. There is little question that piracy can be harmful 

for profits; however, this study questions the assumption that DRM enforcement 

necessarily results in lower piracy rates. This article augments a stream of analytical 

papers pertaining to piracy by analyzing, instead of the relationship between piracy 

and profits, the relationship between piracy and DRM. Counterintuitively, A lack of 

DRM protection actually might decrease piracy, which would conflict with the 

assumptions and findings from existing research (e.g., Conner and Rumelt's (1991) 

proposition 1; Heileman et al.'s (2007) assumptions). If piracy decreases, profits in the 

music distribution chain increase. That is, the proposed model demonstrates that a 

lack of DRM protection actually might increase profits, though unlike most current 
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literature, this article does not use network externalities or indirect appropriability 

arguments to achieve this result. Rather, this conclusion results from competitive 

interactions between digital and traditional retailers in the presence of distributors of 

pirated goods. 

1.3. Model 

This section details the basic model used to examine the impact of DRM 

restrictions on the level of piracy in the music industry and on the prices and profits of 

different members of music distribution channel.    

1.3.1. Products 

Music is distributed in two formats: digital (e.g., MP3 or acc files) and 

traditional (e.g., CDs). In the traditional format, the content is not DRM protected, 

whereas content in a digital format can be either DRM protected or DRM free. We 

refer to the DRM-free music as unrestricted music and DRM-protected music as 

restricted music.1 

1.3.2. Consumers 

Different consumers have different preferences for music in digital versus 

traditional formats. There can be various factors underlying such preference: some 

consumers might like portability and compactness of the digital music, while others 

                                                      

1Although it is possible to apply DRM protection to music on CDs this practice has not become 

widespread (Halderman and Felten 2006) and currently CDs are sold without such protection. Therefore, 

CDs in this model are also assumed to be unrestricted. 
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might like the booklet and artwork which come with a CD, or a possibility to display a 

CD as a part of music collection. Ultimately, each consumer makes a choice of format 

to buy music in, the choice which depends on consumer's preference for format and 

prices of each product. In other words, consumers consider digital and traditional 

music as horizontally differentiated products. The horizontal differentiation is 

modeled by assuming that consumers are uniformly distributed on a Hotelling line 

segment [0,1] with digital format located at zero and traditional format located at one. 

The transportation cost is denoted t . A consumer located at point x  on the Hotelling 

line experiences a total transportation cost of )(1 xt −  is she buys product in traditional 

format and tx  if she buys the product in digital format. This cost represents 

physiological cost the consumer experiences when settling for one format or another. 

If 1<<0 x , this cost is non-zero, so settling for, say, traditional format, while having 

some preference for digital format, would mean that the consumer has to either deal 

without digital format in the situations when she would use it otherwise, or to 

experience the effort of converting traditional format into digital to be able to use the 

product in digital format when needed. 

The consumer’s valuation of an ideal product is Uθ  if the product is 

unrestricted (DRM-free) and Rθ  is it is restricted (DRM-protected). Because the 

existing literature has demonstrated (e.g., Berry 2002; Pfeiffer Consulting 2001; IDC 

2001) that consumers prefer the unrestricted product version to the restricted one, it is 

assumed that RU θθ > . The difference RU θθθ −∆ =  represents the disutility of 
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inconvenience which consumers experience when having the DRM protection that 

restricts consumers in how they can use the product and/or the effort of breaking the 

DRM protection to obtain an unrestricted version. 

Consumers can obtain media content either legally by buying it or illegally 

from a variety of sources such as p2p network, pirated music website, a friend, etc.2 

When they steal it, consumers obtain the DRM-free version. In the spirit of Fetscherin 

(2003), when obtaining a product illegally, a consumer incurs a pirating effort, e . The 

pirating effort represents a combination of several components: moral guilt for 

performing an illegal action, and/or the expected fine a consumer would pay if caught 

stealing the music, and/or the cost of time spent for copying or searching for an illegal 

copy on the Internet. Generally, this pirating effort varies from consumer to consumer 

due to variations in personal time costs, the subjective probability of being caught, risk 

aversion, and so forth. To capture the idea of such variation this analysis assumes that 

there are two consumer segments, H and L, differing in pirating effort.  

Consumers located in segment H have high pirating effort, He , and consumers in 

segment L have low pirating effort Le . There are λ  consumers in the high stealing 

effort segment, and λ−1  consumers in the low stealing effort segment, where 

(0,1)∈λ . Initially it is assumed that the stealing efforts are unaffected by DRM 

                                                      

2Because CDs are not DRM-protected, music can be ripped off a CD and uploaded on the pirated music 

website or p2p network, or copied by a friend. Thus pirated music in digital format is available even 

when digital music is not legally sold at all or sold in DRM-protected format. 
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restrictions. Further in Section 1.4.3 we analyze a case when stealing effort decreases in 

the absence of DRM.3 

In this two-segment horizontal differentiation model, each consumer obtains at 

most one unit of the product, and there is no value from obtaining a second unit. 

Markets are completely covered, such that each consumer either buys or steals a 

product.  

Consumer located at point x  on the segment },{ HLj ∈  maximizes his or her 

utility by selecting one of the available options: 

 1. Buying the product in traditional format at price Tp  and obtaining utility 

TiU

B

T pxtxU −−−= )(1)( θ ; or 

 2. Buying the product in digital format at price RDp  and obtaining the utility 

RDR

B

RD ptxxU −−= θ)(  if the product is DRM-protected or at price UDp  and obtaining 

utility UDU

B

UD ptxxU −−= θ)(  if the product is DRM-free; or 

                                                      

3 There does not have to be an underlying factor common to both piracy efforts He  and Le , so that each 

pirating effort might vary independently. The following example illustrates such a situation: Segment L  

consists of technically skilled consumers who not only have plenty of time to browse Internet for freely 

available, pirated, DRM-free digital products and download them but are also capable of cracking the 

DRM protection by themselves to obtain DRM-f ree versions. Segment H , in contrast, includes 

consumers who engage in a different type of piracy by signing up for an online service, for a low monthly 

fee, that provides access to already cracked digital music.3 In this situation, if the record label pursues the 

Web service, it increases pirating effort He  because these services become harder to find and may be 

more expensive for consumers. However, these actions have no impact on low stealing effort Le  because 

consumers in segment L  do not use the service. Alternatively, if the record label invests in improving its 

DRM protection, it makes it harder for consumers in segment L  to obtain pirated products, because they 

must learn how to break new protection mechanisms. Therefore, stealing efforts can very independently 

and the next sections explore the effects of such changes. 



18 

 3. Stealing the product in digital format and obtaining utility 

jiUj

S

UD etxexU −−= θ),( .  

When consumer i  compares the utility of stealing an unrestricted, DRM-free 

digital product with the utility of buying a restricted, DRM-protected product, the 

result of the comparison does not depend on the consumer's location:  

 ),(<)( j

S

UD

B

RD exUxU  if and only if .< U

jUDRR ep −− θθ  

Therefore, if one consumer in segment j  prefers buying to stealing, each 

consumer prefers buying to stealing. To avoid singular cases in which all consumers 

buy or all consumers steal, low and high stealing efforts are assumed to be such that  

 and,< RDL pe +∆θ  (1.1)  

 .> RDH pe +∆θ  

Thus consumers in the high pirating effort segment prefer to buy the DRM-

protected digital product, and consumers in the low stealing effort segment prefer 

stealing the DRM-free version of it (see Figure 3). This assumption receives support 

from the empirical findings by Smith and Telang (2006), which reveal that certain 

consumers always buy digital goods, regardless of whether they are available on the 

Internet for free. If there is a digital version of the product available for sale, the 

traditional retailer competes with the digital retailer for the high stealing effort 

segment, whereas it competes with distributors of the pirated digital product to attract 

the low stealing effort segment. 
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Figure 3. Hotelling line representation of consumers’ preference for the music 

format: choices consumer made on high- and low-stealing-effort segments. 

By analogy, if the record label offers DRM-free digital and traditional products 

for sale, the low and high stealing efforts must be such that  
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UD
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The inequalities (1.1) and (1.2), and the complete market coverage assumption 
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1.3.3. Firms 

There are three members of the distribution channel: a record label that owns 

the copyright to the media content (denoted RL ) and two music retailers: a digital 

retailer (denoted D ), such as an Internet store that sells music albums as 

downloadable files, and a traditional retailer (denoted T ), such as a regular store that 

eH:

eL:

Buy traditional Buy digital 

Buy traditional Steal digital 

 0                                                                             1  

 0                                                                            1 
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sells music albums on CDs.4 Although there are two segments of consumers (high and 

low pirating effort), neither retailers nor the record label can differentiate between 

low- and high-stealing-effort consumers, so the retail and wholesale prices for the 

same format of a product do not differ for the two segments.  

1.3.4. Sequence of events 

The timeline consists of four stages. During the first stage, the record label 

chooses whether to sell music in digital format with DRM protection or without, or 

both. Then the record label chooses wholesale prices for the traditional ( Tw ) and 

digital products ( UDw  and RDw ). In the next stage, the retailers set their retail prices 

simultaneously, denoted Tp , UDp , and RDp . Finally, consumers maximize utility by 

choosing the optimal product available in the market. Subgame-perfect Nash 

equilibrium concept is adopted to solve the model. 

1.4. Deterministic piracy 

The analysis starts with a model of deterministic piracy where each consumer 

who decides to pirate obtains an illegal copy of the album for sure. Later in Section 1.5 

the model is extended to incorporate the uncertainty about some music albums’ 

availability from pirated music sources.  

                                                      

4 While having only two retailers is a simplification made for tractability reasons, this simplified model 

structure allows to capture positive profit margins enjoyed by each retailer and differentiated competition 

between formats. Apple’s iTunes store is nearly a monopolist on the digital download market (Shiller 

2009). And allowing more competition among traditional retailers will actually strengthen the results, as 

will be discussed later. 



21 

1.4.1. Monopoly analysis 

This section considers the monopoly case when there is only one retailer 

(denoted DT ) selling music in both digital and traditional formats.5 While having 

only one retailer is clearly a simplification, it provides the basic intuition for the 

impact of DRM protection onto prices and profits. The Section proceeds with deriving 

equilibrium prices and profits for two separate cases: (1) Record label sells the music 

album in traditional and DRM-protected digital formats (detailed in Section 1.4.1.1) 

and (2) Record label sells music album in traditional and DRM-free digital formats 

(detailed in Section 1.4.1.2). Section 1.4.1.3 analyzes profits in each of these cases and 

specifies the record label’s equilibrium strategy. 

1.4.1.1. Selling DRM-protected digital music 

In this case record label offers only the DRM-protected version of the digital 

product for sale. As mentioned previously (inequalities (1.1) and (1.2)), high pirating 

effort He  is such that consumers in segment H  prefer buying the digital version to 

stealing it. Therefore, the competition between digital and traditional formats is 

internalized for this segment, whereas retailer DT  competes with distributors of 

pirated digital products for the low stealing effort segment. 

The location of the low-stealing-effort consumer who is indifferent between 

buying and stealing is given by solving )(=)( H

B

TH

B

RD xUxU , and the location of the 

                                                      

5 E.g., Amazon, which cells both CDs and music album downloads. 
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high-stealing-effort consumer who is indifferent between buying digital and 

traditional formats is defined solving )(=),( L

B

TLL

S

UD xUexU . These locations are:  

 

.
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=

and,
2
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t

tep
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tpp
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LT
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RDT

H

+−

∆−+− θ

 

The total demand for digital product realized by retailer DT  is HRD xD λ= , 

whereas that for the traditional product is ))(1(1)(1= LHT xxD −−+− λλ . Retailer’s 

profit is given by  

.
2

))(1)(())((
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 Maximizing this profit function with respect to Tp  and RDp  by solving first-

order conditions (FOC), provides the optimal retail prices for digital and traditional 

products as a function of the wholesale prices Tw  and RDw : 
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The record label’s profit, RLΠ , with these prices is 
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Maximizing this expression yields optimal wholesale prices 

)2(1

)(1)(1
=*

λ

λλ

−

++− te
w L

T  and 
)2(1

)(12)(1
=*

λ

λθλ

−

−∆−+− te
w L

D . The full solution is 

summarized in Table 1. 

1.4.1.2. Selling DRM-free digital music 

 In the absence of DRM consumers derive higher utility from purchasing 

digital music then they did before, since RU θθ > . Similar to the previous Section, 

substituting DD  and TD  into the retailer's profit function and simultaneously solving 

the FOC for the optimal retail prices yields 

 
)2(1

)(1)(1)(1
=),(

λ

λλλ

−

−+++− TL

UDTT

wte
wwp , and 

 
)2(1

)(1)(12
=),(

λ

λλ

−

−+−+ UDL

UDTUD

wet
wwp .  

Substituting these prices into record labels’ profit and solving for optimal 

wholesale prices yields 
)2(1

)(1)(1
=*

λ

λλ

−

++− te
w L

T  and 
)2(1

2)(1
=*

λ

λ

−

+− te
w L

UD . The full 

solution is summarized in Table 1. 

1.4.1.3. Optimal strategy 

Direct comparison of record label’s profits reveals that record label benefits 

from elimination of DRM. Indeed, 0
16

=
2

>
∆

Π−Π
t

MR

RL

MU

RL

λθ
. Hence the record label’s 

optimal strategy is to offer unrestricted digital and traditional versions for sale.  
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Table 1. Optimal pricing decisions, profits, demand, and piracy volume in the 

monopoly model with deterministic piracy and constant pirating effort. 

Traditional and DRM-protected digital 

versions are sold 

Traditional and DRM-free digital 

versions are sold 
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When DRM protection is eliminated, the retailer exploits consumers’ increased 

willingness to pay for the unrestricted digital version and prices it higher: 

MR

RD

MR

RD

MU

UD ppp >+
∆

=
4

3 θ
, which also gives the record label an opportunity to increase 

wholesale price: 
2

=
θ∆

+MR

RD

MU

RD ww . At the same time, the pricing of traditional version 
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does not change ( MU

T

MR

T pp =  and MU

T

MR

T ww = ) because traditional and digital formats 

are sold by the same retailer and the competition between them is internalized.  

Because the pirated music competes with legal music in traditional format on 

segment L and the retail price for traditional format does not change, the piracy 

volume does not change either.  

The monopoly model laid out above demonstrates the basic effect of 

elimination of DRM: record label and retailer exploit consumers’ higher willingness to 

pay for unrestricted digital version and earn higher profits as a result. At the same 

time, elimination of DRM has not impact on the piracy volume in this monopoly 

scenario. 

1.4.2. Competitive model analysis 

 This section proceeds with the competitive setup where there are two 

competing retailers: one selling music in traditional format and the other selling music 

in digital format. The timeline is as detailed in Section 1.3.4. Three choices of record 

label are compared: selling DRM-protected digital music, selling DRM-free digital 

music, or both. For each case optimal pricing decisions, demand and profits are 

derived. Section 1.4.2.1 pertains to the case in which the record label sells both 

traditional and DRM-protected digital versions of the product. In Section 1.4.1.2, the 

DRM-free digital version appears in the market instead. Finally, Section 0 considers 

the case in which the record label sells traditional and both DRM-free and DRM-

protected digital versions of the product. Each Section analyzes the game in backward 
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fashion, by deriving the choice of consumers first, then determining the optimal retail 

prices, and finally obtaining the optimal wholesale prices set by the record label. After 

analyzing each strategy separately, the analysis proceeds with a comparison of these 

strategies in Section 1.4.2.4, along with a discussion of the optimal strategy choice for 

the record label.  

1.4.2.1. Selling DRM-protected digital music 

In this case record label sells music in DRM-protected digital format via 

Retailer D and in traditional format via Retailer T. As mentioned previously (see (1.1) 

and (1.2)), high pirating effort He  is such that consumers in segment H  prefer buying 

the digital version to stealing it. Therefore, retailers T  and D  compete for this 

segment, whereas retailer T  competes with distributors of pirated products for the 

low stealing effort segment. 

The location of high-stealing-effort consumer indifferent between buying 

traditional and DRM-protected digital music is defined by )()( H

B

TH

B

RD xUxU =  and is 

equal to 
t

tpp
x DT

H
2

=
θ∆−+−

. The location of low-stealing effort consumer 

indifferent between stealing music in digital format and buying it in traditional is 

defined by )()( L

B

TL

S

UD xUxU = and is  
t

tep
x LT

L
2

=
+−

. 

The total demand realized by retailer D  is HD xD λ= , whereas that for the 

traditional retailer is ))(1(1)(1= LHT xxD −−+− λλ . Retailers maximize their profits 
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by choosing optimal prices Tp  and RDp . Similar to the previous Section, substituting 

DD  and TD  into the retailers' profit functions and solving simultaneously two 

retailers’ first-order conditions yields:  
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Next, given consumer demand and the retail prices set by retailers D  and T , 

the record label maximizes its profit by choosing the optimal wholesale prices. Again, 

these demands and retail prices may be substituted into the record label's profit 

DRDTTRL DwDw +=Π  and first-order conditions may be solved for the optimal 

wholesale prices. Table 2 provides the full solution for this case. 

 

1.4.2.2. Selling DRM-free digital music 

In this case record label sells music in traditional and DRM-free digital formats 

via retailers T and D respectively. So in segment H consumers choose between buying 

music in unrestricted digital or traditional formats. The location of high-stealing-effort 

consumer indifferent between buying traditional and DRM-protected digital music is 

defined by )()( H

B

TH

B

UD xUxU =  and is equal to 
t

tpp
x DT

H
2

=
+−

. In segment L 

consumers choose between stealing music in digital format and buying it in 

traditional. The location of consumer indifferent between these two options is 
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t

tep
x LT

L
2

=
+−

. By substitution these locations into retailers’ profit functions and 

simultaneously solving first-order conditions we obtain optimal retail prices: 

 

.
4

2)(2)(12
=),(

,
4

23)(1
=),(

λ

λλλ
λ

λ

−

++++−

−

+++−

UDTL

UDTT

UDTL

UDTUD

wwte
wwp

and
wwte

wwp

 
  

Now, substituting these prices into record label’s profit function gives 

.
)(

))(())(()(

λ

λλλλλλλ

−

++++−−+−+
Π

4t2

2ww3tww2ww2)(1eww2
= TUD

2

UD

2

TUDTLUDT

RL

 Maximizing this profit function with respect to wholesale proces results in 

(1 ) (1 )
=

2(1 )(4 )

L
T

t e
w

λ λ

λ λ
∗∗ + + −

− −
 and 

)2(1

2)(1
=

λ

λ

−

+−∗∗ te
w L

UD
. Table 2 provides the full solution 

for this case. 

1.4.2.3. Selling music in both DRM-free and DRM-protected digital formats 

In this case record label sells both DRM-free and DRM-protected digital 

product. Thus consumers in segment H have a choice between buying music in 

traditional format, in restricted digital, or in unrestricted digital. Note, that when high-

stealing effort consumer located at point i in the segment line compares the utility of 

buying a DRM-protected versus a DRM-free version of the digital product, the result 

of this comparison does not depend on the consumer's location: 
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Table 2. Optimal pricing decisions, profits, demand, and piracy volume in the competitive model with 

deterministic piracy and constant pirating effort. 
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That is, if one consumer prefers buying the unrestricted version to buying the 

restricted one, all consumers have the same preference. Thus if the digital retailer 

wants consumers to buy both versions, it must price them so that each consumer is 

indifferent between buying the DRM-protected and DRM-free versions: 

RDUD pp +∆θ= . If θ∆+DRDU pp < , consumers will buy only the DRM-free version, 

and if θ∆+DRDU pp > , they will buy only the DRM-protected version. Thus, retailer 

D  has to choose a price that should satisfy one of the following options: 

• Consumers are indifferent between buying DRM-free and DRM-protected 

versions: θ∆+RDUD pp = . 

• Consumers buy the DRM-free version and not the DRM-protected version: 

θ∆+RDUD pp < . 

• Consumers buy the DRM-protected version and not the DRM-free version: 

θ∆+RDUD pp > .  

The following proposition determines the optimal pricing strategy for retailer 

D.  

Proposition 1.1 It is optimal for retailer D  to set retail prices RDp  and UDp  so that 

all customers buying digital products prefer to buy DRM-free versions rather than DRM-

protected versions. 

In other words, the second strategy ( θ∆+RDUD pp < , so that customers buy 

only DRM-free music) provides the highest profit for retailer D . Hence, the outcome 
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in this case is identical to that in case when record label is selling only DRM-free 

version described in the previous Section.  

1.4.2.4. Comparative analysis of record label's strategies 

This section compares the outcomes of three preceding strategies for the record 

label and identifies the best strategy from a profit maximization perspective, as well as 

analyzes the impact of each strategy on pricing decisions, piracy volumes, and retailer 

profits. 

The following lemma summarizes the changes in prices when the DRM-free 

digital product, rather than the DRM-protected version, gets introduced to the market. 

Lemma 1.1 With the elimination of DRM restrictions, the retail price for the 

traditional product decreases and the retail price for the digital product increases.  

 The DRM-free digital version brings higher utility to consumers thus the 

digital retailer has an incentive to charge a higher price for the digital music. The price 

reaction functions of the digital retailer are as follows: 

With DRM restrictions: 
22

)(* θ∆−+
+= RDT

TRD

wtp
pp ;  

Without DRM restrictions: 
22

)(** UDT
TUD

wtp
pp

+
+=

λ
. 

Also, by providing higher utility to consumers, unrestricted digital version 

competes better with the traditional version than does the restricted, DRM-protected 

product, so the traditional retailer has incentive to decrease its price. The price reaction 

functions of the traditional retailer are as follows: 
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With DRM restrictions: 
2

)1(

2
)(* θλλλ ∆+−++

+=
ewtp

pp TRD
RDT ; 

Without DRM restrictions: 
2

)1(

2
)(** λλ −++

+=
ewtp

pp TD
UDT . 

This is why with elimination of DRM the traditional retailer’s reaction curve is 

shifted up, and the digital retailer’s reaction curve is shifted down (see Figure 4), 

resulting in the equilibrium price of the traditional product being lower and that of the 

digital product being higher with elimination of DRM.  

In the monopoly model considered earlier the piracy volume did not decrease 

with elimination of DRM restrictions because the competition between formats was 

internalized, and there was no incentive for the retailer to decrease the price of 

traditional product. However, in the competitive set up there is an explicit competition 

between formats, thus the fact that competition between two retailers increases with 

the elimination of DRM produces an interesting result. 

Proposition 1.2 The elimination of DRM protection leads to decrease in total piracy 

volume.  

Because stealing only occurs among the low stealing effort consumers, who 

choose between buying traditional and stealing digital versions of the product, when 

the price for the traditional product decreases, some consumers switch from stealing a 

digital version to buying a traditional one. Thus, contrary to record labels' fears, piracy 

actually declines with elimination of DRM because of the increased competition 

between legal, DRM-free digital product and traditional product.  
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Figure 4. Retailers’ price reaction curves in cases with (solid line) and without 

(dotted line) DRM protection. 

Therefore, in the low stealing effort segment, the traditional retailer increases 

its sales volume by decreasing the retail price. In the high stealing effort segment, 

traditional product competes with DRM-free digital product available from retailer D . 

Although competition drives the price of the traditional product down, this price 

decrease is not enough to increase demand for the traditional version among segment 

H . Rather, sales of retailer D  increase, despite the increase in retail price, whereas 

those for retailer T  decline. The following Lemma summarizes this discussion. 

Lemma 1.2 With the elimination of DRM restrictions total demand for a legal digital 

version of the product increases and total demand for a traditional version of the product 

decreases. 
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So when DRM restrictions are removed, the digital retailer enjoys higher sales. 

The reduced piracy volume also means that the total sales volume increases. Hence 

from the record label's perspective, the introduction of DRM-free version seems 

beneficial. In addition to that, because DRM-free digital product provides higher 

utility for consumers and digital retailer charges higher price, record label raises the 

wholesale price in anticipation of that. Indeed, 0
2

= >
∆

− ∗∗∗ θ
RDUD ww . At the same 

time, record label does not decrease the wholesale price for the traditional product 

even though traditional retailer has to decrease the retail price for it (see Table 1 and 

Table 2). The next proposition shows that combined effect of higher total sales and 

higher wholesale price for the digital product is positive for the record label.  

Proposition 1.3 Offering a DRM-free digital version along with a traditional version 

is the optimal strategy for the record label.  

With regard to the effect of this decision on retailers' profits, as Proposition 1.1 

reveals, when faced with a choice among selling DRM-protected, DRM-free, or both 

versions, the digital retailer prefers to sell the DRM-free version only. That is, the 

preferences of the digital retailer and the record label for which digital version to sell 

are aligned.  

As it was discussed above, with the introduction of the DRM-free version, 

competition between digital and traditional retailers increases and the traditional 

retailer must reduce its retail price Tp , which minimizes its profit margin (because the 
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wholesale price does not change), but sales still decline. Therefore, the overall profit of 

retailer T  suffers,6 which explains why traditional retailer prefers record label to sell 

DRM-protected digital product. That is, record label and traditional retailer has 

opposite preferences as to which digital version to sell.  

Thus far, the assumption has been that with the elimination of DRM, pirating 

effort does not change. As long as there is at least one service on the Internet that 

provides access to pirated music, eliminating DRM protection might not decrease 

consumers' pirating effort much. Consumers who download music illegally do that 

even when DRM is imposed on legal digital music. Recall that the components of 

pirating effort include the expected value of the penalties if caught and the moral cost 

of violating the ethical law not to steal. These elements, unlike the time cost of 

searching for a pirated version or the effort of avoiding the protection, do not depend 

on the level of DRM protection. Therefore, if these elements substitute for an essential 

part of consumers' total pirating effort, eliminating DRM does not decrease the 

pirating effort significantly. Further, the major source of pirated music seems to be 

music on CDs which are not DRM-protected, transformed into digital format. Napster, 

the major online source for pirated music, started its operation in June 1999. At the 

same time, the first online store selling digital music (“The Store”, by Sony 

Corporation) was opened in the end of 2000. So the extensive library of pirated music 
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which Napster had could not have been originated from the legal music sold in online 

stores. Thus it is reasonable to believe that availability of pirated music is not closely 

tied with availability of legal digital music, whether DRM protected or not.  

Yet, one major argument for the existence of DRM is that the elimination of 

DRM makes piracy easier and hence will lead to higher piracy volume. So to address 

this concern of music industry the next section analyzes the model that allows the 

pirating effort to decrease with elimination of DRM restrictions.  

1.4.3. Piracy effort declines with elimination of DRM 

In This section it is assumed that when digital music becomes available for sale 

in DRM-free format, the pirating effort ie  decreases to i

U

i ee < . The decrease in 

stealing effort is represented by parameter (0,1]∈δ  such that .δi
U

i ee =  

The coefficient δ  denotes the degree to which stealing effort decreases in the 

absence of DRM, such that a smaller δ  indicates it is easier for consumers to pirate in 

the absence of DRM. It is assumed that U

He  is still high enough to prevent high stealing 

effort consumers from pirating digital music even after unrestricted music becomes 

available for sale. 

To determine if and when elimination of DRM is adopted by record label in 

equilibrium, it is necessary to compare the record label's profit in case when it sells 

DRM-free with the case when it sells DRM-protected digital music. The analysis is 

very similar to the one describes in Sections 1.4.2.1–1.4.2.3, and therefore the details are 
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omitted to avoid duplication. Table 3 summarizes prices, profits, demand, and piracy 

volume for this case. 

The following proposition demonstrates the impact of eliminating DRM 

protection on the total piracy volume in case when it becomes easier to pirate in the 

absence of DRM. 

Proposition 1.4 The elimination of DRM leads to lower piracy volume if and only if 

Pδδ ≥ , where 
)(2

1=
λ

θλ
δ

+

∆
−

L

P

e
. 

In the previous model the elimination of DRM protection led to lower retail 

price for music in tradition format, which created an incentive for some consumers to 

switch from stealing to buying, resulting in lower piracy volume. The same effect 

takes place in this model. However, there is another effect here, pulling the piracy 

volume in the opposite direction: the decreasing pirating effort. So when Pδδ ≥ , i.e., 

the pirating effort does not decrease much, the former effect dominates the later one, 

that is, the total piracy volume still goes down with elimination of DRM restrictions.  

The following proposition characterizes the equilibrium strategy for the record 

label.  

Proposition 1.5 It is optimal for the record label to sell DRM-free digital music if and 

only if *δδ >  where 

( ) ( )( )( )
( )2

22222

*

2

)2(12))4(2)(1(22))(2(62)2(14
=

λλ

λλλλθλλλλθθλλλ
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−−
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e

tteett  . 
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This result demonstrates that when pirating effort goes down significantly with 

elimination of DRM protection, it is not optimal for record label to do so. Recall that 

the components of pirating effort include the expected value of the penalties if caught 

and the moral cost of violating the ethical law not to steal. These elements, unlike the 

time cost of searching for a pirated version or the effort of avoiding the protection, do 

not depend on the level of DRM protection. Therefore, if these elements substitute for 

an essential part of consumers' total pirating effort, eliminating DRM does not 

decrease the pirating effort significantly, *δδ > , and it is optimal to eliminate DRM. 

This analysis further implies that educating consumers about the criminality of 

download piracy and enforcing penalties can make the moral components of pirating 

effort more important, which, according to this model, would translate into higher 

values of the coefficient δ , leading to elimination of DRM restrictions to be optimal. 

The following lemma demonstrates how the equilibrium cut-off point *δ  

depends on the model parameters.  

Lemma 1.3 The equilibrium cut-off point *δ , as defined in Proposition 1.4, decreases 

when consumers' stealing effort, Le , or the proportion of high stealing effort consumers, λ  

increase.  

 



 

 

Table 3. Optimal pricing decisions, profits, demand, and piracy volume in the competitive model with 

deterministic piracy and decreasing cost of piracy. 

Traditional and restricted digital versions for sale Traditional and unrestricted digital versions for sale 
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As demonstrated previously, when stealing effort does not change in the 

absence of DRM it is always optimal to eliminate DRM. There were two reasons for 

selling the unrestricted music to be always profitable for the record label: higher total 

sales and higher wholesale price for the unrestricted digital version. In the case when 

piracy effort decreases in the absence of DRM, traditional retailer not only competes 

with better (because it gives consumer higher utility than when DRM was imposed) 

legal product on segment H, but also with better (because it is easier than when DRM 

was imposed) pirated product on segment L. That is, the competition which 

traditional retailer faces in this model is even stronger, so it must decrease retail price 

even more, than in the earlier model. This, in turn, makes the competition on segment 

H more intense than in the earlier case: now digital retailer can take the advantage of 

higher consumers’ willingness to pay for the unrestricted version and raise the price as 

much as in the earlier model. As a result, the record label is limited in its ability to 

increase wholesale price for the unrestricted digital product. When δ  is low, the 

piracy volume higher and the record label’s ability to charger higher wholesale price 

for the digital product is limited more. That is why with lower values of δ it is not 

optimal for the record label to eliminate DRM. 

However, the fact that piracy volume increases with elimination of DRDM for 

lower values of δ alone is not enough to conclude that elimination of DRM is not 

optimal. Indeed, Propositions 1.4 and 1.5 show different cutoff points for when the 

piracy becomes lower with elimination of DRM and for when eliminating the DRM is 
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an optimal strategy. It appears that even when piracy increases with elimination of 

DRM it might be still optimal for the record label to remove DRM restrictions and sell 

DRM-free digital music. In particular, when Pδδ <∗  (it holds if t2<∆θ )7 for all δ  in 

the interval ),(
* Pδδ  the piracy volume increases but eliminating DRM restrictions is 

still on the equilibrium path. In this case the positive effect which consumers’ higher 

willingness to pay for an unrestricted music dominates the negative impact of 

increased piracy.  

It might be also the case (when t2>∆θ and hence Pδδ >∗ ) that for 

),( ∗∈ δδδ P  the piracy volume declines with elimination of DRM restrictions, yet it is 

not optimal for the record label to adopt such strategy. It is commonly believed that 

piracy volume and record label’s profit go together: i.e., if piracy increases the record 

label inevitably looses some of its profits and that decrease in piracy volume must lead 

to profit increase. The discussion above shows that even though piracy level affects 

record label’s profit, the increase in piracy does not always mean the decrease in 
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profits. The analysis reveals an important upside of DRM elimination: higher 

consumers’ willingness to pay for the DRM-free, unrestricted version enables record 

label to charge higher wholesale price for it and might lead to higher profits even if it 

becomes easier to pirate and the piracy volume increases in the absence of DRM 

protection. 

1.4.4. Record label’s other strategic options 

Thus far it has been assumed that the consumers’ pirating effort, Le , and the 

disutility of DRM restrictions for the consumers, θ∆ , are outside of the record label’s 

control. However, the record label can influence these parameters. For example, by 

educating consumers about unethical or illegal aspects of piracy the recording 

industry increases pirating effort and by making the DRM protection more stringent it 

increases the disutility of DRM restrictions. This section provides some comparative 

statics with respect to these two model parameters and demonstrates what the record 

label’s strategic options are besides eliminating DRM, to increase its profits.  

Consider the case when record labels sells DRM-protected digital music  in via 

two retailers D and T (Section 1.4.2.1). The outcomes for this case were summarized in 

Table 2. As pirating effort Le  increases, so do retail prices. However, the retail prices 

for traditional product increase faster. Indeed,  

 .=
)2(4

)2(5
>

)2(4

)3(2
=

L

RD

L

T

e

p

e

p

∂

∂

−

−

−

−

∂

∂ ∗∗

λ

λ

λ

λ
 



 

43 

Traditional product competes directly with pirated digital product in the low 

stealing effort segment, in which Le  effectively acts as a competitor's price. The DRM-

protected digital product does not compete directly with the pirated product, so its 

pricing is affected by the pirating effort Le  only through the retail price set by retailer 

T. This is why the pirating effort Le  has a smaller effect on the retail price ∗
RDp .  

Consider next the demand for the legal product by both segments and volume 

of piracy. Because ∗
Tp  increases with Le  faster than does ∗

RDp , the demand for the 

traditional product among the high stealing effort segment ∗
THD  actually drops as Le  

increases, whereas demand for the digital version increases. However, total demand 

for the traditional product ∗
TD  increases with Le , and consequently, piracy volume 

declines. The following lemma demonstrates this point. 

Lemma 1.4 An increase in Le  increases total demand for the traditional product ∗
TD  

as well as the total demand for the digital product ∗
DD . Moreover, pirating effort has a greater 

impact on demand for the traditional product than on demand for the digital product. 

 Next, consider the impact of stealing effort, Le , on profits. With increase of 

pirating effort Le , demand for the digital version increases, as does the retail price. 

Wholesale price also increases but at a slower pace than the retail price:  
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Therefore, with an increase in Le  the overall profit of retailer D  increases, as 

does that for the traditional retailer. The record label also benefits from higher pirating 

effort; the increased pirating effort has the greatest impact on the record label's profit, 

because the record label gains through both retailers. However, the traditional retailer 

gains more from higher pirating effort than does the digital retailer, as the following 

lemma notes: 

Lemma 1.5 The record label's, traditional retailer's, and digital retailer's profits 

increase with greater pirating effort; changes in pirating effort have the greatest impact on the 

record label's profits. They also have a greater impact on the profits of the traditional retailer 

than on the profits of the digital retailer. 

Next, consider the impact of the perceived difference in value between DRM-

protected and DRM-free products, θ∆ . Intuitively, the bigger this difference, the 

greater is consumers' incentive to steal the DRM-free version. With an increase of θ∆ , 

the price for the traditional product increases:  
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which means demand for the traditional product in the low stealing effort segment 

declines and piracy volume increases. Also, when the disutility of DRM-restrictions 

increases, retailer D must decrease its retail price:  
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Yet demand for the digital product still decreases among the high stealing 

effort segment:  

0.<
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Consequently, demand for the traditional product among this segment 

increases, and overall demand for the traditional product increases as well:  
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Although the wholesale price for the digital version of the product, ∗
RDw , 

depends on θ∆ , the wholesale price for the traditional version, ∗
Tw , does not. If the 

traditional retailer increases its retail price, ∗
Tp , with an increase of θ∆ , the record 

label might increase the wholesale price as well. However, regardless of an increase or 

decrease in the disutility of DRM restrictions, the record label charges the traditional 

retailer the same price per unit. If the record label were to increase the wholesale price 

Tw , it would further increase the retail price (see Equation (1.5), which demonstrates 

that the optimal Tp  depends on Tw ), and would cause a further decline of sales in 

segment L . Alternatively, if the record label retains the wholesale price Tw , no further 

decline in sales would occur in segment L . In segment H , all the consumers would 

buy the legal product, so the total volume of sales remains the same, and the record 

label can vary its revenues by changing either RDw  or Tw , such that it internalizes 

competition. For the record label, it does not matter which to vary; for each change in 
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revenue from segment H, there exist multiple pairs of wholesale prices that will result 

in this revenue change. Thus, it is optimal for the record label to choose a pair for 

which the wholesale price for the traditional product does not further decrease 

revenues from segment L . 

Because the wholesale price for the traditional product does not depend on 

θ∆ , but the retail price increases with θ∆ , the profit margin of retailer T  grows and, 

together with growing demand, results in an overall profit increase with an increase of 

θ∆ . However, retailer T  is the only participant that benefits from the increase in θ∆ . 

The following lemma details this result. 

Lemma 1.6   With an increase of the disutility of DRM restrictions, θ∆ , traditional 

retailer’s profit increases, while both the record label's and the digital retailer's profits decrease; 

moreover, θ∆  has a stronger negative impact on the record label's profit.  

 These effects become stronger with an increase of pirating effort Le , such that 

the greater the pirating effort, the faster the profit of the traditional retailer increases 

with θ∆  and the faster the profits of the record label and digital retailer decrease. 

Consider the following second derivatives:  

 0,<
)(44

)(1
=

2

λ

λλ

θ −

−
−

∂∆∂

Π∂ ∗

teL

RL  

 and,0<
)(44

))(2(1
=

2

2

λ

λλλ

θ −

−−
−

∂∆∂

Π∂ ∗

teL

D  

 0.>
)(42

)(1
=

2

2

λ

λλ

θ −

−

∂∆∂

Π∂ ∗

teL

T  



 

47 

These results signal that the record label does not benefit from increasing the 

disutility of DRM restrictions. Moreover, these results suggest that attempts to 

increase pirating effort by, for example, improving DRM protection would lead to 

even faster declines in profits with an increase of the difference in value. 

This analysis therefore demonstrates that increase in the disutility of DRM, 

θ∆ , and increases in the pirating effort, Le , have opposite effects on record label’s 

profit. What does it imply for a record label executive? There are multiple ways how 

record label can influence consumers’ pirating effort. Besides educating consumers 

about unethical and illegal aspects of piracy mentioned above, recording industry 

might increase the pirating effort by bringing broad media attention to the lawsuits 

against individual consumers illegally downloading music, by shutting down internet 

sources with illegal digital music, by invading p2p networks by harmful computer 

viruses, etc.. Making DRM protection more stringent might also increase pirating 

effort which should result in higher profit. On the other hand, if, for example, the 

record label strengthens DRM protection by putting a restriction on the number of 

computers on which a music file can be played, the consumer's valuation of the DRM-

protected product declines, and the disutility of DRM, θ∆  increases which leads to 

lower profit.  

So making DRM protection more stringent results, on one hand, in an increase 

in the consumers’ cost of piracy, but on the other hand, it also makes the DRM 

protection more inconvenient for consumers. So the overall effect of more stringent 
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DRM protection on the record label’s and digital retailer’s profit is ambiguous: on one 

hand the profits might go up as a result of increased consumer’s cost of stealing, but 

on the other hand the profits might go down as a result of increased inconvenience of 

DRM restrictions.  

For the record industry this analysis means that if the record label attempts to 

increase stealing effort by means other than DRM, e.g., by intensifies legal actions 

against consumers who steal music and illegal Web sites distributing it, the increased 

pirating effort unambigously leads to higher profits because the disutility of DRM was 

not affected. This example suggests that even though recording industry has a choice 

of means to achieve higher profits, it must consider the total effects. 

Increasing consumers’ pirating effort becomes even more important for 

recording industry when it sells DRM free digital music. The following lemma shows 

that.  

Lemma 1.7 In the absence of DRM protection, an increase in pirating effort matters 

less for the profit of the traditional retailer and more for the profit of the digital retailer and 

record label, compared with when a DRM-protected version is being sold. 

In case when DRM-protected version is sold, the disutility of DRM , θ∆ , and 

the pirating effort, Le , have joint effects (i.e., the multiplication of θ∆  and Le  appears 

in the profit function) on the profits of chain members. If only the DRM-free digital 

version is available for sale, there is no difference in value of legal and pirated music 

for consumers, and the profits do not depend on θ∆ .  
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Therefore, when a DRM-free product is available for sale, piracy has a greater 

negative impact on the record label's profits. This impact probably explains why after 

Apple introduced the iTunes Plus (option to buy unrestricted digital music) the 

number of lawsuits issued by record labels against individuals increased. Previously, 

lawsuits mainly targeted businesses involved in and supporting piracy (e.g., Napster, 

Kazaa, Grokster), but today, record labels have launched antipiracy campaigns on a 

wider scale. By going after individual consumers and providing broad press coverage 

of their efforts, record labels may influence beliefs about the probability of being 

caught stealing and increase expectations of punishment (e.g., fines), which eventually 

should translate into higher piracy costs at an individual level. 

1.5. Probabilistic piracy 

It has been assumed in the previous Sections that whenever a consumer 

decides to pirate, it is certain that he or she succeeds to find the pirated music. It can 

be argued, that some music is harder to find than other and some albums might be 

either not available via music pirates or very hard to find. This section suggests a 

model which accommodates such a concern. 

1.5.1. Model 

 The model detailed in Section 1.4.3 is augmented here in the following way: 

instead of having a choice between buying a legal music or obtaining a pirated version 

of it, the consumer now has a choice of either buying legal music or trying to obtain an 

illegal copy, meaning that when a consumer tries to steal he or she obtains the pirated 
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version with probability 1<γ . The probability to find a pirated version, γ , can be 

interpreted as a measure of music popularity. In general, the more popular is certain 

music album, the more likely it is that an average source for pirated music would have 

it available for download. And the more rare music album is, the less likely an average 

web-site is to have it, thus the consumer might not be able to find such music and give 

up searching. 

If the consumer decides to try to steal, he or she incurs the pirating effort je  

regardless of the eventual success of the effort. This is because the consumer spends 

time trying to find the specific music album he or she is looking for, and might incur 

other moral and legal cost. If in the end the consumer succeeds to find a pirated 

version of the desired album, he or she enjoys the utility of getting an unrestricted 

version in a digital format, so that the total utility is jiUj

S

UD etxexU −−= θ),( . 

However, if the consumer ends up not finding the desired album, she will face a 

choice of buying a legal version in either traditional or digital format,8 so that the 

overall utility would be either TiUj pxte −−−+ )(1θ  or kDikj ptxe −−+θ  (where 

},{ RUk ∈ ). So now, when the low stealing effort consumer has a choice between 

                                                      

8Remember, that complete market coverage assumption eliminates the option of not buying anything. 

Indeed, if for any high-stealing effort consumer it is optimal to buy either digital or traditional version, it 

is the case that 0>)}(),({max xUxU
B

Dk

B

T , thus a consumer who tried to steal but did not succeed 

would prefer to buy a legal version since she then obtains positive utility versus zero utility if she buys 

nothing. 
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stealing the music album or obtaining it legally, she chooses the strategy providing her 

the maximum of the following utilities:  

Dkik

B

kD ptxxU −−θ=)( , 

TiU

B

T pxtxU −−− )(1=)( θ , and  







−−+−

−−+−

,)}(),({max)(1)(=),(

,)}(),({max)(1)(=),(

j

B

RD

B

TiUj

S

UD

U

j

B

UD

B

TiU

U

j

S

UD

exUxUtxexU

exUxUtxexU

γθγ

γθγ
γ

γ

  

As in the previous model, it is assumed here that the high stealing effort, He , is 

high enough to prevent consumers with high pirating effort from stealing digital 

music, and that low stealing effort, Le , is low enough for consumers on that segment 

to prefer trying to steal to buying:  

 )(<),( xUexU
B

kDH

S

UD

γ  (1.6)  

 )(>),( xUexU
B

kDL

S

UD

γ  

The decision tree describing the choice of alternatives the low stealing effort 

consumer faces in this probabilistic model is presented in Figure 5. The other parts of 

the model are as detailed in Section 1.4.3. 

if digital unrestricted music is sold 

otherwise. 
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Figure 5 . Decision tree representation of the strategy choices faced by a low-

stealing effort consumer located at point on the Hotelling line).  

 

1.5.2. Analysis 

The equilibrium is derived by comparing record label’s profits under two 

strategies: selling DRM-protected music and selling DRM-free music. In each case, the 

optimal response of consumers and retailers is derived as above in a backward 

induction fashion: first, the location of consumer indifferent between buying choices is 

derived for each segment L and H; then the retail prices maximizing retailers profits 

given consumers’ demand are found; and finally those prices and demand are 

substituted into record label’s profit function to derive optimal wholesale prices. 



 

53 

The high stealing effort consumer indifferent between buying digital and 

buying traditional music is defined by equation )(=)( H

B

kDH

B

T xUxU , and he or she is 

located at 
t

tpp
x kDT

H
2

=
θ∆−+−

 (where ),( URk ∈ ).  

The low-stealing effort consumer indifferent between pirating digital or buying 

traditional product is defined by equation 

 )}(),({=),( L

B

TL

B

kDLL

S

UD xUxUmaxexU
γ  (1.7) 

The inequalities (1.6) imply that )(< θγ ∆+DL pe . Hence the consumer located 

at Lx  chooses to buy traditional version in case if he or she does not succeed to find a 

pirated version online. Thus ),(=)}(),({ L

B

TL

B

TL

B

kD xUxUxUmax  and the equation (1.7) 

is equivalent to )(=),( L

B

TLL

S

UD xUexU
γ . The location Lx  thus can be determined: 

γ

γ

t

etp
x LT

L
2

)(
=

−+
. 

So, out of Lx  consumers Lxγ  end up obtaining a pirated version of digital 

music, ))((1 HL xx −−γ  consumers fail to pirate and buy music in traditional format, 

and Hx)(1 γ−  consumers fail to steal and buy music in digital format. Figure 6 

provides an illustration to consumers’ choices in this probabilistic model. The rest of 

the analysis proceeds as in the earlier model and the full solution is given in Table 4. 



 

 

Table 4. Optimal pricing decisions, profits, demand, and piracy volume in the probabilistic model. 
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Figure 6. Choices consumers make on high and low stealing effort segments in 

probabilistic model. 

 

In the probabilistic model the equilibrium structure is similar to that in the 

earlier model: if the pirating effort does not decrease too much when DRM protection 

is removed, i.e., if *γδδ > , then in equilibrium record label offers unrestricted, DRM-

free digital music. Otherwise it is optimal for the record label to keep DRM and sell 

restricted digital music.9 Here  
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9 Obtained by solving )()( δδ γγ R

RL

U

RL Π>Π  for δ . 
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H segment:
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The following proposition demonstrates the effect of DRM restrictions on the 

piracy volume. 

Proposition 1.6 With elimination of DRM piracy volume decreases only if probability 

to find pirated product is greater than 

( )
)1(2

)1)(1(12)1)(1()1)(1(
2

λθ

λδθλδθλδθ
γ

−∆

−−∆−−−+∆−−−+∆
=

LLLP
eee

.  

In other words, with elimination of DRM, piracy volume decreases for more 

popular music and increases for less popular music.  

1.6. Summary and conclusions 

Since the first day music was released for sale in digital format, it was 

protected by DRM technologies to prevent illegal copying and decrease piracy. The 

music industry believes firmly that more strict DRM protection lowers the download 

piracy volume, and existing research readily accepts and incorporates this assumption. 

The music industry also believes that higher piracy volume leads to lower industry 

profits. Although the vast array of existing research focuses on the relationship 

between piracy and profits, providing empirical and analytical arguments for how 

piracy actually might benefit music industry profits, the current paper instead 

analyzes the connection between piracy and DRM. 

The analysis of DRM protection and its effects on piracy volume starts with the 

monopoly model of deterministic piracy in Section 1.4.1. This model illuminates the 

basic effect of the elimination of DRM restrictions: the record label earns higher profits 
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when selling DRM-free digital music. This key result is based on the conclusion 

derived from research into consumers' acceptance of DRM technologies. This research 

has demonstrated that consumers enjoy unrestricted, DRM-free, digital products more 

and thus are willing to pay more for an unrestricted product. Hence when DRM-free 

music becomes available, the digital retailer charges higher price, and so does the 

record label. The impact of DRM technology on consumers' willingness to pay has not 

been taken into account sufficiently in previous research, which assumes that DRM 

protection unambiguously decreases piracy volumes.10 Instead, the present research 

demonstrates that this assumption might not hold. 

The analysis proceeds with a model of a competitive environment in Section 

1.4.2. A counterintuitive result is presented: in the competitive setup the elimination of 

DRM restrictions leads not only to higher profits enjoyed by the record label and the 

digital retailer, but also results in lower piracy volume. This finding is a result of 

competition between the traditional and digital retailers: the unrestricted, DRM-free 

version of the product is a stronger competitor to the traditional version than the 

DRM-protected product. Hence when the record label offers DRM-free music, the 

traditional retailer reacts by lowering the price of music in traditional format to keep 

some of those consumers who would have otherwise switched to the unrestricted 

digital version. The lower price for the traditional product creates incentive for some 

                                                      

10There are authors who do model the higher utility that consumers derive from unrestricted products 

compared with restricted products (e.g., Heileman et al. 2007), but they still make the assumption that 

piracy increases in the absence of DRM. 
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consumers to switch from downloading pirated music to buying a legal version. This 

conclusion might explain why, despite their great concerns about piracy, record labels 

currently sell DRM-free digital music. 

One common argument against eliminating DRM is that if digital music is sold 

in an unrestricted format, it becomes easier for consumers to pirate, hence the piracy 

volume would increase and profits would go down. The extended model incorporates 

this concern in Section 1.4.3. The analysis demonstrates that if the correlation between 

pirating effort and the existence of DRM is not strong, then the elimination of DRM is 

still optimal for the record label. That is, even if it becomes easier to steal in the 

absence of DRM, getting rid of DRM protection can still decrease the total piracy 

volume and increase the overall record label's profits. In addition, this model 

demonstrates that, contrary to the recording industry’s beliefs, piracy volume and 

industry profits are not perfectly correlated. It shows that the record label can earn 

higher profits even when piracy volume increases with the elimination of DRM. 

Existing literature on the effect of piracy on profits fails to consider the potentially 

positive effects of DRM elimination, such as the higher utility that consumers derive 

from unrestricted product. The literature relies on arguments such as piracy being a 

positive network externality to demonstrate that with higher piracy volume record 

labels can still enjoy higher profits. The model presented in this paper illustrates  that 

higher consumer willingness to pay for unrestricted digital music alone can be 
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sufficient for the record label to enjoy higher profits, even with more consumers are  

stealing music. 

Further, the model of probabilistic piracy takes into account the fact that not all 

music is available from pirated music sources. Some albums are more popular than 

others, and the model assumes that more popular music is more likely to be found on 

pirated music networks. The model shows that even in the case of probabilistic piracy, 

the earlier result holds: introduction of unrestricted music might increase the record 

label’s profit. In addition, the probabilistic piracy model demonstrates that the effect of 

DRM on the piracy volume differs for different types of music: while the introduction 

of DRM leads to lower piracy volume for more popular music, piracy level for less 

popular music actually increases when DRM is eliminated.  

Comparative statics presented in Section 1.4.4 illuminates the importance of 

two parameters: consumers' pirating effort and the disutility of DRM restrictions. With 

an increase of pirating effort, retail prices for both traditional and digital versions of 

the product increase, piracy volume declines, demand for both traditional and digital 

versions increases, and, perhaps most important, the profits of both retailers and the 

record label increase. Increasing pirating effort is not the only leverage that a record 

label can use to achieve higher profits though. Smaller disutility of DRM restrictions 

has a similar effect, such that piracy volume decreases and the record label's profit 

increases, as does that of the digital retailer. However, the effect for the traditional 
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retailer is different, because the retail price and the demand for traditional products 

decline with a decrease of θ∆ , which minimizes the traditional retailer's profits.  

What does this analysis imply for a record company chief executive officer? 

Some very practical advice can be derived from the model. The analysis demonstrates 

that enforcing DRM protection to increase consumers' pirating effort has ambiguous 

effects on profits. On one hand, enforcing DRM increases pirating effort, which is 

beneficial for profits. But on the other hand, enforcing DRM increases the 

inconvenience associated with DRM protection for consumers, i.e., it increases the 

disutility of DRM, which has an opposite effect on profits. Thus, when deciding how 

to increase consumers' piracy effort, record labels should use means other than 

strengthening the DRM protection, such as intensifying legal actions against sources of 

pirated music and consumers instead of introducing further restrictions on the use of 

music files. Moreover, as long as there is at least one service on the Internet that 

provides access to pirated music, strengthening DRM protection probably does not 

increase consumers' pirating effort, because the DRM-free music is already available 

from pirated music sources. Therefore, strengthening DRM protection further 

decreases the value of legal downloads and results in profit losses for the record label, 

along with increased piracy volume. In contrast, eliminating DRM protection, while 

making it not too much easier for consumers to steal, improves the record label's 

profits and decreases piracy volume. 
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The present model also suggests several avenues for further research. First, the 

analysis of the disutility of DRM restrictions, θ∆ , might extend to include not only 

convenience of use but also factors such as audio quality or additional features. 

Because this analysis suggests that increasing the perceived value of legal digital 

music positively affects profits, record labels might benefit if they add bonuses to legal 

downloads, which pirated products do not offer, such as album artwork, concert 

photographs, lyrics, and so forth. 

Second, by defining the content of digital and traditional products identically, 

this analysis disregards real-world differences, for example that traditional formats 

usually offer a bundle of several songs on a CD, whereas single songs are normally 

distributed in digital format. It therefore seems natural to investigate the competition 

and profit implications of a bundling strategy for record label that faces the threat of 

piracy. 

Third, an interesting interaction might emerge if research were to consider the 

positive effects of piracy on profits and the impact of DRM on piracy volume in 

combination. Existing literature on piracy as a positive network externality assumes 

that piracy volume depends inversely on the degree of DRM protection. Because this 

work challenges this assumption, further research should investigate whether 

eliminating DRM might have different effects in the presence of positive network 

externalities. 



 

62 

This model is most appropriate for the music industry, but the conclusions 

could be readily extended to other information goods that can be digitized and 

distributed over the Internet. Movies are the next obvious choice, though because film 

is a richer product than music, the quality of movies in digital format is noticeably 

lower, which gives an extra competitive advantage to traditional retailers. However, 

all information goods (e.g., movies, books, news) might be analyzed in a similar 

fashion; these industries are experiencing the same effects of digitization. New types 

of digital retailers often sell several types of digital information goods (e.g., Apple, 

Amazon, Wal-Mart), and download piracy and DRM protection issues remain 

significant concerns for content providers in these markets.  
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2. Digital Movies at One Simple Price: The Effect On 
Competition 

2.1.  Introduction 

The ability to digitize information goods such as music and movies has led to 

the emergence of a new class of retailers who specialize in digital downloads. One of 

the first online retailers for digital music and movies (and currently the biggest) is 

iTunes, by Apple. Apple’s passion for simplicity in design constitutes the foundation 

of the huge Apple fan base and contributes greatly to its constantly growing share of 

the hardware market. By opening the iTunes store in 2001, Apple entered a new 

competitive landscape – the market for digital information goods – and brought the 

“ease of use” principle to this market by establishing a “single price” rule. For years, 

all the songs, regardless if they were performed by Michael Jackson or Donald 

Lawrence & Company,1 were priced at 99 cents; all new movie releases, from 

blockbusters like The Dark Knight2 to the less popular movies like Breach, 3 were priced 

at $14.99. Subsequently, many other online retailers, including Amazon and Rhapsody 

MP3 store, have followed Apple’s lead. As a result, the argument could be made that 

online retailers prefer uniform pricing, while traditional retailers prefer to maintain 

price differentiation.  

                                                      

1 Donald Lawrence is an American gospel music songwriter, record producer, and artist. 
2 Box office revenue $533.1M, a DVD at Best Buy costs $14.99. 
3 Box office revenue $32.9M, a DVD at Best Buy costs $12.99. 
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In this essay, I model the competition between online and traditional retailers 

and focus specifically on the choice of uniform vs. differentiated pricing. Traditional 

literature demonstrates that price differentiation leads to market segmentation and is 

usually optimal. However, in the current digital market, online retailers prefer 

uniform pricing in which all products carry a single price, while traditional retailers 

do not have a policy of uniform prices. The abundance of online retailers with a 

uniform pricing policy suggests that there are factors at work that make this strategy 

optimal. Some researchers have demonstrated that under certain restrictive conditions, 

price differentiation might not be optimal for information goods. For example, 

Bhargava and Choudhary (2001) found that a price differentiation policy was not 

optimal when the best product had the highest benefit-to-cost ratio. This paper 

attempts to consider external factors not pertaining to the product itself or its quality, 

to see how they impact the choice of pricing strategy. Two such factors are considered. 

The first is the cost of price differentiating incurred by retailers, for example, the cost 

of market research to determine the popularity of different products or the price menu 

cost associated with monitoring the current demand for the product and adjusting the 

price accordingly. The second external factor considered here is the thinking effort that 

consumers experience when facing a differentiated pricing policy as opposed to a 

simple “single price” policy. Consumer research shows that consumers experience 

difficulty comparing diverse alternatives (Shugan 1980), especially when facing a 

decision involving alternatives with more than one characteristic. Both the retailer’s 
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cost of price differentiating and the consumer’s cost of thinking are introduced to the 

model to better understand a retailer’s decision of adopting either a uniform or a 

differentiated pricing policy. 

Although the proposed model applies to various types of information goods, 

for simplicity of exposition, this paper focuses on the movie industry, with a movie as 

a product for sale. The model assumes that a movie is available to consumers in either 

digital (e.g., downloadable files) or traditional (e.g., DVDs) format. Furthermore, 

movies in digital format have lower video quality than movies in traditional format (a 

compressed movie file played on a computer screen is not as sharp as a Blu-Ray DVD 

played at a home theater). Consumers are assumed to have heterogeneous preferences 

for movies in digital format versus DVDs, and they derive higher utility from a movie 

in a high-quality format than from the same movie in a low-quality format. Movies are 

available to consumers via an iTunes-like download service and a traditional retailer 

selling DVDs.  

Each retailer sells movies of varying popularity. I analyze why one retailer 

should choose a single, uniform price for all the movies he sells, while the competing 

retailer should choose multiple prices based on movie popularity, and what effect the 

choice of uniform pricing policy by the digital retailer has on the prices and profits of 

the traditional retailer. Importantly, this analysis will demonstrate how the 

asymmetric equilibrium we observe in the market today can change systematically 

with the nature of competition between the retailers. 
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The choice of pricing strategy is considered in several environments. First, I 

analyze the optimal pricing strategy for the traditional and digital retailers in a simple 

benchmark case where each retailer has zero marginal cost and no costs associated 

with price differentiation. The benchmark case illuminates the basic effects that a 

uniform pricing policy chosen by one retailer has on the pricing decisions and profits 

of the other retailer. Among other interesting results, the model suggests that the price 

for more popular movies in traditional format decreases, i.e., the market becomes 

more competitive, while less popular movies become more expensive. The model also 

provides a result different from the most current literature on uniform versus 

differentiated pricing: the uniform price chosen by the digital retailer can be higher 

than any price the retailer would have charged under differentiated pricing. 

Later, the model is extended to incorporate the retailers’ cost associated with 

price differentiation and the thinking effort that consumers experience when facing a 

choice of multi-criteria decisions. This analysis will demonstrate how these factors 

affect the choice of equilibrium strategy. Not surprisingly, when the cost of price 

differentiation or consumer thinking effort is small, differentiated pricing is optimal 

for both retailers. The increase in either cost eventually leads to both retailers 

switching to uniform pricing. Moreover, the increase of the consumer cost of thinking 

has higher negative impact on the profits of the digital retailer, providing a higher 

incentive for this retailer to use a uniform pricing policy. However, these costs are not 

the only factors that affect the choice of the equilibrium strategy. The analysis suggests 
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that the degree of differentiation among movies is another such factor. One interesting 

result is that if the degree of differentiation among movies is small, i.e., consumers’ 

utility does not differ much when they watch a more or less popular movie, then it can 

be optimal for the low-quality digital retailer to charge a uniform price while the 

traditional retailer price differentiates. However, when the degree of product 

differentiation is high, the traditional retailer is more sensitive to the cost of price 

differentiation than the digital retailer. 

The model also answers the question about what factors drive the transition 

from a uniform to a differentiated pricing policy that we now observe in reality for 

some types of digital information goods. Here, an interesting result is that an increase 

in the quality difference between traditional and digital formats plays an important 

role. In practice, we observe the new generation of high-definition DVD movies (e.g., 

Blu-Ray) which is superior to regular DVD quality. The model suggests that such an 

increase in the quality gap between digital and traditional formats would result in the 

digital retailer moving from uniform towards differentiated pricing.  

The rest of this chapter is organized as follows. The next section provides a 

review of relevant literature and defines the positioning of this work among current 

research. Section 2.3 features the model and related assumptions. Section 2.4 considers 

a benchmark case and analyzes the basic effect that a uniform pricing policy has on the 

pricing decisions and profits of the price differentiating retailer. Sections 2.5 and 2.6 

extend the benchmark case by considering the retailers’ cost of price differentiation 
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and consumer’s thinking effort. Finally, the conclusion and some future research 

directions appear in Section 2.7. 

2.2. Related literature 

This paper stands at the intersection of two broad research streams: pricing of 

information goods, and price discrimination. Stigler (1987) defines price 

discrimination as “when two similar products are sold at prices that are at different 

ratios to their marginal costs” (p. 15). There are many forms of price discrimination, 

and this paper draws on second- and third-degree price discrimination literature.  

The impact of third-degree price discrimination is now well understood in a 

monopolistic setting. From the fundamental paper by Robinson (1933) to the more 

recent work by Varian (1985), price discrimination in a monopoly framework has been 

analyzed in great depth. In such a setup, price discrimination was found to be optimal 

except when the monopolist could not commit to future pricing plans (Armstrong 

2006). However, in a competitive setup, the results were not as straightforward. For 

example, Holmes (1989) demonstrated that in a symmetric oligopoly the effects of 

price discrimination were similar to those in a monopolistic framework, while Corts 

(1998) demonstrated that price discrimination in an asymmetric oligopoly might 

intensify competition and make retailers worse off than under a uniform pricing 

policy. Further, Armstrong (2006) demonstrated that depending on what kind of 

information about consumer preferences became available to retailers, it might be 

optimal or not optimal to price differentiate.  
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Like most of the recent literature, this paper models a competitive framework. 

Each of the two horizontally differentiated retailers sells two similar products with 

zero marginal cost and decides on whether to price discriminate or not. However, I 

also add a vertical differentiation angle by assuming that these two retailers sell the 

same information good in two formats of different quality. Such a setup is viable for 

information goods such as music, movies, or books where we observe a monopolistic 

copyright owner distributing the same content via different retailers who compete 

among themselves by providing different formats of delivery and different pricing 

policies, e.g., music sold on CDs or downloadable files, books sold on paper or in 

Kindle-compatible format, etc. 

Mussa and Rosen (1978) were the first to examine vertical differentiation, in a 

market with heterogeneous consumers. They considered a monopolist’s choice of the 

product quality in the case when marginal costs were increasing faster than quality. 

The authors found that it was optimal under such conditions to price discriminate by 

providing a product of multiple quality levels at different prices. Their work was 

developed by many researchers to analyze the impact of marginal cost function, the 

specific form of consumer utility, and other parameters on the optimal choice of 

quality levels and retailer’s pricing strategy. Several researchers have considered 

vertical differentiation in application to information goods. For example, Salant (1989), 

Varian (1992), and Jones and Mendelson (1998) demonstrated in a monopolistic 

framework that if cost function satisfied certain conditions (including zero marginal 
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costs), then vertical differentiation would not be optimal. Bhargava and Choudhary 

(2001) generalized the assumptions about marginal costs and demonstrated when 

vertical differentiation for information goods could be optimal and how the optimal 

quality levels depended on the benefit-to-cost ratio of qualities. This paper adopts the 

standard model of vertical differentiation and assumes zero marginal costs for either 

quality level. However, the quality levels are assumed to be exogenous, i.e., the choice 

of optimal product line is not considered.  

As was mentioned above, this paper also draws on the research on information 

goods pricing. Information goods have a unique cost structure: the first copy to 

produce is usually very costly, while subsequent copies have negligible marginal cost. 

This property creates possibilities for new methods of pricing, and it adds a new flavor 

to the existing ones. For example, Bakos and Brynjolfsson (1999) studied the strategy 

of bundling a large number of information goods. They found that “bundling of a 

large number of unrelated information goods can be surprisingly profitable” (p. 1613) 

for the producer because it was much easier to predict consumer’s valuation for a 

bundle than for an individual unit. This result holds, due to the abovementioned 

unique cost structure of information goods, and hence is not extendable on tangible 

products for which marginal costs of unused product in the bundle negate the 

advantages of better value prediction of a large-sized bundle. Geng et al. (2003) further 

investigated the bundling for information goods focusing on the case of goods of 
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decreasing value. They demonstrated that bundling was only optimal when the 

consumer valuation of information goods was not declining too fast.  

Varian (1995) noted that the special cost structure made it difficult to sustain a 

purely competitive market for information goods, so producers actually had some 

market power and could focus on consumers’ willingness to pay rather than 

competitors’ behavior. With a series of examples, the author illustrated that producers 

generally found it advantageous to employ price discrimination when consumers 

were heterogeneous in their willingness to pay. He also noted that with information 

goods it was easier for producers to differentiate products based on quality than with 

tangible products. Further, web-based technologies made it possible for online 

information goods retailers to obtain accurate information on individual customers 

which created an opportunity for even better price discrimination. Aron et al. (2004) 

presented a model where software agents capable of estimating consumers’ 

preferences and product valuations - intelligent agents (Maes 1994) - provided retailers 

with information to customize product selections and employ dynamic pricing. They 

analyzed this price discrimination mechanism from consumers’ perspective and 

demonstrated that consumers ended up choosing a “less-than-ideal” (p. 764) product.  

Another form of information goods pricing studied by extant literature is fixed-

fee subscription mechanism. For example, Sundararajan (2004) compare the fixed-fee 

subscription mechanism with a usage-based pricing under various transaction costs. 

In addition to the unique cost structure that makes unlimited usage subscriptions 
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viable for information goods, the author noted that various setup and transaction costs 

related to usage-based pricing were more relevant for information goods because they 

were significant relative to the marginal costs. The author focused on the impact of 

such costs on the optimal pricing strategy and provided some managerial insights. For 

example, the author demonstrated that producers might benefit from a low 

introductory fixed-fee subscription mechanism, but as the industry matured a mix of 

usage-based and fixed-fee subscriptions should become more profitable.  

Fishburn and Odlyzko (1999) compared standard unit pricing with fixed-fee 

subscriptions in application to information goods that were to be consumed in large 

quantities (e.g., movies, music, video game software). They argued that unit pricing 

would eventually seize to exist as a dominant pricing policy for information goods. 

They analyzed competition of a fixed-fee and unit price retailers and demonstrated 

how a subscription or fixed-fee approach resulted in higher profits.  

Fishburn and Odlyzko also collected evidence of consumer preference in 

pricing plans. They argued that consumers preferred fixed-fee plans over per-use 

pricing, and one of the three main reasons the authors presented to explain this 

phenomena was a hassle-factor. They explained that fixed-fee subscriptions provided 

simplicity and let consumers not worry about price on a daily basis. In this paper, I 

adopt the idea of a hassle-factor and apply it to the comparison of uniform pricing 

with price discriminating strategy. Specifically, I draw upon the consumer research 

literature that shows that consumers experience difficulty when comparing diverse 
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alternatives (Shugan 1980) and incorporate consumers’ “cost of thinking” into the 

model.  

2.3. Model 

The objective of this paper is to examine uniform and differentiated pricing 

strategies for information goods in digital and traditional formats and the impact of 

the pricing strategies on retailer profits. A model is presented below in which movies 

of varying popularity are available to consumers in different formats. Consumers 

choose to buy movies based on their preference for movie popularity, format quality, 

and price. 

2.3.1. Product 

There are assumed to be two types of movies: more popular A-ranked movies 

and less popular B-ranked movies. There are N movies total, γ  fraction of them being 

A-ranked, and γ−1  fraction being B-ranked. Consumers never choose between two 

movies to buy, but they make a purchase decision about each movie separately, so 

different movies do not compete with each other.  

Further, each movie is available in two formats of varying quality: on a 

traditional physical medium (e.g., DVD or Blue Ray DVD), that is of higher quality, 

and in a downloadable digital format (e.g., avi or wmv file), that is typically of lower 

quality. The quality of the digital product is denoted L

iq  and that of the traditional is 

denoted H

iq , where },{ BAi ∈  stands for an A- or B-ranked movie. Due to the 
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compression of audio or visual data when creating movies in digital format, 

differences in the original signal are introduced (Lee 1992); if the compression is 

substantial, it may become noticeable to viewers. Whether this affects the perceived 

quality, and if so how much, depends on the compression scheme, encoder power, 

characteristics of the input data, the viewer’s perceptions, and the listening or viewing 

environment. The quality difference between formats is modeled with coefficient 1>k  

such that H

i

L

i qkq = . This assumption means that a movie in traditional format is more 

enjoyable than the same movie in a digital format. For example, Star Wars is more 

enjoyable on a big plasma screen than on an iPod or computer screen. In addition, the 

model assumes that a consumer watching a blockbuster such as Star Wars on a small 

screen loses more in utility units comparatively to watching it on a big screen than if 

she were watching a less popular movie, such as Gigli. More formally, the model 

assumes )(<)( L

A

H

A

L

B

H

B qqqq −−  , i.e., there is a greater difference in quality for an A-

ranked movie than for a B-ranked movie. 

2.3.2. Consumers 

All consumers agree that higher quality is better, but the degree to which 

consumers value the improvement in quality varies by individual. This quality 

valuation is represented by parameter y, uniformly distributed over the interval [0; 1]. 

A consumer located at point y derives a utility j

iyq  from watching an i-ranked movie 

in format j. Further, consumers have horizontally differentiated preference for 

traditional versus digital formats. The horizontal differentiation is modeled by 
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assuming that consumers are uniformly distributed on a Hotelling line segment [0; 1] 

with digital format located at zero and traditional format located at one. The 

transportation cost reflects the disutility which consumer experiences when she has to 

settle for one of the other format and is denoted t . A consumer located at point x on 

the Hotelling line experiences a total transportation cost of )(1 xt −  if she buys the 

product in traditional format and tx  if she buys the product in digital format.  

The consumer’s valuation of an ideal product is Aθ  for an A-ranked movie and 

Bθ  for a B-ranked movie. Consumers are assumed to have identical taste for movie 

popularity, i.e., BA θθ > .4  

The combination of horizontal consumer preferences for product format and 

vertically differentiated product quality creates a continuum of consumers located in a 

square area ([0; 1]x[0; 1]) of a real plane (see Figure 7). For each available product of 

type i, the consumer located at point ( x , y) maximizes his or her utility by selecting 

one of the available options: 

1. Buying the product i in a high-quality traditional format at a price iHp  and 

obtaining utility iH

H

ii

i

H pxtyqyxU −−−+= )(1),( θ ; or 

2. Buying the product i in a low-quality digital format at a price iLp  and 

obtaining utility iL

L

ii

i

L ptxyqyxU −−+= θ),( ; or 

3. Buy nothing obtaining zero utility.  

                                                      

4 Further, the notation BA θθθ −∆ =  is used. 
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To avoid cases when no consumers buy from either retailer, the following 

assumptions are made with respect to the model parameters: 

 At θ2>    and   ii tq θ2−> . (2.1) 

 

Figure 7. Consumer choices for low and high quality digital and traditional 

products. 

 

2.3.3. Firms 

There are two vertically and horizontally differentiated retailers: retailer L  

who sells digital movies of low quality L

Aq  and L

Bq  at prices ALp  and BLp  respectively; 

)(0 xyi

 

)(1 xyi
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(0,0) 
x 
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and retailer H  who sells traditional movies of high quality H

Aq  and H

Bq  at prices AHp  

and BHp , respectively. Both firms face a marginal cost of zero. Denote the demand for 

product i faced by retailer j by ijD . Then in total, the retailer H  sells AHD
N

γ
  A-

ranked movies and BHD
N

γ−1
  B-ranked movies. And the retailer L  sells a total of 

ALD
N

γ
  A-ranked moves and BLD

N

γ−1
  B-ranked movies. Without loss of generality, 

normalize N  to 1. 

2.3.4. Sequence of events 

The timeline consists of three stages. First, each retailer has to choose the 

pricing policy: uniform (when A-ranked and B-ranked movies are priced the same) or 

differentiated (when such movies are priced differently). Second, retailers must choose 

optimal prices in accordance with the previously chosen pricing policy. Finally, 

consumers maximize their utility by choosing which format to buy an i-ranked movie 

in or not to buy it at all. A subgame-perfect Nash equilibrium is adopted to solve the 

model. 

2.4. Benchmark case 

The analysis starts with a benchmark case where neither retailers nor 

consumers experience any costs associated with differentiated pricing. The Section 

proceeds with deriving optimal prices and profits for four separate cases: (1) both low- 

and high-quality retailers choose a differentiated pricing policy (case DD, detailed in 
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Section 2.4.1); (2) the low-quality digital retailer chooses a uniform pricing, while the 

high-quality traditional retailer chooses a differentiated policy (case UD, detailed in 

Section 2.4.2); and (3) the high-quality traditional retailer chooses uniform pricing, 

while the low-quality retailer chooses differentiated (case DU, detailed in Section 

2.4.3); (4) both low and high quality retailer choose a uniform pricing policy (case UU, 

detailed in Section 2.4.4). Finally, profits in each of these cases are compared, retailers’ 

best response pricing strategies are specified and the model equilibrium is derived. 

2.4.1. Both retailers price differentiate   

In case DD, the following equation defines consumers indifferent between 

buying and not buying an i -ranked movie in a low-quality format:  

0=iL

L

ii ptxyq −−+θ . 

So these consumers are located along the line 
L

i

iiL

i
q

txp
xy

+−θ
=)(0   (see  

Figure 7). Further, the following equation defines consumers indifferent between 

buying an i -ranked movie in a low-quality format and in a high-quality format: 

txpyqxtpyq iL

L

iiiH

H

ii −−+−−−+ θθ =)1(  

So these consumers are located along the line 
L

i

H

i

iLiH

i
qq

txtpp
xy

−

−+− 2)(
=)(1 . As 

a result, for each i -ranked movie, retailers H  and L  face demand functions:5 

                                                      

5 From now on notation i

L

l qq =  and BA qqq −∆ =  is used. 
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( )
i

iLiHi

iiH
qk

ppqk
dxxyD

)1(

)()1(
)(1=

1

0

1
−

−−−
=−∫ , and   

( )
( ) ( )

i

iiLiiH

iiiL
qk

tpktp
dxxyxyD

)1(2

2222
=)()(

1

0

01
−

−+−−+
−= ∫

θθ
.  

With demand as detailed above, retailer H earns total profit 

BHBHAHAH

DD

H pDpD )1( γγ −+=Π , and retailer L earns total profit 

BLBLALAL

DD

L pDpD )1( γγ −+=Π . Retailer’s profits are quadratic in prices, so taking the 

first-order conditions and simultaneously solving for retail prices results in optimal 

retail prices as follows: 

Retailer H:  
1)2(4

)21)(4(
=

−

+−−

k

tkqk
p AADD

AH

θ
, 

1)2(4

)21)(4(
=

−

+−−

k

tkqk
p BBDD

BH

θ
; 

Retailer L:  
14

)21)((
=

−

+−−

k

tqk
p AADD

AL

θ
, 

14

)21)((
=

−

+−−

k

tqk
p BBDD

BL

θ
. 

Corresponding profits and demand of both retailers are detailed in Table 5. The 

following observations can be made by straightforward comparison of retail prices. 

Observation 1. The high-quality product is always priced higher than the low-quality 

product: DD

AH

DD

AL pp >  and DD

BH

DD

BL pp > . 

Observation 2. The more popular A-ranked product in either format is priced higher than the 

less popular B-ranked product: DD

BL

DD

AL pp >  and DD

BH

DD

AH pp > . 
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2.4.2. Digital retailer charges uniform price, traditional retailer price 
differentiates.  

In case UD, the digital retailer charges a single price Lp for both A- and B-

ranked movies, while the traditional retailer charges different prices AHp  and BHp . 

Consumers who are indifferent between buying and not buying an i -ranked movie in 

a low-quality format are located along the line 
i

iL

i
q

txp
xy

+−θ
=)(0 . Consumers 

located along the line 
( )

)1(

2
=)(1

−

−+−

kq

txtpp
xy

i

LiH

i  are indifferent between buying an 

i -ranked movie in a low-quality format and in a high-quality format (see Figure 7). As 

a result, for each i -ranked movie retailers H  and L  face demand functions: 

( )
( )

i

LiHi

iiH
qk

ppqk
dxxyD

)1(

)1(
)(1=

1

0

1
−

−−−
=−∫ , and   

( )
( ) ( )

i

iLiiH

iiiL
qk

tpktp
dxxyxyD

)1(2

2222
=)()(

1

0

01
−

−+−−+
−= ∫

θθ
.  

With demand as detailed above, the retailer H earns a total profit 

BHBHAHAH

DD

H pDpD )1( γγ −+=Π , and the retailer L earns a total profit 

( )BLALL

DD

L DDp )1( γγ −+=Π . Taking derivatives with respect to retailers’ prices 

provides the price reaction curves:  

 

 



 

 

Table 5. Optimal retail prices, profits, and demand in the case when retailer H price differentiates (benchmark case).  

Retailer L price differentiates (case DD) Retailer L employs uniform pricing (case UD) 
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Table 6. Optimal prices, profits, and demand in the case when retailer H employs uniform pricing (benchmark case). 

Retailer L price differentiates (case DU) Retailer L employs uniform pricing (case UU) 
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Retailer H:          ( )
2

)1(
= AL

L

UD

AH

qkp
pp

−+
, ( )

2

)1(
= BL

L

UD

BH

qkp
pp

−+
; (2.2) 

Retailer L: 
( )

))(1(4

)2)((1)2(1)()1(22
=),(

γγ

θγθγγγ

BA

BAABBHAAHB
BHAH

UD

L
qqk

tqtqkpqpq
ppp

+−

−−+−−−−+
. (2.3) 

Solving equations (2.2) and (2.3) simultaneously for Lp , AHp  and BHp  results in the 

following optimal retail prices: 

Retailer L:  
))(11)((4

))2())2)((1(1)((
=

γγ

θγθγ

BA

ABBBAUD

L
qqk

tqtqqk
p

+−−

−−−−−−
; 

Retailer H: 

( )
))(11)(2(4

))2)((1)4(1()2()(11)(41)(
=

2

γγ

θγγγθγγ

BA

BBAABAUD

AH
qqk

tkqqtqqkk
p

+−−

−−−+−+−−−−− , 

))(11)(2(4

)))1)(2(()2())1((1)(4(
=

γγ

γγθθγγγ

BA

BBAABBBABUD

BH
qqk

qtqtqqqqkqk
p

+−−

−−−−−+−+−−
. 

Corresponding profits and demands of both retailers are detailed in Table 5. 

Consider the effect that choosing a uniform pricing policy by retailer L has on 

the pricing decisions of both retailers.  

Observation 3. The uniform price UD

Lp is located in-between two differentiated prices the 

retailer L was charging in case DD, and the location of UD

Lp  relative to the differentiated prices 

depends on the segment size for more popular A-ranked movies, γ , and the ratio of movie 

qualities, 
B

A

q

q
:  

 
γ

γ

B

A

DD

BL

UD

L

UD

L

DD

AL

q

q

pp

pp )1( −
=

−

−
. (2.4) 
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It is easy to see, that as the segment for the more popular A-ranked movies 

increases, and as the quality of A-ranked movies in the digital format increases, the 

uniform price UD

Lp  increases too, or, in other words, it moves towards the 

differentiated price for an A-ranked movie in a digital format, DD

ALp . It might seem 

obvious that the uniform price is located in-between the differentiated prices, however 

it is not always the case (Nahata et. al 1990) and Section 2.6 demonstrates that.  

So when the low-quality digital retailer switches from differentiated to uniform 

pricing, an A-ranked movie is sold cheaper and a B-ranked movie is sold at a higher 

price. As a result the retailer high-quality traditional retailer has to offer lower pricing 

for the A-ranked product in order to remain competitive, but can charge a higher price 

for the B-ranked product.  

Observation 4. When retailer L switches from differentiated to uniform pricing the market for 

more popular A-ranked movies becomes more competitive while the market for less popular B-

ranked movies becomes less competitive. Or more formally: 

 .; UD

BH

DD

BH

DD

AH

UD

AH pppp <<  (2.5) 

Next, consider the impact that uniform pricing strategy has on the demand of 

both retailers.  

Observation 5. When retailer L switches from a differentiated pricing to a uniform pricing, 

the demand this retailer faces for the more popular A-ranked movie increases, the demand for 

the A-ranked movie faced by retailer H decreases, and the total demand for the A-ranked 

product grows: 
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qqk
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DD

AH

UD
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qqk

q
DD , and 

 ( ) ( ) 0>−+− DD

AH

UD

AH

DD

AL

UD

AL DDDD . 

The demand for A-ranked movies increases for retailer L because the uniform 

price UD

Lp  is lower than the original, differentiated price DD

ALp . Retailer H’s demand for 

A-ranked movies decreases because the uniform price UD

Lp  is lower that traditional 

retailer’s price: UD

AH

UD

L pp < , even after retailer H has become more competitive. 

The opposite happens with the demand for the less popular B-ranked product: 

demand for B-ranked movies in traditional format increases and the demand for B-

ranked movies in digital format decreases. Total demand across both products, 

however, stays the same:  

UD

BH

UD

AL

DD

AH

DD

AL DDDD +=+ . 

That is, even though markets are not fully covered, the number of inactive 

consumers is the same in both UD and DD cases. Also, the total demand faced by each 

retailer does not change:  

 UD

Bj

UD

Aj

DD

Bj

DD

Aj DDDD )1()1( γγγγ −+=−+ . 
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2.4.3. Traditional retailer charges uniform price, digital retailer price 
differentiates 

In case DU, the traditional retailer charges a single price Hp  for both A- and B-

ranked movies, while the digital retailer charges different prices ALp  and BLp . 

Consumers who are indifferent between buying and not buying an i -ranked 

movie in a low-quality format are located along the line 
i

iiL

i
q

txp
xy

+−θ
=)(0 . 

Consumers located along the line 
( )

)1(

2
=)(1

−

−+−

kq

txtpp
xy

i

iLH

i  are indifferent between 

buying an i -ranked movie in a low-quality format and in a high-quality format. As a 

result, for each i -ranked movie retailers H  and L  face demand functions 

( )
i

iLHi

iiH
qk

ppqk
dxxyD

)1(

)()1(
 )(1=

1

0

0
−

−−−
=−∫ , and   

( )
( ) ( )

i

iiLiH

iiiL
qk

tpktp
dxxyxyD

)1(2

2222
=)()(

1

0

01
−

−+−−+
−= ∫

θθ
.  

With demand as detailed above, the retailer H earns a total profit 

( )BHAHH

DD

H DDp )1( γγ −+=Π , and the retailer L earns a total profit 

BLBLALAL

DD

L pDpD )1( γγ −+=Π . Taking derivatives with respect to retailers’ prices 

provides the price reaction curves: 

Retailer H: 
))1((2

)1()1(
=),(

γγ

γγ

BA

BALABLBA

BLAL

DU

H
qq

qpqpkqq
ppp

+−

+−+−
; (2.6) 

Retailer L:
k

tkp
pp AH

H

DU

AL
4

)2)(1(2
=)(

θ−−−
;

k

tkp
pp BH

H

DU

BL
4

)2)(1(2
=)(

θ−−−
. (2.7) 
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Solving these equations simultaneously for Hp , ALp  and BLp  provides optimal 

retail prices: 

 Retailer H: 
))(11)(2(4

))2)((1)2(1)(4(
=

γγ

θγθγ

BA

BAABBADU

H
qqk

tqtqqkqk
p

+−−

−−−−−−
. 

Retailer L: 
))(11)((42

)))(1))2())2)((1((1)(2(
=
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)))2())2)((1((1)(2(
=

γγ
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BA

BBBBBADU

BL
qqkk

qtqtqqkk
p

+−−

∆+−−−−−−
. 

Corresponding profits and demands of both retailers are detailed in Table 6. 

When the traditional retailer switches to uniform pricing from differentiated 

and the digital retailer uses differentiated pricing policy, the effect on optimal prices is 

analogous to case UD in which the digital retailer switches from differentiated to 

uniform pricing. Indeed, compare the following observation with observation 3: 

Observation 6. The uniform price DU

Hp is located in-between two differentiated prices the 

retailer H was charging in case DD, and the location of DU

Hp  relative to the differentiated 

prices depends on the segment size for more popular A-ranked movies, γ , and the ratio of 

movie qualities, 
B

A

q

q
:  

 
γ

γ

B

A

DD

BH

DU

H

DU

H

DD

AH

q

q

pp

pp )1( −
=

−

−
. (2.8) 

And the following one with observation 4: 
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Observation 7. When retailer L switches from differentiated to uniform pricing the market for 

more popular A-ranked movies becomes more competitive while the market for less popular B-

ranked movies becomes less competitive. Or more formally: 

 UD

BL

DD

BL

DU

AL

DD

AL pppp <> ; . (2.9) 

While the response to uniform pricing is similar across retailers, the magnitude 

of the price change is different. Consider the retailers’ price reaction curves in case  DD 

when both retailers price differentiate:  

Retailer H: ( )
2

)1(

2

1 −
+=

kq
ppp i

iLiL

DD

iH , (2.10) 

Retailer L: ( )
k

tk
p

k
pp i

iHiH

DD

iL
4

)2)(1(

2

1 θ−−
−= ; (2.11) 

and compare them to price reaction curves (2.2) and (2.7) respectively. 

When the digital retailer adopts a uniform pricing policy, the price for i-ranked 

product changes from DD

iLp  to UD

Lp . The change in traditional retailer’s pricing for this 

product is only half as big as the digital retailer’s price change:  

( ) ( ) )(
2

1 UD

L

DD

iLiL

UD

iHiL

DD

iH pppppp −=− . 

However, when the traditional retailer adopts the uniform pricing policy, the 

digital retailer’s price adjustment is only 
k2

1
 of that of the traditional retailer:  

( ) ( ) )(
2

1 DU

H

DD

iHH

DU

iLiH

DD

iL pp
k

pppp −=− . 
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2.4.4. Both retailers use uniform pricing 

In case UU, the traditional retailer charges price Hp  and the digital retailer 

charges price Lp  for both A- and B-ranked movies. The optimal prices and profits are 

derived in the same manner as in previous cases; corresponding optimal prices, 

demands, and profits of both retailers are summarized in Table 6. Notice that by 

analogy with (2.4) and (2.8) the following equality holds 

 
γ

γ
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L
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−

−
.  

It implies  

 
);1())1((

and ),1())1((

γγγγ

γγγγ

−+=−+

−+=−+

A

DU

BLB

DU

ALAB

UU

L

A

UD

BHB

UD

AHAB

UU

H

qpqpqqp

qpqpqqp
 (2.12) 

and helps to understand the following observation:  

Observation 8. The uniform price a retailer charges does not depend on the pricing policy 

chosen by the other retailer: UU

L

UD

L pp =  and  UU

H

DU

H pp = . 

To understand why this is the case, consider the price reaction curves:  

Retailer H: 
))1((2

))1(()1(
=)(

γγ

γγ

BA

ABALBA

L

UU

H
qq

qqpkqq
pp

+−

+−+−
; (2.13) 

Retailer L: 

( )
))(1(4

)2)((1)2(1)())1((2
=)(

γγ

θγθγγγ

BA

BAABABH

H

UU
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qqk
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+−

−−+−−−−+
. (2.14) 

Substituting (2.12) into retailer H’s best response ),( BLAL

DU

H ppp  (equation (2.6)) 

makes it obvious that )(),( L

UU

HBLAL

DU

H ppppp = , which explains why UU

H

DU

H pp = . 
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Further, substituting (2.12) into retailer L’s best response ),( BHAH

UD

L ppp  (equation 

(2.3)) makes it obvious that )(),( H

UU

LBHAH

UD

L ppppp = , which explains why 

UU

L

UD

L pp = . 

2.4.5. Optimal pricing policy 

The following proposition demonstrates that differentiated pricing results in 

higher profits for both retailers no matter what pricing policy is adopted by the other 

retailer. Hence, both retailers earn the highest profits in this benchmark case when 

they both price differentiate.  

Proposition 2.1 There is a unique symmetric equilibrium in which both retailers L 

and H price differentiate A- and B-ranked movies.  

2.5. Firms’ cost of price differentiation 

Now, suppose that there is a cost associated with price differentiating. Assume 

that if a retailer i decides to set different prices for products A and B, it incurs a cost 

iC . For example, it might be the cost of information about consumer product 

valuations or market research data needed to determine relative popularity of 

different products. This section first characterizes how the equilibrium strategy of each 

retailer depends on the cost of price differentiation. It then analyzes the effects that the 

quality gap between formats, k, and the degree of differentiation between A- and B-

ranked movies, θ∆ , have on the equilibrium strategies.  
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2.5.1. Characterization of equilibria 

In the benchmark case, as the proof of Proposition 2.1 states, each firm earns 

higher profit when it price differentiates, i.e.,  

.

,

,

,
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H

UD

H

DU

H

DD

H

UU

L

DU

L

UD

L

DD

L

and

Π>Π

Π>Π

Π>Π

Π>Π

 

However, if there is a cost associated with the price differentiation strategy, 

then there exist cost thresholds D

iC  and U

iC  that make retailer j indifferent between 

using a uniform pricing strategy and a differentiated pricing strategy, when the other 

retailer price differentiates or employs uniform pricing, respectively. These thresholds 

are determined by 

γ))∆q((q)k(
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C

B

UD

L

DD

L

D

L
−+−

+−−
=Π−Π=

114

211
2

2

, 

γ))∆q(k(q

γ)γ∆θ)((k
C

B

UU

L

DU

L

U

L
−+

−−
=Π−Π=

14

11 2

, 

γ))∆q((qk)(

∆θ)k∆∆γ)γ()((k
C

B

DU

H

DD

H

D

H
−+−

+−−
=Π−Π=

141

211
2

2

,  

and =Π−Π= UU
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B −+

−−

14

11 2

. 

Straightforward calculations demonstrate that for each retailer j, 

 D

i

U

i CC < . (2.15)  
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So, if the price differentiation cost LC  is below the threshold U

LC , then retailer 

L‘s best response to uniform pricing is differentiated pricing. If the price 

differentiation cost is above the threshold, the best response is to have uniform 

pricing. Likewise, if cost  LC  is below the threshold D

LC , then the retailer L will price 

differentiate in response to the other firm price differentiating, and it will use uniform 

pricing otherwise. Figure 8 illustrates the profits of retailer L as a function of the cost of 

price differentiation, iC . The same logic applies to retailer H. 

 

Figure 8. Profits of retailer L under best response (BR) pricing strategy  

as a function of price differentiation cost LC . 

DD

LΠ

DU

LΠ  

UD

LΠ

UU

LΠ

U

LC           
D

LC  
LC  

BR to differentiated pricing 

BR to uniform pricing 
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Table 7. Characterisation of equilibria with cost of price differentiation. 

Cost C Equilibrium 

{ }D

H

D

L CCC ,min<  Both retailers do price differentiation (case DD). 

{ }U

H

U

L CCC ,max>  Both do retailers do uniform pricing (case UU). 

( )U

L

D

H CCC ,∈  
Retailer H price differentiates and retailer L does 

uniform pricing (case DU). 

( )U

H

D

L CCC ,∈  
Retailer L price differentiates and retailer H does 

uniform pricing (case UD). 

 

Assume that both retailers have the same cost of price differentiation, i.e., that 

CCC HL == .16 Depending on the magnitude of price differentiation cost, C, there 

might be one or several equilibria in the model. Table 7 details the equilibria based on 

the value of cost C. 

It is easy to see that no matter what the model parameters are, when the cost of 

price differentiating is small, both retailers charge different prices for A- and B-ranked 

movies. And when this cost is high, both retailers revert to uniform pricing. The 

following proposition details the conditions for the existence of asymmetric equilibria, 

and Figure 9 illustrates it.  

Proposition 2.2 (1) The asymmetric equilibrium where the retailer H price 

differentiates (UD) exists if and only if )(
4

2)14(
1 kv

k

kkk
q =









 −−
∆<∆θ .  

                                                      

16 This assumption simplifies the characterization of equilibria, but it preserves the intuition and structure 

of the results. In Section 2.6.3, this assumption is relaxed. 
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(2) The asymmetric equilibrium where the retailer L price differentiates (DU) exists if 

and only if )(
124

4
2 kv

kk

kk
q =











−−
∆>∆θ . 

As Figure 9 demonstrates, when )(1 kv<∆θ  and D

LCC <  both retailers price 

differentiate in equilibrium. However, the increase of the cost of price differentiation, 

C, beyond D

LC  causes the transition from symmetric equilibrium DD to asymmetric 

equilibrium where digital retailer employs uniform pricing. Further increase of C 

beyond U

HC  results in transition to a symmetric equilibrium where both retailers 

charge uniform price.  

However, when )(2 kv>∆θ a different sequence of equilibria can be observed 

when the cost of price differentiation grows. For small cost, D

HCC < , both retailers 

price differentiate, but an increase in the cost C (now beyond D

HC ) causes the transition 

to asymmetric equilibrium  in which the traditional retailer charges uniform price. 

Further increases in cost beyond U

LC result in both retailers switching to uniform 

pricing. Section 2.5.2  below further analyses the impact of the degree of differentiation 

between A- and B-ranked movies, θ∆ , on the equilibrium pricing policies. 

For in-between values of θ∆ , i.e. for )()( 21 kvkv <∆< θ , neither of the 

asymmetric equilibria can be observed for any value of cost C. For small cost, again, 

the unique equilibrium is for both retailers to price differentiate. However, an increase 

of the cost of C beyond { }D

H

D

L CC ,min  results in two symmetric equilibria. That is, each 
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retailer switches to uniform pricing only if the other does so. However, the following 

proposition demonstrates that when both retailers price differentiate, they each earn a 

higher profit than when both employ uniform pricing.  

Proposition 2.3 When there are two symmetric equilibria in the model, the 

equilibrium where both retailers price differentiate is Pareto optimal. 

 

Figure 9. Patterns of how a model equilibrium changes with increase of  

cost of differentiation, C.  

The discussion above had illustrated how the change in the cost of price 

differentiation affects the choice of equilibrium strategies for retailers. However 
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changes in the cost of price differentiation are not the only factors causing the 

transition from one equilibrium to another. The next two subsections analyze the effect 

of two other factors on the choice of equilibrium strategy. 

2.5.2. Degree of differentiation between movies  

Consumers derive higher utility from more popular A-ranked movies than 

from less popular B-ranked movies ( BA θθ > ). The more these movies are different in 

consumers’ minds, the greater is the perceived difference in utility, θ∆ . Depending on 

how strongly these movies are differentiated in consumers’ minds, the retailers’ 

equilibria strategies may vary, and Proposition 2.2 detailes when each equilibrium 

exists for different degrees of movie differentiation, θ∆ .  

To understand the intuition behind this result, consider the impact of 

differentiation between products, θ∆ , on retailers’ prices and profits.  

When the differentiation between movies is small, )(1 kv<∆θ , the digital 

retailer’s profit is more sensitive to the cost of price differentiation because he loses 

less than the traditional retailer when switching to uniform pricing. Indeed, the 

differences in differentiated prices for each retailer are  

 

.
14

)2)(1(

and ,
14

)2)(1(

−

∆+∆−
=−

−

∆+∆−
=−

k

qkk
pp

k

qk
pp

DD

BH

DD

AH

DD

BL

DD

AL

θ

θ

 (2.16) 

Because the uniform price lies in-between the differentiated prices (see (2.4)), 

the difference in retailer’s differentiated prices impacts the difference in profits this 
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retailer earns when price-differentiating and when employing uniform pricing. 

Indeed, if the difference is small, then by deviating from optimal differentiated pricing 

the retailer sets a single price that is not far from optimal prices, as a result the profit 

this retailer earns under uniform pricing is not very different from optimal. The larger 

is the gap between differentiated prices, the further the uniform price is from optimal 

differentiated prices, hence the more the retailer loses in terms of priofit when 

switching from differentiated pricing to uniform.  

For small θ∆  ( )(1 kv<∆θ ), the difference in traditional retailer’s pricing is 

higher than the difference in digital retailer’s differentiated prices; so switching to 

uniform pricing makes less of a difference in profit for the digital retailer: 

UD

H

DD

H

D

H

D

L

UD

L

DD

L CC Π−Π=<=Π−Π . Thus the digital retailer is more eager to switch 

to uniform pricing with an increase in the cost of price differentiation.  

However, the difference in traditional retailer’s differentiated prices increases 

twice as fast with the degree of differentiation between movies, θ∆ , (see (2.16)). 

Hence when )(2 kv>∆θ , the difference in traditional differentiated retail prices is 

smaller than the difference in digital retail prices; so switching to uniform pricing has 

smaller impact on traditional retailer’s profit than on the digital retailer’s profit. Thus 

for such θ∆  the traditional retailer’s profit is more sensitive to the cost of price 

differentiation, and so he is more eager to switch to uniform pricing.  

The discussion above provided intuition for how the degree of product 

differentiation impacts the existence of asymmetric equilibria UD and DU. The 
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following proposition describes how changes in the degree of product differentiation 

lead to the transition from one equilibrium to another. The following notation will be 

used: *
G  is a vector of model parameters, { }***** ,,, CkqqG BA= . 

Proposition 2.4  (1) If { }** , θ∆G  are such that retailer L price differentiates and 

retailer H employs uniform pricing in equilibrium (UD), then there exists such *θθ ∆>∆  

that both retailers price differentiate in equilibrium for all { }θ∆,*G  where  θθ ∆>∆ . 

(2) If { }** , θ∆G  are such that retailer H price differentiates and retailer L employs uniform 

pricing in equilibrium (DU), then there exists such *θθ ∆>∆  that both retailers price 

differentiate in equilibrium for all { }θ∆,*G  where  θθ ∆>∆ , and there exists such 

*θθ ∆<∆  that both retailers charge uniform price in equilibrium for all { }θ∆,*G  where  

θθ ∆<∆ . 

In other words, this proposition says that if the model parameters are such that 

one of the asymmetric equilibria takes place, then a big enough increase in the degree 

of differentiation between movies ( θ∆ ) would result in a transition to the symmetric 

equilibrium in which both retailers price differentiate (transition from point A to point 

D and from point C to point D in Figure 10). And if model parameters are such that 

the equilibrium DU takes place, then big enough decrease in the degree of 

differentiation would result in both retailers switching to uniform pricing in 

equilibrium (transition from point C to point E in Figure 10). 



 

99 

 For this result to hold, it is essential that cost thresholds i

jC  are nondecreasing 

in θ∆ . As a result (see Figure 10), no change in the degree of differentiation between 

A- and B-ranked movies can lead to switching from one asymmetric equilibrium to 

another.  

 

 

Figure 10. Degree of differentiation between movies, θ∆ : Effect on equilibrium 

strategy. 

The discussion preceding Proposition 2.4 has provided the intuition for why 

threshold D

LC  increases in θ∆  faster than D

HC . To understand why the threshold U

HC  

θ∆
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does not depend on θ∆ , recall that the demand of the high-quality traditional retailer 

lies between )(1 yxi  and 1. Because )(1 yxi  does not depend on iθ , changes in utility 

which consumers derive from A- or B-ranked movies do not affect the traditional 

retailer’s demand, given that everything else does not change. 

Further, consider the best response of the traditional retailer in the case when 

the digital retailer employs uniform pricing: 

 

2
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UD
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pp
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pp
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pp
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Note that the traditional retailer, optimal pricing can depend on θ∆  only 

through the digital price Lp . Since the uniform price set by the digital retailer is the 

same whether or not the traditional retailer price differentiates or employs uniform 

pricing (see Tables 5 and 6), the price reaction curves of the traditional retailer in these 

two cases will depend on θ∆  in the same manner. These two observations combined 

explain why the cost threshold U

HC  does not depend on θ∆ : 

( )γγ

γγ

BA

UU

H

UD

H

U

H
qq

qk
C

+−

−∆−
=Π−Π=

)1(4

)1()1( 2

 . 

2.5.3. Quality gap between movie formats 

The quality-related component in the utility function of the consumer with a 

preference x for movie quality is equal to ixq for an i-ranked movie in the digital 

format. The same consumer derives k times greater quality-related utility component 
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k iq from the same movie in the traditional format. This section demonstrates that the 

quality gap k affects the choice of equilibrium strategy. The following notation will be 

used: *
G  is a vector of model parameters, { }***** ,,, CqqG BA θ∆= . 

Proposition 2.5 (1) If { }**  , kG  are such that retailer L price differentiates and retailer 

H employs a uniform pricing policy in equilibrium (UD), then there exists such *
kk >  that 

both retailers price differentiate in equilibrium for all { }kG ,*  where  kk > . 

(2) If { }** ,kG  are such that retailer H price differentiates and retailer L employs a uniform 

pricing policy in equilibrium (DU), then there exists such *kk <  that both retailers charge 

uniform price in equilibrium for all { }kG ,*  where  kk < . 

In other words, this proposition says that if the model parameters are such that 

an asymmetric equilibrium in which the traditional retailer price differentiates takes 

place, then a big enough increase of the quality gap between traditional and digital 

products would lead to a symmetric equilibrium where both retailers price 

differentiate. And if the model parameters are such that an asymmetric equilibrium 

where digital retailer price differentiates takes place, then a big enough decrease of the 

quality gap between traditional and digital products leads to a symmetric equilibrium 

where both retailers charge a uniform price. 

To understand the intuition behind this result, analyze the impact of the 

quality gap, k, on the retailers’ demand and profits in the cases when both retailers 

charge different prices for A- and B-ranked movies. Remember that consumers who 
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are indifferent between buying high- and low-quality products are located on the line 

segment  

)1(

2)(
=)(1

−

−+−

kq

tytpp
yx

iL

iLiH

i . 

So when k increases, holding everything else equal, the demand for the high-

quality product increases ( )(1 yxi  decreases, hence the line )(1 yxi  moves to the left, see 

Figure 7). At the same time, an increase in k does not affect the location of consumers 

who are indifferent between buying a low-quality product and not buying anything: 

iL

iiL

i
q

typ
yx

+−θ
=)(0 . As a result, the demand for the high-quality product increases 

at the expense of the demand for low-quality product, i.e., the latter decreases. Also, 

an increase in k means that consumers now obtain higher utility from the high-quality 

product (since iLiH kqq = ; see Equation (2.10)); i.e., their willingness to pay for the 

traditional product increases, and the traditional retailer can now charge a higher price 

for the movies he sells. Thus overall the traditional retailer clearly benefits from an 

increase in the quality gap: the demand grows, and the price increases. Hence, even if 

initially it is optimal for the traditional retailer to employ uniform pricing (i.e., when 

DU is an equilibrium), the increase in the quality gap will eventually make 

differentiated pricing more attractive for the traditional retailer. 

Similar logic applies to the case when the low-quality digital retailer employs a 

uniform pricing policy in equilibrium. If UD is in equilibrium, it means that the digital 

retailer’s profit in the DD case is not high enough for him to switch to differentiated 
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pricing and pay the cost, i.e., CUD

L

DD

L <Π−Π , but an increase in k makes this option 

more attractive. Indeed, the price of the low-quality product decreases with an 

increase in k (see Equation (2.11)) but increases with the traditional price. So if the 

price of the competing traditional product increases enough when the quality gap 

grows, then the low-quality digital retailer can also raise prices. Indeed, 

0
)14(

)2(3
2

>
−

+−
=

∂

∂

k

tq

k

p ii

DD

iL θ
. Overall, even though the demand for the low-quality 

product decreases with an increase in k, the digital retailer benefits from higher values 

of k: the profit is increasing when the quality gap k grows (see the proof of Proposition 

2.5 for 0>
∂

Π∂

k

DD

L ). That is, when k increases, the potential profit that the digital 

retailer would earn if he switches to uniform pricing starts looking more and more 

attractive. At the same time, profit UD

LΠ  increases slower with k than DD

LΠ  because, in 

this case, the digital retailer’s ability to vary the price is more limited than in case DD: 

the price must be the same for both A- and B- ranked products. Thus eventually, when 

k becomes big enough, the switch to differentiated pricing would become optimal for 

the digital retailer.  

2.6. Consumers’ cost of thinking 

Suppose a consumer comes to retailer j 's store to buy a movie. If A-ranked 

and B-ranked movies are priced identically, then the consumer prefers the more 

popular movie because it provides higher utility xqxq j

BB

j

AA ++ θθ > , no matter what 
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the price is. However, if the movies are priced differently, the consumer must take 

both attributes – price and popularity – into account when choosing a movie. As 

consumer research shows (Shugan 1980), consumers experience difficulty comparing 

diverse alternatives, especially when facing a decision involving alternatives with 

more than one characteristic. The model of consumer utility described in Section 2.3.2 

is augmented by adding the “cost of thinking” or the effort consumers experience 

when making a decision, denoted 0≥e . Thus the total utility of a consumer with 

preference for quality ]1 ;0[  ∈x  and preference for format ]1 ;0[  ∈y  buying an i-ranked 

movie in format with quality j  is  

 ,=),( jij

j

ii eptyxqyxU −−−+θ  

where 




otherwise.  ,

,= if 0,
=

e

pp
e

BjAj

j  

To eliminate cases when no consumer buys anything due to high decision cost 

e  it is assumed that max< ee .17  

2.6.1. Optimal pricing decisions  

This section derives optimal pricing decisions in each of four cases: (1) both 

retailers price differentiate (case DD); (2) the low quality digital retailer employs 

                                                      

17 Where 
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uniform pricing and the high quality traditional retailer price differentiates (case UD); 

(3) the high quality traditional retailer employs uniform pricing and the low quality 

digital retailer price differentiates (case DU); and (4) both retailers employ a uniform 

pricing strategy (case UU). 

In case DD, when both retailers price differentiate, consumers who are 

indifferent between not buying and buying an i -ranked movie in a low-quality format 

are located along the line 
iL

iiLL
i

q

type
xy

+−+ θ
=)(0 . Consumers located along the line 

iLiH

iLiH
i

qq

tytpp
xy

−

−+− 2
=)(1  are indifferent between buying an i -ranked movie in a 

low-quality format and in a high-quality format. Hence for each i -ranked movie, 

retailers H  and L  face the following demand functions: 

( ) and,
)1(

)()1(
)(1=

1

0

1
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iiH
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ppqk
dxxyD

−

−−−
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iiLiiH

iiiL
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ketpktp
dyxyxyD

)1(2

)1(22222
=)()(

1
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01
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−−−+−−+
−= ∫

θθ
. 

With demand as detailed above, retailer H earns total profit 

BHBHAHAH

DD

H pDpD )1( γγ −+=Π , and retailer L earns total profit  

BLBLALAL

DD

L pDpD )1( γγ −+=Π . These profit functions are quadratic in prices, so 

taking first-order conditions and simultaneously solving for retail prices results in 

optimal retail prices as follows: 
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Retailer H: 
1)2(4

)221)(4(
=

−

+−−−

k

etkqk
p AADD

AH

θ
,

1)2(4

)221)(4(
=

−

+−−−

k

etkqk
p BBDD

BH

θ
; 

Retailer L:  
1)(4

)221)((
=

−

+−−−

k

etqk
p AADD

AL

θ
, 

1)(4

)221)((
=

−

+−−−

k

etqk
p BBDD

BL

θ
. 

Corresponding profits and demand of both retailers are detailed in Table 8. 

Optimal pricing decisions in cases UD, DU, and UU when either or both 

retailers employ a uniform pricing policy are derived in a similar fashion. First, 

consumers who are indifferent between buying movies in low-quality and high-

quality formats, and consumers who are indifferent between not buying anything and 

buying a movie in a low-quality format are determined. Then the demand for each A- 

and B-ranked movie faced by each retailer is derived. Finally, the optimal prices are 

derived by solving first-order conditions. The details are omitted to avoid repetition. 

Optimal prices, demand, and profits for each case are summarized in Tables 8 and 9. 

Given the profits corresponding to each combination of pricing strategies used 

by the two retailers, it is possible to determine the equilibrium pricing strategies. The 

next section analyzes the impact of the cost of thinking, e, on the pricing decisions in 

each case, as well as on the model equilibrium.  

  



 

 

Table 8. Optimal prices, demand, and profits in the case when digital retailer price differentiates and consumers incur 

cost of thinking. 
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Table 9. Optimal prices, demand, and profits in the case when digital retailer employs uniform pricing and consumers 

incur cost of thinking. 

Traditional retailer price differentiates Traditional retailer employs uniform pricing 
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2.6.2. Role of cost of thinking 

First, consider the impact of the consumer thinking effort on a retailer’s 

demand. Remember that in the previous case that did not consider the impact of cost 

of thinking, the total demand a retailer faced did not change when the retailer 

switched to uniform pricing from differentiated pricing. However, if consumers 

experience thinking effort, then it creates an incentive for retailers to switch to uniform 

pricing. Furthermore, the low-quality digital retailer has a stronger incentive to charge 

a uniform price than the high-quality traditional retailer. If he eliminates differentiated 

pricing (holding everything else equal), in which case 0=Le , then he gains additional 

demand from two sources: (1) some inactive consumers switch to buying the low-

quality digital version ( )(0 yxi  moves to the left, becoming equal to 
iL

iiL

q

typ +−θ
); (2) 

some consumers who previously bought the high-quality traditional version switch to 

buying the low-quality digital version ( )(1 yxi  moves to the right, becoming equal to 

( )

iLiH

iLiHH

qq

tytppe

−

−+−+ 2
). While if the traditional retailer switches to uniform pricing, 

he only gains some of the consumers who would switch from buying the low-quality 

digital version to buying the high-quality traditional one. The following proposition 

demonstrates the impact of the consumer thinking effort on retailers’ demand. 
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Proposition 2.6 If both retailers price differentiate and one retailer switches to 

uniform pricing, total demand increases for this retailer. This increase in demand is greater in 

the case when the low-quality digital retailer switches.  

This results suggests that if a retailer sells both hardware (e.g., iPods) and 

information goods (e.g., digital movies), which are complements, then increased sales 

of the complementary good – movies in this case – is an incentive to switch to uniform 

pricing because it will raise profits from hardware sales. Of course, a model 

incorporating both hardware and software sales is needed to analyze this suggestion 

thoroughly. 

Further, consider the impact of the thinking effort on pricing decisions. As in 

the benchmark case (see observations 1 and 2), when both retailers price differentiate, 

a high-quality movie is always priced higher than a low-quality movie of the same 

popularity. Also, a more popular A-ranked movie is always priced higher than a B-

ranked movie in the same format.  

When both retailers price differentiate, the thinking effort plays against each of 

them. In such a case, both charge lower prices than the case with no thinking effort. 

Indeed, 

)14(

)1(
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−
=−

k

ke
pp DDe
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DD

iH  and 
)14(

)1(
2

−

−
=−

k

ke
pp DDe

iL

DD

iL . 

Notice that the low-quality digital retailer is “hit” by the thinking effort more – 

this retailer’s prices drop twice as much as the prices of the traditional retailer. 
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However, when only one retailer price differentiates and must charge lower prices to 

account for the thinking effort, the other retailer can charge a higher uniform price 

than when the cost of thinking is zero. Indeed, 

)14( −
+=
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e
pp DD
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DDe
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k

ek
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H . 

Not facing the consumer thinking effort when charging a uniform price acts 

effectively as a competitive advantage for the retailer switching to uniform pricing 

when facing a retailer who price differentiates. An interesting result is that when the 

thinking effort is high enough, the uniform price can be higher than the price of the A-

ranked product when the retailer was price differentiating. Indeed, 
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In other words, when thinking effort is high enough, the uniform price does not lie in-

between differentiated prices, as was the case in the benchmark model (see 

observation 3). At the same time, the retailer who price differentiates responds by 

lowering the price of the A-ranked product and increasing the price for the B-ranked 

product as before (as in the benchmark case, see observation 4). More formally,  
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AL pppp <> ; , and (2.17) 
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 As the discussion above demonstrates, the consumer thinking effort 

significantly changes the dynamics of competition between retailers.  

The discussion above demonstrates that the consumer cost of thinking creates 

an incentive for each retailer to switch to uniform pricing when this effort is high 

enough. Hence with the cost of thinking, uniform pricing by one or both retailers can 

be optimal, unlike in the benchmark case. Table 10 characterizes the equilibrium 

pricing strategies based on the magnitude of the cost of thinking, e. 

 Table 10. Characterization of equilibria with the consumer thinking effort. 

Thinking effort, e Equilibrium 

{ }( )D

H

D

L eee ,min;0∈  Both retailers price differentiate (case DD). 

{ }( )max;,max eeee
U

H

U

L∈  Both retailers employ uniform pricing (case UU). 

( )U

L

D

H eee ;∈  
Retailer H price differentiates and retailer L does 

uniform pricing (case DU). 

( )U

H

D

L eee ;∈  
Retailer L price differentiates and retailer H does 

uniform pricing (case UD). 

Where 
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2.6.3. Cost of thinking combined with the price differentiation cost 

This section analyzes the situation when retailers incur a cost of price 

differentiation, LC  and HC  (as in the model detailed in Section 2.5), and consumers 

incur the cost of thinking, e, when facing differentiated pricing.  

There exist cost thresholds He

iC  and Ue

iC  which make retailer i indifferent 

between using a uniform pricing strategy and a differentiated pricing strategy when 

the other retailer price differentiates or employs uniform pricing, respectively. These 

thresholds are determined by18 

UDe

L

DDe

L

De

LC Π−Π= ,  UUe

L

DUe

L

Ue

LC Π−Π= , 

DUe

H

DDe

H

De

HC Π−Π= , and  UUe

H

UDe

H

Ue

HC Π−Π= . 

Lemma 2.1 For all maxee <  and for each retailer, De

i

Ue

i CC < .  

                                                      

18 Explicit expressions for each threshold can be found in the Appendix, in the proof of Proposition 2.7. 
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Figure 11 illustrates equilibrium strategies for different combinations of values 

of LC  and HC . 

The following proposition is important for understanding how the consumer 

thinking effort, e , can affect the equilibrium strategy.  

 

Figure 11. Equilibrium strategies as a function of the costs of price differentiation in 

case when consumers incur the cost of thinking. 

De
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Proposition 2.7 The thresholds De

iC  and Ue

iC  are inversely related to the consumer 

cost of thinking, e. Moreover, an increase in e has greater impact on je

HC  than je

LC , and on 

De

iC  than Ue

iC . 

The fact that these thresholds decrease with stealing effort means that holding 

everything else unchanged, the following transitions can be observed with an increase 

in the consumer cost of thinking: from equilibrium UD or DU to UU and from 

equilibrium DD to UD or DU. 

2.7. Summary and conclusions 

The ability to digitize information goods such as music and movies has led to 

the emergence of a new class of retailers who specialize in digital downloads. The 

resulting competition between online and traditional retailers has led to interesting 

pricing policies. Online retailers (e.g., iTunes Store) tend to prefer uniform pricing 

where all the products carry a single price, while traditional retailers prefer to 

maintain price differentiation. 

This essay models the competition between movies in digital downloadable 

format and on physical media sold via online and traditional retailers and focuses 

specifically on the choice of uniform vs. differentiated pricing. Heterogeneous 

consumer preferences over digital and traditional formats are taken into account, as 

well as differences in demand for more or less popular product, and the difference in 

quality provided by each format.  
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The analysis starts with a benchmark case in Section 2.4. It describes the effects 

that uniform pricing policy chosen by one retailer has on pricing decisions and profits 

of the other retailer. It is shown that when the digital retailer switches to uniform 

pricing, the price for more popular movies in traditional format decreases (i.e., the 

market for more popular A-ranked movies becomes more competitive) while less 

popular movies can become more or less expensive. It is also shown that when the 

digital retailer employs a uniform pricing policy, it has a negative impact on the profit 

of the traditional retailer. A much lower price for more popular A-ranked movies in 

digital format undermines the demand for these movies in traditional format, forcing 

the traditional retailer to lower his price as well. On the market for less popular 

movies, the traditional retailer’s demand increases, and the price can increase as well. 

However, it does not compensate for the traditional retailer’s losses on the market for 

more popular movies, so the combined effect of uniform pricing policy adopted by the 

digital retailer is negative on the profits of the traditional retailer.  

The analysis proceeds with incorporating the retailers’ cost associated with 

price differentiation (e.g., the cost of market research to analyze demand sensitivity for 

less and more popular movies) in Section 2.5. The analysis demonstrates that a high 

enough cost of price differentiation forces one or both of the retailers to employ a 

uniform pricing policy. Depending on how strongly more popular movies are 

differentiated from less popular movies in the consumer’s mind, it can be either the 

digital or the traditional retailer who is more sensitive to the cost of price 
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differentiation. A higher degree of movie differentiation (i.e., greater difference 

between Aθ  and Bθ ) benefits the digital retailer and makes him less sensitive to the 

cost of price differentiation. This results in the digital retailer enjoying higher profits 

from the price differentiation strategy even when the traditional retailer prefers to 

switch to uniform pricing. To the contrary, when the movies are less differentiated in 

terms of their popularity, the digital retailer is more sensitive to the cost of price 

differentiation than the traditional retailer; hence the digital retailer employing 

uniform pricing and the traditional retailer price differentiating can be observed in 

equilibrium.  

Furthermore, the analysis answers the question under what circumstances the 

equilibrium where the digital retailer charges a uniform price and the traditional 

retailer charges differentiated prices can change to the equilibrium where both 

retailers price differentiate. An obvious cause is big enough decrease in the cost of 

price differentiation. Less obvious and hence more interesting result is that a sufficient 

increase in the quality gap between formats can also cause the low-quality digital 

retailer to switch to differentiated pricing. The intuition is that an increase in the 

quality gap benefits the traditional retailer in the first place by providing a stronger 

competitive advantage and letting the traditional retailer increase his retail prices. 

However, this lets the digital retailer charge higher prices as well if he were to employ 

price differentiation. So the profit of the digital retailer increases with an increase in 

the quality gap, although not as fast as the profit of the traditional retailer. So if the 
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increase in the quality gap is sufficiently big, the digital retailer can switch to price 

differentiation strategy and be able to afford paying the cost of price differentiation. 

This can explain why Apple has recently made an announcement that it is considering 

differentiated pricing policy for some of the TV shows it sells. Recent development in 

technology has led to the HDTV format becoming more and more popular, and most 

of the current TV shows are now available on DVD in this high-quality high-definition 

format. At the same time, TV shows sold by the iTunes Store are still watched on a 

computer or an iPod screen, so effectively, the quality gap between shows available at 

the iTunes store and on DVD has increased.  

Further, Section 2.6 analyzes the role of cost of thinking on the equilibrium 

pricing policies. Similar to the cost of price differentiation, high enough cost of 

thinking leads to one or both retailers preferring the uniform pricing policy.  

The cost of thinking has an interesting effect on pricing decisions. It provides a 

stronger incentive for the digital retailer to switch to uniform pricing, and by doing so, 

the digital retailer can end up charging a higher price than his price was for the most 

popular movie under the differentiated pricing policy. That means that the market for 

the most popular product can become less competitive. Providing the simplicity of a 

single price is a competitive advantage that the digital retailer can use to achieve 

higher profits.  

Furthermore, the cost of thinking intensifies the effect of the retailers’ cost of 

price differentiation by making retailers more sensitive to this cost. Also, with the cost 
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of thinking, the total demand each retailer faces when using uniform pricing policy is 

higher than the total demand under price differentiation. The intuition is that this 

observation suggests that the following common argument can be valid: tthe uniform 

pricing policy is profitable for retailers like Apple because they have a complimentary 

hardware product (in Apple’s case, an iPod or an iPhone) with a higher profit margin 

than that of the music or movies they sell. Therefore the uniform pricing policy used 

for information goods increases the sales volume of such complementary hardware 

through increased demand for those information goods. A formal model that 

incorporates both complementary goods and derives optimal pricing strategies is 

necessary to support such an argument, but the observation about the increased 

demand provides an avenue for future research.  

The present model suggests another interesting research direction: the choice of 

movies to sell. The current model assumes that both retailers sell movies of different 

popularity. However, currently, not all the movies available on DVD can be found in 

online download stores. So what if the retailers can choose which movies to sell? Will 

one of the retailers have a narrower variety of products? Will it be more optimal for 

the low-quality digital retailer to sell only certain types of movies if it employs 

uniform pricing? The possibility to choose the product for sale can further contribute 

to the analysis of uniform versus differentiated pricing policies.  

The competition between online and traditional retailers has led to various 

pricing policies, with uniform and differentiated pricing being only two of many. 
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Fixed-fee unlimited downloads, nonlinear usage-based pricing, or dynamic pricing are 

some examples of viable alternatives. The majority of existing literature analyzes these 

pricing policies in application to information goods in a single format and does not 

account for competition with a traditional format. While in some industries (e.g., 

software industry) such an approach is viable, there are still industries where the 

consumer preference for information goods in traditional format is still strong (e.g., 

books, movies). Hence, studying the effect of format competition in the presence of 

heterogeneous consumer preferences on the pricing strategies for digital information 

goods is an open research avenue.   
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Appendix 

Proof of Proposition 1.1 (page 30) It is assumed that retailer D  chooses its pricing 

strategy first and result is known to retailer T. Then both retailers set their retail prices 

simultaneously. First, derive optimal prices and profits under each strategy. 

Pricing strategy θ∆+DRDU pp =  

The solution procedure is the same as in the previous case: Solve for the location of the 

indifferent consumer on each segment, derive the corresponding sales of each retailer 

and solve their profit maximization problems, and finally substitute the pricing 

decisions into the record label's profit function and derive the optimal wholesale 

prices. Table 11 summarizes the solution for this case. 

Pricing strategy θ∆+RDUD pp <  

In this case, retailer D  chooses the retail price UDp  that will maximize its profit and 

sets RDp  so that θ∆−UDRD pp > . As a result, all consumers buying digital versions of 

the product prefer buying the DRM-free version. Hence, this case is identical to the 

case described in Section 1.4.2.2 and the full solution is given in Table 2, column 2. In 

addition, the retail price of the unrestricted version of the product that supports such 

an equilibrium must be ( )∞∆−∈ ∗∗∗∗ ,θUDRD pp . 
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Table 11. Optimal pricing decisions, profits, demand, and piracy volume in the 

competitive model with deterministic piracy and constant pirating effort:  

case when θ∆+DRDU pp = . 
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Pricing strategy θ∆+DRDU pp >  

In this case, retailer D  chooses the retail price RDp  to maximize its profit and sets UDp  

so that θ∆+RDUD pp > . As a result, all consumers buying digital versions of the 

product prefer buying the DRM-protected version. Hence this case is identical to that 

described in Section 1.4.2.1 and the full solution is as given in Table 2, column 1. In 

addition, the retail price of the unrestricted version of the product that supports such 

an equilibrium must be ( )∞∆+∈ ∗∗ ,θRDUD pp . 

Optimal pricing strategy 

First, compare the profits of retailer D  from strategies 1 and 2, or selling both DRM-

free and DRM-protected products versus selling DRM-free versions only. With the 

second strategy, the profit is 
( )

2

2

)(48

)3)(1
=

λ

λλ

−

+−
Π ∗∗

t

teL

D , whereas with the first strategy, 

it is 
( )

2

2

)(432

)(2)(126
=

λ

λθλλ

−

−∆−−+
Π ∗∗∗

t

et L

D . Their difference is  

>
)(432

))(2)(14)(12(2
=

2λ

λθλλθλ

−

−∆−−+−∆
Π−Π ∗∗∗∗∗

t

et L

DD  

 0.>
)4(4

)(2
=

)(432

))(2)(12)(6(2
>

2

∗∗∗

−

−∆

−

−∆−−+−∆
D

L D
t

et

λ

λθλ

λ

λθλλθλ
 

That is, the profit from strategy 2 ( θ∆+DRDU pp < ) is greater. 

Next, compare profits from strategies 2 and 3. With strategy 3, retailer D 's profit is 
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2

2
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D . Therefore, their difference is  
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and the profit from strategy 2 ( θ∆+DRDU pp < ) is again greater. ■ 

 

Proof of Lemma 1.1 (on page 31) 
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Proof of Proposition 1.2 (on page 32) Remember (from Table 2) that the piracy level in 

case when DRM-free digital version is sold is equal to 
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The difference in piracy levels is 
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, which is negative, hence 

the elimination of DRM leads to lower piracy volume. ■ 
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Proof of Lemma 1.2 (on page 33) Remember (from Table 2) that the sales volume of 

legal DRM-protected downloadable music is equal to 
)(44
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, 

while the sales volume of legal DRM-free downoadable music is equal to 
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D
. Thus the difference in sales of the legal digital version of the 

album in case when DRM restrictions are eliminated and in case when DRM 

restrictions are imposed is equal to: 
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t
DD DD , which is negative. That 

is, the elimination of DRM leads to higher sales of the legal digital version of the 

album.  

Further, the sales volume of music in traditional format when DRM-protected 

downloadable music is sold is equal to 
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traditional version in case when DRM restrictions are eliminated and in case when 

DRM restrictions are imposed is equal to 
)(44

=
λ

θλ

−

∆
−− ∗∗∗

t
DD TT

. It is negative, hence 

the elimination of DRM leads to lower sales of the traditional version of the album. 

   ■ 

 

Proof of Proposition 1.3 (on page 34) From Table 1 record label’s profit in case when it 

sells DRM-free downloadable music is equal to  
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and in case when record label sells DRM-protected downloadable music its profit is 

equal to  
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Thus, the profit difference is equal to:  
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Thus ∗∗∗ Π>Π RLRL
, that is record label earns higher profit by selling unrestricted 

downloadable version than by selling restricted one, hence this is the optimal stratefy 

for the record label. ■ 

 

Proof of Proposition 1.4 ( on page 37) To determine when piracy decreases with 

elimination of DRM, solve the following inequality for δ :  

∗∗∗ < PP DD δ . 

Substituting the expressions for the corresponding piracy volumes (from Table 3 and 

Table 2) and solving for δ  demonstrates, that piracy volume decreases with 
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elimination of DRM when 
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Proof of Proposition 1.5 (on page 37) Selling unrestricted digital music is the optimal 

strategy for the record label if and only if the following inequality holds:  

 ∗∗∗ ΠΠ RLRL >δ . 

By substituting the expressions for profits δ∗∗Π RL  and ∗Π RL  (from Table 3 and Table 2) 

and collecting terms around δ , we obtain the following inequality: 
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Equating the left part of inequality (A1) to zero and solving for δ  results in two roots: 
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Since the left side of inequality (A1) is quadratic in δ  with negative quadratic 

coefficient 
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2 22
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eL , the inequality (A1) holds when 
2< δδ  and 

1> δδ . It is 

easy to see that 0<2δ , thus ∗∗∗ ΠΠ RLRL >δ  holds only when *> δδ , where 1

* = δδ . É 

 

Proof of Lemma 1.4 (on page 43) Consider the derivatives  
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Proof of Lemma 1.5 (on page 44) Traditional retailer’s profit increases with Le  because 

the derivative of this profit with respect to Le  is positive:  
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Further, digital retailer’s profit derivative with respect to Le  is equal to 
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Remember that the demand for downloadable product is 
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)(2)(13
=

λ
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λ θ
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t
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D L

D
t, which must be positive. Hence 

L
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 is positive 

too because 0* >DD implies 0)2(3)1( >−∆−+− λλ θteL
.  

Further, 
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T , thus increase in stealing effort 

has greater impact on the traditioanl retailer’s profit than on that of the digital retailer.  

Further, 
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Notice that  
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Thus ( ) 0)64()(1))(6(1)82(2 22 >−+−+−−∆−−+ λλλλλθλλλ Let , thus 
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T
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ee ∂

Π∂
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∂

Π∂ ∗∗

, which means that the record label’s profit increases with stealing effort 

and does it faster than the profit of traditional retailer. É 

 

Proof of Lemma 1.6 (on page 46) The derivative of ∗∗ΠT  with respect to θ∆  is positive: 
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teLT , thus traditional retailer’s profit increases 

with θ∆ . 
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The derivative of record label’s profit with respect to θ∆ is negative: 
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The derivative of the digital retailer's profit with respect to θ∆  is also negative: 
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= . That is, 

record label’s profit decreases with θ∆  faster. É 

 

Proof of Lemma 1.7 (on page 48) Compare the derivatives: 
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  É 

 

Proof of Proposition 2.1 (on page 90) First, note that the retailer L's best response to 

any retailer H's strategy is differentiated pricing. Indeed, retailer L's profits are always 

higher when he price-differentiates: 

 0>
))(1()4(1

)22()(11)(
=

2

2

γγ

θθγγ

BA

BABAUD

L

DD

L
qqk

qqkk

+−−

−+−−−
Π−Π , 



 

131 

 0>
))(1(4

)()1)(1(
=

2

γγ

θθγγ

BA

BAUU

L

DU

L
qqk

k

+−
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Further, note that the retailer H's best response to any retailer L's strategy is 

also differentiated pricing. Indeed, retailer H's profits are always higher when he 

price-differentiates: 
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Hence, in equilibrium both retailers price differentiate. É 

 

Proof of Proposition 2.2 (on page 93) First, for equilibrium UD to exist it must be the 

case that U

H

D

L CC < . Substitute the expessions for these thresholds and simplify:  
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 ( ) 0161211616 22 >∆+−+∆∆−∆− qkkqkk θθ  (A2) 

Equate the left part of inequality (A2) to zero and solve for θ∆ . There are two roots: 


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The left part of inequality (A2) is quadratic in θ∆  with negative quadratic 

coefficient, hence this inequality holds when 21 θθθ ∆<∆<∆ . It is easy to see that 
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01 <∆θ  thus the inequality (A2) holds and consequently the equilibrium UD exists 

when 
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Second, for the equilibrium DU to exist, it must be the case that U

L

D

H CC < . 

Substitute the expessions for these thresholds and simplify:  
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Equate the left part of inequality (A3) to zero and solve for θ∆ . There are two roots: 
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The left part of inequality (A3) is quadratic in θ∆  with positive quadratic 

coefficient, hence this inequality holds when 1θθ ∆<∆  and 2θθ ∆>∆ . It is easy to see 

that 01 <∆θ  thus the inequality (A3) holds and consequently the equilibrium DU 

exists when 
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Proof of Proposition 2.3 (on page 95) To prove this proposition we have to 

demonstrate that inequalities UU

L

DD

L C Π≥−Π  and UU

H

DD

H C Π≥−Π  hold 
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( )},{min};,{max D

H
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U
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U

L CCCCC ∈∀ . It is easy to see, that it suffices to demonstrate 

that these inequalities hold for },{= D

H

D

L CCminC . 

First, consider the case when 0<)()( 22

BABA qqk θθ −−− . In this case 
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Second, consider the opposite case when 0>)()( 22
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Proof of Proposition 2.4 (on page 98) To prove this proposition it is necessary to 

demonstrate that thresholds j

iC  vary with θ∆  the way it is depicted in Figure 10. 

First, U

HC  does not change with θ∆  because 0
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Second, straightforward computations demonstrate that three other thresholds 

are increasing in θ∆ : 
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Moreover, it is easy to see that  
θθθ ∆∂

∂
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∂
>
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∂ D
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D

L CCC
, which means that D

LC  

increases in θ∆  faster than U

LC , which in turn increases in θ∆  faster than D

HC . 

Further, at θ∆ =0 the following holds: 
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Hence U

LC  and D

LC  as functions of θ∆  never cross and D

L

U

L CC <  for all θ∆ . Further, 

D

LC  and U

LC  do intersect with U

HC  (because first two are increasing in θ∆  while the 

later is constant), moreover, D

LC  intersects with U

HC  for smaller value of θ∆  than 
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U

LC (because D

LC  always greater than U

LC  for the same parameter values). Also, D

LC  

and U

LC  do intersect with D

HC  (because first two are increasing in θ∆  faster than D

HC  

does), moreover, D

LC  intersects with D

HC  for smaller value of θ∆  than U

LC . 

Now, since it’s been demonstrated that thresholds j

iC  vary with θ∆  the way it is 

depicted in Figure 10, it is easy to see that (1) if initially the model parameters are such 

that UD or DU is an equilibrium (point A or point C in Figure 10, respectively), then 

increase in θ∆  (while keeping the rest of the parameters constant) would lead to DD 

being en equilibrium (transition from point A to B or from C to D in Figure 10, 

respectively); and (2) if initially the model parameters are such that DU is the 

equilibrium (point C in Figure 10) then decrease in θ∆  would lead to UU being an 

equilibrium (transition from point C to E in Figure 10). É 

 

Proof of Proposition 2.5 (on page 101) (1) Suppose the cost of price differentiating is 

1C , the quality gap is 1k  and the rest of model parameters are such that UD is the 

equilibrium, i.e., that )( 11 kv<∆θ  (necessary condition for existence of this equilibrium 

from Proposition 2.2) and ( ) ( )111 kCCkC U

H

D

L <<  (necessary condition for UD being the 

equilibrium from Table 7). First, note that for any increase in k the necessary condition 

for existence of UD as equilibrium will be satisfied because )(1 kv  is increasing in k (see 

Figure 9) hence )(1 kv<∆θ  1kk >∀ . When this condition is satisfied it implies 

{ } D

L

D

H

D

L CCC =,min . 
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Second, straightforward computations demonstrate that the threshold D

LC  

increases with increase of quality gap, k:  
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Hence there exists such 11 ' kk >  that ( )'11 kCC D

L= . Thus for all k greater than '1k  it is 

the case that ( )kCC D

L<1 . Then according to Table 7 the equilibrium strategy is DD for 

all '1kk > because for all such k ( ) { })(),(min1 kCkCkCC D

H

D

L

D

L =< .  

So it’s been demonstrated that in case when UD is an equilibrium, an increase 

of quality gap k leads to DD being the equilibrium. 

(2) Now suppose the cost of price differentiating is 2C , the quality gap is 2k  

and the rest of model parameters are such that DU is the equilibrium, i.e., 

( ) ( )222 kCCkC U

L

D

H <<  (necessary condition for UD being the equilibrium from Table 

7) and )( 22 kv>∆θ  (necessary condition for existence of this equilibrium from 

Proposition 2.2) and. When the existence condition is satisfied, it also implies that 

inequality ( ) ( ) 222 CkCkC D

H

U

H <<  holds. First, straightforward computations 

demonstrate that the threshold U

HC  is increasing in k because its derivative with 

respect to k is positive:  
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Hence for any 2kk < it is the case that 2)( CkC U

H < . 

Second the threshold U

LC  also increases with increase of quality gap, k:  
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Hence there exists such 22 ' kk <  that ( ) 22 CkC U

L =  and thus ( ) 2CkC U

L <  for all k 

'2kk < . Consequently according to Table 7 the equilibrium strategy is UU for all 

'2kk <  because for all such k ( ) 2CkC U

L <  and 2)( CkC U

H < , i.e., 

{ } 2)(),(max CkCkC U

L
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H < . 

So it’s been demonstrated that in case when DU is an equilibrium, a decrease of 

quality gap k leads to UU being the equilibrium. É 

 

Proof of Proposition 2.6 (on page 110) Consider the difference in retailer L's demands 

under uniform and differentiated pricing policy (when retailer H employs 

differentiated pricing):  
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The fact that it is positive means that retailer L faces higher total demand when 

charging uniform price. Similarly,  
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which means that retailer H also faces higher total demand while charging uniform 

price. É 

 

Proof of Proposition 2.7 Consider the derivatives of each threshold with respect to 

thinking effort, e : 
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By substituting 
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Finally, notice that  
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 It is easy to see that (A4) is linear and increasing in e . By substituting 0=e  into (A4) 
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