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Abstract

Traditional journals,even thoseavailableelectronically, arechangingslowly. However, thereis

rapidevolution in scholarlycommunication.Usageis moving to electronicformats.In someareas,it

appearsthatelectronicversionsof papersarebeingreadaboutasoftenastheprintedjournalversions.

Althoughthereareseriousdifficulties in comparingfiguresfrom differentmedia,thegrowth ratesin

usageof electronicscholarlyinformationaresufficiently highthatif they continuefor afew years,there

will benodoubtthatprint versionswill beeclipsed.Further, muchof theelectronicinformationthatis

accessedis outsidetheformalscholarlypublicationprocess.Thereis alsovigorousgrowth in formsof

electroniccommunicationthattake advantageof theuniquecapabilitiesof theWeb,andwhichsimply

donotfit into thetraditionaljournalpublishingformat.

This paperpresentssomestatisticson usageof print andelectronicinformation. It alsodiscusses

somepreliminaryevidenceaboutthe changingpatternsof usage.It appearsthat muchof the online

usagecomesfrom new readers(esotericresearchpapersassignedin undergraduateclasses,for exam-

ple) andoftenfrom placesthatdo not have accessto print journals.Also, thereactionsto evenslight

barriersto usagesuggestthat even high quality scholarlypapersarenot irreplaceable.Readersare

facedwith a “ri ver of knowledge”thatallows themto selectamongamultitudeof sources,andto find

nearsubstituteswhennecessary. To stayrelevant,scholars,publishers,andlibrarianswill have to make

evenlargerefforts to make theirmaterialeasilyaccessible.

1. Introduction

Traditionaljournalsandlibrarieshave beenvital componentsof scholarlycommunication.They are

evolving, but slowly. The reasonsfor this arediscussedbriefly in Section2 and, in moredetail, in

[Odlyzko3]. Thedangeris thatthey mightberapidly losingtheir value,andcouldbecomeirrelevant.

At first sight, thereseemslittle causefor concern. Print journal subscriptionsaredeclining,but

gradually. One often hearsof attrition in subscriptionsof 3-5% per year. At thoserates,it takes



between14 and 24 yearsto lose half the circulation. On Internettime, that is almostan eternity.

Preprintsin mostareasarestill asmallfractionof whatgetspublished.Also, libraryusageis sometimes

reportedasdeclining,but againatmodestrates.Yetthesearenotreasonsfor complacency. Why should

therebe any declinesat all? Oursis an InformationAge; the numberof peoplegettingcollege and

postgraduateeducationis growing rapidly, spendingonR&D andimplementationof new technologies

is skyrocketing. Why shouldestablishedjournalsubscriptionsbedropping,andwhy shouldmany of

therecentspecializedjournalsberegardedassuccessesif they reachacirculationof 300?Why should

many researchmonographsbeprintedin runssmallerthanthatof thefirst editionof Copernicus’De

revolutionibusorbiumcoelestiumof 1543?

My conclusionis that the currentscholarlyinformationsystemis badly flawed, andthat it does

not provide theservicesthatarerequired.This paperpresentsevidencethatthereis indeeda growing

demandfor highqualityscholarlyinformation,andthatit canonlybesatisfiedthrougheasyavailability

on theWeb.

It is importantto look at growth ratesratherthanabsolutenumbers.In anearly-1999discussion

in a librarians’ mailing list, somebodypointedout that in 1998,only 20% of the astronomypapers

weresubmittedto Ginsparg’s xxx paperarchive (now called the arXiv,
�
http://www.arxiv.org� . An

immediaterejoinderfromanotherparticipantwasthatwhile thiswastrue,thecorrespondingpercentage

wasaround7%in 1995.It is growth ratesthattell uswhatis in our future.

This paperis only a brief attemptat finding patternsin usageof online information. What we

needarecarefulstudies,suchashave beencarriedout for print media. (An excellentandup-to-date

survey of thoseis presentedin [TenopirK].)At themoment,wedon’t evenhavemuchdataaboutusage

patternsonline.Thisisespeciallyregrettablesincethesepatternsappeartobein themidstof substantial

changes.Althoughthe Web in principlemakesit possibleto provide extremelydetailedinformation

aboutusage(andthis hasled to numerousprivacy concerns),in practicethereis little datacollection

andanalysis,especiallyin scholarlypublishing. Even whendatais collected,it is seldomreleased.

Thusonepurposeof this paperis to stimulatefurthercollectionanddisseminationof usagedata.The

main purpose,though,is to look for patternseven with the scantydatathat I wasableto collect, to

provideastartingpoint for furtherresearch.

Therearesomestudiesof electronicusage,but they oftenconcentrateon facultyat leadinginsti-

tutions,as in the interestingpaper[Lenares]. Changemight be expectedto be slow in suchplaces.

Althoughthey usuallyhave theresourcesto bepioneers,they have little incentive for it, sincethey do

possessgoodlibraries. Theevidenceto bepresentedlatershows that thecurrentsystemneglectsthe
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needsof growing ranksof scholarswhoarenot at suchinstitutions.Thusit is betterto concentrateon

usageof informationthatis freelyavailableover theInternet.

Later sectionsdiscussin detail somestatisticsaswell assomequalitative measuresof usageof

onlineresources.Herearesometentative conclusions:

(a) Usageof online scholarlymaterialis growing rapidly, and in somecasesalreadyappearsto

surpasstheusageonecouldexpectto seein traditionalprint journals.Muchof theonlineusageappears

to comefromnew readers(esotericresearchpapersassignedin undergraduateclasses,for example)and

oftenfrom placesthatdonothave accessto print journals.

(b) We canexpectthegrowth of onlinematerialto accelerate,especiallyasthe informationabout

usagepatternsbecomeswidely known. Until recently, scholarsdid not have muchof an incentive for

putting their works on the Web, asthis did not createmany new readers.While we canexpect that

snobberywill retardthis step(“I canreachthedozentop expertsin my field by publishingin PRL,or

by sendingthemmy preprintdirectly, why do I careaboutthegreatunwashed?”),theattractionof a

muchgreateraudienceon theWeb,andthedangerthatanythingnot on theWebwill beneglected,are

likely to becomemajorspursto scholars’migrationof theirworksonline.

(c)Theneedfor traditionalpeerreview isoverrated.Thepaper[Odlyzko1] hadextensivediscussion

of theinadequacy of conventionalpeerreview, andhow muchmoreusefulformswerelikely to evolve

on the Internet. (Thatpaperwaswritten beforetheascendancy of theWeb.) While openreview and

commentson publishedpapershave beenslow to take hold, somethingelseis going on. Peopleare

comingto my Webpagein largenumberslooking for specificpapers.While in almostall casesI do

not know whatbringsthemthere,it is prettyclearthat they aregettingpointersto thematerialfrom

a varietyof sources,suchasbibliographiesandreferenceson otherhomepages.It is a form of peer

review, andit bringsmany readersevenfor paperspublishedin obscureandunrefereedplaces.

(d) Concernsaboutinformationoverloadandchaoson theNetareexaggerated.While betterorga-

nizationof thematerialwouldsurelybedesirable,peoplearefinding theirway to theseriousinforma-

tion sourcesin growing numbersasis.

(e) Easeof accessandeaseof useareparamount.Materialon theWeb is growing, andscholars,

like thecommercialcontentproducers,areengagedin a “war for theeyeballs.” Readerswill settlefor

inferior formsof papersif thosearetheonesthatcanbereachedeasily.

(f) Novel formsof scholarlycommunicationareevolving thatareoutsidetheboundariesof tradi-

tional journals.

Theseconclusionsandpredictionsaresupportedby datain the restof this paper. It doesappear
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thatwhile journalsarenotchangingfast,scholarlycommunicationasawholeis evolving rapidly.

2. Rates of technological change

Internettime is a myth. Rapidchangedoesoccuroccasionally, andtheadoptionof Webbrowsersis

frequentlycitedasanexample.Lessthan18 monthsafter thereleaseof thefirst preliminaryversion

of theMosaicbrowser, Webtransmissionsconstitutedmorethanhalf of Internettraffic. However, this

wasa singularexception. Evenon the Internet,new systemsareusuallyadoptedmuchmoreslowly.

How comeIPv6is still basicallyinvisible?Why is HTTP1.1spreadingsoslowly? How aboutTeX and

its variousdialects(whichgobackmorethantwo decades)?TheInternethaschangedmuch,but it has

not madefor a dramaticincreasein thepaceat which new technologiesdiffuse. A typical time scale

for significantchangesis still on theorderof adecade.Thiswasnoteda long timeago:

A modernmaximsays:“Peopletendto overestimatewhatcanbedonein oneyearandto

underestimatewhatcanbedonein fiveor tenyears.”

(footnoteonp. 17of [Licklider])

Furtherdiscussionof ratesof changeis availablein [Odlyzko3], which presentsmany examples(such

as music CDs, ATM machines,credit cards,and cell phones)supportingthe thesisthat consumer

adoptionof new technologiesis slow. (For moreevidence,seealso[Klopfenstein]andthereferences

there.)Thusweshouldnotbesurprisedif electronicscholarlycommunicationdoesnot turnonadime.

Therarerapidadoptionsof new technologies(asidefrom unusualsituationsuchasthatof theWeb)

appearto beassociatedwith thepresenceof forcing agentsthatcancompelrapidchange[Odlyzko3].

On theotherhand,sociologicalchangestendto beveryslow, takingagenerationor two.

Asidefrom simply observingthathistorically, new technologieshave beentakingon theorderof

a decadeto be widely adopted,onecan alsobuild quantitative modelsthat explain this time scale.

Supposewehave two competingor nearlycompetingservices,� and � . Supposeusageof � is static,

while thatof � increasesat50 to 100percentperyear, which in thebusinessworld definitelyqualifies

asspectaculargrowth. Onecaneasilyimaginethat � might not benoticeduntil its usagereaches1

percentthatof theestablishedservice� . Fromthemomentthat1 percentthresholdis reached,evenat

growth ratesof 50 to 100percentperyear, it will take between7 and14yearsbefore� reachesparity

with � .

Usageof electronicformsof scholarlyinformationhastypically beengrowing at50to 100percent

per year, asis shown in varioustablesin this paper. On the otherhand,print usagehasshown little
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change,asfarasanyonecantell. Thusthesimplemodelabove tellsusthatadecadeis aboutthelength

of time we shouldexpectfor new modesof electroniccommunicationto becomedominant,if current

growth ratescontinue.

3. Disruptive technologies

ClaytonChristensen’s book[Christensen]hasbecomea modernclassic.It helpsexplain thefailureof

successfulorganizations,suchasEncyclopaediaBritannica,to adoptnew technologies.Theexample

of the Britannica, cited in [Odlyzko1, Odlyzko4], is very instructive. It wasand remainsthe most

scholarlyof theEnglish-languageencyclopedias.However, it couldnotcopewith thechallengeof first

inexpensive CD-ROM encyclopedia,andmorerecentlytheWeb.

WhatChristensencallsdisruptive technologiestendto have threeimportantcharacteristics:

� initially underperformestablishedproducts

� enablenew applicationsfor new customers

� performanceimprovesrapidly

Electronicpublishinghasthesecharacteristics.(It shouldbenotedthatprint alsohadthesecharacter-

isticswhencomparedwith hand-writtenmanuscripts,cf. [O’Donnell, Trithemius])That is why direct

comparisonsof traditionaljournalsor librarieswith electroniccollectionsarenotdirectlyrelevant.For

example,the1998paper[StevensRB]is effective in demonstratingthattheWebat thattimecouldnot

substitutefor a regularlibrary. It still can’t, evenin 2000.However, thatis not therelevantquestion.

The mainframewasnot dethronedby the PC directly. The PC could not do mostof the tasksof

the big machinesin areassuchaspayroll processing.The computingpower of the mainframessold

eachyearis still increasing,andhasbeenincreasingall along,evenwhenIBM wasgoingthroughits

traumaticdownsizingin the early 1990s. It’s just that the PC market hasbeengrowing muchfaster,

andthemainframehasbeenconsignedto a small niche,andthe revenuesfrom thatnichehave been

declining. I think this is a usefulanalogyto keepin mind. Traditionaljournalsandlibrariesarestill

playing a vital role, but, to quotefrom [Odlyzko3], “... journalsarenot wherethe interestingaction

is.” Therealissueis that,to quote[StevensRB],“in thisnew electronicage,if it isn’t on-line,for many

purposesit might aswell not exist.” Further, evenif it is online,it might not matterif it is not easyto

accesor is not timely.

5



4. Effects of barriers to use

Evensmallbarriersto accessreduceusagesignificantly. Therearesomewonderfulstatisticscollected

by Don King andhis collaborators(see[GriffithsK] andFig. 9.4 on p. 202 of [Lesk], reproduced

from [GriffithsK]) which show that as the physicaldistanceto a library increases,usagedecreases

dramatically. A recentstatisticaltidbit of a similar naturethat I have collectedis the reactionof the

mathematiciansat PennStatewhenall journal issuespublishedbefore1973hadto besentto off-site

storagebecauseof spacelimitations. This move waswidely disliked,eventhoughany volumecanbe

obtainedwithin oneday. The interestingthing is that themathematicalresearchcommunityof about

200 faculty, visitors,andgraduatestudentsasksfor only about850 itemsto berecalledfrom storage

peryear. That is just over 4 itemsperpersonperyear. It seemslikely thatusageof this materialwas

muchhigherwhenit waseasilyaccessiblein thelibrary in theirbuilding.

When subscriptionsto journalsare canceled,articlesfrom thosejournalsare obtainedthrough

interlibraryloansor documentdelivery services.Somelibraries(LouisianaStateUniversity’s perhaps

mostprominentamongthem)haveconsciouslydecidedto replacejournalsubscriptionswith document

delivery, aftermakingacalculationof how muchthejournalscostperarticleread.While I donothave

comprehensive statistics,my impressionis thatsuchmovessave morethanpreliminarycomputations

suggest.Thedirty little secretbehindthis phenomenonis thatusageof documentdelivery servicesis

lower thanthatof journalsavailableright on thespot.Having to fill out a requestform andwait a day

or a weekreducesdemand.

Librarianshave known for a long time thateaseof useis crucial. They experiencedthis with card

catalogs,wherematerialswhosecatalogentrieswere left in the papercardcatalogswerenot being

used.Thusthecurrentshift towardsonlineusagehadbeenanticipated.

... there’s a sensein which the journal articlesprior to the inceptionof that electronic

abstractingandindexing databasemay aswell not exist, becausethey areso difficult to

find. Now thatwe arestartingto see,in libraries,full-text showing up online, I think we

arevery shortlygoing to crossa sortof critical massboundarywherethosepublications

thatarenot instantlyavailablein full-text will becomekind of second-ratein a sense,not

becausetheir quality is low, but just becausepeoplewill prefertheaccessibilityof things

they cangetright away.

Clifford Lynch,1997

quotedin [StevensRB]
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Today, we have evidencethanClifford Lynch wascorrect. Note that EncyclopaediaBritannica has

beenavictim of this trend.Beingthebestdid notprotectit.

Theshift to onlineusageis exposingmany of thefaultsof thetraditionalsystem.Researchlibraries

arewonderfulinstitutions. They do provide thebestservicethatwaspossiblewith print technology.

However, in today’s environment, that is not enough. Most printed scholarlypapersare available

typically in somethinglike 1,000researchlibraries. Thoselibraries are accessibleto a decreasing

fractionof thegrowing populationof educatedpeoplewhoneedthem.Further, evenfor thosescholars

fortunateto be at an institution with a goodlibrary, the sizesof the collectionsaremakingmaterial

harderto access.Hoursof availability arelimited. Also, studieshave shown that even whena book

thatis searchedfor is in agivenlibrary’s collection,in about40%of thecasesit cannotbefoundwhen

needed(seeendnote#10to Chapter2 of [Buckland]for references).

Thebasicproblem,of course,is that it is impossiblein theprint world to make everythingeasily

accessibleevenin thebestlibrary in theworld. Spaceconstraintsmeanthatsomematerialwill befar

from theuser. In practice,mostlibrariescanstoreonly a tiny fractionof thematerialthatmight beof

interestto theirpatrons.While they havebeencarefulaboutselectingwhatseemedto bemostrelevant,

experienceshows thatwheneasyelectronicaccessis providedto largebodiesof materialnotnormally

availablein thelibrary, thereis demandfor it [BensmanW].Thatis amajorfactorpropellingthemove

towardsbundlingof electronicjournalofferingsandconsortiumpricing [Odlyzko4].

Easyaccessimpliesnot only greateruse,but alsochangingpatternsof use.For example,a recent

newsstory[Kolata]discussedhow theInternetis alteringthedoctor-patientrelationship.Theexample

thatopensthatstoryis of a ladywho is reluctantlytold by thedoctorshemighthave lupus,andleaves

the clinic terrified of what this might be. Shethenproceedsto obtaininformationaboutthis disease

from theInternet.Whenshereturnsto herphysician,sheis well-informedandpreparedto questionthe

diagnosisandpossibletreatment.Whatis remarkableaboutthisstoryis thatthebasicapproachof this

patientwasfeasiblebeforethearrival of theWeb. Shecouldhave goneto her local library, wherethe

referencelibrarianswouldhave beendelightedto point herto many excellentprint sourcesof medical

information.However, few peopleavailedthemselvesof suchopportunitiesbefore.Now, with theeasy

availability of theWeb,weseeadifferentstory.

Theargumentsabouteffectsof barriersto accessandof loweringsuchbarrierssuggestthatschol-

arly communicationwill undergo substantialchanges.We shouldexpectto seegreateruseof online

material.Weshouldalsoseemuchgreateruseof it by peopleoutsidethenarrow disciplinaryareasthat

produceit. Muchof this usewill comefrom outsidethetraditionalacademicandresearchinstitutions,
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but a considerablefractionis likely to comefrom otherdepartmentswithin aninstitution. Further, we

shouldseegreaterdemandfor survey andhandbookmaterial,andmoreinterdisciplinarywork.

5. Scholarly information as a commodity

Authorslike to think of their articlesaspreciousresourcesthat areabsolutelyuniqueandfor which

no substitutescanbe found. Yet a moreaccuratepicture is that any onearticle is just one item in

a river of knowledge,and that this river is growing. Substitutesexist for almosteverything. Some

peopleinterestedin Fermat’s LastTheoremwill want, for historicalor otherreasons,to seeAndrew

Wiles’ original paper. Many otherswill behappy with a referenceto whereandwhenthatpaperwas

published,andotherswill besatisfiedwith variouspopularaccountsof theproof. Eventhoseinterested

in the technicaldetailswill oftenbesatisfiedwith (andoftenbebetterserver by) otherpresentations,

suchasthatin theDarmon,Diamond,andTayloraccountof theproof.

Thinking abouta river of knowledgeinsteadof a collectionof uniqueandirreplaceablenuggets

helpsexplain why scholarsmanageto function even with a badly flawed informationsystem.Even

thoughin 40%of thecases,a desiredbookcannotberetrieved,usuallysomeotherbookcoveringthe

sametopic canbe found. Spendingon librariesby researchuniversitiesis correlatedmoststrongly

with the total budgets,andvery weaklywith thequality. Harvard spendsabout$70million per year

on its libraries,verus$25million for Princeton.Yet would anyoneclaim thata Harvardeducationor

scholarlyoutputis almostthreetimesasgoodasthatof Princeton?

TheInternetis reducingthecostsof productionanddistribution of information.As a result,there

is a flood of material.Much is of low quality, but a substantialfractionis very good.Thequestionis,

arescholarsusingit? Beforelookingat thatquestion,let usconsiderusageof print material.

6. Usage of print journals

We are fortunateto have an excellent recentsurvey of usageof print journalsin the book of Carol

TenopirandDon King [TenopirK]. It shows thata typical technicalpaperis read(definedasnot nec-

essarilyreadingit carefully, but goingbeyondjust glancingat thetitle andabstract)between500and

1500times.Thesereadingsaverageaboutonehourin length,andin abouthalf thecasesrepresentthe

reader’s first encounterwith anarticle.

Theestimateof 500to 1500readingsperarticle is muchhighernumberthansomeearlierstudies

hadcomeup with. It is basedon carefulstudies,though. Thosestudieshave biasesthat may raise

thereadingestimatesabove thetruevalue.For example,they arebasedon self-reportingby technical
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Table1. Library of Congresselectronicresourceusagestatistics.For eachmonth,shows total volume
of materialsentout thatmonth,in gigabytes,andthenumberof requests.

month GB requests
(millions)

Feb. 1995 ���
	�� �
	��
Feb. 1996 ����	�� ��	��
Feb. 1997 ������	�� ����	��
Feb. 1998 ������	�� ����	��
Feb. 1999 ������	�� ����	��
Feb. 2000 ���
��	�� ����	��

professionals,who mayoverestimatetheir readings.(Peopleusuallyreporteatinglesschocolateand

moresaladthanthey actuallyconsume.)Further, thosefiguresincludearticlesin technicaljournals

with large circulations(suchasScience, Nature, and IEEE Spectrum) that arenot typical of library

holdings. If oneconsiderslibrary usagestudies,suchasthosethathave beencarriedout at theUni-

versityof Wisconsinin Madison(
�
http://www.wisc.edu/wendt/journals/costben.html � ), onecomesup

with somewhatlower estimatesfor thenumberof readingsperpaper. Still, thebasicconclusionthata

typical technicalpaperis readseveralhundredtimesappearsvalid.

Thestudiesreportedin [TenopirK]alsoshow thatin theprint world,articlesareusuallyreadmostly

in thefirst half ayearafterpublication.Afterwards,usagedropsoff rapidly.

7. Growth in usage of electronic information

TheInternetis growing rapidly. Typical growth rates,whetherof bytesof traffic on backbones,or of

hosts,areontheorderof 100%peryear[CoffmanO].Whenonelooksatusageof scholarlyinformation

online,typicalgrowth ratesarein the50 to 100%range.For example,Table1 shows theutilizationof

theonlineresourcesof theLibrary of Congress.Growth wasabout100%peryearfor four years,and

then,in 1999,it sloweddown to 38.5%.(Thesegrowth ratesarefor bytestransmitted.)Table2 shows

downloadsfrom theAT&T Labs- ResearchWebsite,
�
http://www.research.att.com/� , which contains

avarietyof papers,software,data,andothertechnicalinformation.Growth ratetherehasbeenaround

50%peryearfor severalyears.

It is hardto measureonlineactivity accurately. Theearliestandstill widely usedmeasureis that

of “hits,” or requestsfor a file. Unfortunately, with the growth of complicatedpages,that measure

is harderto evaluate. When possible,I prefer to look at full article downloads. (That will be the

measurediscussedin thesectionson thejournalFirstMondayandonmy personalWebpage.)Finally,
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Table2. AT&T Labs- ResearchexternalWebserverstatistics.Excludesmostcrawler activity. Number
of hostsfor Jan.1997is anestimate.

month requests hosts

Jan.1997 � ����!"� ��� �#�$!"�����
Jan.1998 �
� �%!&�$��� ����!"� ���
Jan.1999 �
!"�
�
�%!"��� � ���$!������
Jan.2000 �
!"� ����!"����� ������!'�����

asa conservative measure,onecanlook at the numberof hosts(uniqueIP addresses)that requested

informationfrom a server. Eventhen,thereareconsiderableuncertainties.Thesamepersonmaysend

requestsfrom severalhosts.Ontheotherhand,commonemploymentof proxiesandcachesmeansthat

many peoplemayhidebehindasinglehostaddress,andasingledownloadmayleadto multipleusers

obtainingcopies(ashappenswhenpapersareforwardedvia emailaswell).

In additionto the uncertaintiesin interpretingthe activity seenat a server, it is hardto compare

datafrom differentservers.Logsaresetto recorddifferentthings,andsomeWebpagesaremuchmore

complicatedthanothersthathave thesameor equivalentcontent.Thuscomparingdifferentmeasures

of online activity is of necessitylike comparingapples,oranges,pears,bananas,andonions. Some

of thedifficulties of suchcomparisonscanbeavoidedby concentratingon ratesof growth. If online

informationaccessis growing muchfasterthanusageof print material,it will eventuallydominate.

Table3. Visits to LeslieLamport’s TemporalLogic of ActionsWebpage(approximatecounts).

year visits hosts

1996 ����!"�
��� ��!"�
���
1997 ����!'����� ��!"�
���
1998 ����!&����� ��!"�
���
1999 ���
!������ ��!'�����

Somemeasuresof electronicinformationusageareshowing signsof decreasinggrowth. That is

thecasefor theLibrary of Congressstatisticsin Table1. Others,though,areaccelerating.For example,

Table3 showsutilizationof LeslieLamport’s pagedevotedto materialabouta logic for specifyingand

reasoningaboutconcurrentandreactive systems,
�
http://www.research.digital.com/SRC/tla� . Usage

hadbeenpretty stablein 1996through1998. WhenI correspondedwith him aboutthis in 1999,he

thoughtusagehadreachedasteadystate,with theentirecommunityinterestedin thisesoterictechnical

subjectalreadyaccessingthepageasmuchasthey wouldeverneedto do. However, thefinal countfor
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1999showedasubstantialincrease.

Thenext few sectionsdiscussdataaboutseveralonlineinformationsourcesthatarefreelyavailable

on theInternet.

8. Electronic journals and other organized databases

Somereportsare alreadyavailable on the dramaticincreasein usageof scholarly information that

is easily available. Traditionally, thesesand dissertationshave beenpractically invisible, and were

usedprimarily within the institutionwherethey werewritten, andeven there,they werenot accessed

frequently. Freeaccessto digital versionsis now leadingto an upsurge in usage,asis describedin

[McMillanFE].

In theremainderof this section,asa first approximation,I will equatea full articledownloadwith

a readingasmeasuredby DonKing andhiscollaborators.

TheentireAMS e-mathsystemwasrunningat about1.2 million “hits” permonthin early1999.

For comparison,theaveragenumberof hits to JSTOR during1998wasabout0.45million permonth.

TheGinsparg archive (arXive) at Los Alamoswasgettingabout2 million hits permonth. Thenetlib

systemof JackDongarraandEric Grossewasatabout2.5million hitspermonth.

TheBrazilianSciELO(ScientificElectronicLibraryOnline)project,
�
http://www.scielo.br/scielo/scielo-

an.htm� , startedout in early 1998. It appearsto bestill going throughthe initial periodof explosive

growth, with the numberof pagestransmittedgrowing from 4,943in January1999to 63,695a year

later. (67,143hostsrequestedpagesin 1999,so it wasnot just a small groupof userswho werein-

volved.) It is too early to tell abouthow fast it will continueto grow, but it seemsworth listing this

projectto show thateventhe lessindustrializedcountriesareparticipatingin makingliteraturefreely

available.

PaulGinsparg’s arXivehadabout100,000papersin early1999,andwasrunningat a rateof about

7 million full articledownloadsperyear. Thusonaverageeacharticlewasdownloadedabout70 times

peryear. Further, thesedownloadstatisticswerejust for the mainLos Alamosserver. If we assume

that themorethana dozenmirrorscollectively seeasmuchactivity asthemainserver, thenwe geta

downloadrateof about140 timesperyearperarticle. This is misleading,though,sinceit mixesold

andnew papers,whichhave differentutilizationpatterns.

If we look at downloadactivity for arXiv articlesasa functionof time,wefind (extrapolatingvery

freely from somedatakindly suppliedby Paul Ginsparg thatdid not provide thesenumbersdirectly)

that on averagean article getsdownloadedaround150 timeswithin oneyearof its submission,and
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then20 to 30 timesa year in subsequentyears. (In particular, even articlessubmittedaround1991

getdownloadedthat often. This is differentfrom thepatternobserved by King andotherfor printed

journalarticles. Thosearereadprimarily in thesix monthsafterpublication,andthenthe frequency

with which they areaccesseddecreases.)Sincethis againcovers just the main server, we probably

shouldagainmultiply thesenumbersby two to gettotalactivity. If wedo that,wegetinto therangeof

readingsperarticlethatestablishedjournalsexperience.

TheElectronicJournalof Combinatoricshadpublishedabout200articlesby early1999,andhad

about30,000full articledownloadsfrom its mainsiteeachyear. Thatis anaverageof 150downloads

per article. Multiplying that by two to accountfor the many mirror sitesagaingetsus to about300

downloadsperarticleperyear. (Thedataaboutdistribution of downloadswith time is notavailable.)

Thegeneralimpressionfrom thestatisticsquotedabove is that articlesin electronicarchivesand

electronicjournalsmay not yet be readasfrequentlyasprinted journal articles,but aregetting into

thatrange.On theotherhand,someonlinesourcesappearto beusedmuchmorefrequentlythanthey

wouldbein print.

9. First Monday

Additionalevidencethatonlineaccesschangesscholars’readingpatternsis providedby FirstMonday,

”the peer-reviewed journalof the Internet,”
�
http://firstmonday.org� . Issuesaremadefreely available

on the first Mondayof eachmonth. First Mondaystartedpublicationin May 1996. Thereareabout

3,600subscribersto theemailnotificationservice.

First Mondayhasprovidedmewith accessto thelogsof theirU.S.Webserver from January1999

throughFebruary2000. (The datafor January1999 is incomplete,sincethe main server was then

in transitionfrom Denmarkto theU.S.)This is not sufficient for a carefulstatisticalstudy, but some

interestingpatternscanbediscernedin thedata.

Over this period,thenumberof full paperdownloadshasgrown from a rangeof 50,000to 60,000

per month in early 1999, to between110,000and120,000per month in early 2000. Distinct hosts

requestingarticleshave increasedfrom 12-15,000to over 20,000eachmonth. Thusthe growth rate

hasbeencloseto the100%thatwe have seenoccursfrequentlyon the Internet.Sincethereareonly

3,600subscribers,this suggestsmany otherslearnof the materialthroughword of mouth,email, or

othermethods.

In a typical month, the largestnumberof downloadsis to articlesfrom that month’s issue. In

subsequentmonths,accessesto that issuedrop in a patternsimilar to that foundby Don King in his
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studiesof print journals. Half a year later, downloadsareusuallydown to a quarteror even a sixth

of thefirst month’s rate. At that stage,though,the story changes.Whereasfor print journals,usage

continuesto decreasewith time,for FirstMondayit appearsto increase.For example,therewere9,064

full articledownloadsfrom all the1997issuesin February1999,and19,378in February2000. Thus

accessesto the1997issueskeptpacewith thegeneralgrowth of usage.Of thearticlesthatweremost

frequentlydownloadedin 1999,6 of the top 10 werepublishedin previous years! This supportsthe

thesisthateasyonlineaccessleadsto muchwiderusageof oldermaterials.

10. My personal Web page

Table2 showsthestatisticsof theAT&T Labs- ResearchexternalWebserver,
�
www.research.att.com� .

My personalWebpage,
�
http://www.research.att.com/� amo� , hasalsoseenveryrapidgrowth in usage.

However, it is hardto discussit meaningfullyin a shortspace,sincemostof the growth camefrom

new papersin new areas.(Themostfrequentlyaccessedpaperson my homepagearethoseon data

networks.Thencomepapersonelectronicpublishingandelectroniccommerce.Thosearefollowedby

paperson cryptography, andtheesotericmathematicspapersarelast in frequency of access.)Instead,

I will discusssomeimpressionsfrom theusagepatternsthatI observe.

During January2000,therewere10,360“hits” from 1,808hostson my homepage,excluding.gif

files, andhits from obviouscrawlers. Most of these1,808hostsonly lookedat variousindex files. If

we excludethose,aswell astheonesthatdownloadedonly my cv or only abstractsof papers.we are

left with 656hoststhatdownloaded1,198full copiesof articles.Of those656hosts,494downloaded

just a singlepaper. Many of those494requesteda specificURL for anarticle(asopposedto looking

at thehomepagefor pointers)andthendisappeared.Thusonaveragethepeoplewhovisitedmy home

pageseemedto know whatthey werelooking for, got it, andmovedon.

Visitors to my Webpagewereremarkablyquiet in the faceof someobvious faults. Many of the

paperspostedon that page,especiallyold ones,are incomplete,in that they areearly versions,and

usuallydonothavefiguresthatarepresentin theprintedversions.Still, thatoccasionsfew complaints.

As oneexample,aboutayearago,apostingto anumbertheorymailing list resultedin 152downloads

of apaperin thespaceof lessthantwo weeks.However, only onepersoncomplainedaboutthelackof

figuresin theWebversion,eventhoughthey arevery helpful in visualizingthebehavior shown in the

paper.

Anotheranecdotalpieceof evidenceof whathappensontheWeb:SeveraltimesI haveencountered

peoplewho told methat they werereally gladto meetme,asthey hadreadmy papersin oneareaor
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another, andbenefitedfrom them.Moreover, conversationshowedthatthey indeedwerefamiliarwith

the papersin question. However, they alsotold me that they hadlost the URL, andwould I please

remindthemwheremy homepagewas?Now it is prettyeasyto find my homepageon theWeb(my

nameis notaparticularlycommonone),yet they obviouslydid notfind it necessaryto botherdoingit.

This,aswell asthesituationin theparagraphabove, suggestsa world of plenty. Peopleareguidedto

Webpagesby a varietyof cues,getwhatever they canfrom thosepages,andmove on to otherthings.

It is notaworld of a few precioustreasuresthathave nosubstitutes.

Theimportanceof makingmaterialeasilyavailablewasdemonstratedin averygraphicform when

I made.pdf versionsof my technicalpapersavailablein April 1998.Therewasanimmediatejump in

therateof downloads.(Prior to that,mathematicalpaperswereavailableonly in .psand.tex formats,

theoneson electronicpublishingandrelatedtopicsin .psandstraighttext.) Most PCownersdo not

have easyaccessto toolsfor reading.pspapers,andwereapparentlybypassingtheavailablematerial

thatrequiredextraeffort from themfor reading.

Thetemporalpatternof articleusageon my Webpageshows thebehavior thatwasalreadynoted

on arXiv andon First Monday. After an initial period,frequency of accessdoesnot vary with ageof

article,andstaysprettyconstantwith time(afterdiscountingfor generalgrowth in usage).

Thereis moreevidencethat easyonlineaccessleadsto changesin usagepatterns.For example,

downloadsfrom my homepagegoto avarietyof sourcesall over theworld. Someareleadingto email

correspondencefrom exotic placeslike Pakistan,the Philippines,or Mexico. This is not surprising

in itself, sincethosecountriesdo have technicallyeducatedpopulationsthat are growing. What is

interestingis that this correspondencepredominantlyrefersto my papersthat hadbeendownloaded

electronically(andsometimesrequestscopiesof olderpapersthatarenotavailablein digital form, and

which the requestershad learnedaboutfrom my homepage). This doessuggeststrongly that easy

availability is stimulatinginterestfrom a muchwider audience.This conclusionis alsosupportedby

similar observationsconcerningcorrespondencewith peoplein industrializedcountries.Many come

from outsidethe universitiesor large researchinstitutionsthat have good libraries. They would be

unlikely to readmy papersin print.

Thereferrerfield onrequestsshowsin asmallfractionof caseswheretherequesterfoundtheURL.

In many cases,suchrequestscomefrom readinglists in collegeor graduatecourses.

As a final note, thereare often spikes in usagewhen one of my papersis mentionedin some

newsletteror discussiongroup. For example,BruceSchneierpublishesCRYPTO-GRAM,a monthly

emailnewsletteron cryptographyandcomputersecurity. It hasa circulationof about20,000.In early
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August1999, it mentioneda recentpreprintof mine (which I hadnot advertisedmuch,andwhich

is aboutto appearin a regular print journal). Over the next two weeksover a thousandcopieswere

downloaded.I amconvincedthat this is a higherfigure thanthenumberof timestheprintedversion

will beread.

TheCRYPTO-GRAMexampleaswell asthoseof othervisits to my homepagesuggestthat infor-

mal versionsof peerreview arein operation.A recommendationfrom someone,or a referencein a

paperthatthereadertrusts,all serve to validateevenunpublishedpreprints.Scholarspursuea variety

of cuesin selectingwhatmaterialto access.

11. New forms of scholarly communication

A populardestinationontheAT&T Labs- ResearchWebserver is my colleagueNeil Sloane’sOn-Line

Encyclopediaof Integer Sequences,accessiblefromhishomepage,at
�
http://www.research.att.com/� njas� .

In January2000,it attractedmorethan6%of all thehitsto theAT&T Labs- Researchsite.(Thereason

for not presentingdatafor Februaryis that in February2000,this project,andanotherone,by Bjarne

Stroustrup,werefeaturedonslashdot.com,whichcauseda blimp in accessstatisticsthatwoulddistort

year-to-yearcomparisons.)This “encyclopedia” is a novel combinationof a database,software,and

now alsoa new online journal. The integersequenceprojectenablespeopleto find out what thenext

elementis in asequencesuchas

0, 1, 8, 78,944,13800,237432,...

This might seemlike recreationalmathematics,but it is very serious,as many researchpapers

acknowledgethe assistanceof Sloane’s database(or, in earlier times,his bookson this subject). It

serves to tie mathematicians,computerscientists,physicists. chemists,andengineerstogether, and

stimulatefurtherresearch.(Foranaccountof theproject,seeSloane’srecentpaper“My favorite integer

sequences”on his page.) It representsa novel form of communicationthat could not be capturedin

print form.

Table4. Requeststo Neil Sloane’s sequenceserver

month requests hosts

Jan.1997 ��!"� ��� ���
� (estimated)
Jan.1998 ����!"�
��� ��!"��� �
Jan.1999 ����!"����� ��!"�����
Jan.2000 ������!"� ��� �$!"�����
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Anotherpopularsitethatis alsoa locusof mathematicalactivity is SteveFinch’s ”FavoriteMathe-

maticalConstants”page,
�
http://www.mathsoft.com/asolve/constant/constant.html � . It is alsoshowing

rapidgrowth in usage(althoughonethatis harderto quantify, sincemonitoringsoftwarewaschanged

lessthanayearago,socomparisonsareharderto make). Justaswith Sloane’s integersequencepage,it

is becominga form of “portal” to mathematics,onethatdoesnotfit easilyinto traditionalpublications

models.

12. Conclusions and predictions

Many discussionsof the futureof scholarlypublishinghave beendominatedby economicconsidera-

tions.Digitizationhasoftenbeenseenasasolutionto the“library crisis,” which forceslibrariesto cut

down onsubscriptions.Sofar therehasbeenlittle effect in thisarea,aspricingtrendshavenotchanged

much[Odlyzko4].

In the long run it hasbeenclear that print would eventuallybecomeirrelevant, asidefrom any

economicpressures,asit is simply too inflexible. Gutenberg’s inventionimprisonedscholarlypublish-

ing in a straitjacket thatwill bediscardedeventually. However, the inertiaof thescholarlypublishing

systemis enormous,andsotraditionaljournalshave notchangedmuch.They arein theprocessof mi-

gratingto theWeb,but operatejustasthey did in print. However, wearebeginningto seethesprouting

seedsof new venturesthatwill leadto new modesof operations.Still, it will bea while beforethey

becomea sizablefractionof thetotal scholarlypublishingenterprise.

The large majority of scholarlypublicationsare likely not to changemuch for several decades.

However, therewill be growing pressureto make them easilyavailable. In particular, scholarsare

likely to pressever harderfor free circulationandarchiving of preprints.Therealizationwill spread

that anything not easilyavailableon the Web will be almostinvisible. Whetherthey like it or not,

scholarsareengagedin a “war for theeyeballs”justasmuchascommercialoutfits,andeaseof access

will beseenasvital.

Easeof accessis likely to promotethe naturalevolution of scholarlywork. Therewill be more

interdisciplinaryresearch,andmoresurvey publications.Someof thesetrendsarebeginningto appear

in thedatadiscussedin thispaper, andwearelikely to getmoreconfirmationsin thenext few years.
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