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Li Chen
University of Connecticut
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ABSTRACT

With the technical development of the reading eongipt, e-books have witnessed a gradual and steadsaise in sales in
recent years. Last year, smart phones announdszldble to perform additional functions as e-badding devices, making
it possible for retailers selling e-books for sm@tbnes (SPR) such as iPhone to differentiate thitke selling e-books for
specific reading equipment (SER) such as Amazordl€inWe develop a game theory model to examinectimpetition
between SER and SPR retailers. We derive the bquitn price and analyze the factors that affectildgjium outcomes
under both scenarios of complete and incompletanimdition. Our results suggest that reduced costalireonvenience of
reading e-books over iPhone lowers equilibriumgsjand reduced cost of specific reading equipheadts to more intense
price competition. Under information asymmetry, steow that SER retailers will increase the priceaatilibrium.

Keywords

E-book, information goods, game theory, price cditipa

INTRODUCTION

Recently, the publishing industry has experiencedaessive decrease of revenue together withmafgrecast for the near
future. According to Association of American Pubbss (AAP), book sales drop 2.4% in year 2008. Haree-books have
witnessed an outgrowth in sales. According to teeokiation of American Publishers (AAP), in Novemp@08, “e-book
sales jumped up by 108.3 percent for the montHL(88llion), reflecting an increase of 63.8 perctmtthe year”. In fact, e-
books have seen a steady growth in these yearsrdiog to the International Digital Publishing Forue-book wholesale
revenue has reached almost 14 million in the thirdrter of 2008, almost an increase of 75% compaittdthe same period
of 2007 (see Figure 1).
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Figure 1. US Trade Wholesale E-book Sales
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A couple of reasons may explain the gradual badstelevelopment of e-book sales. First, technobmyancements,
especially that of new reading equipment for e-lsomkch as Amazon Kindle and Sony e-book readereihglossible for a
higher level of reading comfort. For example, hagfinition technologies have made reading a mojeyable experience,
and broadband technologies have turned downloasimgpks into an easy job. In addition, newly depebbequipments
such as Amazon Kindle are capable of storing alargnber of e-books, which relaxes the constrdietlmook storage.
Second, selling e-books provides an additionalmeeesource for book retailers. Retailers typicatied to face high fixed
costs in obtaining published books, such as thgragit expenses charged by publishers and/or asithtowever, once the
books are transformed into digital format, the nradistribution costs are extremely low. Thusy additional way that
can help increase revenue such as distributingghea books in e-book format will be a big plusir@ihpublishing e-books
provides a lower barrier for independent writerbadd reputation and distribute their work as gmliblishers.

Last year, smart phones such as iPhone, annouaicéhély can involve new software to perform addgidunctions as e-
book reading devices, providing an alternativeetdrook readers. For example, beginning July 148206xcycle Stanza, a
software program for reading e-books, digital neapsrs, and other digital publications, was avadldbt users of Apple
iPhone and iPod Touch. Lexcycle Stanza enabletrefec books and articles to be displayed in ay¢asead (and
adjustable) format and allows pages being turnek tle flick of a thumb. Up till now, the softwalas supported a variety
of e-book formats including Mobipocket, PalmDoc, MO and PDF. In addition, Stanza allows users to agana library of
books through a customizable reading interfacePtioime and iPod Touch. Right now, the list of Stanpartners includes
many online e-books such as BooksOnBoard, Fictiseayand Smashwords and continues to increase.dSe websites,
consumers can purchase e-books and download thestesgly on their iPhones.

The appearance of smart phones as e-book readigedenay lead to an enormous change of the industmpared with
previous e-book readers such as Amazon Kindle amy 8-book readers, the distribution channel ofrsiplaone has the
following advantages: First of all, phones are irmiequipment for millions of people. One typicaample of smart phones
is iPhone, the total sale of which reached 13 arillin the forth quarter of 2008. Therefore, constapeirchasing e-books
for smart phone do not need to purchase specifitpetgnts for e-book reading, especially for thosegbe who are
unwilling to carry a lot of items. Second, althoubke price is similar for newly released booksldoth smart phones such as
iPhone and specific reading equipment such as Am&madle, it is relatively cheaper for royalty-fredassical books on
iPhone which usually cost just 99 cents or eves feseach. Finally, for those independent publishthe large population
of iPhone users is surely much more attractive aregpwith that of readers using specific e-booklirgaequipments (see
Table 1 for a brief comparison of smart phone, AomaKindle and Sony e-book readers). However, werassthat the
trade-off of reading e-books on smart phone wilina lower level of reading comfort, or say a leiginconvenience even if
the content of books have little difference comgasith the e-books for specific reading equipment

Smart Phone Amazon Kindle Sony e-book Reader

Tem—— === T
THE WALL STREET JIURNAL

More than 13 million iPhone alone till the Around 380,000* Around 300,000*
forth quarter 2008**

Table 1. Comparison of E-book Reading Equipment

*The sales figures are estimates in Kharif
** The sales figure is from Wikipedia http://en.\pledia.org/wiki/lphone
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In our opinion, the entry of smart phones sucHPamne will lead to new competition in the e-boottustry. With smart
phones, there are two types of retailers for e-bndlstry: retailers selling e-books for specigading equipment (SRP)
and retailers selling e-books for smart phone. iisaty, this is a competition between retailersongell homogenous
information goods (e-books) but for different ultite consumption devices. Although it is importamtdompanies to derive
their strategies under competition, few researae lirmvestigate competition of e-books due to défemreading devices. In
this research, we aim to make an exploratory studghe pricing strategies of retailers under tlisipetition scenario. In
specific, we want to answer the following questions

(1) What is the optimal price of both types of ilets in selling e-books?

(2) Are there any differences in the scenario ahplete and incomplete information competition?

LITERATURE REVIEW

In this paper, we use e-books as our researchdubjgerent from many recent research studyirtgpeks from the aspect
of copyright and education (Shiratuddin 2005; id2005), our paper is based on e-books’ progessanformation goods.
In a broad sense, e-books can been seen as ongf iyffermation goods whose content consumed iitalifprmat such as
digital music, videos, and software products (Aswat Clay, Krishnan, and Smith 2004; Fan, Kumad, &fhinston 2009).
Because of information goods’ unique property aiitdiized content, related issues are frequentlglist such as the sharing
of information goods (Asvanund et al. 2004), thediing of information goods (Geng, Stinchcombe, ®Witinston 2005)
and the sampling of information goods (Wang andngh2007). In our paper, we examine the issue ofoetition of

retailers of e-books based on different consumpdievices (SER and SPR). Before the emergence dntbmnet,
conventional distribution and consumption of regdsbased on physical books. The Internet makassisible for book
retailers selling and distributing physical booksl &-books. Previous research has illustrateddiierdages of online
distribution compared with traditional channels 2@, Freimer, and Seidmann 2000). However, the etitign we are
interested in is on the consumption stage ratraar the distribution stage. Here, we examine thepatition where there are
two different e-books due to the reading devicthefn, which is new to the industry of e-books.

Our research is related to the literature on coitipetgames of firms selling homogenous and sinplarducts. In our
research context, there are two competing firms sélloe-books with the same content but througfeidht consuming
equipment. Previous research in economics oftehespdotelling’s approach to model competition, ethassumes that
consumers’ valuation lies on a continuous basthdmesearch of competition information goods s&e&os and
Brynjolfsson (2000) discuss several different typesompetition, including upstream and downstreand bundler and
single information good (Bhargava and Choudhary8208nother research stream related to our wodptsnal pricing of
information goods. Chen and Seshadri (2007) firtitregd pricing strategies for a seller who faceshageneous customers
in both marginal willingness to pay and chancegetfing information goods other than the sellend&rarajan (2004)
investigate strategies of optimal pricing for infa@tion goods under the scenario of incomplete médion.

What distinguishes our work are the follows: (1) Weus on pricing strategies of firms selling e-k@@hose competitions
are based on two different consumption devicesfofimation goods. The distinct property of competitin our research
context is that the quality of the products, e-lmake in some senses determined by the readingreqot of consumers,
which is different from previous research contesttsh as physical goods. (2) We extend our moddledncomplete
information scenario and analyze how factors sscmeonvenience cost, cost of specific readingpgent and customer
keeping ratio affect companies pricing strategi®s. research is relevant to the e-book industryctviie experiencing a
rapid and fundamental transformation, and proviggmortant managerial implications for firms to effigely manage the
competition to maximize their revenue. The redeaiscussed above ranges over different aspectsraftudy, however, to
the best of our knowledge, the issue of competitiased on two different consumption devices of hgeneous information
goods, especially e-books, has not been studiesehef

MODEL

We develop a game theory model of e-books salesrwsaipetition between two companies: Company dme sells e-
books that need specific e-book reading equipnf@BR(] to read and company two who sells e-booksnibxatl smart phone
(SPR) to read. The parameters and decision vagablour model are presented in Table 2 whichlvélfurther explained
in this section.
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Decision variables Parameters
P, Price of e-book from SER retailer c Cost due to inconvenience of SER retailer
P, Price of e-book from SPR retailer c, Cost due to inconvenience of SPR retailer
Z Customer-keeping level c Cost of specific reading equipment
e

a Discount factor of equipment cost

B Coefficient of variable cost of SPR retailer

r Customer kept ratio

Table 2. Decision Variablesand Parameters

In our research setting, customers make their ecisf which company they want to buy e-books frbased on their
utilities. We assume that the e-books offered bih lmmmpanies have little difference in terms ofteoy, but have certain
level of quality difference in terms of reading dom, or say inconvenience. We denote the costtdueconvenience when

reading through specific reading equipment suchraazon Kindle asC, and the cost due to inconvenience of reading smart

phones such as iPhoneCgs We suppos€, <C,, which implies that the customers will lose moogwenience reading e-

books on smart phones such as iPhone comparedredtling e-books on specific reading equipments sschmazon
Kindle. The rationale of making such assumption esrfrom the features of two different equipmentem@ared with
iPhone, Kindle has a larger reading screen, daifiggher-contrast letters on an off-white backgrhuand resembles more
like real book page.

We assume that consumers have heterogeneous\sgngitito such cost due to inconvenience. This technafuaodeling
competition is consistent with the literature (Fetnal. 2009). We also assume that the customerg shdomogeneous
valuation ofvfor e-books. In addition, as mentioned earlierhia tntroduction Section, consumers who want toagee-

book from SER retailer needs to purchase a spesifiook reader with the cagt. The reason we assume that consumers

will not purchase an iPhone special for e-book irgaés that smart phone is most often used for ngakialls and sending
short messages. The utility of reading e-booksRitohe only consists a small portion of the totdltyitof using smart
phones. We also have not involved in bundling negdquipment with e-books sales because it is aotnoon in real
business practice that one consumer will get aimgashuipment for free or together with purchasaro&-book.

In our model, customers choose to purchase e-bfooksone of the two retailers based on their peaspreference of price
and sensibility of the cost due to inconvenienag@®se that a customer’s utility i =V — P, —@C, —@C, for purchasing
e-books from SER retailer ard, =V — p, —@C, for purchasing e-books from SPR retailer. The ttzy, 0<a <1

refers to the expected discounted factor for tret obreading equipment on each e-book. A highéwevan @ implies that

the equipment is not often used and for each e-bumkliscounted cost of using the equipment is higihe a lower value in
a implies that the equipment is frequently used fordeach e-book the discounted cost is low (comgmean estimate
& based on historical consumption records).

We assume that a customer is indifferent betweere ttwo e-book providers ifu, =uU, , or
o =P tac— P
G -G

point for customers. Whe >@ , the customers will choose to buy books from SEfaiter becausd, > U, .

sayV— P, —acC,—wcC, =V— p,—wC,. Solving this equation leads , which is the indifferent

Whentw <@, the customers will choose to buy books from S&tRiler becausel, < U, (see Figure 2).

Proceedings of the Fifteenth Americas Conference on Information Systems, San Francisco, California August 67-9™ 2009 4



Chen IPhone or Kindle: Competition of Electronic Books Sales

R*C

P tac+G

Figure 2. Demand for E-books

Here, we assume that there are demands for botné&@ased e-books and Kindle-based e-books. Asrslmwigure 2,

whenv=V ,@=w , U =V - p,-ac,~@ ¢, =0 andU, =V - p,—w@ ¢, =0. Therefore, it is straight forward

W = pc,+ac.c,— pLC,;
C~C

inconveniencewD[O LU*] will choose SPR retailers while consumers witthhggnsitivity to cost due to inconvenience

to find the value o

. As shown in Figure 2, consumers with low senijtivo cost due to

LUD[LU* 1] will choose SER retailers. Thus, we find demandtfiertwo types of e-books retailers using sensjtias an
index:

(1) The demand for company one is:
p+tac.—p,

G ~G
(2) The demand for company two is:

D, = =1T9%"P
c,-¢

Consistent with the assumption of zero marginal obgformation good, the profit function for comupy one is:

+acC, —
ni-l.leplz(l_pl < pszl

G —G
For company two (SPR retailers), we need to conglte additional cost of keeping customers. Sine® $etailers do not
directly distribute e-books to consumers, they needse the network of communication companies siscAT&T who are
also responsible for various type of services agphone calls (both incoming and outgoing), sihm@$sages, other digital
content such as images. Therefore, the higher IBR& retailers want to keep their customers todagomplaints such as
low download speed and high rate of transfer faildhe higher the maintenance cost. For simplicity,denote this cost

D, =1-@ =1-

f (2)in the linear form of level of keeping customefs(,z) = B, + Bz, where zis the level of keeping customers. The
higher the level of keeping customers is, the highe maintenance cost.
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Thus, the profit function of company two is

T, = szz_lgo_ﬁlz

V4
subject to— =, which means that the customer-keeping ratio neets no less than, 0<r <1
2

In our paper, we establish a game theory modetdonpetition between SER and SPR retailers. Comsistgh previous
literature (Fan et al. 2009), we model the gamvimstages. In stage one, both companies simultsheset their prices. In
stage two, the company that distributes e-books sweart phones chooses the customer keeping [Erelrational here is
that prices of e-books are visible to consumers édliately and frequent change of prices may bringatiee effect to
retailers such as discouraging current and pofeatiasumers. On the other hand, the customer kgdpirel is in some
senses an internal decision and can be adjusted basmarket response of competition.

Competition under the Scenario of Complete Information

In the competition under the scenario of complatermation, we assume that both companies setribe gimultaneously
in the first stage and the company selling e-boibkeugh iPhone sets up the service level in thersgstage. Using
backward induction, we solve the second stage fiisice we assume that price and demand are givreisecond stage,
the problem can be simplified to

Min B, + Bz

V4
subjectto—2=Tr
2

For any given demand, it is straight that the soluts Z=rD, . Substituting the equation back into SER and S&t&ler’s
profit functions, we can solve the equilibrium fbe price competition game. The results are sunzedin Proposition 1.

Proposition 1. The SER retailer’'s optimal price and SPR retailefgimal price and the service level establish ahNa
equilibrium, with pl* : pz* and Z given as follows:

. _2C,~2c,—ac,+fBr

3
- _C,~C tac, +20r
P, = 3
7= (c,-c,+ac,~ fr)
3(c,—¢)
For brevity, the proof is relegated to the Appendile comparative static for the equilibrium resigtpresented in Table 3.
Variables C, C, a C, B r
pl* - + - - + +
pz* - + + + + +
7 2 2 - - _ -
Table 3. Comparative Statics Results

* + ince®n - decrease; n/a, no effect, ? no closed-folatisn
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We first examine the equilibrium prices. We finatlhe equilibrium prices of e-books for both SER &PR retailers will
decrease when the cost due to inconvenience ahgaebooks from SER retailerg,() and/or from SPR retailer<y)

increases. This result suggests that when consumigrsise smart phone incur lower cost due to inenience, then the
equilibrium price of both the e-books sold by SER &PR e-book retailers will go down accordingtyahother word, the
market price will decrease as the technology rdltdesmart phone e-book reader improves and readbapks on smart
phones such as iPhone is less significantly diffefi®m reading e-books on specific reading equiptmeNe also find out

that when the price of equipmer@,() decreases, the price of SER e-books will increaskthe price of SPR e-books will

decrease. This result implies that as the equipgaes cheaper, the SER retailer will take this athge and charges higher
price on e-books, but the SPR retailer needs teldke price to remain competitive. Previous litiera suggests that distinct
differentiation may lead to reduced price compatitin some sense, our finding is consistent with tesult since a lower
cost of e-book reading equipment refers to a legsdt differentiation. In addition, our resultiscsv that equilibrium prices

also increase in customer-keeping ratig @nd variable cost of servich{) of the SPR retailer. This is intuitive because

both customer-keeping ratio and variable cost ofise contributes to the marginal cost of SRP tetsi Naturally, a higher
marginal cost leads to a higher equilibrium price$PR retailers.

As for the optimal customer-keeping level, comgaeastatics results suggest that a higher custdmeping ratio () or a
higher variable cost of servicgﬁ’() will lead to a lower level of SPR retailer’s coister keeping level. An inspection of the

SPR retailer’s profit and cost function suggesét #s the cost for IT capacity goes up and seteisd goes up, SPR retailer
need to lower the customer-keeping level expecstaticguarantee the smooth operation of the busidessiteresting

finding is that as the SER equipment price and @isatio goes up, it is optimal for SPR to decreéhsecustomer-keeping
level expectation. This result may imply that whiee differential effect in price is not significatiere is risk for SPR
retailers to invest to keep a high level of custokezping expectation.

Competition under the Scenario of Incomplete Information

We extend the analysis in the previous subsectiohaaalyze the game under the scenario of incompi&trmation, or say
information asymmetry. We assume that the SERIleethas incomplete information of SPR retailer'stcfunction that the

SPR retailer's variable cost for customer-keepisqg()’iH with probability )/, and is,BIL with probability 1— )/, where

B, < B, - This setup leads to a Bayesian game which isinetly used in models of incomplete informationsése that
SPR retailer will choose either a high price orow Iprice. When it chooses high price strategy,pitsfit function is
' =D} p} = B,—B;'z , and when it chooses low price strategy, itsipfofction is 77, = D} ps — 8, ;2 .

We follow the same game structure in the previadssaction and we assume that SER retailer wantgtamize its profit
by choosing the optimal price. In another word, $i#R retailer’'s objective function is as follows:

Mp?X = D1H Py + D|1_ pl(l_ y)

where DlH and DlL refers to the demand of the SER retailer as aifomaf price of both retailers.

Solving the above game of incomplete informatioa,have the following result:

Proposition 2. The solution to the Bayes Nash Equilibrium of 8R and the SPR e-book retailers is as follows:

. _ 2 1 1
P =§Kc2—cl—5ace]+—gﬁrr—Zzﬂ;r+—2ﬂtr}

»_1 3 1
P =§[(c2—cl+ace)+§ﬁl”r+—2ﬁrr—12ﬁtr+—2ﬁtr}
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=2l e rac) + £ a2 pir +2pi

. r 1 3 1
2 =(C2_Clj§[(cz—c1+ace)+gﬁl“r——Zﬁ{‘r—Zzﬁ;w—zﬁkr}

" r 1
W Lo (e ran) e Lo

We can see that at the equilibrium of the scer@frincomplete information, the SER retailer's optirprice under
competition will be higher than the scenario of pbete information becausﬁincomplae B fomplae - L?:(lngl’ —,Bi‘r) >0.

This result reveals that under the scenario ofrmédion asymmetry, SER retailers will tend to irase the price of their e-
books. One explanation is that since there is taicty in the strategies SPR retailers will takearging a higher price helps
SER retailers to differentiate themselves with SERilers and capture potential customers.

CONCLUSION

The introduction of smart phone in this industryyntsing a significant transformation to the whaheliistry. This research
uses a game theory approach to examine compehtimnght by this issue. We distinguish our resedrghmodeling the
competition as a two-stage game between two retailéo differentiate with each other by sellingasks for different
reading devices: Smart phones such as iPhone oiakpguipment such as Amazon Kindle. We deriveettpailibrium price
and analyze the factors that affect equilibriuncesi under both scenarios of complete and incompiésemation. Our
results suggest that equilibrium prices decreasm#éh due to inconvenience of reading e-books. & find that reduced
cost of specific reading equipment and informatisgmmetry leads to more intense price competition.

Our research provides important managerial impboatto retailers of information goods. First, undempetition of
homogenous goods but on different consumption ésyia company who wants to lower the intensityoofigetition needs
to narrow the difference of reading experiencearfstimers through different reading equipment. Secatailers under
incomplete information are likely to differentiatéth his or her competitors by prices. Although oesearch is particularly
relevant to the e-book industry, it can be extertdeather types of information goods on differequipments such as
playing digital music or videos through either Applrouch or PDA.

This research has several limitations. First, veaiam that both companies fix price in the sameestiagreality, companies
can take the strategy of waiting to see their cditgy&s behavior before they set their prices. Setave only consider the
scenario in which the companies sell either e-bdoksmart phones such as iPhone or e-books faifgpeeading
equipment such as Kindle. For future researchillitoe interesting to investigate scenarios of cetitipn where companies
sell both e-books for smart phone and e-booksgecific reading equipment. We also observe thatthee new models of
selling e-books online, such as providing a frest fthapter to customers. Investigation on thosemesiness models can
also be an interesting extension of this paper. ekample, Kindle recently has announced a regui@ication for iPhones,
which makes Amazon a seller of both Kindle-basédeks and smart phone-based e-books. In that soenar will have
competition between sellers of both type of e-bcakd cannibalization is going to be an issue.
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APPENDIX
Proof of Proposition 1
We first get the profit function for both the SERdathe SPR e-book retailers as follows:
C,~C,+ P~ P, —acC
C,—

]Zl:

Then we take the first-order condition of both frfnctions

a”i - CZ_Cl+ p2_2pl_ace :0

apl C,~C
om, _p+ac,-2p,, Br _,
op, C,=C C,7C,

The last step is to solve the previous equatiomulsdneously to get the optimal solutions of prieesl find the optimal
result of Z accordingly.

Proof of Proposition 2

Similar to the proof of Proposition 1, we first gbe profit function for the SER retailer, the SRfRailer with high price
strategy and low price strategy:

ply(CZ_Cl+ pg - pl_ace) + pl(l_ y)(c 7 C,t pLz_ pl_ace)

7, =D; py+D;pd-y) =

C,7G C,7 G
+ac, - p,
A :(p;—ﬁrr)[—pl o "ZJ
+ac, - p;
7 :(p;—ﬂ;r)[—pl - p2j

Then, we obtain the first order conditions of thevyous profit functions and solve them simultarstptio get the solutions.
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