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Abstract

Traditionaljournals, even thoseavailable electronically are changingslowvly. However, thereis
rapidevolution in scholarlycommunication Usageis moving to electronicformats.In someareasijt
appearshatelectronicversionsof papersarebeingreadaboutasoftenasthe printedjournalversions.
Althoughthereareseriousdifficultiesin comparingfiguresfrom differentmedia,the growth ratesin
usageof electronicscholarlyinformationaresuficiently highthatif they continuefor afew yearsthere
will benodoubtthatprint versionswill beeclipsed.Further muchof theelectronicnformationthatis
accesses outsidetheformal scholarlypublicationprocessThereis alsovigorousgrowth in formsof
electroniccommunicatiorthattake adwantageof the uniquecapabilitiesof the Web,andwhich simply
do notfit into thetraditionaljournal publishingformat.

This paperpresentsomestatisticson usageof print andelectronicinformation. It alsodiscusses
somepreliminary evidenceaboutthe changingpatternsof usage.It appearghat muchof the online
usagecomesfrom new readergesotericresearctpapersassignedn undegraduateclassesfor exam-
ple) andoftenfrom placesthatdo not have accesgo print journals. Also, the reactiongo evenslight
barriersto usagesuggesthat even high quality scholarlypapersare not irreplaceable.Readersare
facedwith a “river of knovledge”thatallows themto selectamonga multitudeof sourcesandto find
nearsubstitutesvhennecessaryTto stayrelevant,scholarspublishersandlibrarianswill have to malke

evenlargerefforts to make their materialeasilyaccessible.
1. Introduction

Traditionaljournalsandlibrarieshave beenvital component®f scholarlycommunication.They are

evolving, but slovly. The reasondor this are discussedriefly in Section2 and,in more detail, in

[Odlyzko3]. Thedangeiis thatthey might berapidly losingtheir value,andcouldbecomerrelevant.
At first sight, thereseemdittle causefor concern. Print journal subscriptionsare declining, but

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



betweenl4 and 24 yearsto lose half the circulation. On Internettime, that is almostan eternity
Preprintdn mostareasarestill asmallfractionof whatgetspublished Also, library usagds sometimes
reportedasdeclining,but againatmodestates.Yetthesearenotreasongor complaceng Why should
therebe ary declinesat all? Oursis an Information Age; the numberof peoplegetting college and
postgraduateducatioris growing rapidly, spendingon R&D andimplementatiorof new technologies
is skyrocketing. Why shouldestablishegournal subscriptionse dropping,andwhy shouldmary of
therecentspecializedournalsberegardedassuccesseif they reacha circulationof 300?Why should
mary researchmonographse printedin runssmallerthanthat of the first edition of CopernicusDe
revolutionilus orbium coelestiunof 15437

My conclusionis that the currentscholarlyinformation systemis badly flawed, andthatit does
not provide the serviceghatarerequired.This paperpresent&videncethatthereis indeeda growing
demandor high quality scholarlyinformation,andthatit canonly besatisfiedhrougheasyavailability
ontheWeh

It is importantto look at growth ratesratherthanabsolutenumbers.In an early-1999discussion
in a librarians’ mailing list, somebodypointedout thatin 1998, only 20% of the astronomypapers
were submittedto Ginspag’s xxx paperarchive (now calledthe arXiv, (http://wwwarxiv.org). An
immediataejoinderfrom anotheparticipantvasthatwhile thiswastrue,thecorrespondingercentage
wasaround/%in 1995.1t is growth ratesthattell uswhatis in our future.

This paperis only a brief attemptat finding patternsin usageof online information. What we
needare carefulstudies suchashave beencarriedout for print media. (An excellentandup-to-date
suney of thoseis presentedh [TenopirK].) At themomentwe dont evenhave muchdataaboutusage
patternnline. Thisis especiallyregrettablesincethesepatternsappeato bein themidstof substantial
changes.Althoughthe Webin principle makesit possibleto provide extremelydetailedinformation
aboutusage(andthis hasled to numerougrivagy concerns)in practicethereis little datacollection
and analysis,especiallyin scholarlypublishing. Even whendatais collected,it is seldomreleased.
Thusonepurposeof this paperis to stimulatefurther collectionanddisseminatiorof usagedata. The
main purpose though,is to look for patternseven with the scantydatathat| wasableto collect, to
provide a startingpointfor furtherresearch.

Thereare somestudiesof electronicusagebut they often concentraten faculty at leadinginsti-
tutions, asin the interestingpaper[Lenares]. Changemight be expectedto be slow in suchplaces.
Althoughthey usuallyhave theresourceso be pioneersthey have little incentve for it, sincethey do

possesgioodlibraries. The evidenceto be presentedater shavs thatthe currentsystemnegglectsthe



needwf growing ranksof scholarsvho arenot at suchinstitutions. Thusit is betterto concentrat®n
usageof informationthatis freely availableover the Internet.

Later sectionsdiscussin detail somestatisticsaswell as somequalitatve measure®f usageof
onlineresourcesHerearesometentatve conclusions:

(a) Usageof online scholarlymaterialis growing rapidly, andin somecasesalreadyappeardo
surpassheusageonecouldexpectto seein traditionalprint journals.Much of theonlineusageappears
to comefrom new readergesoteriaesearcipapersassignedn undegraduateslassesfor example)and
oftenfrom placeshatdo not have accesgo print journals.

(b) We canexpectthe growth of online materialto accelerategspeciallyasthe informationabout
usagepatterndbecomesvidely known. Until recently scholaradid not have muchof anincentie for
putting their works on the Web, asthis did not createmary new readers.While we canexpectthat
snobberywill retardthis step(“l canreachthe dozentop expertsin my field by publishingin PRL, or
by sendingthemmy preprintdirectly, why do | careaboutthe greatunwashed?”) the attractionof a
muchgreateraudienceon the Web, andthe dangeithatarything not onthe Webwill be neglected,are
likely to becomemajorspursto scholars'migrationof their worksonline.

(c) Theneedfor traditionalpeermreview is overrated. Thepape{Odlyzkol] hadextensve discussion
of theinadequag of corventionalpeerreview, andhow muchmoreusefulformswerelikely to evolve
on the Internet. (That paperwaswritten beforethe ascendancof the Weh) While openreview and
commentson publishedpapershave beenslow to take hold, somethingelseis going on. Peopleare
comingto my Web pagein large numberdooking for specificpapers.While in almostall cased do
not know whatbringsthemthere, it is pretty clearthatthey aregettingpointersto the materialfrom
a variety of sourcessuchasbibliographiesandreference®n otherhomepages.lt is a form of peer
review, andit bringsmary readersvenfor papersgublishedn obscureandunrefereeglaces.

(d) Concernsaboutinformationoverloadandchaosonthe Net areexaggeratedWhile betterorga-
nizationof the materialwould surelybe desirablepeoplearefinding their way to the seriousinforma-
tion sourcesn growving numbersasis.

(e) Easeof accessandeaseof useare paramount.Materialon the Webis growing, andscholars,
like the commerciakontentproducersareengagedn a “warfor theeyeballs: Readerwill settlefor
inferior formsof papersf thosearethe onesthatcanbereachecasily

(f) Novel forms of scholarlycommunicatiorareevolving thatareoutsidethe boundarie®f tradi-
tionaljournals.

Theseconclusionsand predictionsare supportedby datain the restof this paper It doesappear



thatwhile journalsarenot changingast,scholarlycommunicatiorasa wholeis evolving rapidly.
2. Rates of technological change

Internettime is a myth. Rapidchangedoesoccuroccasionallyandthe adoptionof Web browsersis

frequentlycited asan example. Lessthan 18 monthsafter the releaseof thefirst preliminaryversion
of the Mosaicbrowser Webtransmissionsonstitutednorethanhalf of Internettraffic. However, this
wasa singularexception. Even on the Internet,new systemsare usuallyadoptedmuchmoreslowly.

How comelPv6is still basicallyinvisible? Why is HTTP1.1spreadingoslowly? How aboutTeX and
its variousdialects(which go backmorethantwo decades)TheInternethaschangednuch,but it has
not madefor a dramaticincreasen the paceat which new technologiedliffuse. A typical time scale

for significantchangess still onthe orderof a decadeThis wasnotedalongtime ago:

A modernmaximsays:“Peopletendto overestimatevhatcanbe donein oneyearandto

underestimatevhatcanbe donein five or tenyears.

(footnoteon p. 17 of [Licklider])

Furtherdiscussiorof ratesof changes availablein [Odlyzko3], which presentsnary examples(such
as music CDs, ATM machines credit cards,and cell phones)supportingthe thesisthat consumer
adoptionof new technologiess slow. (For moreevidence,seealso[Klopfensteinjandthe references
there.)Thuswe shouldnotbesurprisedf electronicscholarlycommunicatiordoesnotturnonadime.

Therarerapidadoption®of new technologiegasidefrom unusuakituationsuchasthatof the Web)
appeato be associateavith the presencef forcing agentghatcancompelrapid changgOdlyzko3].
Ontheotherhand,sociologicalchangesendto bevery slow, takinga generatioror two.

Aside from simply observingthat historically new technologie$ave beentaking on the orderof
a decadeto be widely adopted,one canalsobuild quantitatve modelsthat explain this time scale.
Supposeve have two competingor nearlycompetingservices A and B. Supposaisageof A is static,
while thatof B increasest50to 100percenfperyear whichin thebusinessvorld definitelyqualifies
asspectaculagronth. Onecaneasilyimaginethat B might not be noticeduntil its usagereachesl
percenthatof theestablishederviceA. Fromthemomenthat1 percenthresholds reachedevenat
gronth ratesof 50to 100 percentperyeat it will take betweens and14 yearsbefore B reachegparity
with A.

Usageof electronicformsof scholarlyinformationhastypically beengrowing at50to 100 percent

peryear asis shavn in varioustablesin this paper On the otherhand,print usagehasshawn little



changeasfarasanyonecantell. Thusthesimplemodelabore tells usthata decadés aboutthelength
of time we shouldexpectfor nev modesof electroniccommunicatiorto becomedominant,if current

gronth ratescontinue.
3. Disruptive technologies

ClaytonChristensers book[Christensenhasbecomea modernclassic.It helpsexplainthefailure of
successfubrganizationssuchasEncyclopaedidritannica,to adoptnew technologiesThe example
of the Britannica, cited in [Odlyzkol, Odlyzko4], is very instructive. It wasand remainsthe most
scholarlyof the English-languageng/clopedias However, it couldnot copewith the challengeof first
inexpensve CD-ROM eng/clopediaandmorerecentlytheWeh

What Christenserallsdisruptive technologiesendto have threeimportantcharacteristics:
e initially underperformestablishegbroducts

¢ enablenew applicationdor new customers

e performancémprovesrapidly

Electronicpublishinghasthesecharacteristics(lt shouldbe notedthat print alsohadthesecharacter
isticswhencomparedvith hand-writtenmanuscriptscf. [O’'Donnell, Trithemius]) Thatis why direct
comparisonsf traditionaljournalsor librarieswith electroniccollectionsarenotdirectly relevant. For
example,the 1998paperfStevensRB]is effective in demonstratinghatthe Webat thattime could not
substitutefor aregularlibrary. It still cant, evenin 2000.However, thatis nottherelevantquestion.
The mainframewasnot dethronedby the PC directly. The PC could not do mostof the tasksof

the big machinesn areassuchas payroll processing.The computingpower of the mainframessold
eachyearis still increasingandhasbeenincreasingall along,evenwhenIBM wasgoingthroughits
traumaticdownsizingin the early 1990s. It's just thatthe PC market hasbeengrowving muchfastey
andthe mainframehasbeenconsignedo a small niche,andthe revenuesfrom that niche have been
declining. | think this is a usefulanalogyto keepin mind. Traditionaljournalsandlibrariesarestill
playing a vital role, but, to quotefrom [Odlyzko3], “... journalsare not wherethe interestingaction
is”” Therealissueis that,to quote[StevensRB], in thisnew electronicage,if it isn't on-line,for mary
purposest mightaswell notexist” Further evenif it is online,it might not matterif it is not easyto

acce9r is nottimely.



4, Effectsof barrierstouse

Evensmallbarriersto accesseduceusagesignificantly Therearesomewonderfulstatisticscollected
by Don King andhis collaboratorqsee[GriffithskK] and Fig. 9.4 on p. 202 of [Lesk], reproduced
from [GriffithsK]) which shav that as the physicaldistanceto a library increasesusagedecreases
dramatically A recentstatisticaltidbit of a similar naturethat| have collectedis the reactionof the
mathematicianat PennStatewhenall journalissuespublishedbefore1973hadto be sentto off-site
storagebecaus®f spacdimitations. This move waswidely disliked, eventhoughary volumecanbe
obtainedwithin oneday The interestingthing is thatthe mathematicatesearclcommunityof about
200faculty visitors, andgraduatestudentsasksfor only about850itemsto be recalledfrom storage
peryear Thatis justover 4 itemsperpersonperyear It seemdikely thatusageof this materialwas
muchhigherwhenit waseasilyaccessiblén thelibrary in their building.

When subscriptiongo journalsare canceled articlesfrom thosejournalsare obtainedthrough
interlibraryloansor documentelivery services.Somelibraries(LouisianaStateUniversity's perhaps
mostprominentamongthem)have consciouslhydecidedo replacgournalsubscriptionsvith document
delivery, aftermakinga calculationof how muchthejournalscostperarticleread.While | donothave
comprehense statistics my impressioris that suchmovessase morethanpreliminarycomputations
suggest.Thedirty little secretbehindthis phenomenoiis thatusageof documentdelivery servicess
lower thanthatof journalsavailableright onthe spot. Having to fill outarequesform andwait a day
or aweekreduceslemand.

Librarianshave known for alongtime thateaseof useis crucial. They experiencedhis with card
catalogswherematerialswhosecatalogentrieswereleft in the papercard catalogswere not being

used.Thusthe currentshift towardsonline usagehadbeenanticipated.

. theres a sensein which the journal articlesprior to the inceptionof that electronic
abstractingandindexing databasenay aswell not exist, becauseahey are so difficult to
find. Now thatwe arestartingto see,in libraries,full-text shawving up online, | think we
arevery shortly going to crossa sort of critical massboundarywherethosepublications
thatarenotinstantlyavailablein full-text will becomekind of second-ratén a sensenot
becauseheir quality is low, but just becausgeoplewill prefertheaccessibilityof things

they cangetright away:.

Clifford Lynch,1997
quotedin [StevensRB]



Today we have evidencethan Clifford Lynch was correct. Note that EncyclopaediaBritannica has
beenavictim of thistrend.Beingthe bestdid not protectit.

Theshiftto onlineusagéds exposingmary of thefaultsof thetraditionalsystem.Researclibraries
arewonderfulinstitutions. They do provide the bestservicethat waspossiblewith print technology
However, in todays ervironment,that is not enough. Most printed scholarly papersare available
typically in somethinglike 1,000 researcHibraries. Thoselibraries are accessibldo a decreasing
fractionof the growing populationof educategheoplewho needthem.Further evenfor thosescholars
fortunateto be at an institution with a good library, the sizesof the collectionsare making material
harderto access.Hoursof availability arelimited. Also, studieshave shavn that even whena book
thatis searchedor is in agivenlibrary’s collection,in about40%of thecasest cannotbefoundwhen
neededseeendnote#10to Chapter2 of [Buckland]for references).

The basicproblem,of course,is thatit is impossiblein the print world to make everythingeasily
accessiblevenin thebestlibrary in theworld. Spaceconstraintgneanthatsomematerialwill befar
from the user In practice,mostlibrariescanstoreonly atiny fraction of the materialthatmight be of
interesto their patrons While they have beencarefulaboutselectingvhatseemedo be mostrelevant,
experienceshavs thatwheneasyelectronicaccesss providedto large bodiesof materialnot normally
availablein thelibrary, thereis demandor it [BensmanW]Thatis a majorfactorpropellingthe move
towardsbundling of electronigournalofferingsandconsortiumpricing [Odlyzko4].

Easyaccessmpliesnot only greateruse,but alsochangingpatternsof use.For example,arecent
news story[K olata]discussedhow the Internetis alteringthe doctorpatientrelationship. The example
thatopenghatstoryis of aladywhois reluctantlytold by the doctorshemight have lupus,andleares
the clinic terrified of whatthis might be. Shethenproceedgo obtaininformationaboutthis disease
fromthelnternet.Whenshereturnsto herphysician sheis well-informedandpreparedo questiorthe
diagnosisandpossibleireatmentWhatis remarkableboutthis storyis thatthe basicapproactof this
patientwasfeasiblebeforethe arrival of the Weh Shecould have goneto herlocal library, wherethe
referencdibrarianswould have beendelightedto point herto mary excellentprint sourcesof medical
information.However, few peopleavailedthemselesof suchopportunitiedefore.Now, with theeasy
availability of the Web,we seea differentstory

Theamgumentsabouteffectsof barriersto accesandof lowering suchbarrierssuggesthatschol-
arly communicatiorwill undego substantiathangesWe shouldexpectto seegreateruseof online
material.We shouldalsoseemuchgreatetuseof it by peopleoutsidethenarrav disciplinaryareaghat

produceit. Much of this usewill comefrom outsidethetraditionalacademi@ndresearchnstitutions,



but a considerabldractionis likely to comefrom otherdepartmentsvithin aninstitution. Further we

shouldseegreatedemandor suney andhandbookmaterial,andmoreinterdisciplinarywork.
5. Scholarly information asa commodity

Authorslike to think of their articlesas preciousresourceghat are absolutelyuniqueandfor which
no substitutescan be found. Yet a more accuratepictureis thatary onearticle is just oneitem in
ariver of knowledge,andthatthis river is growing. Substitutesexist for almosteverything. Some
peopleinterestedn Fermats Last Theoremwill want, for historicalor otherreasonsto seeAndrew
Wiles’ original paper Many otherswill be hapy with areferenceo whereandwhenthatpaperwas
publishedandotherswill besatisfiedwvith variouspopularaccount®f theproof. Eventhoseinterested
in thetechnicaldetailswill oftenbe satisfiedwith (andoftenbe bettersener by) otherpresentations,
suchasthatin the Darmon,Diamond,and Taylor accouniof the proof.

Thinking abouta river of knowledgeinsteadof a collectionof uniqueandirreplaceablenuggets
helpsexplain why scholarsmanageto function even with a badly flawed information system. Even
thoughin 40% of the casesa desiredbook cannotberetrieved, usuallysomeotherbook coveringthe
sametopic canbe found. Spendingon libraries by researchuniversitiesis correlatedmoststrongly
with the total budgets,andvery weakly with the quality Harvard spendsabout$70 million peryear
onits libraries,verus$25 million for Princeton.Yet would aryoneclaim thata Harvard educatioror
scholarlyoutputis almostthreetimesasgoodasthatof Princeton?

The Internetis reducingthe costsof productionanddistribution of information. As aresult,there
is aflood of material. Much is of low quality, but a substantiafractionis very good. The questionis,

arescholarasingit? Beforelooking atthatquestion)et usconsidemusageof print material.
6. Usageof print journals

We are fortunateto have an excellentrecentsuney of usageof print journalsin the book of Carol
TenopirandDon King [TenopirK]. It shavs thata typical technicalpaperis read(definedasnot nec-
essarilyreadingit carefully but going beyondjust glancingat thetitle andabstractbetweerb00and
1500times. Thesereadingsaverageaboutonehourin length,andin abouthalf the casesepresenthe
readers first encountewith anarticle.

The estimateof 500to 1500readingsper article is muchhighernumberthansomeearlierstudies
hadcomeup with. It is basedon careful studies,though. Thosestudieshave biasesthat may raise

thereadingestimatesbore the true value. For examplethey arebasedon self-reportingoy technical



Tablel. Library of Congres®lectronicresourcaisagestatistics.For eachmonth,shavs total volume
of materialsentoutthatmonth,in gigabytesandthe numberof requests.

month GB requests
(millions)

Feb 1995 14.0 1.1
Feb 1996 31.2 3.9
Feb 1997 1094 15.1
Feb 1998 282.0  36.0
Feb 1999 535.0 48.6
Feb 2000 741.1 61.3

professionalswho may overestimateheir readings.(Peopleusuallyreporteatinglesschocolateand
more saladthanthey actually consume.)Further thosefiguresinclude articlesin technicaljournals
with large circulations(suchas Science Nature, and IEEE Spectrur that are not typical of library
holdings. If oneconsiderdibrary usagestudies,suchasthosethathave beencarriedout at the Uni-
versity of Wisconsinin Madison((http://wwwwisc.edu/wendt/jomals/amsben.himl)), onecomesup
with somevhatlower estimategor the numberof readinggperpaper Still, the basicconclusiorthata
typicaltechnicalpaperis readseveralhundredimesappearwalid.

Thestudiegeportedn [TenopirK]alsoshav thatin theprint world, articlesareusuallyreadmostly

in thefirst half ayearafterpublication.Afterwards,usagedropsoff rapidly.

7. Growth in usage of electronic information

The Internetis growing rapidly Typical grownth rates,whetherof bytesof traffic on backbonesor of
hosts areontheorderof 100%peryear[CoffmanO].Whenonelooksatusageof scholarlyinformation
online,typical grownth ratesarein the 50to 100%range.For example,Tablel shawvs the utilization of
the onlineresource®f the Library of CongressGrowth wasabout100%peryearfor four years,and
then,in 1999, it sloveddown to 38.5%.(Thesegrowth ratesarefor bytestransmitted.)Table2 shavs
downloadsfrom the AT&T Labs- ResearcWebsite, (http://wwwresearch.att.com/which contains
avarietyof paperssoftware,data,andothertechnicalinformation. Growth ratetherehasbeenaround
50%peryearfor severalyears.

It is hardto measureonline activity accurately The earliestandstill widely usedmeasurds that
of “hits,” or requestdor a file. Unfortunately with the growth of complicatedpagesthat measure
is harderto evaluate. When possible,l preferto look at full article downloads. (Thatwill be the

measuraliscussedh thesectionsonthejournal Fir st Mondayandon my personaWebpage.)Finally,



Table2. AT&T Labs- ResearclexternalWebsener statistics Excludesmostcrawler activity. Number
of hostsfor Jan.1997is anestimate.

month requests  hosts

Jan.1997 542,644 17,886
Jan.1998 754,477 35,943
Jan.1999 1,204,664 67,191
Jan.2000 1,843,319 100,077

asa conserative measurepnecanlook at the numberof hosts(uniquelP addresseghatrequested
informationfrom asener. Eventhen,thereareconsiderableincertaintiesThe samepersonrmaysend

requestérom severalhosts.Ontheotherhand,commonemplg/mentof proxiesandcachesneanghat

mary peoplemay hide behinda singlehostaddressanda singledonvnloadmayleadto multiple users
obtainingcopies(ashappensvhenpapersareforwardedvia emailaswell).

In additionto the uncertaintiesn interpretingthe actvity seenat a sener, it is hardto compare
datafrom differentseners.Logsaresetto recorddifferentthings,andsomeWebpagesaremuchmore
complicatedhanothersthathave the sameor equivalentcontent. Thuscomparingdifferentmeasures
of online activity is of necessitylike comparingapples,orangespears,bananasandonions. Some
of the difficulties of suchcomparisonganbe avoided by concentratingn ratesof growth. If online

informationaccesss growing muchfasterthanusageof print material,it will eventuallydominate.

Table3. Visitsto Leslie Lamports TemporalLogic of ActionsWebpage(approximatecounts).

year visits hosts

1996 18,800 5,300
1997 19,000 5,600
1998 18,400 5,300
1999 31,100 8,000

Somemeasure®f electronicinformationusageare shaving signsof decreasingronth. Thatis
thecasdor theLibrary of Congresstatistican Tablel. Othersthough,areacceleratingFor example,
Table3 shaws utilization of LeslieLamports pagedevotedto materialaboutalogic for specifyingand
reasoningaboutconcurrentand reactve systems (http://wwwresearch.digital.co/SRC/tla. Usage
hadbeenpretty stablein 1996through1998. Whenl correspondedvith him aboutthis in 1999, he
thoughtusagenadreached steadystate with theentirecommunityinterestedn this esoteridechnical

subjectalreadyaccessinghe pageasmuchasthey would ever needto do. However, thefinal countfor
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1999shaved a substantiaincrease.
Thenext few sectiongliscusslataaboutseveralonlineinformationsourceghatarefreely available

onthelnternet.
8. Electronicjournalsand other organized databases

Somereportsare alreadyavailable on the dramaticincreasein usageof scholarlyinformation that
is easily available. Traditionally thesesand dissertationshave beenpractically invisible, and were
usedprimarily within the institutionwherethey werewritten, andeventhere,they werenot accessed
frequently Freeaccesdo digital versionsis now leadingto an upsuge in usage,asis describedn
[McMillanFE].

In theremainderof this section asafirst approximation] will equateafull articledownloadwith
areadingasmeasuredby Don King andhis collaborators.

The entire AMS e-mathsystemwasrunningat aboutl1.2 million “hits” permonthin early 1999.
For comparisonthe averagenumberof hitsto JSTOR during1998wasabout0.45million permonth.
The Ginspag archie (arXive) at Los Alamoswasgettingabout2 million hits permonth. The netlib
systemof JackDongarraandEric Grossevasatabout2.5 million hits permonth.

TheBrazilianSciELO(ScientificElectronicLibrary Online)project,{http://wwwscielo.br/scielotselo-
an.htm), startedout in early 1998. It appeardo be still goingthroughtheinitial periodof explosive
growth, with the numberof pagesransmittedgrowing from 4,943in Januaryl999to 63,695a year
later (67,143hostsrequestegagesin 1999,soit wasnot just a small groupof userswho werein-
volved.) It is too earlyto tell abouthow fastit will continueto grow, but it seemsworth listing this
projectto shav thateventhe lessindustrializedcountriesareparticipatingin makingliteraturefreely
available.

Paul Ginspag's arXive hadabout100,000paperdn early 1999,andwasrunningat a rateof about
7 million full articledownloadsperyear Thuson averageeacharticlewasdowvnloadedabout70times
peryear Further thesedownload statisticswerejust for the mainLos Alamossener. If we assume
thatthe morethana dozenmirrors collectively seeasmuchactiity asthe mainsener, thenwe geta
downloadrate of about140timesperyearper article. This is misleadingthough,sinceit mixesold
andnew paperswhich have differentutilization patterns.

If welook atdownloadactivity for arXiv articlesasa functionof time, we find (extrapolatingvery
freely from somedatakindly suppliedby Paul Ginspag thatdid not provide thesenumbersdirectly)

thaton averagean article getsdownloadedaround150 timeswithin oneyearof its submissionand
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then 20 to 30 timesa yearin subsequenyears. (In particular even articlessubmittedaround1991
getdownloadedthat often. This is differentfrom the patternobsered by King andotherfor printed
journalarticles. Thosearereadprimarily in the six monthsafter publication,andthenthe frequenyg
with which they are accessedlecreases.Sincethis againcoversjust the main sener, we probably
shouldagainmultiply thesenumberdy two to gettotal actiity. If we do that,we getinto therangeof
readingerarticlethatestablishegburnalsexperience.

The ElectronicJournalof Combinatoricdhadpublishedabout200articlesby early 1999,andhad
about30,000full articledownloadsfrom its mainsite eachyear Thatis anaverageof 150dowvnloads
per article. Multiplying that by two to accountfor the mary mirror sitesagaingetsus to about300
downloadsperarticle peryear (The dataaboutdistribution of downloadswith time is not available.)

The generalimpressiorfrom the statisticsquotedabove is that articlesin electronicarchivesand
electronicjournalsmay not yet be readas frequentlyas printedjournal articles,but are gettinginto
thatrange.Onthe otherhand,someonline sourcesappeato be usedmuchmorefrequentlythanthey

wouldbein print.
9. First Monday

Additional evidencethatonlineaccesshangescholarsreadingpatterngs provided by FirstMonday
"the peerreviewed journal of the Internet; (http://firstmondayrg). Issuesaremadefreely available
on the first Monday of eachmonth. First Mondaystartedpublicationin May 1996. Thereareabout
3,600subscribers$o the emailnotificationservice.

First Mondayhasprovided mewith accesgo thelogsof their U.S.Websener from January1 999
throughFebruary2000. (The datafor Januaryl999is incomplete,sincethe main sener wasthen
in transitionfrom Denmarkto the U.S.) This is not sufiicient for a careful statisticalstudy but some
interestingpatterncanbe discernedn thedata.

Over this period,the numberof full paperdonvnloadshasgrown from a rangeof 50,000to 60,000
per monthin early 1999,to between110,000and 120,000per monthin early 2000. Distinct hosts
requestingarticleshave increasedrom 12-15,000to over 20,000eachmonth. Thusthe growth rate
hasbeencloseto the 100%thatwe have seenoccursfrequentlyon the Internet. Sincethereare only
3,600subscribersthis suggestsnary otherslearnof the materialthroughword of mouth, email, or
othermethods.

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

subsequentnonths,accesseto thatissuedropin a patternsimilar to thatfound by Don King in his
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studiesof print journals. Half a yearlater downloadsare usuallydown to a quarteror even a sixth
of thefirst months rate. At that stage though,the story changes.Whereador print journals,usage
continuedo decreasevith time, for FirstMondayit appearso increaseFor example therewere9,064
full articledownloadsfrom all the 1997issuesin February1999,and19,378in February2000. Thus
accesse® the1997issueskept pacewith the generalgronth of usage.Of the articlesthatweremost
frequentlydovnloadedin 1999, 6 of the top 10 werepublishedin previous years! This supportsthe

thesisthateasyonlineaccesdeadsto muchwider usageof oldermaterials.
10. My personal Web page

Table2 shavsthestatisticoof the AT&T Labs- ResearclexternalWebsener, (www.research.att.com
My personaWWebpage (http://wwwresearch.att.comamaq, hasalsoseernveryrapidgronthin usage.
However, it is hardto discussit meaningfullyin a shortspace sincemostof the gronth camefrom
new papersin new areas.(The mostfrequentlyaccessegaperson my homepagearethoseon data
networks. Thencomepaperson electronicpublishingandelectroniccommerceThosearefollowedby
paperson cryptographyandthe esoterionathematicpapersarelastin frequeng of access.)nstead,
I will discusssomeimpressiongrom theusagepatternghatl obsere.

During January2000,therewere10,360"hits” from 1,808hostson my homepage excluding.gif
files, andhits from obvious crawlers. Most of thesel,808hostsonly looked at variousindex files. If
we excludethose aswell asthe onesthatdovnloadedonly my cv or only abstractof paperswe are
left with 656 hoststhatdowvnloadedl,198full copiesof articles.Of those656 hosts 494 dovnloaded
justasinglepaper Many of those494 requested specificURL for anarticle (asopposedo looking
atthehomepagefor pointers)andthendisappearedlhuson averagethe peoplewho visitedmy home
pageseemedo know whatthey werelooking for, gotit, andmavedon.

Visitorsto my Web pagewereremarkablyquietin the faceof someobviousfaults. Marny of the
paperspostedon that page,especiallyold ones,areincomplete,in thatthey are early versions,and
usuallydo nothave figuresthatarepresentn theprintedversions.Still, thatoccasiongew complaints.
As oneexample,aboutayearago,a postingto a numbertheorymailing list resultedn 152downloads
of apaperin the spaceof lessthantwo weeks.However, only onepersoncomplainedaboutthelack of
figuresin the Webversion,eventhoughthey arevery helpful in visualizingthe behaior shavn in the
paper

Anotheranecdotapieceof evidenceof whathappensntheWeb: Severaltimesl have encountered

peoplewho told me thatthey werereally glad to meetme, asthey hadreadmy papersin oneareaor
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anotherandbenefitedrom them. Moreover, corversationshavedthatthey indeedwerefamiliar with
the papersin question. However, they alsotold me thatthey hadlost the URL, andwould | please
remindthemwheremy homepagewas?Now it is pretty easyto find my homepageon the Web (my
nameis notaparticularlycommonone),yetthey obviously did notfind it necessaryo botherdoingit.
This, aswell asthesituationin the paragrapltabove, suggests world of plenty Peopleareguidedto
Webpagedy a variety of cues getwhatever they canfrom thosepagesandmove onto otherthings.
It is notaworld of afew preciougreasureshathave no substitutes.

Theimportanceof makingmaterialeasilyavailablewasdemonstratedh avery graphicform when
I made.pdf versionsof my technicalpapersavailablein April 1998. Therewasanimmediatgumpin
therate of downloads. (Prior to that, mathematicapaperswvereavailableonly in .psand.tex formats,
the oneson electronicpublishingandrelatedtopicsin .psandstraighttext.) Most PC ownersdo not
have easyaccesdo toolsfor reading.pspapersandwereapparentlybypassinghe availablematerial
thatrequiredextra effort from themfor reading.

Thetemporalpatternof article usageon my Web pageshavs the behaior thatwasalreadynoted
on arXiv andon First Monday After aninitial period,frequeng of accesgloesnot vary with ageof
article,andstayspretty constantvith time (afterdiscountingfor generalgrowth in usage).

Thereis more evidencethat easyonline accesdeadsto changesn usagepatterns.For example,
downloadsfrom my homepagegoto avariety of sourcesll overtheworld. Someareleadingto email
correspondencrom exotic placeslike Pakistan,the Philippines,or Mexico. This is not surprising
in itself, sincethosecountriesdo have technicallyeducatedpopulationsthat are groving. Whatis
interestingis that this correspondencpredominantlyrefersto my papersthathad beendowvnloaded
electronically(andsometimesequestsopiesof olderpaperdhatarenot availablein digital form, and
which the requesterdiad learnedaboutfrom my homepage). This doessuggessstrongly that easy
availability is stimulatinginterestfrom a muchwider audience.This conclusionis alsosupportedy
similar obserationsconcerningcorrespondenceith peoplein industrializedcountries.Many come
from outsidethe universitiesor large researchinstitutionsthat have goodlibraries. They would be
unlikely to readmy papersn print.

Thereferrerfield onrequestshavsin asmallfractionof casesvheretherequestefoundthe URL.
In mary casessuchrequestsomefrom readinglistsin college or graduatecourses.

As a final note, there are often spikes in usagewhen one of my papersis mentionedin some
newsletteror discussiorgroup. For example,Bruce SchneiempublishesCRYPTO-GRAM,a monthly

emailnewsletteron cryptographyandcomputersecurity It hasa circulationof about20,000.In early
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August1999, it mentioneda recentpreprintof mine (which | had not adwertisedmuch, and which
is aboutto appeailin a regular print journal). Over the next two weeksover a thousandcopieswere
downloaded.l am corvincedthatthis is a higherfigure thanthe numberof timesthe printedversion
will beread.

The CRYPTO-GRAMexampleaswell asthoseof othervisits to my homepagesuggesthatinfor-
mal versionsof peerreview arein operation. A recommendatiofrom someonepr a referencen a
paperthatthereadertrusts,all sene to validateeven unpublishedpreprints.Scholargpursuea variety

of cuesin selectingvhatmaterialto access.
11. New formsof scholarly communication

A populardestinatioronthe AT&T Labs- ResearchWebseneris my colleagueNeil Sloanes On-Line
EncyclopediafInteger Sequencesccessiblérom hishomepage at (http://wwwresearch.att.comhjas.
In Januan?000,it attractednorethan6% of all thehitsto the AT&T Labs- Researclsite. (Thereason
for not presentinglatafor Februaryis thatin February2000,this project,andanotherone,by Bjarne
Stroustrupwerefeaturedon slashdot.comyhich causeda blimp in accesstatisticghatwould distort
yearto-yearcomparisons.)This “encyclopedia”is a novel combinationof a databasesoftware, and
now alsoa new online journal. The integer sequenc@rojectenablegpeopleto find out whatthe next
elements in asequencsuchas

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

This might seemlike recreationaimathematicsput it is very serious,as mary researchpapers
acknavledgethe assistancef Sloane$ databas€or, in earliertimes, his bookson this subject). It
senesto tie mathematiciansgomputerscientists physicists. chemists,and engineergogether and
stimulatefurtherresearch(For anaccounbf theproject,seeSloanesrecentpaper*My favorite integer
sequencesbn his page.) It represents novel form of communicatiorthat could not be capturedn
print form.

Table4. Requests$o Neil Sloanes sequencsener

month  requests hosts

Jan.1997 6,646 550 (estimated)
Jan.1998 33,508 2,294
Jan.1999 58,655 3,996
Jan.2000 135,843 7,851
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Anotherpopularsitethatis alsoalocusof mathematicahctuity is Steve Finch's "Favorite Mathe-
maticalConstants’page,(http://wwwmathsoft.com/asob/cangart/constent.html). It is alsoshaving
rapidgrowth in usaggalthoughonethatis harderto quantify sincemonitoringsoftnarewaschanged
lessthanayearago,socomparisonareharderto malke). Justaswith Sloanes integersequenceagejt
is becominga form of “portal” to mathematicspnethatdoesnotfit easilyinto traditionalpublications

models.
12. Conclusionsand predictions

Many discussion®f the future of scholarlypublishinghave beendominatedoy economicconsidera-
tions. Digitization hasoftenbeenseenasa solutionto the“library crisis] whichforceslibrariesto cut
down onsubscriptionsSofartherehasbeenittle effectin thisareaaspricingtrendshave notchanged
much[Odlyzko4].

In the long run it hasbeenclearthat print would eventually becomeirrelevant, asidefrom ary
economigressuresasit is simplytooinflexible. Gutenbey’s inventionimprisonedscholarlypublish-
ing in a straitjaclet thatwill be discardedeventually However, the inertia of the scholarlypublishing
systemis enormousandsotraditionaljournalshave notchangednuch. They arein the procesof mi-
gratingto theWeb,but operatgustasthey did in print. However, we arebeginningto seethe sprouting
seedf new venturesthatwill leadto nev modesof operations.Still, it will be a while beforethey
becomea sizablefractionof thetotal scholarlypublishingenterprise.

The large majority of scholarlypublicationsare likely not to changemuch for several decades.
However, therewill be growing pressurg¢o make them easily available. In particular scholarsare
likely to pressever harderfor free circulationandarchiving of preprints. The realizationwill spread
that arything not easily available on the Web will be almostinvisible. Whetherthey like it or not,
scholarsareengagedn a“war for the eyeballs”’justasmuchascommerciabutfits,andeaseof access
will beseenasvital.

Easeof accesss likely to promotethe naturalevolution of scholarlywork. Therewill be more
interdisciplinaryresearchandmoresuney publications.Someof thesetrendsarebeginningto appear

in the datadiscussedn this papeyandwe arelikely to getmoreconfirmationsn the next few years.
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