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r Trends in SciENxinc Communication

The Speed of Write
by Gary Stix, staff waiter

t'nderatable in acomer of Paul H. Gins-
pajg's offjcc at Los Alamos National
Laboratory, surrounded by piles of sci-

entific papers, a squash racket, dated maga-
zmes and the occasional soda can, sits a ma-
chme that is quietly changing how science Is
being done. To the casual observer, ii looks
like a spare workstation, a Hewlett Packard
9000 not unlike those found in engineering
laboratories tliroughout the country, Yel tens
of thousands of scicnLists around the world
pay attention to it cveiy day.

Running on this macninc is theproduct of a
projcct that thebearded 38-ycar-old physicist
has been working onin his spare time ior the
past three years. Ginsparg, whose loves in life
extend to string theory and two-dimensional
gravity (reducc space to one dimension, add
gravity ands^), lias v^ittcn software that lets
other researchers transfer to his computer by
way of the Internet the unreferecd copies of
research papers, or preprinis.

That computer, known by Its cryptic hitemet
address, "?(xx.lanl.g0v," has become, in effect,
fhp/fr* f Scrvicc for high-energy physics^eorists ^ wel as researchers from more than
10 other disciphnes, primarily in the physical
sciences and mathematics. Every day 20,0()0
or so el«troTilc-maiI messages carry the ab-
stracts of new papers stored in the computer's
databases to more than 60 countries. Readers
ofthe summaries then download tiiousands of
copies of^the fun papers. "It has completely
changed how people in the field exchange in-
formation, says Steven B. Giddings. an associ- HHI
ate professor of physics at the University of FiPmfnM
California at Santa Barbara. "The onlv time i
look at the published journals is for articles that
pirate the Lfjs Alamos physics databases."

JHe under-lhe-desklop machine at Los Ala- news flasli

mav manifestaUon of what tific ftndini
Snetrc? ® S< '̂cn0sts and than Just i
Tnf?™., coramufflcaie with one another, 'lihe travel ilie
tnmn^fipT wiMcted may repres
wgSiackEd

On subjects from cold fusion lo apurported review pi o
serves as the medium of choice l^or conveying physics jou
lofi ScitNTfi'ic American Deccmbcfl994

and editor stevannati has become a proponent ofhw^cost dissemina-

gossip and quibbles about scien-
tmc tmdings both seriousand wfilmsical. More
than Just scuttlebutt and self-advertisements
travel the netwoi k. The Los Alamos machine
may represent the future of scientific and tech
nical publishing. If Ginsparg can chantiel the
Hood ofpreprints tlirough some form ofpeer-
review piocess-one of his next mracutricu-
lar undertakings-the traditional paperbound
physics journal could bccome an anachronism'
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Scientists now transmit repotts of their research -from first inspiration
to final result- over electronic networks. Even live experiments can be.

witnessed on-line. Publishers ami libraries may never be the same
essary and in^portanl but deprcssingly and mat-
adapiivcly says psychologist
and clcctronlc journalpublislicr and editor
vanHamad< "A scholar's work could beinspired
to much greater heights faster re-
sponse, closer lo the speed of thought."

In this view, software running on geographi-
cally dispersed computers will be able to link
together anentire research corpus, from elec-
tronic-mail notificalion of first results to the
actual peer-reviewed article any commen-
tary , ^ i. . <

As this phenomenon emerge?;, the definition
of collaboration may Com-
mentators on articles virtually become mem-
bers of teoixis. The network even
opens the possibility ofbroaderparticipation
experimental activity from
througliout a discipline can witness an experi-
mcnt as it takes place—and register their com-
ments future perusal by workers.

The growth of theIntcniet as a means for re-
searchers to distribute their findings is partic-
ularly fortunate in light some observ-
ers think maybe a crisis in the traditional
tem for
disciplines grow and subdiscl-
plines, new area study its own
journd. Libraries are having keeping
up this information

The wealtli scientific information
about every 12 stacks of Journals

monument [5££
iion on nexi In a widely distributed elec-
tronic paper on the demise of the traditional

tion or^cicmipc and oyhcrMrly work ovcrtH^ In- Joutn^, Laborato^
temef. Ws ehcironicjoumai is Psycoloquy, drew M. Odlyzko makes the

mate that nearly half of the one million papers
ever published in mathematics have found their

Established publishers could find their liveli- way into print only during the past 10 years,
hoods threatened, if they fail to read quickly. The costs of producing the journals to hold

These developments suggest that scientific all these papers are recovered from a tiny sub-
communication is becoming less a liistorical scriber base lliat consists mostly ofumversity
account and more a Uve record of how think- libraries. There are someiunes only a few hun-
ing on a research problem evolves. It can Iran- dred subscribers, sopriccs remain Ijgh. Jwm^
sccnd the bureaucratic publication process of publication, moreover, can bepainfully slow: it
the paper journal in which an artic e appears can take ayear ormore to get mto prmt.
months or even years after researchers have Tlie cost and time lag have become a bottle-
moved on to their next project. "Paper is net- neck for scholarly coramunicaUon, Subscription
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Established publishers could find their liveli
hoods threatened, if they fail to react quickly.

These developments suggest that scientific
communication is becoming less a liistorical
account and more a live record of how think
ing on a research problem evolves. It can tran
scend the bureaucratic publication process of
the paper journal in which an artic e appears
months or even years after researchers have
moved on to their next project. "Paper is nec-
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prlco8 for Jownals more thandoubled
from me 198S-8G to the 1992-93 aca
demic year (sec right iUustratlon behw].
peit»itage incrcnBCs well ouipaccd boib
inflailon and library budgets. Ayear of
some Journals can now cost about as
mui^ as a ford Escort, librarians have
cut back on robscilptions over the ob-
Jcctiona of faculty and graduate Stu
dents. "lliercis aprocess of deacquJs^
Uon bydozens oflibraries." says NobcV
1st Joshua Lcdeiberg of the RockefcHc
IJnlversHy, a longtime proponent o
clcctronk distribution of Kicntific lit
eraiure. "Soon, one insHhiUon will
Qpublication, And everyone else wil
borrow It by Interlibnuy loan. It's ar
ahsurdlly. There'll be Just one copy
and you'llhave to pay $1 mDllon for (
subscription."

•—An alternative has emerged. Profes ^
sors and researchers can compose anc
typeset their own papers at>d then
distribute a periodical dlrcctly through
their institution'scotinections to the In
ternet, therebydrcuraventing traditioh'
al publishers. The 1994 edition of the
Directory of Bectronic Journals, News
letters and Academic Discussion Lists.
published by the AssociotJOil of Re
search Libraries, listed 440 clcclronic
journalsand newsletters, up from 110
in 1991, for the first edition of the di-
Tcctory. During the past two years, the

BOO

SOO -

300 - .- I

200 - i

100 •

number of peer-reviewed titles has
quadrupled to about lO0< "Tlie figures
tell us that Inthereal world where 'hard
choices' musi be made, scholars and^-
cntists are in fact mastering the c^-
lengc oF providing high-quality scholar
lyinformation to a very wide audience
at no ot virtually no charge to theend
user," writes Ann Okehonof theAsso
ciation of Research libraries.

— With names like Postmodern Cufttire,
most of these journals address themei
In the humanities, not theSciences, But
scieritlsts and enpncers arie starting to
take their him. NeU J. Calkin a
sor of mathematics at the Georgia In
stitute of Technology, Elnd Herbert S.
Wlif, a pitsfessor of roalhenlartc& at the
Univei^ity ofPcnnsylvahla, dcdded to
becoihetiiembers of this rtew breed oi

^blishcr after Wilf read Odlyzko's writ
ing on the demise of traditional jour
nals. Thepcc^^evlewed Electronic Jour
nal of Combinaicrics has published
since April, gaining ehtho^stlc back
ing From a number ofiffottilnent Mth-
emadciu^s., Calkin estimates that be
sideshis tune,whichmightbe aonated
anyway If he were running apHnl jour
nal, Ihe project consumes only 2S
me^bytes ofcomputer hard-disk stor
ages^iace (worth less tban $50X

Etectironlc publications benefit aswell
from t growing humber ofpublic-do

mainsoftware tools thatmE^^e Usimpler
todisplay complex equations, chemical
models and other graphics. Three En-
^h researchers, for example, haw
proposed a setof technical standards
thatwould letpictures ofmolecules be
tnunsmlited ov^ the Internetas readily
as an E-mail text message.

' Henry Rzepa, a computational chem
ist at Imperial College InLondon, fiefr
jamin J.Whitakff of the University of
Lcedb andPeterMurtay-Rust ofAe phar^
InaceUtlcal triaker Glaxo have Vrt»rked
on this dial-a-iflolecuJe JiroJect. Rzepa
hiade his tonttlbutloil because of the
dllflculty he had in trying td act as a
referet of sdentiflcpaperswithoutbe
ing able tovisualize tM te^ts of the
Woripresehked. ;

The proposed sUndards, tailed Mul-
HpuipoW Internet Mall Extenslotis, or
mote simply MlMEs, specify i imlform
format fof Sehding chemical data over
a ftetwork. Exahiplefe of thesetraflsmll-
tals might be the sj^tlal coordlMtek
fordisplay erf a inolecule ot the mathe
matical variables for lUSpectral analy
sis.Achemlcal-rdodcllng software pack
age cdn then use a MiME todisplay, ma
nipulate find even annotate a molecule.
"Chemists and biologists cdii noW ex.-
rhahgP trioleculeS in a virttial schse,
rather khan JustWords," Riepa says.

l"he So-called t-jourhal Inovefflenf
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subscription
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jourMAl
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bocm price
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JOURNALS
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ACADEMIC YEAR

iTO FCW. MORE Is apersistent trend insubscription and b«i
purc^sfaig almajor axuversity libraries. Costs for jouti^
mote than doubled during the p^l bight academic ye^,
whetfeas diexiumber of subScripUons icWally dropi^ Yet
]Hiblishers continue lobring p4it more journals.

SOWCt; Attootttlottof U»8r<M

TOWtlt OF JOURNALS beside the WasUngloh Moiwntcnt
slu>ws apile of these publlcailons refer^oced m the Medllne
bibliographic database of bkmedical titetatOi^ durtftfe jtisk ottfe
year. CapturthK Ihfe htat«rial onCD-ROMs oriiianoa4izie data
base could he^ llbr^es cop6 with thedeluge ofbfohnatkrtL

lOfl scton-lFic AmehtcAn OccemberJ9W
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MULl IMEDIA JOURNALS are pro.«igea R
byprojects ofindividual sclcntisls. Re- f
searchersal IBM placedod ihc Inlerncl ,
an tuiitle Ihey badpvibOshcd in Physical
Review Utten-i UKsy added twocqmpul-
er simulations of a crackgeduiglarger.

could readily be dismisBuc! as Ihe blij-
gcKt vanity prcs" rJTori ofall lime, rw
on-line Journals have yel achicvcxl ihc
pVustlgc and standing Ihal uanslnlcR
into a line on a riisumcfor securing ten
ure and promotion. Calkin, in fafij ac*
knowlcdgo.'i that h«i will also have, lo
publlRli mwdl-known print journals l»
Turtlicr his carcer.

Vhf. cgaliiarlanism and "anything
goes" synslbility of the |r>lcniel could
work again-sl attempts lo^al^^c llw sla-
lus of E-Joumnla. The Usenet, a vast
misccllany of bulletin boards accessi
ble to network's inillionfl of U8vr.9,
represcDls the antitJiesls of the .selec-
livily cxerciscd by the editors and ref
erees of a journal.The unrcilui-cd dis
cussion there rangCK from genriic ex-
p<'rimcnls carried out by IIFO ali<'.ns to
Jeyilimalc dcbalo aboul an advance In
rtjbotics or gene therapy. Some academ
ics Tear that the shea- volume of litera
ture and a growing inability io dlsthv
giiish ihe good from the bad In what
gets published may lead lo an overall
decline in slai\dards. "There willbe far
nKJrc irasli lhan diere is today," says
Frank S. Qutnn, a professor of mathe-
madcs at the Vii-ginia rolytechnlc Insti
tute and Stale University.

Imposing a rigorous syslcm ofquali-
ly control could change lhc.<?c pcrcep-
lions. I'crbaps ihc mo.sl vocal prosely-
ti7.cr of ihc network as a scholaHy vehi
cle is StcvanHarnnd, a Hungarian-born
cognitive psychologist who is a profes
sor at Ibc University of Southampton
in Hniiland. Me is best known as Ihc
founder and editor for mcjre lhan 15
yeoTS ofBchoviofni &Bronx Sciences (a
joumalwIkjsc acronym, BBS, is appro*

• priaioly enough the 5nn»C one used
\o designate computer bulletin-board
systems).

BBS, an arlidw Hrst goe.s through
review byfive or so referees drawn from
at least threedirftrcnt diwiplines, which
may include behavioral biology, com
puter Rciencc. linguistics, phllosopiiy,
robotics or machine vision. If an nrlicle
passes muster, it thengoex io up to !00
people in ihose fields for a criilque. M
many as 30commentaries appear with
liie oTiginaJ submission.

BB5btiar8 remarkable jsltnilarltlcs lo
llie facil(! excliangfs that takx' placeover
ctjmpuler hulletin bt>anls--wilh onebig
dliterence. Ilaj nad is no populist. Uiv
like Internet evangdists who view the

{- — • •>—-»- • •..
n^giQi. -
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network as the uliimale equalizer fov
cJiRmanlUng hierarchy, llarnad is an
unabashed academic snob. The best
ihlnkers in a fieUl. he bellevt'.s, should
have access i<3 oneanother, undisiurbcd
by Ui«! noise ofcrowds milling outside
the Ivory lower.

Global Gi-aiTllI Board

Despite tlUs clilist stancfi, Hamnd
discovered ihe polenlial for electronic
scholarly discourse during the mid-
1080s in.orallplaccs, an electronic bul
letin btmrd on arlinclal Intelligence on
Ihc Usenet. He found thai llic fretizy of
atiivUy onlliis "global graffiti board for
trMai pursuit" spurred his own thotights
on why the mind docs not behave like
a computer.'Itii^ experience resulted in
a paperhe later published in thejour
nal Physka Das "The Symbol Ground
ing Problem." "Irealiwd that1cnrno ou
ihKs as a result of Jwisiing with pyg-
mleK," llarnad says. "I asked my!?clf
what would happen if the peopleI was
talking tohadbeen real scholars."

Jlaruad coined the phrase "scliolaily
skywriLing" to dc.<5crlbc the speed and
breadth of dissemination that would
result Ifacademics eschcwcd the p«ipcr
medium topublish ovur thenetwork.

lie practices what he preaches. Five
years ago Hamad started anelectronic
journal, Ps>'rofw, that Is idcnUcfll to
BR? In Ihc loplcg llcovers nnd In 119 ed
itorial pracliccs, cxccpi tliat the papers^
arc somewhat shorter. Tlie journal is
free; llarnad supports it on a $15,000-
a-ycar stipend from the American Psy-

cT«>lofiical Asjjociation that ctJ '̂crs the
expense of a parf-linie editorial assis
tant and a dork to maintain a mailing
list. IhP journal is sent to compuivrs
all over Ihc world and Is even available
on the Usenet (Ainaleurs, Hamadsays,
should be allowird to observe and emu
late scholars' work frojn the bleachers,)

lliis pnsi summer Hamad sent to on
elcclronic mailing list a "subversive
prop<>.«il" thai suggested that authors
ai\d instiiuiions should iry lo under-
mjno ilie present publishing .system by
posline preprints to the network, This
acUon would, lie hopes, provoke the
lypc ofmass migralion lo the electrott-
ic medium from throughoul academia
thai has already been experienced in
llie high-energy physics commvmity.

At about the same time, Hamad, Lc*
derbcrg and others met with a high-
ranking UNHSCO official for a broad-
ranghig discussion ofelectronic distri
bution of biomedical information to
devoloping nations. Tlicy suggested,
among other rccommendalions, thai
theagency endorse low-cost eleclronic
publishing ofscientific articles. "I think
thiswill g«t theball rolling." Lcdcrt«rg
says, "ir you get a few Institutions do
ing this, then others will feel that they
iiavc lo be on the bandwagon."

Commercial scientific publishers arc
feeling the pressure to enter the elec
tronic arena. Many, however, hwe ycl
lodclermhic ways lo smooih ihc lraft«
sition. .SbnuUnneoiw printandelectron
ic distribution could, if nnytliing, cause
subflcnption rates iu rise, niustratinns,
graphs and equations do make scicn-

Scn;N line AMriwcAN Oecembcr J094
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llflc publisWng wore difTicuJl <han pro
viding an all-text database. More than a
dccade aflcr the first markci tests of
electronic news|>apcE.s. many ficlcnUfic
editorial houses are drafting Ihdr plans
for moving into the newinedKim. "IVb-
jlsh«rg arestill irying figure oiithow
they can recover their corIa," says Da-
vid Rodgers, a I'cscarch sciwilsi at the
University of Michigan and the Tormer
director of eleclronle products ami ser
vices for the American MalhemaUctil
Soclcty.

Both professional soctyiies and for-
proflt sclenccand lechrtka! publishers
have started to piece o\U ijilfial slrale-
g[es. TheAmerioin Phystuul Socicly, for
one, has plans io circidalc the cleciron'
Ic Physical Review LcHerx alonff with
the prin<ed vcrsitm.

Reed El8ev1er» the $4.3-biliion British-
Dutch company, recenlly mad« a m^or
commiln\ent to electronic publishing
by buying ibe Lexis legaldatabase and
the Nexls news service. Yet the compa
ny Is Qnly beginning lo make ils 1,100
sclencc and technical journals available
on-line. !l has an expcriniciUal progi'am
to provide images Hiesof its 4.1 malerl-
als science journals to nine umvcrsi-
lieft. Next year it will test-market all its
journals in an clcctn)nlc formal but afi
yet has iw firm plans as to when ils en
tire RuilG of publications will becomc
available as fully searchablc diilabnsus.

in Jaiwary, Llsevier Sciencc, the com
pany's science Journal publishing dlvl-
alon, did unveil its first clccironlc Jour
nal. TIk event was an indirect Iribule
lo tlie work of Paul GInsparg. Nucicar
Physfcs EleclroiUc (NPE) is an on liiK
compilationof already reviewed papen;

that are being readied for print in Nu-
dear I'iry'sks. a Jiz.ooo-a-ycor set of
paper journals.

IJscvlcr had considered creating tW«
type of on-line system fora decade, giv
en that high-CfK'.rgy physicists weredls-
Iribullng paper proprinis of tliclrwork
through lliG mail. Dut physicists told
Osevliir Ihey were not interested—until
Glnsparg's database began to gain a fol-
lowing. "Clearly, themarkei was ready;
Ginspar^ tnorc than proved that," aaj's
Karen Hunler, an Elsevler vkxi president.

Many nf (he non-pccr rc\icwcd wr-
sions of the pflpcra that appeared In
NPE arc available m virlually Idenllcal
form on the Al;»nt»s computer long
before they appear on ihe F.lscvicr sys
tem. 'Ihu range of topics on the 1^
Alamos dnlahjises is much broader.

Elscvlcr has not yei requested dial
papersbewithdrawn from the l«f? Ala
mos database.'?once Uicyappeal- in tlidr
cnpyrjghlcd F[>rm in NPE, an action tliat
would surely alienate phy.slcists. For
his part,Gin.sparg may evcnluuliy heed
the help of majnsiroani publishers-he
will have dilTiaiUy in.siiluiing n peer-re
view system for the papers in his data
bases whilert-rnaining a practicingphys
icist. He did. in fact, meet with oJRcinls
fronj the American Pliyslcal Society in
mjd-0<.lober lo di^^tu.sa how a review
process for the databases might work.
If Ginsparg is brought into the fold,
though, jtiurnal publishing could Still
change:costs could remain dramallcai-
Jy lower than for paper Journalf^ re
viewscould proceed more quickly and
with a broader bnse of ronlribulors lo
evaluate manuscripts.

The library, die usual repository for

F • rhf7dii'''l.ij
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journals, would also be alfectcd by
these slilfis. The computers that store
electronic publications may reside Ina
laboratory, not a library building. The
librarian v^l remain, but the job will
not be the same, librarians, along with
publishers, have tradidonally been en-
trufiied with the responsibility to make
oi-dcrout of scholarly chaos. Yet so far
computer scientists, not librarians, have
usiuilly beenthe onesto crealcthe tools
for navig.iting the Internet.

Career Changes

Daniel E. Atkins wants the School of
InfonmUion and Library Studkis at tlie
University of Michigan to turn that trend
around. Atkln.s spcnl the betler part of
ills career tweaking high powered com
puter?; as a profussor and dean of engi
neering before coming lo his present
position as dean of the library school
in 1992. lli.s current mission is to rede
fine the job of the librarian. Atkins en
visages an "infonnaUon professional"
who will combine the skills of the com'
putcr scicnrist, the business graduate
and even a little of the old-school
librarian.

One of the jobs of the new librarian
willbe to help make sense of the laby*
rinth of different InformalloA sources
available on ihe Inlcmet. "You can
waste 24 hours a day brow.sing," Atkins
commenls.

InSeptember the Univci^lty of Michi
gan was awarded one of sh grants in a
digital library inillalivc sponsored by
the National Sclencc foundation and
two oiher federal agonclcs. Michigan's
grant is for the devvlnpmont of technol
ogyto help students and scholars wade
tluxiugh the limitless store of informa-
tlon available on the earlh and «pacc
sciences.

1'Eie Nsr program also includes the
New York Public Ubraiy, Stuyvesant
High .School in New York City, the Ann
Arbor public school system and a num
ber of corporate participants, among
them Elsevier and IBM. Atkins and
team will attempt lo e-tphul "agents,"
Ihe muchpublicized(though rare
ly implemented) software tools from
arllficlal-intclligcncc research that can
retiicve hifonnation or perform other
automated task.-?, "rhose agent.s would
try lo rcpllcate in stjftwarc someof tl»c

DESK-BOriOM PUBUSimR Paul II. Cfas-
parg of the Los Alamos National Labora
tory sits in hts offico beside a Hewlett
pacWd 9000 containing a series ofdata
bases thathave become, for a growiit^
number of phy&ical seientisist a substi
tute Tor the paper journiU.
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$ily orMichigan is intended tooperate llku an expcncnccd
rcrci«Ace llbratjan. Aflef receivinga qaestlon-'Wliat is the
wcailier inTravcrs city?"—the user Imcrracc agent extracts
a profile oF the user frominrormatton Inits database. 71ic re
quest Ischanneled to themediation agent, whidi evaliiatcfl
the proQIc to detennlne Itow detailed the Information re
trieved Miauldbe and how much the user can pay. The me«-

functions of a rcfcrcncc librarian I.vce
bttx above].

The digital Wiraryprojccl Is also ex
ploring ways ofcombining informalion
retrieval with laboratory tools accessi
ble to rcscarcherg over the Iniemiit.
Atkins heads anuiher NSi'fundcd proj
ect, the Upper Almosplicric Rcsenrch
Collaboralory (UARC), that has been
examining howscientistscan makeuse
of resear^ tools located inrcniote en-
\1i'ons.A "collaboralory"uses cl^cironlc
networks so tliat invi*.s(igalors around
the globecan witness the resuhs of an
experiment as it progresses. Besides
space physical collaboralory projecis
arcbeing pursued inmolecular biology
and oceanography-the Human Ge-
nonK Projiict and a derade-long rc'
search cITorl to characterize the FJ Nino
ocean currents are two examples.

Fortwt) years, Uic UARC hasgiven scl-
enlists at various institutions (SRI In-
icrnailonal, Lockheed, tlie DaniKh Me
teorological Instiiule and the universi-

lies of Alaska, Maryland and Mic higan,
amongothers) nrouiid-Uic-< loi;k acnvss
to one another and to I'cadlngs from
inKiruments on Ihe sinilhvvcst coast of
Creenlund fur obscmlion of Ihe solar
wind. 'Hie soflware lets rcsrartiiers In
these various far-IIung Iwailons ex
change commcnis as they observe ihc
trace lines from incoherent scatter ra
dar and oliicr Uisiruraenis ihat follow
theimpact nn liteatmosphere from the
waxing atid waning of the solar wind,
llie Nsr dlgllal library projccl will allow
Atkinsand life collcogties to expand the
UARC Ilicy will cMiluate how ilic mas
sive iiuanlilies of iuslrumcnt readings,
bulletin-board conversallons and later
annotations can be managed and used
by Uie differeni research teams.

Ihegoal of the librarian in thisproj
ect willbe to organize this infonmation
in a form ihai will lei workers replay
an experiment sixinonlhs later. "We're
producing a full ndeilly, multimedia
uanscriplof the process," Alklns says.
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to real-time inctcorologlc data andboth public andpriwte
weather databases, whereas the sludcniIs relegated to tess
expensive pubEc taromwHon sources. Acolfcctton agent Umjii
exticu'cs an actual search of the relevant databases. A oata
fuseragentassembles the coDccicd information •-text,tna^,
graphs, raw tola- before relaying Itto user agent for dis
play asa doCUincMt onihesludunCs or theresearchers screen.

Hie electronic network blurs bound
aries belweon experimentalisl, author,
publisher, lexlewer and archivist. As
Ihe work of I'aul GInspargtfnd of Dan-
iel Atkins suggests, there is a need for
a new institutional frainpwork both
electronicpublLsherfi and collaborators
in their collaboratorles—10 cope with
tlieglutof jstienlilic knowledge and the
dala from which It Is derived.

rURTIiliRRIWniNG

DiiiiriORV or PuxrinoNic J(jubN/VI&
Ni.wsii:i iii»s Awn Acaoiimk: Discus
sion ijsrs. edited t)>* AnnOkcnion. As*
.socdalion of Rcgearch Librariw, Office
oC Sdciulftc and Ai-ndcmlc PubHshinR,
lOJW. ^

los Aiamos E-Priw ARt:nivrs. Avail
able on liic World Wide as
liltp;//»cx.lonl.aov/

SjrvAN iiAiuaAW's KijrmoNH: ARtiuvi:.
Available on the World Wide Web as
liUn;//\ww.princcl»)|.c>dii/-harnat'/
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