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ABSTRACT

Will there be a breakthrough ir. the field of information retrieval?
One authority in that field has said, "No." This paper adopts the
opposite viewpoint, and speculates on what the elements of such a

breakthrough might be if it were to occur.

Several breakthroughs in other fields are scrutinized in order to high-
light the factors which characterize and energize sudden expansions of
new technologies. These factors, plus some factors specific to the

field of information retrieval, are then extrapolated into a "plot for

a8 breakthrough."
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HOW TO PLOT A BREAKTHROUGH

"Breakthrough" is a word with military-journalistic origins which was apperentliy
first used, in a large-scale way, to pertain to the breach of the German lines
in Normandy during the summer of 1944, and the subsequent race by Patton and
other elements of the Allied armies to Paris and points east. Since the war,
the word has been repeatedly used to refer to a phenomenon witich has become
especially frequent in the last two decades~--the "technological breakthrough.”
In analogy to the military breakthrough, there is the entrenched enemy of a
formidable technical problem, the breach made ty some powerful new approach

or technique, and the exploitation spearheads, which may fan out in many
unexpected directions.

As is usually the case with glamour-infused terms, vulgarization sets in,

so that anybody and everybody can benefit from the "psychological fall-out”

of the usage of the term. When so meny pecple use a word like "breakthrough”
in connection with promotional efforts, the use of the word soon becomes
suspect, and those fevw who still employ the word in an honest way are often
themselves forced to find still another word to descride vhat they are talking
about.

Nevertheless, the word "breakthrough” is just as much here to stay as is the
Phenomenon to which it refers. Furthermore, if we understand what a break-
through is, and why and how it takes place, we are in a much better position

to use the word meaningfully and to shape research and development efforts

in ways to increase the speed of incipient breskthroughs as they are recognized.
One can go even a step further and assert that, knowing all the major character-
istics and pcssibilities of a given problem area, one can actually plot a
breakthrough. It is admittedly a tricky thing to do--and failure is over-
whelmingly probable--but success is possible.

What are the defining attributes of a breakthrough? As we erumerate them
bhere, in each case we are going to look at some pattern of events in history
vhich displays the enumerated attribute along with other typical breakthrough
attributes.

The first atiribute is the relative shortness of 1’.:i.me‘1 over which a break-
through materializes and grows to maturity. This can be illustrated by what
wvas perhaps the first genuine breakthrough in the history of man-~-the control
of fire. Man is seid to be a tool-making animal, but his development in the
use of tcols proceeded with painful slowness over tens of thousands of years;
the use of tools by humans could be called a breakthrough only in the
perspective of geological time.

TThis attrivute is descriptive, whereas those to follcw are contributory
or causative.
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for electricity was latent--but perceived and understood by a lsrze caocugh
nuxber that the breakthroush was practically obliged to happen.

The latent reed constitutes only hall of the driving force behind a3 bresk-
through; the other half comes {roz the emergence of clearly syperior new
xethods, the third atiribute of a breakthrough. Argusble superiority is not
enough; sweriority must be incontrovertible. In the contest to which we

have just alluded, electric light versus gas light, the problexs of con-
structing untried and unfemiliar electric power distributloa vetworks were 0
great that such enterprises mignt not have been attempted except for the fact
that, once the electric light had been shown feasible, almost anyone could
see that the use of electricity was syperior in almost every important respect
to the use ¢f gas, even vhen a battery was tne electric power source.

In modern times one of the best illustratioms of this principle is found in
the transistar. In th: ever-shorter time spane in whickh btreakthroughs are
taking place, we find less than a Gecade has elapsed between the first public
arnouncement of the transistor's invention and the larce-scale manmfacture of
transistarized camputers ané other devices; and todsy, after only fifteen
years, transistors are the basis of a billion-dollar industry.

In part this rapid progress was energized by the requirement for miniaturiza-
tion and lov power in airbarne and satellite camputers. 3But the transistor,
quite apart from the special needs of modern wespons systems, has such general
sgeriority over vacuum tubes that a breskthrough could have been expected in
any event, once the charecteristics of the transistor were made knowm to the
techrological cammmity.

The vacuum tube is fragile, cumbersome, and wasteful of power; its fragileness
leads to unreliability and o sensitivity to shock and vibration; 1ts cumber-
sopeness requires camplex instruments such as computers to be bulky and spread
out over entire floors, like ithe stacks in a public library; its high consump-
tion of power leads not cnly to unrecessary coperating expense, but also creates
added engineering problems conrected with beat removal, especially vhen mxh
electronic equipment is required to be in a confined space, as in an aircraft
or aboard ship. But the transistor bac none of these disacvarntages.

The transistor, then, is one of the more remarkable exarples of across-the-

board superiority of a new technigue over an old one thnet mares a breakthrough

"in the cards.” How many other exe-ples are found, in history, of rapid
technological expansion following widespread realization of superiority of

zethod? It would be difficult to cite them all. There are irrigation {3000 2.C.),
zovable type (1450 A.D.), stear power (1770), railroads (1304), telephony (1376),
radioactive tracers (1934), amplification by stimulated ecicsion (masers, lasers,
1951). These are only a few of ihe more spectacular exa-ples.
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A fourth attribute of a breakthrough is sdequacy of svailsdle supporting
tectmology. Perhaps there was & need for sutomatic computational mschinery
in 1E§; perhapes Babbage's method of mechanical computation was clesrly
superior to anything ian sight; wmfortunately, the supporting ‘tectmalogy
required for the feasidblility of Babbage's system d1d not yet exist.

There are other less drsmatic examples of situations where the nesd and the
superior method were both availsble, but where the sctiml breskihrongh was
postponed until the reguired suppariting tectmciogy was dewvelyped. Though

lee de Forest inventied the three-elemenmt vacimm tube which made radio reception
fessidble in 1906, radic bromdessting 4id not come to psss wmtil 1921; memu-
facturing methods were just not good enough prior 4o that time o mssure
resscoable rellsbility of performance in &an elertronic device even a3 simple
as & radio.

The irparteuce of "adeguacy of sveilshle sipporiing tmology” 1s not to be
underestimated merely becsuse it is glven here as the fourth stiribube, rether
than as one of the first three. There bave been times when either the reality
of the need ar the syperiority of method Was. not yet clsar enongh to be seen
by those who needed most $o see it, but where supporting bechnology together
with & bandful of imegimetive entreprensurs turned the tide toward treskthrongh.

When intercontinental rockeiry began in the esxrly 1950"s, the sccent both in
the U. S. and Russis was on liguid-Tueled systems; solid-fueled rockets were
thought of as nothing more than glorified sariillery shells. The U. S., howewer,
ad the good fortune to have a highly desveloped organic polymer technology,
vhlch Inclunded synthetic rubber sod mlastics. Some of the argsnic polymer
industries saw that there was 8 frture for them in solid propsllsnts snd dbegan,
mare ar less on thelr own, to plot what would eventually become s bresiktitrongh.

The major problem was to influence the pecple who held the pursestrings in

the Defense Department to finance the more expensive phases of Gevelopment of
large sclld-fueled boosters, and it was at thiz point that the "clear superiority
of method™ slowly began to sssert 1tself. Bven bere progress was difficult,
because those factions with vested interests in liguid-propellant system
development were most persuesive in their srgumente to the effect that solid
fuels were inherently inferior. One problem was the seemingly insdeguate

thrust of solid fuels. Another was the problem of cutoff control; stopping

a2 solid-fueled rocket when the proper velocity was achleved seemed sbout as
difficult as stopping an erupting volcano.

As we now know, problems of the sbove sort were not insoluble, but required
only & ressomably steedfast application of englneering know-how and ingenuity.
In Russia, with i1ts somewvhat underdeveloped petrochemical industry and its
trailing position in the development of compact nuclear warheads, the case
for solid-fueled intercontinentel missiles was pever strong enoughe-di—ing
the 1950's--to justify the developmentel investment.
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Doudtlessly most oF s remember The Tinst newsnesl shoris of & Releris missile
peing fired Irom 10:s submerged mobile lzomcehimp pad, Vhat we saw wes slishtly
incredivle: @& ridicoloms "pop botils” trmosiing Steell omt of the coser,
Sromkenly iegniting Iteell, &nd SEidng ofF Tike s Fourth of Jr:‘;y TockEb—in
grepy comtrast o the agonizing slowness 57 the Indtis? S of &n Stles

or & Titen. T one could ther deny the: e hresithroneh hef echisvel meitisity.

As preparatior for discussing "dow to Tlot 2 Sreskiitmongh,” we review the
attritabes so fer Siscossei. wilh &r Infizelion thel each must e SHker ivho
account IT the ot iIs 1o succaed.

1. Reletive Shoriress of Time. Thiz etiriboie was presented FSrst Doeomuse it
describes whst oanr gogl Ist o Tring to @ stele of wildespresd sppilicstinm @

new teltmoloy whose princizles er: anderstond 2t ibe outsel by pertEps oo more
‘then hell 2 dozen pecsle, in & pericd of fHime which is gunibte shord Im comperison
with igpizel temologicel gesiaiion periods. lommercisl simcic power iz @&n
example of & non-trepkihrongh in the sense thet. thongh the primciple=s of tech-
nology were understood in 1GLZ, essenmtislly twenty FeErs were reguired o schiewe
e stete of "widespresd epglicstiion.” Iz tofry's times 2 sellf-resperting toresk-

2. Lebent Weed. Thiz factor wes Ireseoied seoond becmuse, thongh it is &
drivimg force for & reskthroogh. It Is & most ddfficnlt foroe o imrpess. IT
one Efterpts to "flot @ brediiirongd” &nd feils, It iz wery Likely tecmuse e
dres not undersiznd how to assess and cepitEiize an e peed Parior. 2 tecirdiosl
person mey heve the @dnceiiomed] @uelificeiions and experience to see where there
iz & bresriborongh o 32 meids--End even e right--bud e fEiEdlly amesere of the
Quesi-poiiticel procezses by widch stredegically zlaced peogie become convinred
thet the need Jduers exdst =md —3m De 2t tironsh 2 rew tecihrolory. Tkless mome
then 8 few mre indured Yo dewelor @nd Epray the rew terimulory, ie smgmort
reguired Iin the earily pimses of Sreskithronsh cermet e mustered., This decade
sees 50 many competing bresiktiroaghes" 2nd sp mEry highe-presoore types telllimg
consumers—-biy and smell--whel they resd. el 2 bresicihrongd withont =o adeguebe
public reliztions zpperstus iz bhended for stagmeiion before it starts.

3. Clearly Superior Methofs. We thirk of @ men &5 fortumsbe indeed i Le
stmnibles onto 2 method or techigne which loome hesi.end-shomlders in effective.
ness over prevailing arts. 3ot it 4s et na:es:samlyamem Iock; such beck-
m.oues can be deiTherstsly songht 2zd fomnd {“hir iz why we Timence wWoet s knowen
ac "research"). The rzesos so few are Tevecded inm the sesrch s oot so muoh thet
most peorle are umlwucky, Tut Thet mostl pecylz do not persist long enongh im the
pearch--they are comtert dto invesi itiedr time z20f erergy in the first merginally
superior idea they epcomter. To prt it anciler smy, i ore aims Tor Vers aod

in the process reaches The moon, h2 beorowes sztisfied with the lesser o2l becmuse
he mever dreamed that he would be ome ¢f the rriviiegeld few to shten? on the momm.
The avenue, then, vo finding clescly superior methods iz: Aap™ e zztisTied with
‘the moon.
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L. Adeqmey of SSmdledle Spmuriimy Terimeliooy. R e Secindosl Ty ordented
Tereon s Is pevimme Ui erslerd Soctor T Tection Wit Ip the gnoitinr o e
Iresithroneon. 3Dut, of coice, Its Imporimmee mewerfeless I nofl T© e -
Sothen Tor & momert.,  Indsed ove i@ ez s resiroegth oot Ty
smm::g' 3 ‘:cr Sremb-mew szgr_:x:r‘:..zg mmm Fmrlogdies WSt meve nott Teeern sooumi
m“mwmmm mm:ﬁa@amm:gmm
‘hemmewer “eprily suprlied wdh Shees Jor Ite espioitmifom; {pySosl Tefmeicr
is o spply Yie Yerdmoloey o & Iit-crerliss Tesls depiine sonelhrine soof wEIE
pprer. Ly s Drequently dde case, sooh lerinciopiss e ofiEn so goientt St
&pen & TRoiom, i iridine sttiemt st splticosiion onr soeiines Tesull I
suepess. I s is so, e Jrogpmosls I s cemelly phsmed sgrillioelioos

T. wiich Feld shmll e Iow Fict & Tresatiroogt?  Son Re Seoeon (1) Dee seid
mmnﬁmmmmm I[zﬂk:mﬂﬁmnm
Sizte of the At

M. SemEntics aud refmdenry ee Fey CCNrertial Ismues &od
o resktironeh. ...

T & Treskiioronsh plotier sweh 2 sEtenert csn ooy e regaoied a5 &
cimlNenge. Tt renfimds Alm & (34i0e of the I certory sintiementss $het sine
eperytitine jic alresqy oown stopit the pipsics of miter and eergy, Sitore
rogress is merely & mEtler souilpimg dte o o practics] probiliems. The
Frese "wetirdlons thesprros coqpiletion” is pertdeniarly oficos bersoe £
mmsmwmmm mﬁmwm-mgmmm
Froress Znanetic, actilly miee Y oeresmmry fr peaple o do more work.

Oir I5wrsr 4esik, in plottine tids perticuisr Dresrthrongh, is o Dovertory
ana:ﬂ.aiblls suppreting tertmmlapies, ld suf oew. Fivet, e cld. We hewe

) Jitrery methofs i 2) tae pElistine indostry. IS fir oot Inwedietelr
WMMMMMMM offer ur, sride Ton s
mﬁmﬂwmﬂmw&mmcﬁﬂmmmﬁmm
siject Indering. The poilliehine Smiostry, W,MWW
W**mv*“”;ﬂqzw‘ﬁmahm we ceuber o &ilection esperislily
= e jorrescing fendency of piplishers fmmmzmm,wwne
mﬂwmjlm&@mam Tiere are telelypes, mmothypes, Tlewo-
‘mdww)ammxitismﬁdﬂeﬁmmzmhmwmﬁ:g

o

Ior glrage o comprter memories.
Toe zacod tiinp of Imporierce shont tée prbliskisor fofnriey iz timt %

ez 2 lzrpe cadne of people W0 a&re sconsiomes S0 working i 2 REghly mechen-
lzel emviegiment, where mesy of <hem srme Spically midSlenss Detamen cre
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oECATTe i Emnother exmmpler Seop sslatyme toooopy SEThor e LIngTymE. or
Toom I e I SoeclTesder o INESE) .

-

e oW Dok 3 ooRw sEcimeiogtes wkich sre avellable snd | SotEntially) sdequats.
Tt @momr uinge IS e ISgtmEl oompwtEr, wEth =l TS visled gerinhersl
quigment. M WConoerT SSTE1 TlE power on the 35Sl coppmter, Wy 33 I
eSS @ resimroyrh 3®s 1cn TS &l os=EqyT Emﬁm-
Tlmy e TarmlsrT Ztizrh&ﬁ’*in‘:f:sﬁz:&;fmﬁﬁin;éumw_mcf
Tolamele muper In oemwds -—-wET mhain T c&.l‘._;ize“‘z;mm.”m
SpecsItaal Ty Iemlimg winh simuatroms Irwniwsor She retrisval of TESUTEL
.m:zm;_&:zx_: z&%;mr‘m*'mmmmﬂmz

e!-_;ez'.:mx. wEiTERT = apw TEcimoiope IsmnaTs around CESicdeE-IEy tabe SEsgiEys.

e w2 TESIETT o SEIiias WETE ~v—m_:r_—="-«_3xx_ae¢:sm.ammm
@, sy, Toroecsed o tEwizsd T zao e ior withous ever Eving oo g Shromdih
“he oremmecorrErsioneinne Trels wesoh 13 o ormersome stk the umEl Dtecrtc
Eefmtmes. These eFE ~zugs Toom Itsirurents seh @@ feromtromicts Fofden,
o whIckh oucooing TElSTITE CESSEDSS CZg ae disgisged to tThe cper=tor for oor-
mEoTion delors acmElily I1einE =L UG, SO INrE Edvanesd scopes accepting Bight-
el Irrut.

SmEmmryr tx additiowm to she wErimms acwensed mEcitnes which dizital fze tewt, e
e e Shohoelscoirico grint resder. ToF ponencizl I3 greal beczuse §E mengers
weExt Inorh 2@ esgy o Yhe cmpnter 5 ToE umEr <7 renders T ezsy Sor the
i, mlrcrametelry, proth resderz Zz2oe 1ot 7o 2his So sorert Zwy snd AT
TrIimnel mEnErEL w‘ﬁﬁfmm,%w \\.-‘:I:eh.s"*f.lcn&“*__g ety < type
Zmts daizh exist i moderT grintins, =muf Zore Tecapse of the EEIZfenkty
=7 Ieweicoing m«é’: - ImErgrstasIion »_.gf' 5 gErersElizeld 25 thas of whe e
eE i TrEiv.,

&H

IZ % zr® 40w o LETR 2oy rEel tasmcs of fmﬁ:zg—:—. i "’;r sfm=”mm&a§
cicises. IZ Iz 2 grest Zesl zerier o Zesess 1eedis n oz f':".eli Lioge iﬁmim
renrierEl SrEr I Is fo invemtory eveiliziie fechnelogies: the open prolessiowal
ITitewzsare descrites ke lzoter i 28 muol i:f: Z zz @ zre rer [Yely o zak,
s sae Zormer zrz deworizel Iqoe wey whizih vonll zErily te zoptihing Tt super-
Binizr. Tniz Iz nom Tecznss ¥R ETe IOy chesrrers oF Inmer zezds, Dol nore
TELEGEE THETT Ere Il BT LmnorTas elsmenti, £rEn lritlcsl siemerntr, vibdch
eomremely CLE2IiolL o thesrrz or zotielly wponserTeile.

*

1’::; e’ rely oo WhES peaple Iz They reel: yon cEnT even crew el lvime

corelpsions Srom et ey do ume. e c.:u;.i we e predicted, v o 2
g &f0zcwx o pleghores znd symamckiles o cirsupers, I zivzree o7 thelir
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ewery S=lephome gger sinmce Lher hes "Escowered the t=leghore" im s o
rivebs world,. by findimr oot how So Integrsbe the telepiome o s owm
pectern of Iiwing. Sub if ore had asisd @ reslidert of 2 Few Sxgland towm im
e I87G"s wtetier e meedei a telephone the sorwer wld poobsinly e some-
Shfmg Iik=-  Lock, Mister. There's too moy people t=lxiim" s it fis. 4 body
= AEcfly o= 2 daypts wark dore witimt some good-forenatitin cores sroomd to
Dess the time jabfperin" shomtt bs slick cow. The lsst thing T wmit is thet
frfeme] Well mimgin" ~fghtt fm the milddle " xrwe feediomt.™

v &mE ol faciliiftfes. Self-cheervwaiion coap be of grest importsmre, heosomee
aeperizl Ty true o ax sares ik irfomefiion retriecsl, where people Imfterset
wizh nhe o=itten revard &s ioddviduels, ard whers the dboerwver e mEny more
chmwes 4o mmitar s owm Drformetion-sesrehine forsys than to mumitor thoee
< khers.

Qe off che st chings 2 carsciestions self-chaerwer will berone saare of is
thet there I3 & relsticoneifip Hetween the Dreguenry of hiis searches sod the
et Tery there iz e foverwe proportion between freguerey aod distamee.

The sixrtest dHstmure to s Informticor soorree corurs, of comse, witiin his
o bheed. If the Informetion reguired is oot esslly sccessihble im the mimd,
e then Iocks for axn Infomtion souree witiin sem's length of his chair:

s bocksel?, s notebotis, his exresponience file, Is stack of professional
Jozmals, cr--1f meed be--the teleginome. The pile of paper in are'"s office is
iz effert an suxilisry mewory with s typical sccess time of coe mimnte. A
peracn mey wirk the wiale deay sod oot Imve to make more then a dozen formys
begond the confimes of hils office.

O of tixls dozer, fxlly mime cr ten might be to meigiboring offices witiim s
=it L 50 feet ar so of his detk, elither to talk to colleagues ar to cansult
bocles o jormals kmows to he in thefir possession. Ferbeps, then, only om two
@ three occigslioms during the warking dey is ane reguired to venture beyond
Zs lmmediate neighiorhood in search of infometion. As a2 conscientions self-
reasver [ oactice myself visiting the campany librery nct moere then taice s
veer. Trher "digtert” foreys sre typicelly: 1) to comsult bocks which I keep
2t zome, 2) tc write letters to (ndividuels koown to heve specific imforme-
“icr, 3) o peruse specisl (ooo-librery) collections of docuwents poszessed
oy mcre diztestiy locsted collesgues, im &d out of the compexny, or k) to
etesd professiconal meetings.

Iz 2d2iticn 1o revealing the fmverse proportionality between frequemcy of
zegercn znl disteance tw search medis, self-chbservatian aleo reveels thet coe
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getls meh edeactage Trom Rrowing wiere Informstion Is to e found. I have
mEde seweral abtorriwvwe atismpts to coansiract &rd metioctsim & csrd fHile Index
of the coxtentis of my Tllice, taft Toard Diter=liy thet it wes oot wortk the
effort exgemded. UThwiithingly, sod efforilessly, I was medntstimiing im oy
hesd @ better jindex of the comentts of my offfice thmn T conld costrect oy
whet heeding: o ow oey besdings chonld @ given Item e fHiled.

The "ped apEiysis" ve havwe mede so fzr points 4o e interesting new
suggestiion for improwing the swmrage mn"s socess to Infometion: to inprowe
the quartity and quelity of the informetion-sesrch sids wiiilim aom"s length
aff the infometion copsumer's position £ ks desk. This policy sccomplishes
twmo thtimgs: 1) It pemits & lerge mnber of ©its of "irformetion shoot
irfommsion” ‘o core imto the commumer's swiftest scoess suxilisry storsge;
s leck of fonffdtion im conpuliing these smroes would be szeond ailly to kis
lark of fmhibiticon im interropmtins fis own mind. 2) Gecsase of the high
freguency with wifich the copsumer will comsxlt the smrres withfin sm's
lemgth, he will form & "meocml index" of those sowrres whfich fm time will

greatlly imrremse hiis efficienry in thelir use.

Qur Eppotiesis, then, is thet the icfometion copsumer s grestest latert need

is for ope-mimute-a-less scoess to highly aemuized, imformestiom-rich meterial
wittich giwves Hfim meximel comtaet with thet portion of the wrld"s written recoed
pertiiment to kis wok. hiess soneope can suggest so alltermstive need-bppothesis,
we will adopt this as & mejor gremise im the plot to tresk throngh.

The mext step is the qguest for s clszrly supericor method. We kmow the
eveilshle tecimologies. We eve 2 ressomable hypothesis of meed. How cam
they mow e brooght topether to imrresse the memtsl comtect betweem the
infarmetion wser snd the written record?

We must now remind curselves smew of the most 1ikely resscn wiy e plict for a
treaktirongh will fail--the difficulty of hermessing the Istent meef ss 8
driving force for the bresktimough. Let uws suppose, by way of illustreticm,
that ome conreives & caputer-produ-ed fmiex widceh s clesrly swericr to amy
other inderx——memmm] or sutometic--in cight. How wozld swch sx fimuorstor
proceed to convince the world of uwsers of the clesr supericrity of the Index?
The mort direct way would be to circulate the Index to & large mmber of
users; becayse If the superfiority of tie index is clesr, it cught to be
especially clesr to cne who wses it.

Unfortunstely, muck developmentsal worz and capitel imvestment e required
before one can ever circulate such 2 product to & lsrge encugh number of
pecple to create 8 "self-sustaining breskthrough.™ The fnexpensive alternative
e to comvince stretesically placed persons, who comtrol dollars snd men-hours,
thet ~he index is clesrly supericr. At thie level, however, sup<sricrity may
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ot be so clesr as it womld be for x user of the finished product. 3Hecause
these penple have greater responsihility, they alsc have greater caxtion.
Mreaver, they would bhe constrained to evaluate the index according ta Intel-
lectum] criteriz rather than according to persaoal experfence In ussge.
Farthermore, an undeveloped fdem fz never s= sttractive as a finfshed product,
and ® man fs espectially suspect when be clafms his Idea fs "~learly superior.”

This is & fact which hms to bhe coxtended with: idess which lsfer prove tao be
dectsfve tao aften wre unreccgrized sodfar opposed fn thefr fnfancy. But one
thing most be reczlled from oor very first sentence about lIstent ma-3: {Lthat
such need s accompenied bty s receptive climate where unususl welcome s
extended to cew [dess--the Gifffculty Is thet, Inm modern times especially,
the hospitality of this cIiimste fs siused by & saturstion with mmny ideas
whichk are not so god; In cther wards, the climmte can be so receptive that
bad fdegs wre frequently purchesed, csusing receptlivity to LDecome weighted
down with skegticism and caation.

Receptivity, nwever, iz still extant, snd Iif we can Iocate its swviving
foci we can mobflize the psychological capital, and eventually the bulgetary
capital necessary to give the breskthrough momentum. The most receptive
posstble slly {3 me who slresdy hes & technalogy packeged wp and for sale.
Just s the palymer industry wes locking far salid-fuel rocketry, so might
some presert-dey industry be lockimg for the clearly superfcr retrieval idea.
Ir they can be satisfied as to the clemr superiority of it, they will join
the treakthrough plotters energetically im developing it and pramoting it.

Sow, assuning for the moment timt there does exfst same benefactor with a

"tecinalogy for sale” who will swpoart eny "clearly supericr fdea”™ which we
might see It to advocate, and for the moment mot worzying abouf who this

bernefactor might be, we now feel free to unccover the clearly swperior path
to retrieval of documented Informetiar.

Whet shiould we put within “arm*s resch™ of the informetion user st his desk?
Bow should we £E11 kies "guick &ccess euxflisry storage”™ The answer whick
suggests [tself fs: we should swround the nser with highly ~reanized and
condensed summerizations of the literature. They must be hendy emough,
pelatable encugh, and rewarding enocugh that the user will comnsult them frequently,
because the more frequently he consults them the better his "mental Index”

«iI1l become, thus in turn lowering his inhibition in consulting his "arm's
length stare” and frereasing his effectiveness as a retriever. Handy enough,
paletsble enocugh, end revarding emcugh--we take up each of these requiremente

in turn, in the hope of establishing the specifications for the clearly superior
retrieval instrument.

Hendy Enough. Part of the handiness is, as we've realized, arm's length

proximity. Books, pamphlets, or file cards are handy. Mcrofilms, and other
such ultra-condeneed representations, allow us to place more bits of informa-
tion within arm’s reach of the user, but at a double cost: 1) some increase
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in use inhibiticn, and 2) much less feasibility of "mentsl indexing,”
requiring reccurse tq an external indexing scheme with all its time-consuming
fetters. Microfilm, of course, could serve as a scmevhat larger and less
accessitle office starage, and if a correspondence were to exist between
bock ar file-card (macro) storsge elements and the more capacious elements of
the microfilm, then the "mental index" giving access tc the macro-storage will
alsg serve in part as an index to the microfiim store. This is optional, Low-
ever, and it appears a reasonahle stance “lsb the "arm's length stare” should
he camposed of macro-elements.

Palatable Encugh. The elements of the user's arm's length stare should be

easy to interpret, and preferably even fun to interpret. A large part of

oz success in baving any retrieval system work is in persuading people to

use it frequently and voluntarily. If there is joy in using a system, then
little persuasion is necessary. It is a sad fact both far traditiomal reference
systems (biblicgraphies, abstract jowrnals, indexes) and far computer-generated
products (autc-abstracts, permuted title indexes) that their use is a dismal
way to spend ane’s time. In a pre-camputer society this might have been
inherently unavoidable. We must now ask: can computers help us to generate
reference systems which are a pleasure to use?

Rewarding Enough. Many otherwvise uncriticized retrieval schemes have often
fallen flat because & user bad great difficulty in obtaining the documents
to vhich the system referred him. Generally speaking, in any system wve must
expect the document to be less accessitlie than its condensed representation.
However small the access time and the inhibition in the user's reference to
his arm's length store, the purpose of the whole idea is defeated if each
search trail leads simply to a reference to & document. This is not so merely
because the document might take an hour or a day to deliver, but even mare
importantly because the user may not want to read a wvhole document in each
case. In short, owr erm’s length retrieval system must provide information
revards of a brief and crisp character, so that the user is given some infor-
mation wvhether or not he orders the document. Thusg, even if the user never
orders & document, he will still derive enough value from his arm's length
system to motivate him to use it frequently.

The formulation which now suggests itself ig to have computers generate, from
the full texts of documents, condensed representations which can be combined
in an organized way and issued &s books, pamphlets, or card sets available
on request (or through selective dissemination) to users for use at their
desks.

There are many aspects of such a system which we do not have space here to
discuss. For example, there is purging and updating to be considered; we

have room only to opine that the user should be given the option as to
whether these functions are under nis personal control (requiring added effort
on his part) or under some form of automatic or institutional control.
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The only aspects of the "arm's length system" which we want to discuss at
length in this article are those germane to our attempt to comsciously plot
a breakthrough. We have just decided what the focus of the breakthrough is
to bte: & highly organized, easily accessible, information-rich auxiliary
storage within arm's reach of the information user at his desk. The next
questions are "What will the elements (books, pamphlets, card sets, etc.) of
this stcre contain, and how will they be produced?”

What wve first must think about is arganization. The arm's length system bas
tvo basic levels of organization, gross arganization (arrangement of the
elements) and detailed organization (arrangement of sub-elemenis within each
element). On the gross organization level, we have appreciated that the
desired 1low inhibition in use ¢ the system can best be realized if the user
is allowed to arrange them willy-nilly and to rely on his own familiarity with
where things are in his offire envirooment. If the user 1s a campulsive type
vho likes to carefully and deliberately organize and index his environment,
this should be his prerogative. Our system, if it is to be truly popular,
mist accommodate a variety of temperaments.

We assume that most users, compulsive or otherwise, will unavoidably rely
heavily on their "mental index" of their auxiliary store; this leads to the
requirement that there must not be too many elements in the store; it argues
that books are preferable to pamphlets, which in turn are preferable to cards.
On the other hand, books are bulky, relatively expensive, and not amenable

to updating and selective purging. A tentative "optimm" might be packets of
parmphlets, where pamphlets can be grouped according to the user's own conception
of bow the universe should be organized. The physical means of grouping could
be bax files, binders, vertical partitions, or whatever means might appeal to

a user.

As we go from the gross organization level to the level of detailed organiza-
tion, we also travel from a realm vhere it is easy for the user to arrange
things to suit himself to a realm where there are far too many units to be
arranged by the user. As we go fram the large to the small, the "mental index"
principle becomes less and less effective, and the willingness of the user to
arganize things declines rapidly. And yet at the detailed level arganization
is of critical importance.

How are we to achieve organization at this level? At this point we have
recourse to one of the most mighty of our available new technologies: the
software technology known as "digital computer programming.” By a variety
of ways we can feed the text of entire articles into computer storage and,
by programmed means, perform a practically infinite variety of operations
on the stored text.

One of the operations we can perform is to group documents according to
similarity of word content, which approximates to a reasonable degree grouping
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by topical similarity. There are working programs now available which can

do this, although the art of "automatic grouping” is just beginning and
cannot be called an "available technology" in itself. Nevertheless, it is
becoming apparent that pushing this art is an important component of the
breakthrough we are plotting. It is not, however, an indispensible comporent;
there are grounds for believing that if +the software available for "autcmatic
grouping" remains in its present primitive state it could still serve as a
factor in the breakthrough.

We need not be unduly disturbed if similarity of word content is not in
precise correspondence with topical similarity. For one thing, "topical
similarity"” is hard to judge when we deal with articles in the same field.
There are too meny arbitrary subjective criteria by which one might decide
that article A is more similar to article C than it is to article B or

vice versa. For this reason, matching of choices of words by the authors

of the articles is as good a basis as any for determining degree of similarity.
Furthermore, this method of determining similarity has the indisputable
advantage of lending itself to automaticity.

Now, numerous researchers in the field of information retrieval have studied
document grouping according to similarity of word content, but no breakthroughs
have occurred in consequence. Why not? Conscientious as the studies might

have been, the importance of representing the groupings in a way that is
visible to and interpretable by the information searcher has not been seen.

All systems advocated on the basis of these studies have had high inhibition
factors. When we see that our approach to retrieval must involve low inhibition
coupled'with enhanced motivation, we are on the road to a "clearly superior
method."

Our first tentative decision was to provide the information user with
Packets of pamphlets for the user to arrange as he sees fit. Our second
tentative decision is that the organization of the material in the pamphlets
should in some way be based on word-content similarity as determined by
appropriate computer programs. What this means in particular is that all

of the documents represented on, say, page 108 of a given pamphlet should
bear a closer resemblance in word content to each other than they do to docu=
ments represented on other pages. (Such a state, by the way, does not have
to be literally achievable; similarity relations do not necessarily structure
themselves in such an obliging way. All that matters is that it be "approxi-
mately achievable.")

Ve are now ready for a more detailed description of a typical pamphlet:

what all is in it and what does it look like? Like any reasonable pamphlet,
this one will have a "table of contents” at the beginning; the table will
be in large part computer-generated; but it will also be heavily edited.
Without the latter operation, the breakthrough cannot get off the ground,

in this decade at least. We must not forget that "paleatability" is an
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important factor in enhancing the motivation of the user to frequently
consult his suxiliary storage. Unedited computer output is likely to be
unpalatable for a long time to come. '

After the table of contents we come to the basic material of the pamphlet,
Bach page will have a dozen or so representations of topically close docu-
ments. What will they be like? Will it look like an abstract Journsal?
If it is literally like an abstrast journal, we can bet that the break
through will not go; I know professional pecople who have in their office
. cartons full of abstract journals which they never look at., - .

Part of the trouble is the "underorganization" of these journals; but also
it 1g, I think, that there is something repulsive about a psge full of -
abstracts. We must construct a page which will draw the user in. In the
center of the page (or at the top) will be a large word or term,.in bold-

. face type 4.inch high. It will be a word or term suggestive of what the

- documents represented on that page have in common; it will very likely be
& content word (or term) which all of the dccuments have in common as &

key word, i.e., a.word of high frequency. Radiating outward from the
centrally placed word, thin lines will .lead to words in smaller type which
reflect what certain sub-groups of the documents have in common., Finally,
for each document will be shown a single sentencee=& conclusion, fact, or

) Opinion. N . :

Would this sentence be picked out of the document. automatically? ZLargely
yes. The sctual process would probably be something like this: -

1) A computer program selects six or eight sentences from document
text, based primarily or richness of word content. Ways of deing
_ this have already been worked out (2,3). ,

2) An editor selects one of these and rewrites it 'so that it can stand
by itself, without requiring the context of the document for its
easy interpretetion. In an advanced index-generating system this
could be accomplished at & display scope with a light pencil.

3) The sentence, once designated by the editor, is assigned by the
computer progrem to that page of the index which contains its
closest topical neighbors.

There are, to be sure, dubious aspects of this scheme., The asuthors of the
documents may be upset at the thought of having a single sentence of thedrs,
out of context, displayed to thousands of information users of whom only 1§
might ever order the entire document. I am sure, however, that these same
authors would feel no pain upon reading similar sentences drawn from the
text of other authors. If there is uncertainty about the truth or signifi-
cance of the sentence, one can slways order the article. The faet i8, in

AL
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moet cases it will not matter. The world is already constructed in such 8
way that the user's picture of 99%.of the documents to which he is exposed
is fragmentary indeed. Furthermore, a&s a system like that just described
undergoes evolution, the authors may themselves be allowed to designate

or specially compose the sentences which will represent their articles.
Another dublous aspect of this scheme is that it sounds like a tremendous
amount of human lahor would have to be put into the index-generating process
. 1f an editing operatlon is required for every entry in the pamphlet. On
the other hand, the editor plctured in our scheme hae to do far less work per
document than & conventional abstract writer would have to do. If, through
computer use, we make a 90% saving in editorial effort, it is almost as
large as the 100% saving we would meke under complete automation of index
generation. The question we have to ask 1s: what does the resid.us.l 10%

of editing effort accomplish? -

In th.-l.s case it accomplishes a great deal, because without it we would
not have a breakthrough. The requirement for “palatability," as we have
. already noted, is crucial enough to Justify & considerable investment in
editing. The investment in editing is acutally but & small added cost
which we regard as an insurance premium~-that the millions of computer
program operations required to analyze, compare, group, organize, and
condense d.ocuments will not have been expended in vain.

What else is in the pamphlet? In addition to the "palatable” portion of the
pamphlet, to which the user will refer most often, there will be a "business”
portion, which need not be palatable and can be automatically generated
without a requirement for editing. The "business" portion will contain two
sections. One will be a standard bibliography containing all of the infor-
mation the user would need in order to f£ind the document itself. The other
section would list pamphlets containing more detail per article, in case .
the user elects 4o have a more detailed index of an area of speclal interest
to him. Finally, there i1s an index, generated automatically with perhaps some
editing, which will provide alphabetical entry to the pamphlet, thereby
supplementing entry on the basis of topical similarity.

Now we take a second loock at the "arm's length system,” in quantitative

and quelitative terms. Quantitatively, we see perhaps 200 pamphlets within
easy reach of a user, each of which contains references to perhaps a thousand
documents: 200,000 "palatable"” references in a highly organized state.

Such a system could well accommodate references to all of the articles

in one's own profession for the past decade, plus a good number of references
in related fields c¢f the user's choice.

Qualitatively, what do we have? What it amounts to is a highly structured
collection of proverbs. Each such proverb (which need not necessarily be
factual) is the crisp "information reward" which we decided earlier would

be required to enhance user motivation. There is then not only low inhibition
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in using the file, but also a rather sirong temptation tc browse. Many amusing
swprises would lurk in the file, such as "The 2Zwirtz Frocess requires phospate
rock feed with low silica contamination” next to "The adventage of the 2wirtz
Process is its tendency to precipitate and discard silics impurities." Or

we might see, "It is unthinksble that we can have sutomatic indexing without
first developing machine searching” adjacent to "From 8 research viewpolnt,

a study of automatie 1ndexin.g is an essential prelude to the solutrlon of the
machine searching problem. "

To reiterate: when searching the literature becames convenient and enber-
taining, pecple will search the literature. Indeed, five years from now it
could be commonplace to hear supervisors saying, "Jomes, will you please
stop searching the literature and do some work." Y

The question we finally ask is: Who will provide the money and -‘the man-hours

to start this breakthrough on its way? Who is the benefactor with the

" "technology for sale" who will suppert & “clearly superior 1dea™? It is
‘highly likely thaet such & party will be found within the publishing industry.

The motivation of this party would be ture and simple: Is this "cn.eamly

superior idea" & good way for me to make money? '

The possibllities faor mrket e:qpa.nsion are large. Consider ‘bhe foﬂowzhng
quetation of John Markus (4) of the McGraw-Hi1l Bock Company:

"...Money is at the root of most index-publishing problems. Individunls
rarely buy published indexes, partly because of their high and con=
tinuing cost and partly beceause they usually have to gzo to a libtrsry
anyway to get the documents cited in an index. The market for imdex
volumes 15 thus small because 1t consists largely of libraries....”

When we talk about hundreds of pamphlets lining the offices of tems of
thousands of professional workers, we are talking about & huge market which
does not now exist. The major question of interest to the publisher is:
What will it cost to produce these indexes and will pecple buy them?
Questions such as "Is similarity of word comtent a sound basis on which to
organize references?” would tend to be of little interest to the publisher;
1t would be of much more interest to him that automatic organizaticn of
kind %s feacible, and here egain the guestion would be "How much will it
Tost?"

Many publishers will find themselves already having, as part of their
normal operation, most of the text they publish in digitalized form. This
puts them in an excellent position to develcop & pilot-plant operation

emong their own clientele. Expenses for computer time, which in the scheme
we describe are still quite large, might be willingly borne--as part of a
development effort--1if cost projections for future computer expense rates
decline steeply enough. And this is not the only possible source of cost




12 December 1963 19. 8p-1kg2

lowering. Another very substantial decline could come from finding programmed
metholds vastly more efficient than any we now visuaslize; dut one couldn"t
hope to reelize such geins without being willing to unldertske & Qdevelopment
effort.

A publisher, rurthermore, would tend 1o be uninterested in such guestions

as: "Is mechine searching of bext superior to mechine indeximg?" If he can
sell pamphlets to someome who works twemty feet from the ocutput €nd of &
literature-sesrching computer, that"s good enough for him. He would mot be
interested in the outcome of rigorous evaluation experiments which determine
whether Index A is better or worse than Index B. But if Index B seils fester
than Index A, he is then very much comvinmced thet Index B is better. The
pubtlisher is not alarmed when he reasds that 'the number of litersture producing-
end-consuming scientists is incressing exponentielly. Indeed, he is gquite
pleased, because it implies for him &n exponentiael incresse in business wolume.

The publisher would not teke part in esrnest debates ®bout whether or not

we should heve mammoth centralized informetion centers, &5 the Russimns have.
He would instend take comfort in the reslization thet bhis costomers would

be on the mverage severel hundred miles from &uy such conceiweble imformetion
center. When asm informetion center is finally opeped, it could onily mesn

to the publisher 8 more comprehensive supply of rew maeterial from which

to generate pemphlets.

If publishers 4o indeed decide st this time that there is &m "informstion
retrieval market,"” from which momey is to b= mmde, there mre some interesting
evolutionary possibilities. (Ome suoch possibility, for exsmple, is thmt the
balance between man and mechine in the production of indexes mmy shift bmck
tovard tbe man, rather than toward the machine. Imn 2 doctrimeire climate
where people are satisfied with mothing less then "fully automstic high-
guality” processing of lsngusge, such & trend could mot occur. But it

could occur if & publisher found that increased applicstion of editorial
skill resuited in incressed sales.

The question of "How to Plot ® Breskthrough" camnot be enswered in the text
of this paper. It is much easier to write about plotting a breskthrough
than it is to plot one and have it thereupon tzke place. In one sense it

is about as foolish s writing ebout "How to Meke & Milliom Dollmrs" witbout
bhaving first made it. Indeed, even one who actually makes a2 million dollers
is not necessarily eble to give the public the straight goods on how to
meke a million. If such a milliomaire were in full possession of the trutb
about human neture, and were honest in revealing his knowledge, he might
say: "Don't even try to meke & million. There are only a few people who
cen éo ’t, starting from scratch, and I'm one of them."

Tberefore, even if I had already suc-essfully plotted a breakthrough I would
not be by that token in e position to advise others on the matter. On the
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Other hand., the theme has been enghasizad hereim That ¥ weskilmoush
plotting is st all possible, it oan anly be sccomplished by stulying former -
bresktiroughs ani undsrstending the forees behind them. I ore tiexn lodks
for eguivalent foress in @ cwrert provlem arss, he stanis & ool chmee

of Jinding ‘them.

Spottimg these forces, <f cowse, does not subommiically lead to & swccessfull
Fforecast. One omn lesve & wreeognized {oporisnt elemenit ot of his oml-
culetions-——an elemprt which oun leat MHetory in e conpletely Eifferent
dirertion tmn ore niight prefict. Nghe there is some wwresognized wirtaee—
for exmmple—in ot kegping up with litersthwre. T iawve found st oy
contact with the litersture only imtimddsbe them mure? Do Uy Intaditiwely
know thils, snd do they therefiore try to swoid the literstore? This paper
s tried to inclmie the prdshle ppoinlogics]l charscteristics of the
Intormmtion user in its amlysis, Dt it oy oot mee gore nerly S
enough.

Tmitever the cape, it iz a St staterent tmt grectitioners of resssreh
and Gevelopment in the field of infometion retrievsl have stesdbastly
neglerted to sprreciste timt the mind snd pegyehology of the infometion
user form the cemtral element in the Wiole retrievsl] pictore. Some grodging
acknowledgmerts of this imre been mede, leading to librery we stoiies sod
retrievs] systenm evmlmtion projects. These studies, of cowree, shed wery
1ftttle light on whet people will do when given mdically mew todls, swch &
modern technolazy 1s mekine sveilsile. Eﬂmmmmﬁmmmﬁt,
perheps omr stulies of the user sre mot sufficiently "fundmmentel."” O
1smmmmmmmmtfmsmmmmﬂs"m
shstract” mof "uminteresting. " I&ﬁs"%mmzmﬂke&mm@ml@mﬁm'
Mdfmsmmemmmm"m@hmﬁm

Lo be blesk. The "fumdsmertsls" of hunen metorre howewer, will csteln wp

Thiz could be & large part of the story of wiy bresktironghs heppen. Do
they heppen suddenly beceunse they sme long overdus? The principle of lesers
was depcribed by F. C. Boutermens, & physicist, 30 jesrs ago. Wy wes

there not & gratum] development, rather then & sulden bresktimongh? Solid-
fueled rockets @re &r cld &5 gunpowder. Wiy didn"t the Germens (wtho once
led the world in ‘he technology of arganic chemistry) dewelop Polsris-liike
missiles? ZEleciricity and its properties were known sbout im the times of
Nepolean. Why &id It take & century to resch the "age of elsctricity™?

The ballocr of dogme and mental rigidity is inmexarebly expanded by the

pressure of events. The tension incresses. Then along comes one gy with
2 pin. The result: poof?! ~Ancther bresicthronsh has occurred.
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