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;~ TRENDS IN SCIENTITIC COMMUNICATION

The Speed of Write

by Gary Stix, staff writer

nder a table in a corner of Paul H. Gins-

parg's olficc at Los Alamos National

Laboratory, surrounded by piles of sci-
entific papers, a squash racket, dated maga-
zines and the occasional soda can, sits a ma-
chine that is quietly changing how science s
being done. To the casua vbserver, it looks
like a spare workstation, a Hewle(l Packard
9000 not umlike those [ound in engincering
laboratories throughout the country. Yel tens
of thousands of scicntists around the world
pay attention to it cvery day.

Running on this machine is the product of a
project that the bearded 38-ycar-old physicist
has been working on in his sEare time for the
past three years, Ginsparg, whose Joves in life
extend to string theory and two-dimensional
gravity (reduce space to onc dimension, add
gravity and stir), has written software that lets
other researchers transfer to his computer by
way of the Internet the unrefereed copies of
rescarch papers, or preprints.

That compuler, known by its cryplic Internet
address, “xxx.lanl.gov,” has become, in effect,
a daily wire service for high-energy physics
theorists as well as researchers from more than
10 other disciplines, primarily in the physical
sciences and mathematics. Every day 20,000
or so eleclronic-mail messages carry the ab-
stracts of new papers stored in the computer's
databases (o more than 60 countries. Readers
of the summaries then download thousands of
copies of the full papers. “It hag completely
changed how people in the field cxchange in-
formation,” says Steven B, Giddings, an associ-
ate professor of physics al the University of
California at Santa Barbara. “The only time I
look al the published journals is for articles that
predate the Los Alamos physics dalabases.”

The under-the-desklop machine at Los Ala-
INOs represents just one manifestation of what
may be a major shift in the way scicntists and
engineers communicate with one another, The
Inlernet—-comprising about 40,000 connected
compuler networks—has become the world's
biggest blackboard.

On subjects from cold fusion to a purported
proof for Fermat's Last Theorem, the Internet
scrves as the medium of choice for conveying

106 SCICNTIFIC AMERICAN December 1994

ELECTRONIC PUBLISHER AND EDITOR Stevan Har-
nad has beconte a proponent of low-cost dissemina-

news flashes, gossip and quibbles about scien-
tific findings both serious and whimsical, More
than just scuttlebutt and self-advertisements
travel the network. The Los Alamos machine
Mmay represent the future of scientific and tech-
nical publishing. Il Ginsparg can channel the
flood of preprints through some form of pcer-
review process—one of his next extracurricu-
lar undertakings—the traditional paperbound
physics journal could become an anachronism,
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Scientists now transmit reports of their research —from first inspiration

to final result- -over electronic networks.

Lven live experiments can be

witnessed on-line. Publishers and libraries may never be the same

tion of scientific and other scholarly work over the In-

ternet. His electronic journal is Psycoloquy.,

Fstablished publishers could find their liveli-
hoods threatened, if they fail to react quickly.
These developments suggest that scientific
communication is becoming less a historical
account and more a live record of how think-
ing on a rescarch problem evolves. It can tran-
scend the bureaucratic publicalion process of
the paper journal in which an article appears
months or even years alter researchers have
moved on to their next project. “Paper 18 nec-

essary and important but depressingly and mal-
adaptively slow,” says cognitive psychologist
and clectronle journal publisher and editor Ste-
van Harnad. “A scholar’s work could be inspired
to much greater hcights if it had a 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 an cntire rescarch corpus, from clec-
tronic-mail notification of first results to the
actual pecr-reviewed article to any commen-
tary that follows.

As this phenomenon emerges, the definition
of scientific collaboration may change. Com-
mentators on articles virtually become mem-
bers of research leams. The network even
opens the possibility of broader participation in
experimental activily itsclf. Investigators from
throughout a discipline can witness an experi-
ment as it takes place—and register their com-
ments for future perusal by other workers.

The growth of tge Internet as a means for re-
searchers to distribute their findings is partic-
ularly fortunate In light of what some observ-
ers think may be a crisis in the traditional sys-
tem for scientific publication. As scientific
disciplines grow and splinter into subdisci-
plines, each new arca of study requires its own
journal. Libraries are having trouble keeping
up with this information glut.

The wealth of scientific information doubles
aboul cvery 12 years; stacks of Journals can
dwarf even a national monument [see illustra-
tion on next pagel, In a widely distributed elec-
tronic paper on the demise of the (raditional
journal, Bell Laboratories mathematician An-
drew M. Odlyzko makes the extraordinary esti-
mate Lhat nearly half of the one million papers
ever published in mathematics have found their
way into print only during the past 10 years.

The costs of producing the journals to hold
all (hese papers are recovered from a tiny sub-
scriber base that consists mostly of university
libraries. There are somelimes only a few hun-
dred subscribers, so prices remain high, Journal
publication, morcover, can be painfully slow: it
can take a year or more to get into print,

The cost and time lag have hecome a bottle-
neck for scholarly communication, Subscription
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prices for journals more than doubled
from the 1985-8G to the 1992-93 aca-
demic year [see right illustration below].
Percentage increases well oulpaced both
inflation and library budgets. A year of
some journals can now cost about as
pmuch as a Ford Escort. Librarians have
cut back on subscriptions over the ob-
jections of faculty and graduate stu-
dents. “There is a process of deacquisi:
Uon by dozens of librarics,” says Nobe!
Ist Joshua Lederberg of the Rockefcll
University, a longtime ptoponent o
clectronic distribution of scientific 1t
erature, “Soon, one institution will ge
a publication, and everyone else wi
borrow it by Interlibrary loan. it's &
absurdity. There'll be just one copy
and you'll have to pay $1 million for
subscription.”

alternative hés etmerged. Profe
sors and rescarchers can compose a
typeset their own papers and then
distribute a periodical directly through
their insttutlon’s connections to the In-
ternet, thereby circumventing tradition-
al publishers, The 1994 editlon of the
Directory of Electronic Journals, News-
letters and Academic Discusston Lists,
published by the Association of Re-
gearch Librarics, listed 440 clecironic
journals and newslettets, up from 110
in 1991, for the first edltion of the di-
rectory. During the past two yeirs, the
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number of pecr-reviewed titles has
quadrupled to about 100, “The figures
tell us that in the real world where ‘hard
choices' must be made, scholars and sci-
entists are in fact mastering the chal-
Jenge of providing high-quality scholar-
ly information to a very wide sudicnce
at no ok virtually no charge to the end
user," writes Ann Okerson of the Asso-
ciation of Rescarch Libraries.
With names like Postmodern Culture,
niost of thest jou address themes
in the hrmanitics, not the gciences. But
gclentists and engineei's are starting to
take thelr furn. Netl J. Calkin, d profes-
sor of mathematics at theé Georgia In-
stitute of Technology, dnd Herbert S.
Wilf, a professor of matheiriatics al thé
Unlveisity of Pennsylvania, dectded to
becotne metmbers of this new breed of
blisher after Will read Odlyzko's writ-
ing on the derise of traditional jout-
nals. The peer-reviewed Electronic Jour-
nal of Combinatorics has published
since Aptil, gaining enthusiastic back-
Ing From 4 humber of prominent math-
ematicians, Calkin cstimated that be:
sides his time, which might be donated
anyway if he were running a print jout-
nal, (he project consumes only 25
megabytes of computer hard-disk stor-
age space (worth less than $50).
Electronie publications bexeflt as well
from a growing humber of public-do-
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main software lools that make It simpler
to display complex equations, chemical
models and other graphics. Three En-
glish rescarchers, for example, have
proposed a set of technical standards
that would let pictutes of molecules be
transmitted over the nternet as readily
as an E-rhail text message.

" Herry Rzepa, a computational chem-

ist at Imperial College in London, Betr-
Jamin J. Whitaker of the University of
Leeds and Peter Murtay-Rust of the phar-
macedtical friaker Glaxo have worked
on this dial-d-molecule project. Rzepa
made his contribution becausé of the
ditficulty he had in trying to act as 4
yeferce of sclentific papers without be-
ing able to visualize the fesits of the
work presehted. ©

The proposed standards, talled fl- -,
tipuipose Internet Mall Extertslons, or .
mote simply MIMEs, specily & uniform .

format fob sending chemlcal data over
4 etwork, Exaniples of these transmt-
tals might be the spatial coordinates
for display of @ molecule of the mathe-
matical variables for its spectral analy-
ais. A chemical-niodeling software pack-
age cn then use a MIME to display, ma-
nipulale ind even annotate a molecule.
“Cheinisté and biologlsts cdrd now ex-
change tiolecules in & virtiral sehse,
rather than Just words,” Rzepa says.
The so-called E-jourhal inovement
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LESS FOR MORE Is @ petsistent trend In subscription and book
purchasing at major university libraries. Costs for Journals
trote than doubled durlng the past ¢ight academic yedrs,
the dumber of subscriptions Actually dropped. Yet
publishers continiie Lo bring olit nore journals. bt
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MULTIMEDIA JOURNALS are presaged
by projects of individual scientists. Re-
scarchers at IRM placed on the Internct
an article they had published In Physical
Review Letters: \hey added two compult-
er simulations of a crack getting larget.

coufd readily be dismissed as the big-
gest vanity press effort of all Uime, Few
on-line journals have yet achieved the
prestige and standing that translates
into a line on a résumé for securing ten-
ure and promotion. Calkin, In fact, ac-
knowledges that he will also have Lo
publish i well-known print jou mals o
further his carcer.

‘The cgalilartanism and “anything
goes” sensibility of the Inlernel could
work againsl attempls to raise the sta-
s of E-journals. The Usenct, a vast
miscellany of bulletin boards accessi-
ble to the network's millions of users,
represents the antithesis of the sclec-
tivily exercised by the editors and ref-
erees of a journal, The unfeltered dis-
cyusslon there ranges [rom genelic ex:
periments carried out by UFO aliens o
Jegitimate debale aboul an advance in
robotics or genc therapy. Some academ-
ics lear that the sheer volume of litera-
tre and a growing Inability to distin-
guish the good from the bad in what
gets published may lead (o an overall
decline in standards. “There will be far
more trash than there is today,” says
Frank S. Quinn, a professor of mathe-
matics at the Virginia Polytechnic Insti-
tute and Stale University.

. Imposing a rigorous sysiem of quall-
ty control could change these pereep-
tions. Perhaps the most vocal proscly-
tizer of the network as a scholarly vehi-
¢le is Stevan Harnad, a Hungarian-born
cognitive psychologist who is a profes
sor at the University of Southamptlon
in England. He is best known as (he
founder and cditor for more than 15
years of Behavioral & Brain Sciences (a
journal whose acronym, BBS, is appro-

+ priately enough the same one used
to designate computer bulletinhoard
systems).

At BBS, an article first goes through
review by five or 50 referees drawn from
at Ieast Lhree different disciplines, which
may include behavioral biology, com-
puter science, linguistics, philosophy,
robotics or machine vision. If an arlicle
passcs muster, it then goes lo up to 100
people in those ficlds for a crillque. As
many as 30 commentaries appear with
Lhe original submisston.

BAS bears remarkable slmilatitles to
the Facile exchanges Lhat take place over
computer hulletin boards--with one big
dilference. HHarnad is no populist, Uu-
like Internel evangelists who view the
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network as the ultimale equalizer fov
dismantling hicrarchy, Harnad is an
unabashed academic snub. The best
thinkers in a ficld, he believes, should
have access 1o one another, undisturbed
by the nolsc of crowds milling outside
the ivory tower.

Global Graffili Board

Despite this clilist stance, Harnpd
discovered (he potential for electronic
scholarly discourse during the mid-
19805 in, of all places, an clectronic bul-
letin board on arlilicial intelligence on
the Usencet. Fle found that the frenzy of
actlvity on (his “global graffiti board for
trivial pursuil” spurred his own thoughts
ou why the mind does not behave like
a computer, This experience resulted in
a papet he later published in the jour-
nal Physica D as “The Symbol Ground-
ing Problem." “I realized that | came on
this as a resull of jousling with pyg:
mics,” Iarnad says. “| asked mysclf
what would happen if the people 1 was
talking to had been real scholars.”

Harnad coined the phrase “scholatly
skywriling” to describe the speed and
breadth of disscminatlon thal would
resull If academics eschewed the paper
medium to publish over the network.

lle practices what he preaches. Five
years ago Harnad started an electronic
journal, Psycoloquy, that is identical to
BBS In the lopices |t covers and in Its ed-
itorfal practices, excep! that the papers
are somewhat shorter. The journal Is
free; [larnad suppuorts it on a $15,000-
a-year stipend from the American Psy-
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chological Association that covers the
expense of a part-1ime cditorial assls-
tant and a clerk to maintain a malling
list. ‘The journal is sent lo compulers
all over the world and is cven available
on the Usenel (Amateurs, Harmad says,
should be allowed to observe and emu-
late scholars’ work from the bleachers.)
This past summer Harnad senl to an
cleclronic malling list a “subversive
proposal™ thal suggesied that authors
and instilutions should try lo under-
mine the present publishing system by
posting preprints to the network, This
action would, he hopes, provoke the
type of mass migration Lo the clectron-
ie medium [rom throughou! academin
that has already been experienced in
the high-cnergy physics communily.
Al ahout the same time, Harnad, Le-
derberg and others met with a high-
ranking UNESCO official for a broad-
ranging discussion of electronic diste-
bution of biomedical Information to
developing nations. They suggested,
among other recommendatjons, that
the agency endorse low-cost electronic
publishing of scientific articles. [ think
this will get the ball rolling,” Lederberg
says. "1l you gel 2 few institutions do-
1ug this, then others will feel that they
have 10 be on the bandwagon.”
Commercial scientific publishers arc
feeling the pressure to enter the clec-
tronic arcna. Many, however, have yel
lo determine ways o smooth the tran
sition. Simultancous print and electron-
ic distribution could, if anything, causc
subscription rates o risc. Nustrations,
graphs and cquations do make stien-
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itfic publishing more difficult than pro-
viding an all-text database. More than a
decade after the first markel tests of
clectronic newspapers, many scientific
editorial houses are drafting their plans
for moving into the new medium. "Pub-
lishers are stll trying to figure out how
they can recover their cosls," says Da-
vid Rodgers, a rescarch scientist at the
University of Michigan and the lformer
director of electronic products and ser-
vices for the American Mathematical
Society.

Both professinpal socicties and for-
profit science and techrical publishers
have slarted Lo piece out ipitial sirale-
ples. The American Physical Socicly, for
ong, has plans 1o circulale the clectron-
ic Physical Review Letters along with
the printed versioh.

Reed Blsevier, the $4.3-billion British-
Dutch company, recently made a major
commilment to clectronic publishing
by buying the Lexls legal database and
the Nexig news gervice. Yet the compa-
ny is gnly beginning lo make its 1,100
science and technical journals available
on-line, It has ah experimental program
to provide image files ol its 43 malerl-
als science journals to nine universi-
lies. Next year it will test-market all its
journals in an electronic furmat but 28
yct has no firm plans as to when its en-
tire sulle of publications will become
availablie as fully searchable databascs.

In January, Elscvier Science, the com-
pany's science journal publishing divi-
gion, did unveil its first clectronic jour-
nal. The cvent was an indirect Iribule
1o the work of Paul Ginsparg. Nuclear
Physics Electrontc (NPE) is an on line
compilation of atready reviewed papers

110
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that are being readied for print in Nu-
clear Physics, a $12,000-a-year set of
paper journals.

LIsevier had considered creating this
type of on-linc systera for a decade, giv-
on that high-chergy physicists were dis-
tributing paper preprints ol their work
through the mail. Dut physicists told
Elsevier they were not interested—untll
Ginsparg's ditabase began to gain a lol-
lowing. “Clearly, the markel was ready;
Ginsparg more than proved thal,” says
Karcn Hunler, an Elsevier vice president.

Many ol the non-peer-reviewed ver-
sions of the papers that appeared in
NPE are available in virlually Icdentical
form on the Los Alamos computer long
before they appear on the Elsevier sys-
tem. “The range of loplcs on the Los
Alamos dalahases 1s much broader.

Elsevier has not yei requested that
papers be withdrawn from the Tog Ala-
mos dalabases once they appear in their
copyrighled form in NPE, an action that
would surcly alicnate physicists. For
his part, Ginsparg may cventually peed
the help of maingtream publishers—he
will have dilficully instiluting & peer-re-
view system for the papers in his data-
bases while rernaining a practicing phys-
icist. He did, in fact, mcet with officials
from the American Physical Society in
mid-October 1o discuss how a review
process for the databases mighl work.
Il Ginsparg is brought Into the fold,
though, journal publishing could still
change: costs could remain drnmal'!cul—
Iy lower than lor paper journals re
views could proceed more quickly and
wilh a broader base of contribulors (o
cvaluate manuscripts.

The library, the usual repository for
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journals, would also be alfected by
these shils, The computers Lhat store
electronic publications may reside in a
faboratory, not a library building. The
librarian will remain, but the job will
not he the same, Librarians, along with
publishers, have tradidonally been en-
trusted with the responsibility to make
order out of acholarly chaos, Yet so far
computer scicntists, not librarians, have
usually been the ones to creale the tools
for navigaling the Internet,

Carcer Changes

Daniel E. Atkins wants the School of
Inforimation and Library Studies at the
Universily of Michigan to turn that trend
around. Atkins spenl the betler part of
his carcer tweaking high powered com-
puters as a professor and dean of engi-
neering before coming Lo his present
posilion as dean of the library school
in 1992, His current misslon is to rede-
fine the job of the librarian. Alkins en-
visages an “information profcssional”
who will combine the skills of the com-
puter scientist, the business graduale
and even a little of the old-school
librarian.

One of the jobs of the new librarian
will be to help make sense of the laby-
rinth of diffcrent information sources
available on the Internet, “You can
wasle 24 hours a day browsing,“ Alkins
connnents.

In Seplember the University of Michi-
gan was awarded one of six grants ina
digital library initiative sponsored by
the National Science Foundation and
twn olher [ederal agencies. Michigan's
grant is for the developrent of technol-
ogy 1o help students aod scholars wade
through the limitless store of informa-
tion avalfable on the carth and space
sciences.

The N program also includes the
New York Publie Library, Stuyvesant
High School in New York City, the Ann
Arbor public school system and a num-
ber of corporate participants, among
them Elsevier and |BM, Atking and
team will attempt 1o exploit “agents,"
the much publicized (though still rare-
ly Implemented) software lools from
artificlaldntelligence rescarch thal can
relrieve Information or perform other
automated tasks. These agents would
try 10 replicate in soltware some of the

DESK-BO1'I'OM PUBLISIHER Pawl H, Gins-
parg of the Los Alawos National Labora-
tory sits in hls office beside a Hewlett
Packard 9000 contalning a scries of data-
bases that have becomne, for a growing
number of physical scientists, a subsy-
tute for the puper journal.
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DOING THE BIDDING of research scholar or student, a net-
work of sofiwate “agents” under development at the Univer-
sity of Michigan is intended to operate like an fenced
reference libravian. After receiving a question—"What is the
weather in Teavers Clty?"—the user literface agent extracts
a profile of the uscr from informatlon In its database. The re-
quest Is channeled to the mediation agent, which evaluoles

atlon c?em decides what information resources should be al-
lucated to what Lype of user. The rescarcher hiay got access
to real-Ume metcorologic data snd both public and private
weather datubases, whereas the swdent is relegated to less
expenslve public information sources. A collection agent then
excecules on actual search of the relevant databases, A data
fuser agent assembles the coflected information . -text, maps,

the profile to determine how detafled the Information re- graphs, raw data- before relaying it to the user agent for dis-
trieved should be and how much the user can pay. The medi-  play 25 a doctinent on the student’s or the rescarcher's screcn.

functions of a reference librarian [see
bux above).

The digital library project Is also ex-
ploring ways of combining information
retrieval wilh laboratory lools accessl-
ble to researchers over the Internat,
Atkins heads onvther NSI-funded proj-
ect, the Upper Atmospheric Rescarch
Collaboratory (UARC), that has been
examining how sclentists can make use
of research tools located in remote en-
virons. A “collaboratory™ uses ¢lectronic
nelworks so that investigators around
the glube can witness the results of an
experiment as it progresses. Besides
space physics, collaboratory projects
are heing pursued in molecular biology
and oceanography ~the Human Ge-
nome Project and a derade-long re-
suarch effort (o characterize the B Nifio
neean currents are two examples.

For twy) years, e UARC has given scis
entists at various institutions (SRI in-
(ernailonal, Lockheed, the Danish Me-
teorological Instilule and the universt

tivs of Alaska, Maryland and Michigan,
amuong others) arotind-Uie-clock aceess
o one another and Lo readings from
instruments on the sotithwest coast of
Greenlond for observation of the solar
wind. ‘The sofiware lets rescarchers In
these varlous Tar-flung locations ex-
change conwnents as they observe the
trace lines from incoherent scatter ra-
dar and ather mstrunaents that follow
the impacl an the atmosphere from the
waxing and waning of the solar wind.
The Ny digital library project will allow
Alkins and his colleagues to expand the
UARC. ‘ITicy will evaluate how the mas-
stve quantities of justrument readings,
bulletin-board conversations and later
annotations can be managed and used
by the different research teams.

The goal of the librarian in this proj-
cct will be 1o organize this information
in a Torm that will let workers replay
an experiment six months later. "We're
producing a full fidelily, multimedio
wranscript of the process,” Alking says.
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The clectronic network blurs bound-
avies between experimentalist, author,
publisher, reviewer and archivist. As
the swork of Paul Ginsparg dnd of Dan-
iel Atkins suggoests, \bere §s a need for
a new institwtional framgwork -both
clectronic publishers and collaborators
in their collaboratories—lo cope with
the glut of scientific knowledge and the
data from which it Is derived,

TURTHER RFADING

DIRECIORY OF FLECIRONIC JOURNALS,
NIWSTEIIERS AND ACADEMIC DISCUS-
S1oN 14815, Edited by Aun Okerson, As-
sociation of Research Librarics, Office
of Sclentific and Avndemic Publishing,
190,

Los ATAMOS E-PRINT ARCLvES, Avail-
able op the World Wide Web as
nupy/xaxlanl.gov/ .

SITVAN TIARNAD'S FIECIRONIC ARCINVE,
Available on the World \vide Web as

l. hitge//wwsv.princeton.cdu/~hatngd/
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