OPTIMAL BUNDLING STRATEGY FOR DIGITAL INFORMATIONGOODS: NETWORK DELIVERY OF ARTICLES AND SUBSCRIPTIONSJohn Chung-I CHUANG* and Marvin A. SIRBUDepartment of Engineering and Public Policy, Carnegie Mellon UniversityThe digitization of information goods necessitates a rethinking of their production and distributioneconomics. An N-good bundling model with multi-dimensional consumer preferences is developed to studythe key factors that determine the optimal bundling strategy. Using analytical and empirical methods,mixed bundling is established as the dominant (i.e. profit maximizing) strategy. Pure unbundling is alsoshown to outperform pure bundling, even in the presence of some degree of economies of scale, ifconsumers positively value only a subset of the bundle components, which is the predominant case in theacademic journal context. These results provide strong incentives for academic journal publishers to engagein mixed bundling, i.e. offer both individual articles and journal subscriptions, when selling and deliveringover the Internet.Keywords: Bundling, information goods, journals.1. IntroductionAcademic journals have traditionally been sold in the form of subscriptions.Individual articles are bundled into journal issues; issues are bundled into subscriptions.This aggregation approach has worked well in the paper-based environment, because thereexist strong economies of scale in the production, distribution and transaction of journals.Yet, the demand for scholarly information is diverse, unique, and sometimeswhimsical. Scholars are often willing to expend a great deal of effort to secure a copy of aspecific article unavailable from their personal subscription staple. With the proliferation ofjournal titles, it is impossible for every scholar to subscribe to all journals relevant tohis/her work. Libraries, through their institutional subscriptions to the journals, serve tosatisfy the scholars� demand for individual articles. Ordover and Willig (1978) treatjournals as �sometimes shared goods� in the study of their optimal provision. Under thefair-use provision1 of the Copyright Act, scholars are permitted to reproduce single copiesof individual articles from the library subscription copy for non-commercial purposes.There are frequent occasions, however, when the scholar�s information needs go beyondthe scope of the library�s journal collection. In such circumstances the library is permittedto duplicate and share articles with other member libraries of an inter-library loan (ILL)consortium, as long as such �borrowing� does not lead to copying �in such aggregatequantities as to substitute for a subscription�.2 Empirical studies have found that librariesare incurring costs of up to $20 per ILL item obtained. This suggests that a potentialmarket does exist for unbundled articles at both the individual and institutional levels.The publishers, unable to directly appropriate charges for these forms of shareduse, recompense for their loss of potential revenue by charging libraries an institutionalsubscription rate higher than that for individuals. This form of indirect appropriation

* Corresponding author: John Chuang. 129 Baker Hall, Carnegie Mellon Univesity, PittsburghPennsylvania 15213, USA. (tel) 1-412-268-5605; (fax) 1-412-268-3757; (email) chuang+@cmu.edu; (url)http://www.andrew.cmu.edu/user/chuang.1 17 U.S.C. ⁄ 107 (1988 & Supp. V 1993).2 17 U.S.C. ⁄ 108(g)(2) (1988). Specifically, the CONTU Guidelines (reprinted in 1976 U.S.C.C.A.N.5810, 5813-14) set forth a copying limit of five copies per year of articles from the most recent five yearsof any journal article.

2constitutes price discrimination of the third degree.3 While the legality of such practices areseldom questioned4, effective third degree price discrimination requires clear demarcationof market segments and minimal leakage across the segments. Both the segmentation ofmarket and the preclusion of effective resale channels are fairly easy to enforce in theacademic journal market, since institutions cannot easily disguise themselves as individualsubscribers. Along with the apparent inelasticity of demand exhibited by the subscribinginstitutions, these have been blamed for the escalation of journal prices in recent years.5With the global expansion and rapid commercialization of the Internet, theeconomics of journal publishing is quickly changing. Many publishers are experimentingwith various forms of on-line access to their journals. It is now technically feasible for thepublisher to electronically deliver, and charge for, individual journal articles requested by ascholar sitting at his/her desktop. The establishment of a ubiquitous electronic paymentinfrastructure, and the deployment of micropayment services in particular, will dramaticallylower the cost of purchasing digital information goods over the Internet. From thescholars� perspective, this form of access is instantaneous, on-demand, and avoids thecosts associated with traditional library access, such as travel to the library, physicalduplication of the article, and congestion due to shared use of journals. But in order fornetwork-delivery of journal articles to become a reality, economic incentives must exist forpublishers to unbundle their journals. By developing an N-good bundling model with multi-dimensional consumerpreferences, this work seeks to demonstrate the existence of such incentives, and toquantify how these incentives to unbundle are affected by (i) readers� journal-readingbehavior and (ii) cost trends of the underlying information network technologies. Usinganalytical and empirical methods, mixed bundling is established as the dominant strategy.This suggests that publishers should expand their product-line and sell individual articles inaddition to journal subscriptions. By extension, a publisher with multiple journal titlesshould also engage in mixed bundling, offering site-licenses that are effectively �super-bundles� in addition to single-title subscriptions and individual articles. Section 2 provides a short survey of the product bundling literature. The N-goodbundling model is developed in Section 3, first the demand side in Section 3.1, followedby the supply side in Section 3.2. In Section 4, the model is applied to the academicjournal industry for empirical results and analysis. Specifically, we look at howtechnology trends in distribution and transaction may change the supply side of the modelbut not change the fundamental result. We conclude with Section 5.2. Economics of bundlingAmulti-product monopolist may choose to bundle its goods for a variety ofreasons. On the supply side, commodity bundling can result in cost savings due to thepresence of economies of scale. On the demand side, bundling can be used as an effectivetool for extracting consumer surplus. Both factors must be taken into account in the designof optimal bundle prices. Additionally, producers in imperfectly competitive markets may

3 See Liebowitz (1985) and Besen and Kirby (1989) for detailed treatment of journal photocopying andindirect appropriability; Joyce and Merz (1985) study the extent of price discrimination by journals acrossvarious academic disciplines.4 Dyl (1983) muses upon the applicability and antitrust implications of the Robinson-Patman Act to pricediscrimination by academic journals.5 Interested readers can consult Lewis (1989), Byrd (1990), Metz and Gherman (1991), Spigai (1991) andStoller, Christopherson and Miranda (1996) for works on the economics of scholarly publishing and serialspricing from the library and information sciences communities� perspective.

3choose to bundle their products for strategic reasons. However, bundling for strategicleverage has no direct implications on pricing design and is outside the scope of this work.6Burnstein (1960) and Stigler (1963) are generally credited with the first referencesto the bundling phenomenon in the economics literature. Adams and Yellen (1976)operationalize the model for a bundle consisting of two goods, and identify three modes ofbundling strategies, namely pure bundling, mixed bundling, and component selling (orpure unbundling). In pure bundling, consumers are restricted to purchasing either theentire bundle or nothing at all. In pure unbundling, no bundle is offered but consumers canput together their own bundle by buying both the component goods. Finally, a monopolistwho chooses to engage in mixed bundling will allow the consumers to purchase the bundleor either one of the individual components. Consumers who choose to purchase the bundlewill usually pay less than they otherwise would if they had purchased both componentgoods separately.Figure 1 illustrates the consumer choice regions under each of the three bundlingstrategies. The axes in each plot represent the consumers� valuation for each of the twocomponent goods, G1 and G2. An individual consumer who is willing to pay w1 for G1and w2 for G2 can thus be represented as a point (w1,w2) in this consumer space.Depending on the type of bundling strategy employed by the producer, the consumer willmake the appropriate purchasing decision based upon his/her position in this two-dimensional {W1,W2} space. For example, consumer Alice at (a1,a2) will purchase only w1w2(a) Pure Unbundling

P1P2Goods 1 & 2Good 1Good 2None0

Alice (a1,a2)

Bob (b1,b2)(b) Pure Bundling w1w2PBBundleNonePB0w2 = PB - w1

Bob (b1,b2)

(c) Mixed Bundling w1w2P1P2PBw1 = PB-P2BundleGood 1Good 2NonePB0w2 = PB-P1

Figure 1Consumer choice regions for two-good bundling model

6 Carbajo, de Meza and Seidmann (1990) and Whinston (1990) provide further treatment of this topic.

4G1 in Figure 1(a) because her willingness-to-pay (WTP) for G1, a1, is greater than its offerprice P1, but her WTP for G2, a2, is less than the offer price P2. Bob, on the other hand,purchases nothing under this pure unbundling scenario since both b1 and b2 are less than P1and P2 respectively. Interestingly, the situation almost reverses itself if the producerswitches to pure bundling instead, as in Figure 1(b). Alice rationally chooses to purchasenothing since her aggregate WTP (a1+a2) is less than the price of the bundle, PB. Bob nowpurchases the bundle since the sum of b1 and b2 is greater than PB. Using similar logic,Alice consumes G1 and Bob consumes the bundle in the mixed bundling case, as illustratedin Figure 1(c). This simple, yet powerful illustration shows that the choice of the optimalbundling strategy and the selection of the optimal prices are strongly dependent on thedistribution of the consumer population in this {W1,W2} space.Schmalensee (1982) and McAfee, McMillan and Whinston (1989) build upon theAdams/Yellen framework, with careful treatment of the consumers� correlation of valuebetween the two components. Among other results, they show that both pure bundling andpure unbundling are boundary cases of mixed bundling and are weakly dominated by thelatter strategy in general. Chae (1992) applies the commodity bundling model toinformation goods in his study of the subscription TV market. He concludes that thebundling of CATV channels is practiced not to extract consumer surplus, but simplybecause there are economies of scope in the distribution technology.3. N-good bundling modelAll of the above-mentioned works are limited to bundles consisting of only twocomponents. A typical academic journal, on the other hand, has between 80 to 100 articlesper subscription period. An appropriate N-good bundling model is needed for this context.Unfortunately, a complete N-good model with 2N bundle combinations and N-dimensionalconsumer preferences quickly becomes computationally unwieldy as N gets large. Hansonand Martin (1990), by formulating the model as a mixed integer linear programmingproblem, manage to attack a bundle pricing problem with N=21.7Recognizing the need to balance profit-maximization and consumer rejection of acomplex pricing schedule, we opt for a simpler model where no sub-bundles are available.The consumer either purchases the journal subscription for a price PJ or individual articlesat a price of PA apiece. This simplifies the model from that of setting 2N optimal prices tosetting only two prices, PA and PJ. This is reminiscent of setting a menu of optional two-part tariffs in the nonlinear pricing literature (Willig, 1978 and Wilson, 1993).8 Low-demand readers purchase articles individually, while high-demand readers pay the flat feePJ and enjoy unlimited access to all articles (Figure 2).

7 Armstrong (1997) shows that an approximate solution for the optimal tariff problem is a cost-based two-part tariff, i.e. a fixed up-front membership fee plus a per-article charge set equal to the marginal cost.However, this approximation reasonably converges only for N in the �several thousands� range, and theabsence of a price cap may make it unacceptable to consumers who are used to the traditional subscriptionmodel.8 Technically, an (n+1)-part tariff can be made to be Pareto-superior to an n-part tariff. Indeed, Laffont,Maskin and Rochet (1985) derived the optimal nonlinear tariff for consumers with two dimensionalcharacteristics, which has a gradually declining marginal price schedule. Using the same argument in thebundling context, any mixed bundling strategy with more than two prices (up to 2N) will necessarilyperform better than a mixed bundling strategy with two prices, and thus pure bundling and pure unbundlingstrategies as well. Again, the extent to which a publisher chooses to offer multiple prices is clearlydependent upon its multi-variate optimization capabilities, and more importantly, consumeracceptance/rejection of a complex pricing structure.

Q0N PJPNcslope = PA

Figure 2Total outlay vs. number of articles consumedOptional two-part tariffs can be either ex ante or ex post in nature (Mitchell andVogelsang, 1991, page 95). In an ex ante arrangement, readers elect to join either thesubscriber group or the �article-on-demand� group prior to consumption. Knowing one�sexpected consumption behavior is critical in making the �right� decision. An �article-on-demand� reader who expects to read only a few articles but ends up reading more than Nc (= PJ/PA ) articles would have to pay more than if he/she had become a subscriber in the firstplace. Many consumers (especially those with fixed budgeting and fund allocationconsiderations) are reluctant to sign up for these pay-per-use arrangements preciselybecause of this uncertainty factor. An ex post approach eliminates this problem by allowingthe consumer to choose the cheaper of the two pricing schemes at the end of the billingperiod, thereby placing a predictable upper bound on the final bill. However, the need fora final settlement incurs an administrative and metering overhead over true pay-per-usemodels.3.1. Modeling heterogeneity in consumer preferencesThe N-good bundling model departs from the traditional nonlinear pricing model inthat consumers are not choosing to purchase n units of non-distinguishable articles, as ifpurchasing x kilowatt-hours of electricity or y minutes of cellular-phone air-time. Instead,each of the N articles is unique and distinct from one another. Consumers may value onearticle dramatically differently from the next. Unfortunately, a complete description ofconsumer heterogeneity using an N-dimensional vector {w1,w2,...,wN} again leads tointractability. We seek a concise way to capture the essence of consumer�s willingness-to-pay across the different articles.Zahray and Sirbu (1990) attempt to capture the heterogeneity in consumerpreferences for academic journals, albeit in one variable, the reservation price for thejournal. A similar approach is taken by Bakos and Brynjolfsson (1997), where consumersare characterized by a single type variable w, and consumer valuations of goods are i.i.d.(independent and identically distributed). By employing a single variable, both models canonly capture consumer valuations for the bundle in its aggregate. This is adequate in thepure bundling context, where journals are sold only in the form of subscriptions. In themixed bundling context, however, it is important to account for the correlation of valuesacross the components as well.

6Consider, for example, a publisher selling a two-article journal in a market withonly two consumers, our friends Alice and Bob. Alice is willing to pay $10 for the firstarticle and $0 for the second, while Bob values the articles at $7 and $5 respectively. Apublisher engaging exclusively in pure bundling (i.e. subscription only) is only interestedin the aggregate willingness-to-pay of the two consumers. He/she will price thesubscription at $10 for a total revenue of $20. Amixed bundling strategist, on the otherhand, will desire additional information on the correlation of values for the componentarticles. In this example, the publisher will price individual articles at $10 and raise thesubscription price to $12, thereby realizing a revenue of $22 and completely extracting theconsumer surplus in the process. In effect, the publisher has managed to separate themarket into two -- the segment with high correlation of value across articles (Bob) is soldthe subscription; the segment with low correlation (Alice) is offered individual articles.The present work employs two variables, wo and k, to describe the N-dimensionalconsumer preference. We allow each journal reader to rank the N articles in the journal indecreasing order of preference, such that his/her favorite article is ranked first, the leastfavorite is ranked last, and weak monotonicity is observed. The reader may place zerovalue on any number of the N articles. By assuming a linear demand function for allpositive-valued articles, we can plot an individual reader�s valuation of all the articles in thejournal in Figure 3. Each of the articles are positionally ranked between 0 and N along thehorizontal axis. The individual�s most highly valued article has n = 0, and so the y-intercept, wo, represents the WTP for his/her most favored article. The valuation for thesubsequently ranked articles is assumed to fall off at a constant rate until it reaches zero at n= k�N. No articles have negative value with the assumption of free disposal -- readers arefree to discard unwanted articles at zero cost. The variable k dictates the slope of thedemand curve, and it also indicates the fraction of articles in the journal that has non-zerovalue to the individual. For example, a reader with k=0.01 is willing to pay a non-zeroamount for only one article in a journal with a hundred articles, while another reader whopositively values half of the articles in the journal will have a k of 0.5. If an individual�s kis greater than unity, that means he/she places positive value on all N articles in the journaland the demand curve will never cross the horizontal axis. Figure 4 shows a diverse rangeof consumer preferences that can be described using this two-dimensional {wo,k}index.

n0NwokNw(n) w(n) = wo [ 1 - (nkN

) ]Figure 3Article valuation by an individual reader indexed by {wo,k}

(n/N)w(n)01

(1,1)(0.1,1)(0.75,3)(0.5,0.5)(1,0.25)10.50.5

Figure 4Diversity of consumers indexed by {wo,k}Empirical studies performed by King and Griffiths (1995) indicate that thecorrelation of article valuations is not very high for academic journals (Table 1). Out of the80 to 100 articles (per subscription period) in an average journal, over 40% of readerssurveyed read no more than five articles. Only 0.9% of readers read more than 50, orabout half of all articles in the subscription period. This suggest that a majority of readershave small k�s, and very few readers have their k-value close to or exceeding unity. Thisresult is incorporated into our analysis below as a fitted probability distribution for k, fk(k).TABLE 1Distribution of number of articles read in a journal (King and Griffiths [1995])Number of ArticlesRead in a JournalProportion ofReaders (%)Cumulative Proportionof Readers (%)1 to 543.6043.606 to 1034.4078.0011 to 158.2186.2116 to 205.5091.7121 to 253.3795.0826 to 301.9797.0531 to 401.2398.2841 to 500.8299.10more than 500.90100.00Formally, an individual�s valuation for the n-th article can be expressed as:

wnwknNo( ) = � - �Ł �łØºŒ øßœ� �max ,0 1 1

, 0 £ n £ N-1,(1)with wo ‡ 0 and k ‡ 1/N. Using this formulation, we can proceed to determine theindividual�s reservation price of the journal, his/her consumption decision in face of the

8prices PAandPJ,andtheoptimalnumberofarticlesconsumedineachofthethreebundlingscenarios.3.1.1. Consumer choice in pure bundlingIn pure bundling, potential readers can only choose to subscribe to the journal orbuy nothing at all. Purchasing individual articles is not an available option. Therefore, anindividual�s decision is based solely on the price of the subscription, PJ , andhis/herreservationpriceof thejournalbundleintheaggregate. Thisreservationprice, W J , issimplythesummation9 (or integration if we approximate n as a continuous variable) ofhis/her reservation prices for all the individual articles:

WwndnJ N= � ( )0

(2)The net benefit UJ derivedfromsubscribing is thedifferenceof thereservationpriceWJand the actual subscription price PJ:U J = WJ - PJ.(3)Apotentialreaderwillonlychoosetosubscribe ifthesubscription results inapositivenetbenefitU J > 0. TheU J = 0 curve, plottedin{ w o ,k} spaceinFigure 5, separatesthereadershippopulationintotwo regions. Those thatfallintheregionR J willchoose tosubscribe, whilethose inregionR 0 willoptout. PleaserefertotheAppendixforderivation of this and subsequent results.

wok0R0: NoneRJ: JournalUJ = 0Figure 5Consumer choice in pure bundling scenario

9 We assume here and in subsequent sections that there is no economies of scope in demand, i.e. themarginal benefits of individual articles are additive but not superadditive.

93.1.2. Consumer choice in pure unbundlingIn the pure unbundling scenario, all articles are available individually at a unit priceof PA. Consumers are free to purchase as many or as few articles as theydesire, up toandincludingallN articlesinthejournal. Arational-choiceutility-maximizingconsumerwillconsumeonlythosearticleswithw(n)‡ PA,realizinganetbenefitofw(n)- P A for eachofthose articles. Themarginalarticleconsumedby theconsumer, n * , has abenefitw ( n *) =PA. Therefore, for w o ‡ P A , theoptimalnumberof articlesreadby anindividualindexedby {wo,k} can be expressed as

nNkNwPwo Ao* min ,= � � -( )� �

,(4)with the maximum capped at N, the total number of articles available in the journal. On theother hand, for an individual with wo < P A , eventhemostfavoredarticleis deemedunworthy of the price tag PA. In this case, n* would be equal to zero and no articles willbepurchased. Figure 6 presents theoptimalarticleconsumptionlevelin{ w o ,k} space. Inadditiontotheoptimalconsumptionlevel, thenetbenefitderivedfromconsumingn *articles, UA, can also be expressed asU A = WA - n*�P A ,(5)where the gross benefit, WA, is itself a function of n*:

WwndnA n= � ( )*0

.(6)

wokPA0

n* = 1n* = 10n* = 0

n* = 50n* = 100

1/NFigure 6Optimal article consumption level in pure unbundling scenario

103.1.3. Consumer choice in mixed bundlingIn mixed bundling, consumers seek to maximize their utility by choosing one ofthree options: subscribe to journal, purchase individual articles, or neither. Depending oneach individual�s UJ andU A measures, as definedabove, he/shecanfallintooneof fiveregions inTable2. Thisis illustratedintheconsumerchoicediagram, Figure 7. F o r example,individualswhovaluetheirmostfavoredarticleatless thanthearticleprice( i . e . wo<PA)haveanegativeUAandwillnotpurchaseanyarticlesinunbundledform. If theirvaluationofallthearticlesintheaggregateis less thanthesubscription priceP J , theywillnotsubscribe tothejournaleither. TheseindividualsfallintheR 0 region. Ontheotherhand,iftheiraggregatevaluationisgreaterthanPJ,theywillfallintheR J1 regionandwillchoose to subscribe to the journal. Individuals with high wo and low k tend to value onlyafew articleshighly, andwillbebestoff purchasing individualarticles. Theseconsumersare found in region RA1. Finally, consumers inR A2 andR J2 receivepositivebenefitsfromeitherjournalsubscription or articlepurchase, andmaketheirrespectivepurchasingdecisionsbasedontherelativemagnitudesoftheirUJandUA.TABLE 2Consumer choice in mixed bundling scenarioRegionUJUAUJ > UA ?PurchaseR 0< 0< 0--NothingRA1< 0> 0NoArticle(s)RJ1> 0< 0YesJournalRA2> 0> 0NoArticle(s)RJ2> 0> 0YesJournal

wokPA0

NoneR0:ArticlesRA1:ArticlesRA2:JournalRJ2:RJ1

UJ = 0UJ = UAUA = 0UJ = 0Figure 7Consumer choice in mixed bundling scenario

113.2. Production costs and economies of scaleThus far we have focused on the demand side of the problem. We now turn to thesupply side, specifically to the underlying technology and production functions of academicjournals. As previously noted, the information industry in general and the journalpublishing industry in particular are characterized with high fixed costs (FC) and lowmarginal costs (MC). A producer will only stay in the market if gross margin (grossrevenue minus variable cost) is enough to cover fixed cost. As long as the total revenue isgreater than total cost, the optimal pricing decision is then independent of FC.(Alternatively, we can think of the fixed cost as either zero or sunk). This assumptionallows the treatment of FC as an exogenous variable in the present model.We incorporate the presence (or absence) of economies of scale (EoS) in theproduction function by establishing the following relationship between the marginal costsMCJandMCA:M C J = Ng�MC A .(7)Nisthenumberofarticlesinthejournaland g is the economies of scale index. When g <1, economies of scale are present and a subscription bundle of N articles is cheaper toproduce and sell than N individual articles. Therefore the publisher can realize cost savingsvia bundling. When g = 1, there are no economies of scale in journal production ordistribution. No cost savings can be realized by bundling. Finally, if there arediseconomies of scale in the production function, it can be described with g > 1. Priorwork in bundling almost invariably assumes no cost savings from bundling, i.e., g = 1.Chae�s assumption of extreme economies of scope in the CATV delivery technologytranslates to a special case of g = 0. By treating the extent of economies of scale as anendogenous variable, this model allows a parametric analysis of its influence on theproducer�s optimal bundling strategy.Based upon the distribution of consumers in the {wo ,k} spaceandtheunderlyingcoststructureof journalproduction, thepublisherproceedstooptimizeP A andP J tomaximizegrossmarginP:

PMCfwkdwdknPMCfwkdwdkJ A J J o oR A A o oRJ A, , ,*( ) = -[ ] ( ) � � + -[ ] ( ) � � � �

,(8)where the term f(wo ,k) is thejointprobabilitydensityfunction( p . d . f . ) of thereadershipdescribedin{ w o ,k} space. Itis worthwhile tonotethat, inthecasewhere theoptimalstrategyturns outtobepurebundling(pure unbundling), thesecond (first) integralcomponentwillbezero.4. Analysis and empirical resultsThe N-good bundling model is used to quantify how the choice of the optimalbundling strategy and optimal pricing are affected by MC and g on the supply side, andf(wo,k) on the demand side. Recalling thatw o is anindividual�svaluationof his/hermostfavoredarticleinthejournal, andk is thefractionof articlesinthejournalthathavenon-zerovaluetotheindividual, we assume independentdistributionsfor w o andk. Wenormalizewotobeuniformlydistributedbetween0and1.UsingtheKing/GriffithsdatainTable 1, k is fitted to an exponential distribution with l = 13.8758 or m = 1/l = 0.072 (R2

12= 0.97117). This means that the average reader reads only 7.2% of all articles in a typicaljournal. Figure 8 shows, for a journal with N = 100 articles, the producer surplus (asmeasured by gross margin) attainable via each bundling alternative as a function of MC andg. The marginal cost of a single article, MC, is restricted to be no greater than the highestindividual valuation, max[wo] (which we normalizetounitywithoutloss of generality).Therewould beno marketparticipationifitweremorecostlytoproduceanarticlethananyone is willing to pay.

(a) No EoS (g = 1)00.5100.51MC

Producer Surplus

(b) Partial EoS (g = 0.75)00.5100.51MC

Pure Bundling

Pure Unbundling

Mixed Bundling

(c) Partial EoS (g = 0.5)00.5100.51MC

(d) Extreme EoS (g = 0)00.5100.51MC

Figure 8Profit-maximizing bundling strategy: it is clear that mixed bundling is the dominant strategy across allmarginal cost and economies of scale conditions.In Figure 8(a), there are no economies of scale and the EoS factor g = 1. Themarginal cost of the journal is N times that of a single article, and so no cost saving isrealizable from bundling. The pure bundling strategy is clearly dominated by the other twostrategies. The mixed bundling and the pure unbundling alternatives are essentiallyidentical to each other. This suggests that even if the publisher opts for a mixed bundlingstrategy, virtually the entire revenue will come from article sales. As the productionfunction begins to exhibit some economies of scale, cost-related bundling incentives beginto appear. Yet, in Figure 8(b), where g = 0.75, the situation remains unchanged. Mixed

13bundling and pure unbundling continue to be the optimal strategies. As g continues to fallin the face of stronger economies of scale, mixed bundling becomes the strictly dominantstrategy. In Figure 8(c), where g = 0.5, pure bundling and pure unbundling tradedominance depending on the magnitude of MC, but both are dominated by mixed bundling.Finally, in the case of extreme economies of scale, where g = 0 in Figure 8(d), it costs asmuch (or as little) to produce and sell an entire journal as it does a single article. Pureunbundling becomes inferior to bundling of either form as MC becomes comparable inmagnitude to the consumer article valuations. As MC approaches max[wo] or unity, purebundling performs as well as mixed bundling. In this case most of the publisher�s revenuewill be derived from journal subscriptions.Thefirst conclusionis thatmixedbundlingis superior topurebundlingandpureunbundlingacross allvaluesof MCandg. This extends earlier results for two-goodmodels to the present N-good model. This result makes intuitive sense since both purebundling and pure unbundling are boundary cases of mixed bundling, and therefore can dono better than the mixed bundling strategy. The price discrimination mechanism is at workhere, as the mixed bundling strategy creates an incentive-compatible condition, inducing thehigh and low-demanders to reveal their preferences by self-selecting into the appropriateconsumption groups.Secondly, we observe that pure bundling does not necessarily dominate over pureunbundling in the N-good scenario. Specifically, the model identifies plausible conditionsunder which unbundling is actually superior to bundling (in pure forms). When marginalcost is non-zero, pure bundling is undesirable not only in the absence of economies of scale(g = 1), but also if the degree of EoS is too weak (as illustrated by g = 0.75) for the cost-saving bundling incentive to become a dominating factor. Even in the presence of strongeconomies of scale (g = 0.5, 0), the relative merits of pure bundling and unbundling arestill dependent on the magnitude of the marginal cost relative to consumer valuations of thearticles. Inefficiency in resource allocation (and loss of surplus) will result if individualsare forced to purchase the bundle and consume some articles which they value belowmarginal cost. Adams and Yellen label this condition where consumption occurs at sub-MC levels as a violation of the �Exclusion� assumption. This is of real concern to journalpublishers since the distribution of k (as fitted to empirical data from King and Griffiths) issuch that most readers actually place zero value on most of the articles in an average journalthat they read. Except for the case of MC = 0, or the case of g = 0, where the marginalcosts for all but the first article are effectively zero, exclusion is always violated for thosereaders with k < 1. In our numerical analysis, where k is exponentially distributed with amean m = 0.072, the probability of k ‡ 1, i.e. a reader having positive valuations for allarticles in the journal, is on the order of 10-6,or oneoutof onemillionreaders. (Toplacethisnumberincontext, Science, oneof themostwidelyreadacademicjournals, has acirculationof165,000; IEEESpectrumandAmericanEconomicReview, two mainstreamperiodicalsintheelectricalengineeringandeconomicsdisciplines, havecirculationof30,000 and 27,000 respectively.10) Therefore, the choice of optimal bundling strategy liesin the balance between cost-savings from bundling and loss of surplus due to exclusionviolation. The proposition by Adams and Yellen (p. 488) that pure unbundling �is a moredesirable strategy the greater the cost of violating Exclusion� holds true here.

10 circulation data from Ulrich�s International Periodicals Directory, 34 ed. R.R. Bowker Publishing, 1996.

144.1. Optimal pricing and revenue mixThe mixed bundling publisher is interested in the optimal pricing of its articles andsubscriptions. Figures 9 and 10 show the optimal pricing ratio (PJ/PA) andthecorresponding revenuemixfor various marginalcostandEoS conditions, respectively.Weobservethatwhenmarginalcostis negligible(MC= 0), thesubscription (toabundleof 100 articles)should bepricedapproximatelytentimesthatof anindividualarticle,andthisoptimalpricingratiowouldresultinarevenuestreamthatiswellbalancedbetweenthesaleofarticlesandsubscriptions.Whenthemarginalcostis non-negligible, however, theoptimalratiobecomessensitivetotheeconomiesof scalecondition. If thereareextremeeconomiesof scale (g =0), the cost-saving incentive induces the publisher to rely moreheavily on the sale of bundled subscriptions as MC increases. With strong economies ofscale (g =0.5), the optimal pricing ratio stays constant but the revenue mix shifts decisivelytowards subscription sales with increasing cost. On the other hand, when the economies ofscale are absent or weak (g = 1,0.75), the publisher is best served by increasing the priceratio, thereby realizing essentially all of its revenue through individual article sales.

025507510000.51MC

PJ/PA Ratio

g = 1.00 g = 0.75 g = 0.50 g = 0.00Figure 9Optimal price ratio for mixed bundling strategy across various EoS conditions

150%25%50%75%100%00.51MC

% Revenue from Article Sales

g = 1.00 g = 0.75 g = 0.50 g = 0.00Figure 10Optimal revenue mix for mixed bundling strategy4.2. Internet-based document delivery technologyWe can characterize the extent to which economies of scale are present in the currentset of network-based document delivery technologies. Specifically, we ask what is areasonable value of g, and how might it change with technology? We identify two majorcomponents to the marginal cost of delivering a journal or an article. These are the cost totransmit raw data bits and transaction costs. Production and data storage are fixed costs tothe publisher and should be excluded from consideration in this context.We consider the scenario where the publisher outsources both data transmissionand fee-collection functions to specialized services. Web hosting services are offered by amultitude of Internet presence providers. Entire digitized archives of journal articles can behosted on a web server and made accessible for downloading by scholars. Severalmicropayment systems are also available to facilitate electronic payment for articles or otherinformation goods sold via the Internet.11We choose to characterize the marginal costs MCJ andMCA using threecostcoefficients:

MCMCPNPJA f v J s df v A d� = + � + � �= + � +k k m kk k k

(9)where kf, kv, kd are cost coefficients and ms is the expectedfractionof articlesdownloadedbyasubscriber. Wediscuss eachvariableinturn. Transactionalcosts aremodeledafterthetwo-partfeestructureof credit-cardtransactions. kf is afixedfeeleviedfor eachtransaction, whilekv is thevariablecomponentchargedinproportion tothevalueof the

11 See MacKie-Mason and White (1996) and Sirbu (1997) for surveys of digital payment mechanisms.

16transaction (PJ andP A respectively).12 This implies, significantly, that the marginal costsare no longer constants as we have assumed thus far, but have become functions of PJ andPA, respectively.Thevariablekdisthecostoftransmittingordownloadingonejournalarticle. Webhosting servicescurrentlychargebetween$0.05 and$0.50 perMB(megabyte)of dataaccessedbyaclientfromtheserver.13 A journal page, scanned at 600 dpi and compressedin Group 4 Fax/TIFF format, takes up about 100kB (kilobytes). Assuming a typicaljournal article has ten pages, downloading a journal article requires the transmission of1MB of data. This translates to a kd of between$0.05 and$ 0 . 5 0 . Withcontinuedimprovementsindatatransmissionandcompressiontechnologies,itisreasonabletoexpectfurther declines in kd.Mostproviders selldownloads atafixedcostperbit, so thepublisherenjoys noeconomiesof scaleindatatransmission perse. However, sellingajournalsubscriptionon-linedoesnotnecessarilyrequirethetransmissionofallNarticlestothesubscriber.Thesubscribers arefreetodownload allN articles,butmostwillchoose todownload onlyafractionofallarticles.This�just-in-time�(as opposed to�just-in-case�)deliveryparadigmresults inanexpectedtransmission costof ms� N �k d insteadof N �kd for eachjournalsubscription. Wecanquantifyms as theconditionalexpectationof thefractionof articlesread by the subscribing sub-population (the region RJ in Figure 7),

ms o oRJ o oRJk f w k dw dkf w k dw dk= � � � � ( , )( , )

.(10)We have shown that the area of integration RJ is afunctionof thepricessetby thepublisher. Therefore ms is dependent on the prices as well. Substitutingequations(9) and(10)intoequation(8)withtheappropriatevaluesfor thek coefficients and re-optimizing,we can gain insight into how ms andg are affected by a decline in transmission cost kd ,whichinturndeterminetheoptimalpricingandrevenuemixdecisions. Figure 11 s h o w s thatheoptimalsubscription priceP J (righthandaxis) variessignificantlyinthecurrentrange of kd. Theexpectedfractionof articlesreadfromasubscription copyms (lefthandaxis) follows asimilartrend, which is notsurprising givenitsdependencyon P J . Thehigherthepriceofasubscription,themorearticlesonewillhavetoreadinorder tojustifybecomingasubscriber.Itisinterestingtonotethat,evenwhen transmission costs becomenegligible( kd = 0), ms is stillsignificantlygreaterthanm of 0.072 for the overall journalreadership.

12 A typical credit card operation has kf and kv set at $0.30 and 1.66% and is not suited for small valuetransactions because of this high kf. NetBill (http://www.netbill.com), an experimental electronicmicropayment system developed at Carnegie Mellon University, has kf = $0.02 and kv = 5%, enabling it tosupport transactions down to 5-10 cents. This latter set of cost coefficients is used for this analysis. SeeSirbu and Tygar (1995) for a description of the NetBill electronic micropayment system.13 Price schedules for incremental data downloads obtained from a website survey of web hosting serviceproviders, January 1997. See Appendix B.

170.00.20.40.60.81.000.10.20.30.4kd($/MB)ms01020304050PJ ($)msPJ

Figure 11Effect of transmission cost on journal subscription pricingFigure 12 further illustrates how the economies of scale (g) and optimal revenuemix are likely to be impacted by a declining kd . For kd greaterthan$0.20/MB, thereareessentiallynoeconomiesofscaleandmostoftherevenueis derivedfromarticlesales. Atkd = $0.05/MB, thecurrentlow-end estimate,g falls to 0.6 and we begin to see a wellbalanced revenue mix between article and journal sales. But even when kd=0,weseethatg will not fall below 0.3, and 30% of the revenue is still derived from selling individualarticles. Under no circumstance should we expect the entire publishing revenue to comefrom subscription sales alone.

0.00.20.40.60.81.000.20.4kd($/MB)

Gamma

0%20%40%60%80%100%00.20.4kd($/MB)

% Revenue from Articles

Figure 12Effect of declining kd on economies of scale and revenue mix

18While we have held kf andkv constantinour analysis, itis reasonabletoexpectadeclineinthesecoefficientsaswell.TheMillicentprotocol,forexample,proposesalight-weightmicropaymentmechanismwithcryptographicoperationsthatcostone-tenthtoone-hundredthof acent(Manasse, 1995). Yetoneshould notexpectkf andkv tofallatasimilarrateaskd . Thisis becausetransactioncosts arenotsolelydictatedby progress inhardwaretechnologyor thestateof theartincryptography. Othersources of paymentsystem costs such as customerservice, fraud protection, chargebacksandback-officeaccountingmaydeclineonlyslowlyovertime,ifatall.5. ConclusionsSeveral recent independent works suggest that bundling is desirable for informationgoods (Bakos and Brynjolfsson, 1997; Fishburn et al., 1997; Varian, 1995). The currentwork demonstrates, however, that a different conclusion may be drawn when the importantdistinction between mixed and pure bundling is made. While mixed bundling is always thedominant strategy, our results also show that pure bundling may, under certain conditions,be inferior to pure unbundling. We therefore caution against any wholesale adoption ofpure bundling without a thorough analysis of the supply and demand of the informationproduct in question. Specifically, for information goods that presently exist in bundledform (e.g. academic journals), unbundling (i.e. switching from pure bundling to mixedbundling) can actually increase producer surplus. This result suggests that an academicjournal publisher should expand its on-line product offering to include unbundled articles inaddition to traditional subscriptions. By offering a menu of choice that includes both theoriginal bundle and the components, the publisher can extract consumer surplus morecompletely via consumer self-selection. By extension, the publisher can do even better bysimultaneously bundling and unbundling the journal, adding �super-bundles� of multiplejournal subscriptions or site-licenses to the product mix. Mackie-Mason and Riveros(1997) offer another bundle option in addition to unbundled articles and the traditionalsubscription, namely the generalized subscription. In this arrangement, the user purchasesunlimited access to N units of articles, and is free to select any N articles from the entirearchive of M articles (with M >> N).Our model assumes that a journal is made up of N individual articles. In realitythere are other separable components to a journal subscription, such as the table of content,indices, abstracts and other announcements. Readers can assign different valuations foreach of these components just as they do for the individual articles. Therefore thesecomponents can be candidates for unbundling as well. RevealAlert, a recent productoffered by CARL, delivers via email the tables of contents of up to fifty user-selectedjournal titles.A casual survey will reveal that all the major players in the academic journalpublishing industry are actively pursuing the possibility of network access to their journalproducts. Many have made impressive strides in a very short period of time. Somepublishers provide on-line access to article abstracts, tables of content and indices to theirjournal titles; others offer fully searchable text, complete with images and mark-up tags, ofthe journal articles. Most publishers have installed (or plan to install) some form of accesscontrol and billing mechanism so that charges can be appropriated for the usage of thesematerials. However, lessons learnt from various research/demonstration projects indicatethat significant economic, behavioral and institutional barriers need to be crossed before on-

19demand network delivery of academic journals can become ubiquitous.14 Intelligent pricingdesigns must take into consideration the information needs and usage behavior patterns ofthe journal reading population, as well as the economies-of-scale characteristics of theunderlying technologies.AcknowledgmentThis work is supported by the National Science Foundation under CooperativeAgreement No. IRI-9411299 and by the Council of Library and Information Resources A.R. Zipf Fellowship. The authors wish to thank Lester Lave, Fallow Sowell, seminarparticipants at Harvard and CMU, and two anonymous referees for comments on an earlierversion of this paper.

14 Okerson and O�Donnell (1995) edit an interesting forum discussion, which took place entirely on theInternet, on the future of scholarly journals; drawing experience from various electronic journal endeavorssuch as Psycoloquy, Chicago Journal of Theoretical Computer Science , and the electronic pre-print archivefor high-energy physics at Los Alamos National Labs.

20Appendix A. Derivation of producer surplus for alternative bundling strategiesA profit-maximizing journal publisher will seek to optimize the prices PJ andP A bymaximizingtheobjectivefunctionP, restated here from equation (8):

PPMCfwkdwdknPMCfwkdwdk

J A J J o o R A A o o R J A , , , * ( ) = -

[ ] ( ) � � + -[ ] ( ) � �

� � �

(A.1)To derive the gross margin or producer surplus attainable from each of the three alternativebundling strategies, we need to identify the regions RJ and/orRA ineachscenario. Thisallowthelimitsofintegrationforthedefiniteintegralstobequantitativelyspecified.Additionally, the p.d.f. of the journal reading population in { w o ,k} spacehas tobespecified. Theassumptionof independencebetweenrandomvariablesw o andk, andthechoice of the probability distributions gives f(wo,k) = fwo(wo)�fk(k), where

fwelsewhere

wo o o

( ) = £ £ � � �

1 0 1

0

;

;

(A.2)

fkekNk k N( ) = � ‡- -�Ł� �ł�l l 1 1

.(A.3)From equation (4), n*, the optimal number of articles consumed, is

nNkNwPwo Ao* min ,= � � -( )� �

.(A.4)Finally, from equation (7), we have the marginal cost per journal (MCJ)expressed intermsofthemarginalcostperarticle(MC):MCJ = N g�MC. With these substitutions, producersurplus under each bundling alternative (PPB, PPU andPMB) canbeexpressed as functionsof PJ, PA, MC, g and the model parameters N and l.A. Pure BundlingThe limits of integration for the pure bundling strategy are based on the boundariesof the region RJ, as defined by the UJ = 0 curve in Figure 5. Solving for UJ = 0 requires thequantificationofWJ. Integrating w(n) over all articles (0 £ n £ N-1) results in

WwndnJ N c= � +� ( )0 D

(A.5)or

WkNw ifkNwkifkJ o co c= + £-( ) + >� 2 12 12 1D D ,

(A.6)

21The compensating term Dcisthesumofalltriangularareasnotintegratedunderthedemandcurvew(n) inFigure 3. TherearekN (or N ifk > 1) triangles, eachwithanareaofwo/2kN. Therefore Dc is independent of N (and k if k £ 1):

Dc o ow if kk w if k= �Ł �ł £�Ł �ł �Ł �ł >� 2 11 2 1 ,.

(A.7)Substituting these results into UJ = WJ - PJ = 0 yields

wwPNkkwkPkNNko o Jo J= = + £= - + >� 12 2 1 122 1 1; .

(A.8)Using wo1 andw o2 as thelimitsof integrationfor Eqn. A.1, we canexpress producersurplus under the pure bundling scenario as

PBJoowkNJoowkP N MC f w k dw dk P N MC f w k dw dko o o o� � �= - �[ ] ( ) � � + - �[ ] ( ) � �== ==¥g g, ,1 2111 11

or

PBJkNowkNkNowkP N MC e dw dk e dw dko o o o� � �= - �[ ] � � � + � � �- -�Ł �ł== - -�Ł �ł==¥g l ll l1111 1111 2

.(A.9)Note that the absence of a RA regioninpurebundlingmeansthathesecond termof E q n . A.1 canbedropped. DifferentiatingPPB withrespecttoP J andsettingittozero, theoptimalbundlesubscription priceP J andthecorresponding PPB canbecomputednumerically.B. Pure UnbundlingUnder pure unbundling, there is no region RJ sinceno subscription bundles aresold. Instead, the region of integration is RA, the area to the right of the line wo = PA:

PUAowPkNP MC n f w k dw dko A� �= -[ ] � � ( ) � �==¥ * ,11

.(A.11)However, n* (wo,k) has adiscontinuityatn * = N. Thismandatestheintegrationtobecarriedoutintwoparts.Wecanlocatetheregionwheren * = N, which is northeastof then * = 100 curveinFigure 6, by solving w(N-1) = P A . Thisyieldsk = w o / ( w o - P A ) . Therefore, producer surplus under pure unbundling can be expressed as:

PU A o A

o k N o k N o

k w w P w P k N w w P

w P P MC kN w P w e dw dk N e dw dk o

o A o A o

o A

o A � � � � = -[ ] -

( )

�

Ł

�

�

ł

�

+

�

�

�

�

�

�

�

�

�

�

- - � Ł � � ł � - - � Ł � � ł �

= -

¥

= =

-

=

l l l l 1 1 1 1 1

.(A.12)Again, PPUcanbedifferentiatedwithrespecttoP A andsettozero, andtheoptimalarticlepricePAandthemaximumPPUcanbesolvednumerically.Theactualutilitygainedfromthepurchaseofn*articles,WA,canbedeterminedbysumming (or integrating) all the w(n)�s for 0 £ n £ n*:

WwndnA n c= � +� ( )* *0 D

;(A.13)or

WkNwPkNwowPA o A o A c= ( ) -( ) - �Ł �ł -( ) +2 2 D*

.(A.14)In this case, Dc* is not the entire area Dc, only a fraction proportional to n*:

Dc o onN w if knN k w if k= �Ł� �ł� �Ł �ł £�Ł� �ł� �Ł �ł �Ł �ł >� ** ,2 11 2 1

(A.15)which can be reduced to:

Dc o Ao Ak w P if kw P if k= -�Ł �ł £-�Ł �ł >� 2 12 1 ,.

(A.16)From here, the net benefit derived from purchasing n* individual articles under pureunbundling can be calculated as UA = WA - n*�PA.C. Mixed BundlingThe consumer choice regions under mixed bundling may take on one of twoslightly different shapes and boundaries depending on the PJ/PA ratio. Figure A . 1 illustratesthetwoalternatescenarios.Ineachcase,weneedtosolve { U J = 0, U A = 0, U J= UA} to establish the boundaries between the different regions. ThesolutiontoU J = 0 isthesameasthatinthepurebundlingscenario.ThesolutiontoU A = 0 is simplyw o = P A .Solving for UJ = UA yields (for k £ 1 and wo ‡ PA):

~ w kNP

kN P P

o AA J =

+ ( ) -

2 2 1 2

,(A.17)

23or equivalently,

~

k w P P

N P w P

o A J A o A =

-

-

( )

( ) 2

2 2

.(A.18)

(a) 1 < PJ/PA < N/2PA0

wokRA1: ArticlesRA2: Articles1R0:None

UA = 0UJ = 0UJ = UA

UJ = 0JournalRJ2:JournalRJ1:2PJNPA

2PJN(b) N/2 < PJ/PA < N

wokPABundleR00

1UA = 0UJ = 0UJ = UAUJ = 0

RA1:ArticlesRA2: ArticlesRJ1JournalRJ2:JournalRJ2:2[NPA-PJ]NPA

2PJNFigure A.1Consumer choice in mixed bundling scenarioFor PJ/PA £ N/2, as illustrated by Fig. A.1(a), we can express producer surplus as PMB(S):PMB(S) = PMB(S),A + PMB(S),J(A.19)where

MBSAAokNkwPoP MC n f w k dw dko A( ), *~ ,� �= -[ ] � � ( ) � � �== 11

(A.20)and

MBSJJokwPoowPkPNPoowPkoP N MC f w k dw dk f w k dw dk f w k dw dko A o oAJA o oA(), ~ , , ,� � � �= -[ ] ( ) + ( ) + ( )� �=¥= == ==¥g 1 21 11 2

.(A.21)For N/2 £ PJ/PA £ N, we have, instead, PMB(B):PMB(B) = PMB(B),A + PMB(B),J(A.22)where

MBB A A o

k N w P w

o o

k N k

w w o o k

NP NP P

w P w o P MC n f w k dw dk n f w k dw dk n f w k dw dk o A o k

o o k

A

A J

o A o ( ), * ~

*

~

~

* , , , �

� � � � � � = -[ ] � ( ) + ( ) + ( ) �

�

�

�

�

�

= = = = =

- [ ]

=

=

= 1

1

1

1

1

2 1

1

2

�

�

�

�

(A.23)and

MBBJJ okkww o owwk o

P N MC f w k dw dk f w k dw dk

o o k o o ( ) = = ==

¥ � � �

= -[ ] ( ) + ( ) � � � � = ,

~ ~ , , g

1 1 1

1 1 2

.(A.24)Since we do not know, a priori, the ratio PJ / P A , we needtocomputebothPMB(S) andPMB(B), obtainthetwo sets of optimalprices, andby inspectionof theratiosdeterminewhich set of the results is valid.Appendix B. Sample list of web-hosting service providers

Service Provider URL $/MB download

AT&T Easy World Wide Webhttp://www.att.com/$0.50Cowboy.Nethttp://cowboy.net/commercial_prices.html$0.05Citizens Internet Servicehttp://www.swva.net/citizen/services/webprice.html$1.00DC-AdNethttp://www.dc-adnet.com/prices.htm$1.00Internet Industries Web Hostinghttp://www.industries.net/webhosting.html$0.05Internet Video Services’ netvideohttp://www.netvideo.com/netvideo/price.html$0.02-$0.08Multiboard Communicationshttp://www.multiboard.com/services.html$0.07-$0.10PreciseNet Web Site Hostinghttp://www.precisenet.com/host.htm$0.20Pro-NetMedia Creations, Inc.http://www.pcinc.com/pricing.htm$0.25Serview Premium Webhostinghttp://serview.com/pricing.html$0.10Sustancehttp://www.he.net/~sustance/prices.html$0.039-$0.10Compiled: January 1997

25ReferencesAdams, W.J. and J.L. Yellen, 1976, Commodity bundling and the burden of monopoly,Quarterly Journal of Economics 90, 475-498.Armstrong, M., 1997, Price discrimination by a many-product firm, mimeo.Bakos, Y. and E. Brynjolfsson, 1997, Bundling information goods: pricing, profits andefficiency, in: Proceedings of the Conference on Internet Publishing and Beyond:Economics of Digital Information and Intellectual Property, Cambridge MA.Besen, S.M. and S.N. Kirby, 1989, Private copying, appropriability, and optimal copyingroyalties, Journal of Law and Economics 32, no. 2, pt. 1, 255-280.Burnstein, M.L., 1960, The economics of tie-in sales, Review of Economics and Statistics42, 68-73.Byrd, G.D., 1990, An economic �commons� tragedy for research libraries: scholarlyjournal publishing and pricing trends, College & Research Libraries 51, 184-195.Carbajo, J., D. de Meza and D.J. Seidmann, 1990, A strategic motivation for commoditybundling, Journal of Industrial Economics 38, 283-298.Chae, S., 1992, Bundling subscription TV channels: a case of natural bundling,International Journal of Industrial Organization 10, 213-230.Dyl, E.A., 1983, A note on price discrimination by academic journals, Library Quarterly53, no. 2, 161-168.Fishburn, P.C., A.M. Odlyzko and R.C. Siders, 1997, Fixed fee versus unit pricing forinformation goods: competition, equilibria, and price wars, in: Proceedings of theConference on Internet Publishing and Beyond: Economics of Digital Information andIntellectual Property, Cambridge MA.Hanson, W. and R.K. Martin, 1990, Optimal bundle pricing, Management Science 36,no.2, 155-174.Joyce, P. and T.E. Merz, 1985, Price discrimination in academic journals, LibraryQuarterly 55, no. 3, 273-283.King, D.W. and J.M. Griffiths, 1995, Economic issues concerning electronic publishingand distribution of scholarly articles, Library Trends 43, no. 4, 713-740.King, D.W., D.D. McDonald, and N.K. Roderer, 1981, Scientific journals in the UnitedStates: their production, use, and economics. (Hutchinson Ross Publishing, StroudsburgPA).Laffont, J.-J., E. Maskin and J.-C. Rochet, 1985, Optimal nonlinear pricing with two-dimensional characteristics, in: Groves, Radner and Reiter, eds. Information, Incentivesand Economic Mechanisms.Lewis, D.W., 1989, Economics of the scholarly journal, College & Research Libraries50, 674-688.Liebowitz, S.J., 1985, Copying and indirect appropriability: photocopying of journals,Journal of Political Economy 93, no. 5, 945-957.MacKie-Mason, J.K. and J. Riveros, 1997, Economics and electronic access to scholarlyinformation, in: Internet Publishing and Beyond: Economics of Digital Information andIntellectual Property, forthcoming.MacKie-Mason, J.K. and K. White, 1996, Evaluating and selecting digital paymentmechanisms, in: Proceedings of the 1996 Telecommunications Policy ResearchConference.Manasse, M.S., 1995, The Millicent protocols for electronic commerce, in: Proceedings ofthe First USENIX Workshop on Electronic Commerce.McAfee, R.P., J. McMillan, and M.D. Whinston, 1989, Multiproduct monopoly,commodity bundling, and correlation of values, Quarterly Journal of Economics 104, 371-383.Metz, P. and P.M. Gherman, 1991, Serial pricing and the role of the electronic journal,College & Research Libraries 52, 315-327.

26Mitchell, B.M., and I. Vogelsang, 1991, Telecommunications pricing: theory and practice(University Press, Cambridge).Okerson A.S., and J.J. O�Donnell, eds. 1995, Scholarly journals at the crossroads: asubversive proposal for electronic publishing (Association of Research Libraries,Washington, DC).Ordover, J.A. and R.D. Willig, 1978, On the optimal provision of journals qua sometimesshared goods, American Economic Review 68, 324-338.Schmalensee, R., 1984, Gaussian demand and commodity bundling, Journal of Business57, no. 1, pt. 2, S211-230.Sirbu, M.A. and J.D. Tygar, 1995, NetBill: an Internet commerce system optimized fornetwork delivered services, in: Proceedings of IEEE CompCon Conference.Sirbu, M.A., 1997, Credits and debits on the Internet, IEEE Spectrum, Feb. 1997, 23-29.Spigai, F., 1991, Information pricing, in: Annual Review of Information Science andTechnology 26, 39-73.Stigler, G.J., 1963, United States v. Loew�s Inc.: a note on block booking, SupremeCourt Review, 152-157.Stoller, M.A., R. Christopherson and M. Miranda, 1996, The economics of professionaljournal pricing, College & Research Libraries 57, 9-21.Varian, H.R., 1995, Pricing information goods, in: Proceedings of Scholarship in the NewInformation Environment Symposium, Harvard Law School.Whinston, M.D., 1990, Tying, foreclosure, and exclusion, American Economic Review80, 837-859.Willig, R.D., 1978, Pareto-superior nonlinear outlay schedules, Bell Journal of Economics9, 56-69.Wilson R., 1993, Nonlinear pricing (University Press, Oxford).Zahray, W.P. and M. Sirbu, 1990, The provision of scholarly journals by libraries viaelectronic technologies: an economic analysis, Information Economics and Policy 4, 127-154.