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Concerning  the  Possibility of a 
Cooperative  Information  Exchange 

Personal exchanges play an important role in meeting 
the  information needs of the scientific community.  A 
recent study' suggested that  about 40% of all the 
articles,  reports,  textbooks,  symposia  and  annual re- 
views read during  a two-week diary period by scientists 
and  technologists were obtained  through  personal 
recommendations  from colleagues. This suggests the 
possibility of establishing an information exchange 
system utilizing to a  greater extent the  channels of 
communication  among scientific workers. 

In this  note  both  the existing channels  and  potential 
channels of communication  are  considered.  Theoreti- 
cal  arguments are advanced to  establish the conditions 
under which a  semi-automated  information exchange 
system, advantageous to  the participants,  can be 
established. The principal  factors to be considered and 
the  parameters to be estimated prior  to  the imple- 
mentation of such a system are discussed. 

Description  of  the  information exchange 

According to a recent study' a researcher obtains 
about half of his reading  material  from about ten 
major  journals.  The  other half of the  material that he 
reads  comes  from  a  large  number of different journals. 
The materials  from these secondary sources read by 
two individuals of even closely related interests over- 
lap  but little. The coverage by an individual of the 
secondary sources is aproblem representing the  greatest 
individual need, and  personal exchanges can substan- 
tially contribute to its  solution.  Therefore, in what 
follows, attention will  be focused on  the material 
which originates  from  these  secondary  sources. 

Consider  an  individual  i of a  population of N users 
of the scientific literature. Let vi be the  number of 
items per  unit  time that he reads  from  secondary 
sources of  his own,  i.e., sources that exist without  any 
system of exchange. A simple way of implementing 
a system of exchange is to have each  individual of the 
population  submit to  the system material  from his 
own sources which he finds new and significant. The 
operator of the system then  directs the material to a 
selected number of participants  to whom the  material 
is likely to  be significant and new. The selection process 
is characterized by a  matrix (aij) ,  where ai j  equals 1 
if an item submitted b y j  is to be sent to i, and 0 other- 

270 wise.  Let u i  be the number of items  per  unit  time that i 

receives from  other  participants  through  the system 
which are  both new and significant. In order  for  the 
system to be successful the  ratio 

ui 
aijuj 

j + i  

must  be high for all i. Furthermore,  the  total  amount 
that  i is willing even to scan per unit  time is limited 
by some  capacity ci. It follows, therefore,  that 

1 aijvj -t vi 5 ci . 
i# j 

To compute ui ,  it is necessary to know s i j ,  the  con- 
ditional  probability  that  i finds an item signiJicant and 
new given that j found  the item significant. Since we 
are dealing only with secondary sources of i and j 
which overlap little, it will  be assumed that sij can be 
reliably approximated by the probability  that i finds 
an item significant given j found  it significant. That i 
also finds it new  will be  assumed. 

The central  problem of designing an exchange sys- 
tem along  the  stated lines is as  follows: Given the 
vectors c and v and  the  matrix S, determine  the  matrix 
A(ai ,  = 0)  such that each of the  components of the 
vector u are maximized. Thus u = A*Sv, where A*S 
is a  matrix with elements aijsi j .  The  maximization is 
subject to  the  constraint Av + v 5 c. 

Complete maximization of u may be very difficult 
to achieve and may not  be  warranted. An example 
will  be  given below to illustrate  the  fact  that  applica- 
tion of simple  criteria  can lead to a good working 
system without having to maximize u. 

s.. = j - a  

s,j = 1 i f i  = j f o r i , j =  I , . . . , N ,  

Let sij  be given by 

I J  i f i  # j and 

where a is a positive constant less than  one.  A  matrix 
A can be easily constructed as follows: We choose 
some  threshold E ,  (0 < E -= l), and  let ui j  = aji = 1 
if min{sij, sj i }  2 E ,  aij  = aji = 0 otherwise. It is 
easily seen that in this  example  there is a subset o of 
size m (m being the nearest integer less than  or  equal 
to E -  I"), which can  be said to form a cluster. That is, 
aij = aji = 1 if and only if i and j both belong to 0, 
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aij = aji = 0 otherwise.  With this matrix A ,  u i ( i w )  
can  be  found  to satisfy the inequality 

where cj  = c and vj = v for all j ,  by assumption. 

fraction of (c - v). 
Measurement  of variables 

The variables to be estimated are  the matrix S and 
the vectors c and v. The  matrix A is under  the system 
designer’s control.  One  particularly simple way to 
estimate sij is to present both i and j with a  sample of 
references to K items in the  literature. Let hi, = 1 if i 
considers item k significant, and 0 if not. Define 

For small values of c(, ui can be seen to be a large 

Y 

If we take 

then  the  ratio nij/nj  can be used to estimate sij. 
To estimate v is more difficult. Possibly, observa- 

tions like those  of Ackoff and  Halbert,2 who found 
that chemists in industry spend about 9% of their 
work-time on professional reading, could  be used. 
Assuming a  60-hour week, and  that everything read 
is significant and novel to  the reader,  and  that on  the 
average, 4 hour is spent on such an  item,  then vi could 
be in  the vicinity of 10 to 12 itemslweek, though  the 
variance is undoubtedly  large. 

Estimation of c is even more difficult and  probably 
has to be determined by interviewing. However, there 
exist indirect means of estimating c, as  the following 
illustrative  calculation  suggests: Recall that ci is the 
total  number of items that i is willing to scan, vi  the 
amount  that he reads  from his own sources, and ui 
the  amount  that he  reads  coming  from the system. 
Then, we find the relationship 

ZI(U~ + vi) + 7 2 ~ i  = T ,  
where r1 and z2 are  the average reading  and  scanning 
time respectively, and Tis  the  total  time  that i spends 
on literature  from  secondary sources. Using the figures 
of ui = 3 and vi  = 5 itemslweek, z1 = 0.5 and 
z2 = 0.01 hours,  and T = 4.5 hours, we find c i  = 50 
items/week. 

For each  of  the  three  quantities S, v, c, there  are 
severe problems in the mathematical statistics of esti- 
mation  and  sampling,  particularly since the  random 
variable  (a  conditional  probability) sii has a skew 
distribution, and sil, , siN cannot be ~ndependent.~ 

Practical considerations 

On elementary theoretical  grounds,  then,  there are 
empirically determinable  conditions  under which co- 
operative  information exchanges, such as described 

above,  should  prove  advantageous to participants.  A 
first experiment to test an aspect of this  assertion was 
conducted. In this  experiment,  using  estimation  pro- 
cedures described earlier, the  participants were 
grouped  into two clusters. The average  acceptance 
ratios  (items  accepted/items received) for  the two 
clusters were as follows: For Cluster I the figures are 
19% for items initiated from members of the  same 
cluster, 4% for items initiated  from  outside of the 
cluster, 4% for items randomly  chosen. For Cluster I1 
the respective figures are 47”/,, 5 % ,  and 3”/,. Within 
the accuracy that  the sizes  of samples allow, these 
figures are statistically predi~table .~ 

Estimates of S must be continually revised because 
people’s interests  change. To revise the estimates, re- 
cipients of notices are required to indicate which of 
the notices sent  them by the system led to  actual 
reading of novel and significant articles. These re- 
sponses, periodically collected over  an  interval of 
time, constitutes  the  bibliographic  sample  for which 
the N x K matrix ( 6 i k )  is computed.  From this,  in 
turn, S is periodically re-estimated and A recomputed. 
The  computation of A may be a time-consuming 
operation when N is large; so can  the  duplication of 
incoming notices and compiling the responses. For 
these systems to be effective N should be large. For a 
given (small) capacity ci this makes it more likely that 
notices from  the right set of “colleagues” are being 
channeled to i. To determine  just  how large N should 
be, however, is an open  question. In terms of an S for 
the entire professional community,  it is theoretically 
possible to define an upper limit to how much i could 
benefit from  participation in the best of all possible 
systems. The success of such an exchange system 
is strongly dependent  on  the active cooperation of the 
participants.  Their  cooperation, in turn, is undoubtedly 
affected by the success or failure of the system. The 
motivation of the  participants, especially during  the 
early stages of the system operation, is a  most im- 
portant problem,  probably even more  important  than 
those of estimation of parameters  and  details of 
implementation. 
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