The following paper was originally published in the Proceedings of the First USENIX Workshop on Electronic Commerce New York, New York, July 1995.

For more information about USENIX Association contact:

1. Phone: 510 528-8649 2. FAX: 510 548-5738 3. Email: office@usenix.org 4. WWW URL: http://www.usenix.org

Can the Conventional Models Apply?

The Microeconomics of The Information Revolution

Bruce Don and Dave Frelinger

RAND

those that use them (by lowering the transactioncosts for acquiring the right intermediateinformational goods). It may even be that suchtechnologies allow market interactions that are notpractical today, for example, we are alreadyexperimenting with pay-per-use paradigms incontrast to the pay-per-copy framework we usuallyuse for informational goods today.13In short, we should be uncomfortable indeciding whether or not we can rely on a freemarket approach, or if market failures call for agovernment role, until we have done some researchinto how microeconomic theory applies to this newage.________________ ReferencesArthur, W. Brian, �Positive Feedbacks in theEconomy,� Scientific American, pp. 92—99,February 1990.Priest, W. Curtiss, An Information Framework forthe Planning and Design of InformationHighways, Center for Information, Technologyand Society, February 1985, with revisionsSeptember 1985 and October˚1994.Romer, Paul, "The Origins of EndogenousGrowth", Journal of Economic Perspectives,8(1), pp. 3-22, Winter 1994.Ruggie, J.G., �Collective Goods and FutureInternational Collaboration,� American PoliticalScience Review, 66(3), pp. 874—893,September˚1972.Schumpeter, Joseph, Capitalism, Socialism, andDemocracy, New York, Harper & Row, 1947.13This has the potential to overcome a basic paradox that causesdifficulties in markets for informational goods. Purchasers donot know if the information that they wish to buy is useful tothem until they buy it. With pay-per-use they may pay a smallpremium to see if it is useful, but what they pay would belargely determined by how useful they find the information.

and need government intervention or regulation,this has substantial implications for the policychoices we are increasingly challenged with as the"Information Revolution" unfolds.Implications for Policy Choices Based onMicroeconomicsWhat are the implications if there are manyfirms in an economy that produce informationalgoods and our current models of how information-based commerce works have problems? First, theclassical theory of the firm may be largelyinappropriate even for small firms which, ratherthan being "price-takers" in the market, have thepotential to grow quickly from garage-basedoperations to lodge themselves in large-market-share positions. Because of this, othermicroeconomic models of the firm may providebetter descriptions of what goes on than price-taking behavior does, and our antitrust approach tofirms that exhibit "monopolistic behavior" mayneed to be re-thought, especially in economieswhich seem to be driven by technological growth.Next, since we currently do not specificallyinclude information in the production function, wemay not adequately understand technology-driveneconomic growth, particularly if many of the firmsin our economy use information as a factor ofproduction in either a consumable (time perishableinput data set) or a capital investment (a long-lasting software package for product design) sense.As a result, tax incentives may emphasize thewrong kind of investments�physical capital incontrast to informational capital.Finally, if both factor markets and productmarkets are characterized by large segments whichenjoy increasing returns to scale (because they dealin informational goods) then conventional generalequilibrium becomes harder to apply, and theeconomy that results is best described as a complexadaptive system. If the economy displayssubstantial increasing returns to scale, we shouldexpect to see things like rapid, almost explosivegrowth, lock-in of firms and their technology, andextinction (in contrast to adaptation) as morecommonplace in our economy than heretofore.If˚our model of a firm’s life cycle bespeaks manyfirms experiencing rapid growth to substantialmarket share and rapid extinction because of themarket forces they face, our approach togovernment rescue efforts, like that for Chrysler,and the timing of antitrust actions, like the 1980sinvestigations of IBM, will need to be viewed in adifferent light.A Need For InvestigationIt appears that there may be importantlydifferent microeconomic paradigms applicable toinformation-based commerce. While many ofthese have been reflected in case study analysis ofindustries not generally regarded as engaging ininformation-based commerce (for example thepharmaceuticals or video rental industries), theyhave not been applied as broadly as needed. Sincethere are significant policy implications of makingdecisions based on incorrect models orassumptions concerning information firms, forgingan understanding of the �microeconomics of theinformation revolution� at an early stage in thisunfolding history may lead to significantimprovements in how well informed our publicpolicy decisions are on key issues.We are already confronted by such issues�for example the question of information firms andthe exercise of monopolistic power�on almost adaily basis. Further, a determination whether ornot such a �market failure� is, in fact, a problemthat requires government intervention or regulationis indelibly colored by how we (as a society) thinkabout the issue�the problem structure, theory, andmodels we apply. Because poor policy choices canhave long-term effects on the industry and oureconomy, it is important to develop some clearlythought-out foundation upon which to baseregulatory and other public policy decisions.Recognizing that we currently understand thechanging role of information in economics to sucha shallow extent that we do not even have aptnames for some of the mechanisms we puzzle over,it would be prudent to be skeptical that any currentassessments are based on a sufficient understandingof information-based economic interaction.Balancing the implications of such a simpleview are a host of factors that still need to beaccommodated. It may be that the operation of the"unseen hand" is not that different after all�or thatmarket forces, imperfect as they are in this newvenue, may still do better than regulatory policy inkeeping up with change in information-basedcommerce. For example, it may be that sinceconsumers have little use for information that theyalready know, informational goods are sodifferentiated (each package of information beingregarded differently by each consumer) thatproducers do not enjoy increasing returns to scaleto any great extent. In yet a different vein,evolving software technology, such as searchengines or abstracting software may largelydisplace whole segments of high value-addedcommerce (such as indexing and abstractingservices) with appropriate gains in productivity for this is the incentive that drives the innovation andeconomic growth that seems so prevalent ininformation-based commerce today.Next, such advantages may accrue tobroader segments of the economy than wecommonly recognize, as the informational contentof goods outweighs their physical content. In themicro-manufacturing and magnetic disk recording-head industries for example, the marginal cost ofproducing the physical goods is quite low�most ofthe value of the product comes from theinformation embodied in the design of the product.Firms operating under these conditions may enjoyadvantages similar to firms producinginformational goods.Finally, we may be poorly characterizing animportant factor of production�information.A˚long-term, historic view could argue that at firstthe production function included only labor; thenadded land; then capital equipment; and finally�and only recently�information. Indicators of theimportance of information in the productionfunction are available. Private equipmentinvestment in computers and other hardware-basedinformation technology appears to have surpassedindustrial machinery investment in the early 1980s.However, a direct measure of capital investment ininformation itself is much more difficult to makebecause of data and accounting limitations.12Information-based capital investments such asdesk-top publishing and film-editing programshave unique advantages over more traditionalproduction equipment given their ability to be usedover and over again in the production processwithout wearing out. If we do not includeinformation in the production function, and it isactually an important input, we will attribute anyproductivity associated with information to theother factors of production.Our Models and Information-based CommerceWith a potentially large number of the firmsin our economy engaging in wide-spreadinformation-based commerce, and a concern thatthis has important differences from the physical-goods commerce that current models have beentailored for, we should seek a clear understandingof just how well our current models work in thisnew venue. To this end we need a carefulinventory of our microeconomic analysis tools tounderstand where they apply "as is," where they12For example, in some firms software expenses under somethreshold (e.g. $1000) are not considered capital expenditureseven though the aggregate expenditures on these softwarepackages may be significant and the re-capitalized (upgraded)software has a useful life longer than the hardware it runs on.need to be modified, and where they areinappropriate or limited. A cursory look highlightssome limitations that may result in importantshortcomings:¥Despite the fact that we are willing to payquite different prices for yesterday�s and today�scommodity trading data, or that seven megabytesof office software can command a price fivetimes as much as a similar measure in gamesoftware, the current application ofmicroeconomic theory often treats information asan undifferentiated good. (Vintage and qualityof information matter to both consumers andproducers.)¥We have problems with definitions�weuse some information as factors of production(e.g., input data-sets); other information as partof the production process itself (e.g., wordprocessors); and still other information as finalproducts (e.g.. motion pictures). However, these�flavors� of information are not commonlydefined, or distinguished, so it is difficult to saythat we fully understand what we can not as yeteven name. (A sense of verb and noun isinvolved in the role information plays ineconomics as well as familiar economiccharacterizations, such as intermediate goods andcapital goods, which are normally only attributedto physical goods.)¥Counting poses a problem. Books,software packages, and megabytes are allseemingly ready measures. When we packagedour information in familiar, often physicalcontainers (video cassettes, books, broadcast TVpackaged in time slots), we had a clearunderstanding of what we were measuring. Nordid our economy cause us to worry much aboutcomparing the quantity of information sold inbook form to that, for example, sold in softwarepackage form. But, as we move towardtrafficking in information in purely digital form,a fundamental characteristic about informationbecomes more readily appreciated�sharinginformation is not like sharing physical goods.A˚second user�s use and enjoyment ofinformation ("consumption" in canonical terms)does not necessarily diminish the first user’sability to enjoy it. (Rivalry in consumption andproperty rights combine differently than inphysical goods.)These are only a few examples, but theyserve to warn us that our analysis tools can breakdown�or may be extremely difficult to useproperly. Since we use these tools as a way tostructure our thinking about such problems aswhether or not we are faced with a market failure means of selling that content. These firms are ableto exclude non-paying customers from viewingtheir products in non-broadcasting milieus, and tocontrol to whom the initial release for broadcast ismade. The marginal cost of delivering the productto the nth customer is very low for theentertainment industry, but the production costs canbe large enough to necessitate large numbers ofconsumers supporting the product. While notnormally thought of as informational firms, thegrowth of alternative mechanisms for distributionof their product�digital data available from aserver rather then physical items such as films andvideo-tapes�are beginning to force many of thesame economic factors that dominate the softwareindustry on to the movie and entertainmentindustry.The telecommunications industry is in thebusiness of transporting information fromproducers to consumers. Many consider thetelecommunications firms to be information firmsbecause of this association with information.However, unlike firms discussed earlier, thisindustry requires a relatively large capitalinvestment to enter the game, and in generalbehaves like other common carriers when they arenot overloaded.11 The cost per additionalindividual user is nearly nil because of the largeband-width available for communications relativeto the small impact of an individual user. As band-width is required when the system is approachingsaturation, it can be added in large increments,allowing for large numbers of additional users to beadded.The mainstream pharmaceutical industryis not typically thought of as being made up ofinformation firms since it produces tangible goods(drugs and devices). However, the majorcharacteristic of these firms is that the drugs thatare developed have a very high development costand a generally low cost of production forindividual doses. For many of these firms, thedevelopment of information on the compact ofdifferent drugs is the firms� primary job.As yet the bio-infomatics industry is in itsinfancy. The large-scale sequencing and11There is a difference between wireless communicationsmodes and terrestrial fiber-based modes of transmissions. Forwireless systems, for example cellular phones, the issue is theavailability of band-width within a limited portion of thefrequency. Physics limits the amount of communications thatcan be forced into a given portion of the radio-frequencyspectrum, and aside from utilization improvements operatorshave to live with the limitations of nature. For terrestrial fiberbased systems, additional fiber bundles can be easily addedalong existing rights-of-way allowing for increases in capacity.manipulation of the data comprising the geneticstructure of organisms is just now beginning tosupport bio-engineering tasks. This industry isdistinct from that of the pharmaceutical industriesin that the primary products are the information onthe sequenced DNA itself, and the tools formanipulating that information, rather than thephysical products they yield. One complicatingfactor for this industry is the uncertainty of rights tothe data itself. The United States is currentlyallowing the patenting of applications usingmanipulated DNA. In this model, the expression ofthe sequence is protected, but the basic data is stillviewed as a discovery that does not deserve patentprotection. However, others are arguing that thesequence, whether or not it has a known function ispatentable. Similarly, the copywriting of data doesnot appear feasible, but the indexing of that dataand ordering of it in a database may becopyrighted. Some companies are positioningthemselves to control a large fraction of the data aswell as the tools for manipulating the data so as tomake it unattractive for other firms to sequenceDNA rather then simply purchase it.Commerce Based on Information GoodsThe firms that deal in informational goodsare typically viewed as highly profitable. Does thisre-thinking of what they are producing (e.g., theinformational content of the CD-ROM, not thephysical storage device) suggest any insights as towhy this is so?As already alluded to, digital and othertechnologies that allow information (music, video,programs, numerical data) to be easily reproducedmove firms closer to working purely withinformation. This is in contrast to producing thephysical manuscripts that were used to record andstore information on in the past (e.g., books, videotapes, etc.) Making a copy of information held indigitized form neither detracts from the creator�soriginal stock because information is non-rival inconsumption and takes little time or effort toproduce the serving for the nth customer. Theresult is that the marginal cost of production isessentially zero.If the property rights to what is beingproduced are exclusive (to the producer), the firmhas a market. If the marginal cost of production isvery low, the firm has the classic characteristics ofa natural monopoly because it exhibits increasingreturns over a very large range (essentially allpotential consumers in the market). This hasseveral significant implications.First, there is substantial room formonopolistic rents�in fact one could argue that

Table 1Firms Producing Informational Goods May Not Always Be Part of the �Information Industry�SelectedCharacteristicsProperty RightsDevelopment CostPhysical Capital InvestmentConsumption CharacteristicMarginal Cost of Production(Nth Unit)Increasing Return to ScaleTele-Communi-cationsExclusiveHighHighNon-rivalwhenunsaturatedRival nearsaturationVery low????UncertaininfomaticsBio-LowLowNon-rivalAlmost nil YesSoftwareExclusiveLow / ModerateLow / ModerateNon-rivalAlmost nilYesPharma-ceuticalsExclusiveModerateVery lowYesRivalDigital Movie /Entertain-mentExclusiveModerate / HighLow / ModerateLowYesNon-rivalModerateall consumers who wish to enjoy it.10 Becausethey have exclusive property rights, these goodscan be sold at a price which reflects the consumer�svaluation of the good, but not necessarily theproducer’s cost of production. The physical goodsthat most of our microeconomic theory was createdto address are rival in consumption and because ofthis, our convention in law is that they bestowexclusive property rights on both the producers andconsumers that traffic in them. Informationalgoods on the other hand are non-rival inconsumption and have a mixed profile of propertyrights. Those that the law protects as havingexclusive property rights, such as motion picturesprotected by copyright, form the basis for some ofour most lucrative markets (e.g., the entertainmentand software industries).What has changed is not so much the type orcharacteristics of economic goods, but simply theprevalence and importance of informational goodsin our economy and therefore the need for a modelthat is more explicit about the characteristics thatdistinguish informational goods from physicalgoods.10But often only once to each consumer. In contrast to rockconcerts or musical recordings, many information goods satiatethe consumer with only one measure�once it is added to theirstock of knowledge consumers have little desire to acquire itagain, unless the information becomes old or is forgotten.Firms That Deal in Informational GoodsMore specifically defining the characteristicsof informational goods through the use of a modelsuch as the one illustrated above leads to theconclusion that there are a number of types of firmsthat might be characterized as informational firmsbased on the nature of their products. Some ofthese (software firms) are what we might naturallythink of as information firms, others (such aspharmaceutical manufacturers) do not so readilycome to mind when contemplating information-based commerce, because they deal in moretangible products. Table 1 qualitatively illustratesthe similarities and differences of these firms interms of some of the characteristics discussedearlier in the paper.The software industry produces a wide variety ofproducts for manipulating data and controllingdevices. As already discussed, the actual physicalproducts produced are very low in cost, while thevalue of the information is very high. Softwarefirms are the archetypal information firm withnormally low costs of entry for uncrowded sectors,but with increasing costs of entry as features areadded to differentiate products, or as morefunctionality is desired.The movie and entertainment industry iscomprised of firms providing content(programming and movies) for broadcast or other consumers, a producer can create one measure of it,and service all customers who elect to enjoy it.6The second characteristic, exclusivity,describes the property rights which characterize agood. This in turn provides insights as to how bothjudicial and physical laws have acted to determinewhat costs are necessary to protect these propertyrights by excluding other consumers. At oneextreme are goods which have property rightswhich are said to be exclusive. By this we meanthat it is possible (it costs little) to precludeconsumption or enjoyment of the good by others.Music played on a cassette tape player provides asuitable example of this type of good. The personwho owns the tape and player can exclude others�enjoyment if he or she so chooses�by usingearphones. It should be noted that the owner�senjoyment need not prevent others from enjoying(or dis-enjoying) the music; it is merely a matter ofthe owner exercising his or her property rights.Goods with such clearly defined property rights canbe sold and may form the basis for a market.At the other extreme lie goods which havenon-exclusive property rights. It is not possible (orvery costly) to preclude others from consuming orenjoying such goods. A public beach or park arethe classic examples. Because of the way we havedefined property rights in such a situation, law-abiding citizens cannot be excluded.7 But �freeware� also falls in this category�as does otherfreely copied software. Because consumers are notlikely to buy goods which are available whether ornot they pay for them, it may not be possible to sellthese goods at a price which reflects their truevalue to the consumer or cost to the producer, sotypically these goods must be supplied bybenefactors or public agencies even in a freemarket economy.8 We often think of information6Over the relevant range of customers, for in real life crowdingand transportation costs often limit �all� to a finite number.7While our discussion here focuses on property rights, weshould note that, in the real world, other aspects intervene tocomplicate the matter. For example, while there may be nolegal barrier to one�s access to a beach, the distance one musttravel to enjoy it can significantly limit access. Our beach orpark are only good examples provided the cost and effort ofgetting there is roughly the same for all the users we areconsidering.8The case of copied software illustrates the need for more fullythought-out models. If the software is copied by someone whowould not have purchased it, the producer has not actuallysuffered a loss (as the act of copying did not diminish his stockof information or preclude a sale). In fact, the situation mayprove beneficial to the producer if the copy serves as aconvincing advertisement for the next version of the software.If the copied product is sold, the producer may still not suffer aloss if the pirated product is sold to a consumer who would nothave paid the legal price.as falling in this category (which it can if itsproperty rights can not be protected), but this islargely the result of using a model in whichproperty rights and consumption characteristics arebound together as they are in physical goods.Although we have examined the extremes ofthe characteristics illustrated in the figure, we havereally described only two�purely public andpurely private�of the four types of goods thismodel allows. This is because our discussions havefocused on the joint extremes, �exclusive and rival�and �non-exclusive and non-rival.�Although these joint extremes often occurtogether, there is no universal requirement that theydo so. For example, goods with non-exclusiveproperty rights which are rival in consumption arealso possible. They are termed mixed privategoods in the figure. These goods are somewhatmore difficult to typify. However, laws definetheft and ultimately property rights, so they canalso mandate that consumers must share withothers the goods they have purchased.9 Becausethese goods are rival in consumption a producermust create one measure for each customer.Such a Model Does a Better Job of AccommodatingMuch of Today’s CommerceWhen considering how information fits inpost-revolution economics, the most germanecategory is the last�goods with exclusive propertyrights which are also non-rival in consumption(termed mixed public goods in the figure). A rockconcert typifies such goods, or better yet, softwarepackages or a program on pay television. Becausethese goods are non-rival in consumption aproducer can produce (author or create) onemeasure of such a good and service with copies for9Usually the property rights issue does not come into play whendealing with goods which are rival in consumption�another�senjoyment of the good you paid for smacks of theft. But initialproposals for a deep sea bed mining policy such as thatincorporated in the pre-1980 drafts of the Law of the Sea Treatywould have created such a good. The technology tocommercially exploit the large quantities of potato-sizednodules composed of manganese, copper, cobalt and nickel hadbeen developed by a few industrialized countries. The proposedpolicy would have required those countries exploiting thenodules to share their harvest with less developed nationsincapable of exploiting those resources. The decision to pursuecreation of such a good was an acknowledgment of theambiguity of international law in regards to the sea bed, thedifficulty and inconvenience in enforcing property rights in thatenvironment, and of the relatively marginal value of thosegoods. Interestingly enough, a similar arrangement has alsobeen proposed for lunar mineral rights, as well as by some forbenefits arising from genetic sequences and products extractedfrom organisms indigenous to Third World nations.

CONSUMPTION CHARACTERPROPERTY RIGHTSExclusiveNon- ExclusiveRival Non-Rivalprivatemixedpublicmixed privatepublicFigure 1 — A Model to Accommodate Informational Goodsthe market environment that influences decisions.For lack of agreed-upon terminology it isconvenient to call these goods �informationalgoods� (in distinction to �physical goods�).An Illustrative Examination of InformationalGoodsSince we do not have agreed-upondefinitions of these "new" goods, an illustrativemodel would be helpful to better define theimportantly distinguishing characteristics ofcommerce in informational goods.4 This wouldgive us a clearer picture of how pervasive suchcommerce is in our economy, and which firmsmight be subjected to policy decisions based oninappropriate analytic tools. Developing such amodel also serves to illustrate what it might meanto investigate the �microeconomics of theinformation revolution.�A Model to Accommodate Informational GoodsTwo importantly defining characteristics ofeconomic goods are the property rights enjoyed bytheir producers and their consumption character.Because so much of our experience deals withphysical economic goods, these characteristics areoften thought of as being irrevocably boundtogether forming two categories: public goods andprivate goods. But once we contemplatetrafficking in informational goods such a modelappears too limited.To describe some of the fundamentaldifferences between a model that can accommodate4Of course, informational goods are not really new at all, buttheir prevalence and importance in our commerce, particularlyin digital or electronic form, is both new and growing.both physical goods and informational goods andmore limited models, it is instructive to rely on anillustration similar to that developed by Ruggie[1972, p. 888] which is shown in Figure 1. In thefigure, economic goods are classified according tothe degree to which they possess twocharacteristics: rivalry and exclusivity. The first,rivalry, describes the process by which the good isconsumed. This in turn says something about theprocess by which the good must be produced orsupplied to the consumer. At one extreme of thespectrum which describes this characteristic, wesay a good is rival in consumption. This meansthat one�s consumption of a measure of that goodprecludes the consumption of that same measure byanother. Probably the simplest example of such agood is food; once you have eaten it others cannot.Other examples include television receivers,computer hardware and pre-recorded video tapes.To supply this good to consumers, a producer mustcreate one measure (unit) for each customer.At the other extreme of this spectrum aregoods which are non-rival in consumption. Thesegoods have the opposite characteristic�anindividual�s �consumption� of the good does notpreclude the �consumption� of the same good byanother individual.5 A broadcast televisionprogram might be a simple example of a good withthis characteristic. To supply this good to5History has shaped the economist�s term �consumption� in thecontext of physical goods, and it lacks specificity when weattempt to distinguish between that consumption attributed to arival good, in which consumption by one precludes consumptionby another, and the consumption of a non-rival good, in whichconsumption by one does not affect the amount of the goodavailable to others. We have used the term �enjoy� whenreferring to consumers extracting the utility from the latter.

production input�roles which informationincreasingly plays, perhaps even dominantly plays,in our commerce.The information revolution has seen anexplosion in the number and types of enterprisesengaging in such information-based commerce.Commerce based on informational goods such asdata, text, software or interactive games, digitallyrecorded music, and video productions is notablebecause for firms producing these goods, themarginal cost of producing a copy for the nthcustomer is essentially zero.Not only does this imply that entertainmentand software companies might find businessprofitable (if they can protect their property rights),but it may also imply that the traditionalmicroeconomic tools we rely on for most analysismust be applied with great care when assessinginformation-based commerce. Additionally, if asubstantial proportion of the firms in our economydeal in such information-based goods with near-zero marginal cost of production (they experiencesizable increasing returns to scale over the relevantrange), then general equilibrium becomes a lessuseful model of how such an economy wouldbehave. Because these �increasing returns toscale� conditions more accurately describecomplex adaptive systems than equilibriumsystems, we might expect to see things like rapid,almost explosive growth of small companies, lock-in of the firms (and their technology) that firstreached a critical size, and extinction (in contrast toadaptation) after they have outlived their era�particularly in the industries that deal withinformation-based goods.2Additionally, firms that enjoy a near-zeromarginal cost of production for their primaryproducts (or near-zero cost of replication for theirprimary production processes) may have thepotential for substantial monopolistic rents.Modern arguments that this is the engine thatdrives innovation and economic growth have putthe role of information-based production andcommerce in a new light as to their importance tothe long-term growth of our economy.3When considering the U.S. economy as awhole, the portion of the economy that is based to a2Arthur (1990) has provided what are perhaps the deepestinsights about the characteristics of such an economy usingcomputational experiments.3This perspective has a long history in economic thought datingback to Schumpeter (1947). Recent insights as to the role thatthe near-zero replication costs of knowledge- and information-based products and processes may play in our economy haveperhaps been most fully developed by Romer (1994).large extent on informational goods is growingrapidly. Some sectors, such as the financialservices industry, are already deeply involved ininformation-based commerce. In others, such asthe entertainment industry, a transformation toinformation-based commerce is taking place.We˚are even witnessing the emergence ofpreviously unknown forms of information-basedcommerce, as typified by the bio-infomaticsindustry. The aggregate contribution of theseindustries to the economy are increasing relative toman-power and capital intensive firms.Unfortunately, it is very difficult to reliably predictthe ultimate growth during a time when entirelynew industries are coming into being to satisfydemands for informational goods that have beenheretofore non-existent.Why Information-based Commerce Poses aRegulatory ChallengeA problem for governments, industry, andconsumers is that many of the approaches toconducting and regulating commerce in physicalgoods developed over the centuries do notnecessarily reflect the rules of this new andemerging form of commerce. Indeed, many of theimplicit and explicit assumptions of legal andregulatory policies are based on what must now beconsidered suspect assumptions. The consequenceof this is that there is an additional set ofuncertainties for business concerning possibleregulatory action, such as inappropriate anti-trust orother regulatory action (or inaction), and that thismay jeopardize the international competitiveness ofan important element of the U.S. economy.A clearer picture of the problem is necessaryto avoid some potentially serious problems that arelikely to arise from piecemeal development of new�rules of the road.� From the government�sperspective doing nothing is not a viable optionsince the �rules of the road� for the existingeconomy are already codified and in place. Thenew information-based economy will have to beeither consciously included or excluded from thealready existing framework since it cannot beseparated from the existing economy. If it isincluded, some adaptations will have to be made toavoid inappropriate applications of rules; if they areexcluded, publicly acceptable rationales forexclusion will have to be made. In either case,understanding the nature of that new economy andthe interaction of technology, social issues, andeconomics will be helpful to both the rule-makersand those affected by the rules.Central to these quandaries is the concept ofinformation-as-economic-good in contrast to thecanonical view of information as a characteristic of

Can the Conventional ModelsApply? The Microeconomics ofThe Information RevolutionBruce Don, RAND,<Bruce_Don@rand.org>,andDave Frelinger, RAND<Dave_Frelinger@rand.org>Operating with incorrect assumptionsconcerning information firms and how theyconduct commerce has significant public policyimplications. One possible consequence isinappropriate anti-trust action (or inaction) bygovernment regulators. Because the decision toenforce is essentially Boolean in nature and canhave long-term impacts on the industry, it isimportant to base regulatory and other publicpolicy decisions on appropriate models.This paper argues that there are importantlydifferent microeconomic paradigms applicable toinformation-based commerce. These differencesshould be investigated in some depth to informfuture policy decisions affecting information-basedenterprises and economies based on theircommerce. Such research may lead to significantimprovements in our ability to make good publicpolicy decisions on issues that will challenge us asour society adapts to the changes in commercebrought about by information technology.________________________Almost daily our society must confrontissues that require us to apply analytic tools toinformation-based commerce in order to reachpolicy decisions that can have long-term effects onthe industry and our economy�for example thequestion of information firms and the exercise ofmonopolistic power. It appears that there may beimportantly different microeconomic paradigmsapplicable to information-based commerce. Sincethere are significant policy implications if we makedecisions based on incorrect models or assumptionsabout information firms and their commerce, weshould be uncomfortable in deciding whether wecan rely on a free market approach, or if marketfailures call for a government role until we havedone some research into how microeconomictheory applies to the information age. We currentlyunderstand the changing role of information ineconomics to such a shallow extent that we oftencannot even agree on apt names for some of themechanisms that we puzzle over. This level ofunderstanding suggests that taking a careful look atthe �microeconomics of the informationrevolution� at an early stage in its unfolding historymay lead to significant improvements in how wellinformed our public policy decisions are on keyissues.To understand the need for this research inmicroeconomic theory we first need to understandhow information technology is changing the rolethat information plays in our commerce, howimportant this may be in our economy in the future,and how this shift to information-based commerceposes a challenge to regulatory and other policydecisions because our analysis tools are limited.We start with how information technology ischanging the ground rules.Change in Information Technology and ItsImpact on Regulatory PolicyFrom the standpoint of a policy-maker orpolicy analyst, the development and adoption of theunderlying tools and processes that facilitate aninformation-based economy is occurring muchfaster then the regulatory process is equipped tohandle. Multiple protocols are being deployed,tested, adopted, and in turn discarded at a pace thatis staggering. Indeed when one considers just therecent exponential growth of the use of the WorldWide Web and the Internet, it is almost impossiblefor governments to deal effectively with the issuessurrounding such a rapid adoption of a set of tools,or of the variety of uses of those tools. If this werenot challenging enough, the problem is furtheramplified by the fact that the micro-economic andpolicy-analytic tools, models, and theory we relyon in determining when market failures call forgovernment intervention may be ill suited toanalyzing commerce in the information age.The˚pace of change is not the only problem�thechanging role of information in commerce is morefundamental.The Role of Information in Post-RevolutionCommerceInformation plays a number of roles ineconomic endeavors. These have long evoked abroad literature in microeconomics dealing withsuch aspects as price (as a form of informationsummarizing demand and supply) and investmentin research (buying new information).1 However,the thrust of this past thinking has shed onlyscattered light on what may be the more importantaspects of the future role of information ineconomics, because it has yet to agree on aparadigm that regards information as product, orone that explains how information may be used as a1For an excellent overview and synthesis of this literature seePriest, 1985 and 1994.