
technical support,  customer service, and 
so on. For these people, computerized 
systems represent powerful tools for 
assisting them in the performance of 
their work. The problems derive f rom 
the increasing ability of  these systems to 
take over much of the work now per- 
formed by manufacturing,  clerical, and 
service workers. 

Solutions will not be simple. Elements 
leading towards acceptable solutions 
must include human considerations in 
the direction and pace of change; 
shortening individual work time to 
spread available jobs around more wide- 
ly; and creation of new products and 
services both to create additional jobs 
and to meet social needs. 
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Journal  publication is still the primary 
vehicle by which scholars and scientists 
communicate  and build a cumulative 
record. But it is only a question of time 
before economic pressures of  rising 
publication costs and the opportunities 
made possible by information 
technologies for new, more cost- 
effective publication options will effect 
major  changes in the very concept of  
' journal  publication' .  To begin with, the 
idea of  'publicat ion '  may be t ransform- 

ed into a notion that admits of  'degree of  
public domain ' .  The concepts of  ' jour-  
nal '  which literally means 'dai ly ' ,  or 
more generally 'periodical ' ,  may not be 
necessary altogether or of  secondary im- 
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portance. What is primarily at issue is 
the distribution of knowledge with 
regard to accurate targeting, screening 
and organization according to relevance, 
importance,  quality, novelty, and com- 
prehensibility. 

In what follows, we sketch a series of  
possible changes f rom the present 
system of scientific periodicals to a new 
kind of communicat ion system with 
structures and functions broadly 
analogous to, and beyond, those of  a 
higher central nervous system or brain, 
possibly the next evolutionary stage. 

1. An Expert System to 
Advise Editors in 
Referee-Selection 

This is the first system in the series. It 
only goes a small step beyond present 
practice. We take the current system of 
periodicals to be characterized by the 
following variables: 
T: the time (days) between issues: e.g. 90 
for a quarterly 
L: the number of  articles per issue: 
typically, 5-10 
q*: the minimum quality for an article to 
be published based on consensus among 
referees on some rating scale 

c: circulation or number of  people ex- 
posed to an issue 
i: the impact factor, multiplied by the 
number of people impacted (Garfield, 
1972). 

One of the editor 's  key tasks is to 
decide about acceptance or rejection of 
manuscripts. This is generally with the 
advice of  a set of referees. A key goal is 
to minimize tile pcobabilities of er- 
roneously rejecting a high-quality paper 
(which may subsequently appear in a 
competitive periodical) and of er- 
roneously accepting low-quality papers. 
In a previous paper (Kochen, 1983) we 
analyzed a proposed means of decreas- 
ing these two probabilities to achieve a 
level of  acceptable risk: The idea is to 
view referees as a .,.ample of  the most 
competent potential readership and to 
increase the sample size for each 
manuscript.  The essential idea was to 
provide the editor with an expert system 
that advises him in the selection of such 
a sample of referees, and that supports 
him in the administration of getting 
usable reports from them expeditiously. 

Traditionally, this expert system consists 
of  the editor 's  memory augmented by 
the publication's Editorial Board. The 
knowledge base consists of  active- 
referee profiles, constantly-updated pro- 
files of  potential referees, and if-then 
rules that hypothesize how a given kind 
of referee would react in general to a 
given kind of mant~script. 
A practical implementation of such a 
system might work as in the following 
algorithm: 
1. Ask the authors of  a manuscript to 

name as many peers as they can think 
of, whose judgment they would 
respect. Ask the persons so named to 
provide their own lists of experts on 
the topic of  the manuscript.  Continue 
this snowball sampling procedure un- 
til there is evidence of closure. If data 
about  who nominated or cited whom 
in what specialty were pre-recorded, 
this procedure could be simulated by 
computer .  The result is a sizable 
population of potential readers to 
sample from. 

2. To sample sucl~t a population with a 
given manuscript,  the editor must 
know enough about the manuscript 
or its author to associate or group 
them with others that can serve as an 
entry point, in case the author is not 
in the target population. 
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3. To build, update and use such a 
database, the editor also uses a 
knowledge base containing statements 
about the topics of  various 
manuscripts that help him relate the 
topic of  the manuscript to the topics 
on which the potential referees are ex- 
perts and to make inferences about the 
probable quality of  various referees' 
judgments. 

4. A random sample of  n is chosen from 
a set of  equally qualified candidate- 
referees. In doing this, a database 
about the referees, including their pro- 
mptness, interests, case loads, etc. is 
used. 

5. The process of  search, selection, con- 
tacting of  candidates, negotiating with 
them for a prompt,  thorough reply, 
thanking them, etc. is handled by ap- 
plications programming using a (com- 
puterized) database management 
system. 

6. Using tests of  the kind developed by 
Tversky, Kahnemann, etc. the editor 
determines possible biases in referees' 
judgments, compensates for them, 
and combines diverse judges' outputs 
into a composite. That,  together with 
estimates of the probability that a deci- 
sion to accept when the manuscript is 
of  low quality (plus estimated cost of  
consequences) is used by the editor to 
support his decision. 

It is clear that if sample size n is sufficient- 
ly large, quality of  publications should 
increase. 

2. An On-line Community 
of Authors and Peers 

It is only a small conceptual step from 
the above system to replace much of  the 
written media in communication by elec- 
tronic means, including the physical 
manuscript. Assume that an entire scien- 
tific community were on-line, with each 
member having easy access to his own 
workstation wherever and whenever he 
needed it and able to easily access a com- 
puter conferencing system at little or no 
cost, so that he does it naturally and 
regularly. An author,  having composed 
his manuscript with the help of  a word- 
processing system on his workstation, 
sends it to the editor as he would transmit 
electronic mail. The latter scans it on his 
monitor.  Perhaps he also uses a content 
analysis program to supplement the key 

words supplied by the author. These are 
entered into the knowledge base to 
generate a set of  topics on which peers 
might be experts. The authors of  
references cited in the paper are entered 
into a citation database to generate a list 
of  candidate referees. Their exper- 
tise/interest-profiles are checked against 
the generated topic-keywords. The latter 
are used to search an index, and that may 
add to the pool of  candidate referees. 
That  pool is expanded by use of  the 
database that lists for some of  its 
members whom they nominate or cite as 
experts. The final pool members are 
screened for availability, interest, etc. 
based on stored data. If  that data is out- 
dated or absent or doubtful, the can- 
didates are queried via electronic mail. A 
random sample is chosen from the finaliz- 
ed pool, the size fixed so as to produce the 
desired estimated probability of  error. 

The referees are contacted on-line, and 
if all agree, a computer conference is 
started. The editor may invite the author 
to join at an appropirate time. No one 
needs to reveal his identity. The editor is 
conference organizer or he may ask one 
of  the referees to serve as such. His task 
is to keep the conference focussed and on 
a time schedule, to keep participants from 
being overloaded and to render a consen- 
sual judgment. If the editorial decision is 
to revise, there can be sufficient on-line 
dialogue with the authors, including on- 
line presentation of  the revisions, until an 
acceptance/rejection decision is reached. 

It is clear that decision quality and 
quality of  accepted manuscripts should 
improve. The time to reach a final deci- 
sion should be reduced. Though perhaps 
the referees may have to spend more time, 
it may be far more rewarding. This last 
consideration reflects the major  problem 
of exponential publication growth: 
overloading of  referee candidates, 
restriction of  their field in which they 
exercise judgement as a coping 
mechanism, and finer-grained compart- 
mentalization of  knowledge. (A subse- 
quent coping mechanism in the feedback 
loops is the effort  to generate dialogue 
and scientific inquiry on interdisciplinary 
pathways, linking compartments.  But in 
an institutional universe which generates 
incentives and rewards based on 
specialization, penalizing all but extraor- 
dinary cases of interdisciplinary work, 
such efforts are usually quixotic and fre- 
quently commercially and professionally 

penalized.) Indeed, if the low costs of  
telecommunication and data-handling 
technologies make the conferencing 
mechanism sufficiently attractive to 
publishers and editorial boards, one can 
envision an operating environment in 
which requests to participate in on-line 
conferences become as numerous and ir- 
ritating as refereeing requests had been 
during the era of  print media. The design 
and availability of  expert systems may 
minimize the transaction costs of  quality 
control in scientific dialogues, but they 
will clarify and heighten awareness of  the 
currently irreducible costs of  making 
judgment calls through the application o f 
human expertise. 

3. Non-periodical 
Distribution 

In the above we have still assumed 
batch processing toward a final printed 
output at periodic intervals. If all the 
readers are on-line, that may not be 
necessary. Newsworthy compacts could 
be transmitted electronically as soon as 
they are ready to enter public domain, as 
in this compact journal. Archival 
material is stored via mass storage for 
retrieval on request. Let us assume that 
manuscripts are still published in batches 
or issues. But now, we assume a pipeline 
of  manuscripts that arrive at varying 
times and are decided upon at a random 
time later. The accepted manuscripts vary 
in quality. 

The editor/publisher c an  decide to 
publish an issue only whenever he has a 
fixed number of manuscripts in the 
pipeline, each of  which exceeds a certain 
quality. (That quality threshold may dif- 
fer from the one used for the publishabili- 
ty decision, and may vary from issue to 
issue or publication to publication.) Con- 
sequently, the time between issues will be 
a random variable. 

Alternatively, the editor could let L, 
the number of  manuscripts per issue, 
vary, and publish an issue every T days 
with each article in the issue of a quality 
exceeding q*. Here L is a random variable 
with some issues having 1 article, others 
10 or more. 

A third alternative is to let both L and 
T vary, and aggregate articles into an 
issue only if they fit together topically, 
logically, qualitatively, or according to 
some other organizing principle and if 
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their quality is high enough. This would 
very probably increase i, the impact, and 

consequently increase circulation. 
Questions do arise concerning the 

definitions applying to 'circulation' and 

its relationship to ' impact '  as publishing 

shifts to the environment so described. 
A business manager must define impact 

in terms of the profitability realized 
through the dissemination of new 
knowledge to a community, which he or 

she profiles as a market. However, a 
scientist or research administrator would 
prefer definitions of ' impact '  reflecting 

transactions of the most relevant possi- 
ble material for his projects and/or  
staff. Ironically, a central periodical 

library facility may be laboring under 

crippling budget constraints from the 

point of view of its managers and ad- 

visors. Yet an intelligent surveying of the 
user community might well demonstrate 
that each individual buys - not to men- 

tion having access to - more periodical 

literature than time permits even to scan 
optimally. Hence the linkage between 
'most relevant' and an operational 

definition of  ' impact '  in a scientific en- 
vironment. As demand publishing, 

which I describe next, becomes an on- 
line reality, control over dissemination 

to the business manager's 'market '  

becomes a nightmare and his measure of 
' impact '  will bear less and less upon the 
scientific impact. Instead of a single 
subscriber, or a handful of physically 

local users of a central periodical facili- 

ty, we envision delivery of electronic text 

to some point in a local area net from 
which dozens, if not hundreds, of 

members of the market can tap it. It is in 
the administration of cost and copyright 

considerations that assume top priority 

in such a system that 'publishers', or 
their future role equivalents, will find 
some of their most urgent managerial 
challenges. 

4, Demand Publishing 

As conceived here, this differs from 

an electronic version of the old idea of 
publishing separates. That idea had been 
tried and was found to be uneconomical. 
Readers would request and pay for 
reprints of selected papers on the basis 
of a periodically issued table of contents 
(somewhat like Current Contents). In- 
ventory and account management was, 

however, too costly to justify the system 

at prices readers would pay. Presumably 

computerized management and the use 
of  high-speed electronically-driven 

printers would now change this cost pic- 

ture. It would be even more attractive if 

the requested article could be transmit- 
ted over a high-bandwidth channel (op- 

tical cables or satellite) from a video disk 

with archival storage. 
But this still assumes batch publish- 

ing. Why not broadcast news of an item 

the moment the publication decision is 
made, with immediate availability of 

part or all of the text as soon as it is re- 

quested? 
Better yet, why not, somewhat as in 

'Automatic  Science Citation Alerts', 
maintain interest profiles of potential 

readers and, instead of broadcasting 

news and hoping they are paying atten- 
tion, alert them individually to the 
news? Then transmit to them the part or 

all of the article, should they request it. 

Finally, elicit some response from the 
reader in order to increase the sensitivity 

and accuracy of their profile so that 
future targeting can be more accurate, as 

in DICO (Flood & Kochen, 1965) and 

SASIDS (Flood, 1965). The key problem 
in such sociotechnological systems is to 

ensure, that the number of productions 
of important news and their consump- 
tion remains balanced. We want neither 
an oversupply relative to consumption 
nor an excess of demand over supply, 

which caused the SASIDS experiment to 

fail. Each member in the net should be 

both a producer and a consumer of news 
so that it becomes an exchange net. 

5. Degrees of Publication 

The instant an author submits a 
manuscript to the editor of a journal, he 
agrees to subject it to public scrutiny and 

gives up rights to his exclusively private 
use of  its contents. But by revealing it 
only to n referees, the editor restricts the 

public to whom the manuscript is expos- 
ed, and the referees are generally assum- 
ed not to divulge all aspects of  the 

manuscript widely or to use it for their 
own private gain. In the system describ- 
ed in the previous section, the manu- 
script reaches a self-selected readership - 
which happens also in a conventional 
publication - and that is a restricted 
public, too. 

Moreover, the author, editor, the 

system or the reader may control the 
portion of a manuscript that is revealed 

to him at any time. If the manuscript is 

written in the pyramidal style favored by 

journalists, then the' headline is revealed 

first. Should the reader want more, the 
lead paragraph comes next, followed by 
a hierarchic unfolding into the minute 

details. In this process, the author may 
block certain segments from the view of 

certain classes of readers. 
Some of the filters or masks may be 

specified, designed or adjusted by each 

reader, individually. Other filters are 

controlled by the author and/or  the 
editor. Referee ar,,d reader comments 

may or may not be available as part of a 

manuscript, subject to various negotia- 

tions and agreements. These filters are in 

the form of software that is adjusted by 
each indivudual at his workstation, 

much as there can be multiple views of a 
database in current database manage- 
ment systems. 

6.The Nerves of a Scien- 
tific Community 

If a potential reader has not entered or 

updated his interest profile he cannot be 

an eligible recipient of news about so- 

meone else's contribution. If a con- 
tributor feels that certain others 'ought 

to'  be interested in his contribution, 
even if they were not aware of this, and 

tried to bring it to their attention, they 

could be overloaded. This could also oc- 
cur if a reader ca,st his 'profile'  net too 

widely. If the cast is too narrowly defin- 
ed, he might miss items of potential 
value to him. 

Systems such as DICO and SAS1DS 
could enable the community 's  network 

of channels to tune itself so that each 
member could 'define' the boundaries of 

his specialty so that he is neither 
overloaded nor missing many items he 

needs to know to keep up. But there is 
more to an integrated, viable scientific 
community than the ability of each 

member to cope by defining his special- 
ty. The specialties somehow fit together, 
add up to a coherent process and legacy. 
Perhaps an analogy to Adam Smith's in- 
visible hand ensures that, even though 
each scientist acts in his own interest to 
make discoveries, to specialize as nmch 
as he must, the result is the orderly 
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growth  o f  science. The  secret  lies p ro -  

b a b l y  in the  way at  least  some scient is ts '  

minds  are  p r epa red  to  ass imi la te  the 

discover ies  r epo r t ed  by o thers  (or their  

own)  to fo rm a r icher,  m o r e  comprehen -  

sive and  coheren t  image.  I f  an ed i to r  

g roups  cer ta in  discover ies  into coheren t  

issues, he m a y  s t imula te  this process .  Or  

he m a y  in ter fere  with it, inh ib i t ing  it, by  

d is t rac t ing  cer ta in  readers  away  f rom 

m o r e  f ru i t fu l  pa ths  they  might  have 

fo l lowed.  

Means  for  ampl i fy ing  the way this 

process  works  well in successful  scien- 

t if ic communi t i e s  are needed  if  the anal -  

ogy to  a nervous  system is to  be jus t i f ied .  

U n f o r t u n a t e l y  we do  not  unde r s t and  

how the process  works .  Research  

presen t ly  under  way  in our  p r o g r a m  is 

y ie ld ing clues a b o u t  this  d iscovery  p ro -  

cess. The r eo rgan iza t i on  or  f o r m a t i o n  o f  

new knowledge  s t ructures  seems to be 

involved .  This m a y  requi re  intense con-  

cen t r a t ion  o f  a t t en t ion  in ind iv idua l  

minds  on  cer ta in  c o m b i n a t i o n s  o f  local  

o r  special  knowledge  s t ructures .  Several  

ind iv idua ls  m o r e  or  less s imul t aneous ly  

focus  on the same  c o m b i n a t i o n s  by  vir- 

tue  o f  cons t ra in t s  on  the search pa th  tha t  

ope ra t e  as f i l ters on the l i te ra ture ,  

which,  in turn ,  serve to channe l  and  

di rec t  a t t en t ion  to  the same area .  

The  leverage for  ampl i fy ing  this p ro-  

cess  m a y  thus be in p rov id ing  creat ive  in- 

d iv idua ls  with the  o p p o r t u n i t y  to  con- 

cen t ra te  - to the  exclusion o f  d ivers ion-  

a ry  s t imuli  or  a heavy  load  o f  d i s t rac t ing  

news and responsibi l i t ies .  (The U . S . ' s  

ph i l a n th rop i c  M a c A r t h u r  F o u n d a t i o n  

professes  ob jec t ives  very s imi lar  to sus- 

t a in ing  such condi t ions) .  The  l i t e ra ture  

sys tem could  p rov ide  such persons  with 

u l t ra-sensi t ive  fi l ters tha t  they  can ad jus t  

to select on ly  that  which fits into their  

a r ea  o f  concen t ra t ion  for  a pe r iod  o f  

t ime.  

7. From Nerves to Brain 
and Mind 

Could  a scientif ic  c o m m u n i t y  evolve a 

c o m m u n i c a t i o n - p l u s - k n o w l e d g e  p ro -  

cessing system tha t  is not  on ly  wha t  a 

nervous  s y s t e m / b r a i n  is to a pe r son  but  

at  a h igher  evo lu t i ona ry  level than  tha t?  

Suppose  that  a fu ture  scientif ic com-  

mun i ty  could  count ,  a m o n g  its 

members ,  agents  with ' a r t i f ic ia l  in- 

te l l igence '  in terac t ing  with,  pe rhaps  sup- 

p lement ing ,  their  h u m a n  par tners .  A n  

inqu i r ing  system o f  grea ter  sophis t ica-  1. 

t ion than  Bacon (S imon,  1983, Science) 
could  be bui l t  (Kochen,  1972). 2. 

C o m p u t e r - a i d e d  induc t ion  (Davis & 

Lenat ,  1982) might  be ab le  to accelera te  

or  improve  the c o m m u n i t y ' s  p roduc t i on  

o f  discoveries .  

In  such a c o m m u n i t y ,  even as in to-  3. 
d a y ' s  i n f o r m a t i o n  systems,  the dist inc-  

t ions  be tween c o m m u n i c a t i o n  and com-  

p u t i n g / k n o w l e d g e - p r o c e s s i n g  vanish.  4. 

C o m m u n i c a t i o n ,  v iewed as upda t ing  the 

p repa redness  o f  a rec ip ien t ' s  m ind  for  5. 
ac t ion  or  new knowledge ,  is an essential  

pa r t  o f  the process  o f  increas ing 

knowledge ,  unde r s t and ing  and  wisdom.  6. 

Minds  o f  au tho r s ,  readers ,  exper t  

systems and  c o m m u n i c a t i o n  ne tworks  7. 
will be  in tegra ted  more  fully.  Out  o f  this 

new s t ruc ture  would  emerge  new p rope r -  

ties co r r e spond ing  to  all the higher  men-  8. 

tal  func t ions  now obse rved  in ind iv idua l  

persons :  m e m o r y ,  a t t en t ion ,  imag ina -  

t ion,  ab i l i ty  to an t ic ipa te  the conse-  

quences  o f  one ' s  ac t ions ,  to ref lect  con- 9. 

sc iously  upon  o n e ' s  own menta l  p ro-  

cesses. 

Can  funct ions  now unava i lab le  to the 

minds  o f  ind iv idua ls  emerge as well? I f  

so,  what  are  they?  It m a y  be ou ts ide  the  

range  o f  m y  menta l  abil i t ies  to imagine  

it. But it seems wor th  the cost  o f  set t ing 

up  an exper imenta l  system in the hope  

and  expec ta t ion  o f  f ind ing  out.  

The help o f  Charles Barr in preparing 
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