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REPORT OF THE PANEL ON ECONOMICS TO
THE SCIENCE INFORMATION COUNCIL

DIGEST

What is at stake. Scientific and technical
information services cost the Federal government close to
a billion dollars a year, and cost further large sums to.
non-Federal sectors of the economy. They undoubtedly deliver
benefits of the same order as their cost{ but un}eaa the
relation of benefit to cost 1s quantitatively understood,
there are dangers of enormous waste in some areas, or of the
passing up of enormous net benefits in others. (Section I)

Issues needing economic judgments., The information

services for which sizable expenditures are made are very
diverse (Section L3 Fig. 1, Appendix A) They~cover: written;
oral, and photographic media; research reaults,‘;econdary
information, evaluated information, and engineering data.

They may be provided at the producer or.tﬁq user end oflghe)

chain. There is need for techniques of economic'aﬁalysia

- applicable to as many of theae'aerfices as. possible;

Factors in economic deciaiona. gaps in our
knowledge, For intelligent decision-making, a broad spectrum

of factors need to be borne 1n‘mind, extending from costs
at the one end to quantified benefits at the‘qﬁhet end,

and including such intermediste considerations as stability,
motivation, etc., and also measures of performance in

non-monetary teyms. (Section ILl, Fig. 3.) There is & sizable




literature on the costs of information services, and on the

evaluation of their performance in various kinds of nondollar

terms. (Sections II.2, 3.) Very little has so far been done

toward the assignment of a monetary value to the benefits they

deliver (Sections II.2, 4, 5, 6). While some useful types of

economic analysis can be made without such assignment (Section II.3),§
most economic decisions reqguire a weighing of benefits against

coats, and so require that benefits be quantified. Thus it is

this component of our understanding of economics that we feel

is most in need of attention now.

Techniques for quantifying benefits, We feel

that it should be possible to develop rough but useful
quantitative measures for the benefits delivered by many kinds

of information services, by combiﬁing theoretical analysis °

with sultably gathered empirical data on the response of thie

user community to these or related services. Though it may in
rare instances be possible to get objective measures'bf benefits,‘
or lower bounds to them (Section IIL.4), in most cases the
ultimate judgment of value will have to come from the multitudes
of users or purchasers of the services: these will u;ually haYe
more expert and first-hand knowledge of the benefits delivered

than anyone else, and reliance on the collective judgments of

many people is a further safeguard. (See Section II.5). However,
these small-scale judgments need to be corrected in several ways

if they are to provide a measure of benefit to the whole society,
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or even to a large organization: fhey are gelf-interest
Judgments, and do not usually take account of externalities, .
such as the benefit received by one person or & group through
the use of an information service by another. To make such
corrections it is neceséary to constrict reasonably adequate
economic models and models of the way in which -different channels
for the communication of information interact. (Sections II.7, ‘
9, IIL.1, 2.) ‘ '

The two most useful sources of information on
quantified Judgments of value by users are: |

(a) Market response, i.e., what users, as individuals

or through their organizatione, are niliing

to pay for an information product or service.

Existing market date can.often provide an

adequate measure of value for aﬁhypothetical

change that'uiii'ditef the price at which a

given 1nformation service 13 marketed, without ‘

altering its. characteristics.. However,

market data usually tell only the number

buyers who assess the value of the product

at more than the offering Price, but do

not give good information regarding how

‘much more the.falue_to certain buyers may be.

Thqfeforp such data are rather unsatigfactofy

for assigning monetary value tod;pﬁges that

will alter the nature of & product or service.
(Sections II.5, III.3, -Appendix B.)

Q 7.
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Investment of time by individual users. Each

user of an information service derives benefits
from it which increase more and more slowly

with increase in the amount of time he devotes

-
”

to use of it. In practice he will try to devote—"
only as much time to such use &s will yield him
more benefit than the same amount of time devoted

to his other activities, Thus a knowlnge of
the investment of time by .users provides a -

measure of value; it must of course be calibrated -
from & knowledge of the dollar value -of:their
time and corrected for externalities heving. to
do with the availability of alterhate chahnels
for information. (Section II.6, ITL.M, Appendix D.)
Sometimes opportunities can be found for checking
the validity of the hypothesis that users
”allocate their time according to intelligent
self-dntdrest Judéments}‘uhen fhe'aséuﬁpbdon’~
fails, such failure can point the ‘way" to much-
needed user education. ‘Even. in such casea, a
lower bound on the value of a service, or a ‘
changeé in one, may be obtainable.
A number of exampIes'are'diBéuSsed*(Section IV,
Appendix E) showing how ‘data of either the market-response
or the user-time kind might be applied to aagigﬁ a monetary

benefit to each of & number of 6ypical;deciaidns regarding an

8
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innovation %n an information service. These examples, though
very sketchily discussed, make more explicit the kinds of
empirical information about markets, users, and the functioning
of information channels, which would need to be gathered.

Recommendations. (Section V.)' To obtain quantitative value

measures by the techniques just sketched, extensive data on
the markets for information services and oh the habits of

their users will be needed, as well as sophisticated theoretical
analysis of markets and of the interaction of different modes

of information transfer. Studies of all these_types can
appropriately be sponsored by 0SIS, and the'indeed been 80
conducted in the paét; however, what is needed now is a
closer integration of theore@ical and empirical studies, so
that theoretical models are constructed with dﬁe’accuunt of
real-1ife circumstances, and so thaé "user studies" do .
indeed collect the kind of_data‘r_meded for quantification

of value, and iIn particular.give adéqua@e-ﬁttention to the
interplay of different modes of information transfer.. In

the course of such 8tud1ea,lany oppﬁrtunitieaibr evaluation
of factors affecting the atability, continuity, and feasibility,
of 1nformation services should be 1dent1fied and exploited. .
Acting through COSATI, O0SIS should keep other agencies of

the Federal govgrnment informed of tha state of devaloﬁment
of techniques for quan?;ficationﬂof benefits, and ahOuid
assist them in making economic decisions on. their information
programs, Tolfulfill this roie gdequately, it will need to
develop substantial expertise on information economic;'ﬁithiq

its own staff.

-y = e




I. INTRODUCTION
1. Background
The Federal government spends, directly or
through its contractors, something like a billion dollars a
year for the dissemination of sclentificand technical informa-

1,2 Nongovernmental

tion, according to recent studies.
organizations spend further large sums for the same purpose.
This impressive total is compounded of many diverse activities,
each of which is presumably undertaken in the expectation
that our society, or at least _some component of 1t, will
receive benefits greater than the expenditure involved. To
Justify such expectations one needs an atlleaet roughly
quantitative measure of benefits. Here is the difficulbty. ...
It 15 much harder to express in dollar terms the benefits
provided by Information services than those resulting from
most other activities. Yet without such quantification one
runs the risk of spending hundreds of millione-of.dbllare .
wastefully or of commiting the equally gr;evoue sin of holdihg'
back on expenditures that could produce net benefits Of this *
order or greater. |

Recognizing this need, and taking note of recent
innovative applications of operational reeerach and econoqic-
theory to information services, the Science Information Council
at its February 1971 meeting decided to set up a FPanel on
Economics from its membership, with & charge to consider the

economic aspects of the role of government, in both its

10
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operational and its supportive functions, in the development
and operation of information systems. The Panel, whose
findings are described in the przsent report, has chosen to
interpret this charge rather narrowly, in that it has devoted
most of its attention to the question: Could governmental or
other agencies, that operate or directly or indirectly support
information activities, get'more value for their money with
t{ne help of economic research in certain as yet unexploited
areas? The conclusion will be that this is indeed the case,
and that the principal such areas meriting further study are
those having to do with the assignment of a dollar value to
the benefits derived from information activities. In the
following paragraph, and in more detail in Section II below,
we shall sketch how the quantification of value fits into the
overall pictu?e of 1nfrrm;tion economics, and shall indicate
why we feel that our concentration on this aspect is in accord
with the motive of the Science Information couﬁcil in setting
up the Panel.

2, The competition between costs and benefits

While the problem of economic management is basically
one of subtracting costs from benefits to get net benefits, it
has many more ramification than are superficially apparent in
these simple terms. Some arbitrary decisions must be made:

Costs to whom? Benefits to whom? What things does one include
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as costs, rather than as detractors from benefits? Even for

a well-defined operation, cost accounting 1s a rather subtle
science. Moreover, in many cases one ought to take account

of hidden costs to elements of society outside the organization
performing the service. S8ound economics in management involves
many further considerations: such things as stability in the

face of fluctuations, motivations for good performance,

political feasibility, etc. In the area of results, the easiest

data to come by are usually performance measures that are only
presumed to be related to benefits -- such things as volume and
speed of publication (for primary literature), completeness
and depth of indexing (for secondary services), attendance (for
meetings), etc. While one can sometimes make decisions that
are obviocusly good in that they reduce costs without changing
performance or improve performance without changing costs,
most decisions turn out to affect both costs and performance,
and to make them wisely, one must make some sort of guess at
the dollar value, to soclety as a whole or at least to some
enterprise within it, of the benefit that the users of an

information service receive from it,
While there 1s an extensive literature on costs,

and also on measures of performance for information services,
the llterature on the quantification of benefits actually

delivered 1s extremely meager. There 1s a gaping hole in our
knowledge at this crucial point. It is for this reason that

we have given most of our attention to this topic; we shall

12
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argue below that there 1is hope for real progress on 1it,
Besides this central concern, we shall have a few words to
say on some hitherto overly-neglected aspects affecting the
practicality of information services} costs and performance,

however, we shall not touch in any detail.

3. Range of activities to which this Report is addressed

All these remarks have referred to information serivces

in very general terms. Most of the conceptual framework we
have sketched, ang many of the ideas to be developed in the ‘
body of this Report, could be applied to information acfivities
as diverse as schools, product advertising, publicllibfaries,
etc. Though such applications might be very important, we
have thought only in terms of scientific and technical information
activities, and in fact not quite all of these. But even sé,
the activities to which this Report is addfeased may be
extremely diverse, and it will be illuminating to examine this
diversity and list of few typical examples of how deéiaiona
about information services may depend upon the quantification
of value in specific situations. |

Figure 1 essays to clasaify‘informgtion services
according to the type of communication and-the identity of the
performer; some eleven areas, covering the moet important
types of information activities, are identified on the grid:

and will be used in our discussion and liating of exampleﬁ.

13
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Appendix A, which the reader is urged to consult at this

point, contains & few words about the scale and economic
importance of each of the eleven areas, followed by one or
more examples of decisions a governmental agency, a scientific
society, or a research nrganization might have to make
regarding the operation of some service of this type. For
brevity we quote here only one example for each major category
in Fig; l, omitting categories H, J, and K: the list in
Appendix A includes & few further examples. Our numbering
here is the same as that used there, hence the missing numbers :

A, Technical libraries.

(1) When should a university or. other reaear§h
organization split off loéal departp;néal
libraries from a centralized iibrary? ‘

B. Systems for selective dissemination of ;hfdrmation'and

computerized services, _
(4) When should & research organizqtion ﬁut.

into operation a aeléctive-dissgminqtipn
system for its statf?A ,
C. Information-analysis cénter;. , N
(6) When is it worthwhile to start an ‘mfon‘:‘:at_ion-
analysis center in a new field, or to significantly
expand an existing center?




D, Journal production.

(8) When should & scientific society adopt &
larger part format for its journals?

E. Schemes for distribution for reports and preprints.

(9) When, and on what scale, should preprint
exchanges be subsidized?

F. Abstracting and indexing publications.

(13) Should an abstract journal computerize its
annual ~index production to enable the index r
to be produced more promptly?

G. Review grants, etec.

(14) Should &an agency supporting research divert
some of 1its research funds to & program of
grante to authors for the preparation of
reviews and compilations?

I, Meeting support.

(15) How much money should a research organization

set aside for travel of its staff members

to meetings?

4, oOrganization of the Report

We shall return to a discussion of some of these-
in Section IV, where We ghall suggest ways of quantifying
benefits for particulalr sample situations. We shall commence

our report, however, in Section II, with & broader look at

16
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the components entering into decision-making regarding the
economics of information services, and a brief indication of
how much i;‘how known about them. Section IIT.will elaborate
on the prospects for lmproving our knowledge at the points
where it 1s now most criticallylacking., Section V, finally,
will offer some recommendations for steps 0SIS might take

to facilitate more cost-effective decisions on information

services,

17
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II. COMPONENTS OF THE PROBLEM, AND SOURCES OF XNOWLEDGE
ABOUT THEM )

1. Economic decisions: gquantifiable factors, arbitrary

definitions, and imponderables
It will be well to commence our discussion with a
brief elaboration of the remarks made in Section I.2 above
regarding the subtleties of the net-~benefit assessment. As
indicated there, one must first ask: net.benefit to whom?
A corporation may be interested mainly in its own profite, a
scientific soclety mainly in its membership, or perhaps the
enterpriaés in which its members work, etc. For at least some
of the agencles of the Federal government, éhe concern may be
for the welfare of the whole United States. We shall give
especial attention to this case, while recognizing that 1t‘
is by no means the only one of importance. Right now what we
want to stress 1s merely that anyone making economic decisions
must clearly identify at the outset for what entity -- we shall
call it a "universe of concern” -- he wante to know net benefit.
Having identified this universe .of concern, one
must next decide how to define costs and bénefits for it. The ‘
separation of costs from benefits is purely a matter of convenience,
ag a cost can be regarded as a negative benéfit, and vice versa.
What one usually does 1s exemplified by Fig. 2: One isolates,
among the activities of the universe of concern, a feirly accurately
monitorable subset associated with provision 6f an information

service, such that the'benefits attributable to these hctivitiés

18
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alone are negative and appear in the accounts of some
organizational entity as "costs"; these activities are
represented by the sector at the top of the figure labeled
"organization providing service," and the corresponding costs
are the "recorded costs" of this organization. WNext one
identifies, again in the same universe, a "user community,"

or more properly, a complex of use activities, through which

the principal benefits of the gervice are delivered. These
benefits, unlike the costs Jjust mentiohed, will usuwally not

be available in the form of raw monetary records, but will

have to be evaluated by a special effort. What one must

realize is that the dividing line between production {costs)

and utilization (benefits) is somewhat arbitrary, and may be
chosen differently in different approaches to the economic
analysis of a given situation. For example, if one Qrieé to
measure the benefits provided by a scientific journal from data .
on how much its purchasers are willing to pay for 1t, one wiil
include in the costs only the production cost proper; but if

one approaches benefits from the amount of time users spend
reading it, one should include on the cost side such thinge ag
library atorage costs, xeroxing coats, ete. For a given universe
of concern the net benefit will not depend on where the divi&ing
line is drawn, but the partitioning into "costs" and "benefits"

will.
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After all this has been done there may or may not .
remain, within the universe of concern, other groups or
activities for or through which other advantages or digadvantages
accrue, less subject to direct observation thdn the recorded
costs and direct benefits just mentioned, but still deserving
some consideration in decisions. For example, producipg a
scientific journal entails a cost to the scientific gommunity
which does not appear on the books of the Jjournal, namely, the
time invested by referees; similarly, the ppactice of publishing
articles not only provides information to readers, but motivates
authors to complete their work. Such hidden costs or peripheral
benefits are shown at the lower left of the figure.’ '

We have so far been talking about the information
service and its use as if they were static, in a uniform steady:
state. But real life 18 full of fluctuations, innovations, and
secular trends. Economic decisions, like any others, must allow
for foreseeable changes and preserve options for déhiing with'
the unforeseeable. Changing circumstances can sometimes be

allowed for in a quite quantitative way, as when one amo?tizés"

a developmental cost or a capital investment. But even in such
cases an assessment of net benefit must fefep.to‘a apecific
period of years , the duration of which ié.chogeh5somewhaé
arbitrarily by .the planner. Sligptly harder t6 reduce to numbers,
though basically amendable to orderly plarning, 1s'thé'quertion“

of how much extra cost is incurred, or how much utility lost, =

21
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when basically desirable changes are made too suddenly.
Other fastors having to do with adaptabllity to changes are
still more difficult to quantify: What is the value of
stability with reapgct to unforeseen fluctuations in user
demand, in unit costs, in amount or kind of information to be
handled, etc.? Will the motivation for wise or efficient
decisions by the operators of an information service be improved
or dampened by & given change in its mode of operation or
support? Finally there is always the question: can one win
the support of the people whose cooperation 1s needed in order
for an enterprise to work?

Figure 3 summarizes the factors we have mentioned
as important for economic decisions, and lists various types
of decisions to which they must be applied. (It 1s interesting
to note that the categories used in this figure have.been used

n

independently by others:>’ ' thus our first, third, and fourth

columns are essentially what are called "cost, effectiveness,
and "benefits" in the opening chapter of the book by King and
Bryant>.) Although all the columns of Fig. 3 are:important,
this Report will give most of its attention to the topics that
have been least adequately dealt with in previous economic
studies. As we shall see presently, theqe are the two entries -
encircled by the full line in the column "quantified benefits";
we shall discuss their nature, and the ﬁistincéion between them,

in item 5 below. Our recommendations, given in Section V, will

22
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deal largely with these topics, but will also touch on the
entries "stability" and "motivation," and "objective methods"

which are accordingly encircled with dashed lines.

2. The diversity of perspectives on information economics

One of our first objectives should be to survey
the thinking that has been done to date on theeconomlics of
information services, and to identify gaps, limitaéions, and
areas of progress. We shall do this only rather sketchily in
the following paragraphs, mentioning only some of the highlights
of the literature of the subject, and deferring until later
sections the discussion of what it has had to say on certain
specific topics.

The economics .community, whose expertise 1s obviously
greatly needed, has_only rarely given any attention to informa-
tion services. Machlup's famous book,5 though full of sound
philosophy and economic statistics about information for the--
public and the economy as a whole, covers so broad a territory
that scientific and technical information services get lost.

On a much smaller scale, there is a thought-provoking 1968_
lecture by Marschak,6 which essays a very bfoad-brush‘look at
certain issues from an economist's point of view. He approaches
the role of information by distinguishing the three functions
of inquiring, communicating,hand deciding; he points out that
the discipline of communication theory telescopes the first

and third of these to concentrate on the second, while

24
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the discipline of statistical decision theory telescopes
for communication l1ink., He also calls attention to the
importance of the "problem of optimal assortment" -- the tying
together of services aimed at different desiderata into a
package which, though not optimum for any singlé user, may
be economically favorable for the community.: But from the
paucity of economic studies mentioned by Marschak, and their
specialized nature, it is natural to infer that not much work
relevant to information services has been done.

Fairly recently a few more explicit attempts have
been made by economists to deal with some of the problems of
information services. A study7 done for 0OSIS by a '‘group at
Mathematica, Inc., under the direction of W, J. Baumol, ha;;
shown how a number of basic principles and methodologies of °
economics apply to some kinds of information services, discussing
such things as externalities, optimal pricing, subsidies,
economies of scale, and mathematical modeling. We shall discuss
specific points in this report in various places below. In
general the treatment is rather abstract, and is admittedly

preliminary, not yet incorporating many ideas from the communities

P

of information managers, information scientists, or users,
Also worth noting are some studies by'BergB of the
economics of scientific journals., These again are formulated

in the framework of an idealized economic model; however, some
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fairly detailed analyses of price elasticity of demand, etc.,
are given for specific Journals,

Though not specifically applied to information
9

services, the work of Becker” on people's time as an economic
variable is of considerable potential importance for them.

We shall use some related concepts in Section III.4., In a
more philosophical than economic context, Simonlo has also
stressed the value of people's time, and the importance of
conserving it.

When information scientists and information managers
approach economic problems, they are apt to be most interested
in the costs of their systems and in nondollar measures of
their performance. These traits are manifested in‘many studies
(mostly unpublished reports) discussed in the chapters entitled
"Design and Evaluation of Information Systems" of the series

Annual Review of Information Science and Technolqg;.ll A large

and coherent group of such studies, performed by Westat, Inc.
for 0SIS, has been brought together and expanded in the book
of King and Bryant,3 which gives an excellent discussion of
many aspects of cost analysis and especially performance
evaluation for document transfer ayaéema. Though it gives a
brief discussion of economic modeling, this book has little to
say on ways for determining the coefficients relating benefits

to measures of perrormaﬁce. Similar comments could be applied
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to many other, more specialized, discussions in the information-
science literature, some of which we shall cite in the sections
to follow.

The user community has contributed to thinking on
information economics only in those rare instances where some
of its members have temporarily assumed roles as informa’ion
scientists or information managers; thus their contributions
are not sharply distinguishable from the category just discussed.
An example that is clearly part of the information-science

12 which shows how oOperational-

literature is a book by Morse
research techniques can be employed in library management,. though
it says little about such central economi¢ issues a8 the
quantification of benefits. Typical of comprehensive user-oriented
studies of information problems is the SATCOM Report,%3 which

calls attention to the great need for‘improved understanding of
‘the economics of information services, but contributes: no

explicit suggestions. More explicit economic statistics, and’

an attempt at economic modeling and rough quantification of
benefits, are contained in a SATCOM task grdup report oﬂ primary

14

Journals. Still another type of attack'on the economics of

information services, based on user surveys, is rﬁprenented by
& study made by a committe of the American Chemical Society,l”
in which time spent by chemists in the uge of .information resources

and time gaved by the use of certain services is estimated.

2
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We shall discuss some of the ideas of these latter two studies

in items 4 to 6 below.

3. COaté, performance, and analyses using these alone

We are now ready to start diacussing the various
areas in the table at the top of Fig. 3. From the brief
survey of types of literature we have just given in item 2,
it 1s clear that existing studies have treated costs and
performance far more adequately than the other items. So it
1s appropriate for us to begin with a few words agout the state
of our knowledge of how to treat these two factors, and what
can be done with them alone, without having éo convert performaice
into something with a definife dollar value. .

As has already been hinted, costs are of many types.
Some are transient, and must be amortized over a suitable
period: these include developmental costs, irditial promotion,
capital equipment, etc. For some one-shot activities (e.g.,‘a
special conference), all costs are transjent. But most
information services do have A& more o; less steady-state
operation, and here it is important to distinguish those costs
that depend mainly on the supply of information to be processed
from those that are roughly proportional fo the number of uaefa

of the service. In the familiar case of scilentific journal

"h

publication, these two categories are represented respectively

by the editorial and composition (pre-run) and the printing
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16 There are also steady-state

and mailing (run-off) costs.
promotional and marketing activities. More subtle, but often
very important, are the hidden costs: their magnitudg may

be very dependent on where one chooses the boundary of the
"universe of concern" in Fig. 2, From a broad social point

of view, referees' time and other donated services, authors'
time, readers' time, travel time, costs of storage space, etc,,

should often be taken into account.
As we have noted earlier, the literature.on coéts
of information services is failrly extensive.. Annual surveys
of it can be fbund in the chapter of Annual Review of Information

Science and Technology entitled "Design and Evaluation of, .
n,1l

Information Systems";” " a modest minority of the .one.or .two .
hundred references cited each year pertain to”costiﬁg. The |
book of King and Bryant3 discusses the,subtletieSrof‘cosp,‘
analysis in some detail, especially_in Chapter 3.‘ Tpel$AT¢Qﬁh
Task Group Reportlu contains much information on both recorded
costs and hidden costs for primary Journals. Fﬁrther-éamplqs}
of the literature on costing are provided by p&jers of Murdock g
and Liston (retrieval systems), and of Landau17 (bibliqgrqphy

on costs of document-surrogation systems), and by & recent

review by Penner.18 Though often disregarded, secular trends.in

costs can be very important. The causes and implicatiOns of such

trends are discussed in Section V of the Mathematica study.7
Probably the most extensively studied of the

elements listed in Fig. 3 are those subsumed under the word

"performance." Thus, a large part of the book of King and
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Bryant,3 much of Lancaster's booklg and a large portion of

11

the references in the annual "Design and Evaluation" reviews,

have to do with the design and use of measures of performance,

usually for document-transfer or retrieval systems, Henderson20

has given a bibliography of the older literature. Typical
examples of what we call performance measures for retrieval
systems are speed, completeness, and percentage of retrieved
items found relevant. Performance measures for primary
Journals would include time lag in publication, frequency with
vhich articles are cited, etc. Miscellaneous measures of

performance for library operations are described in Morse's book.12

There have been many efforts to attack the problem

of cost effectiveness using only cost and performance data;

qll

the reviews cite mention many such, Of course, what one

really wants to do is to maximize the difference betwesn
benefits and costs, each expressed in dollar terms, and this
can obviously only be done in the general case if the benefits

1 maxe clear, it is

the benefit-cost difference, not, as gometimes iMplied,u the

ratio, that is important.) But in a restricted domain it may

can be quantified~ (As King and Bryant®

suffice to use an uncalibrated measure of value, such as is

provided by performance jndices of the type just described.
L " .

Thus, if one has alternatlives to decrease cost while keeping

all performance measures unchanged, the choice 1s obirious;
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similarly, an option of improving a performance measure,
while keeping costs and all other performance measures .constant,
again leads to an obvious decision, sﬂbgect only to the
assumption that one knows which direction is "better" for the
performance index in question. Morse's bookle gives examples
from the library field. More generally, one can, following the
Mathematica Report,7 eliminate as "inefficient" any alternative
for provision of an information service which is "worse" than
some other alternative in cost or in one of the aererpl dimensions
of performance space, while being "better" in none of theée reapecta.
But if one alternative is better than another in one performance
measure, worse in another, one will need to.be able to compare
utility quantitatively for the two measures. In some practical
situations one may however be able to do this, or at least
may be able to roughly identify, from common sense, a cone of |
directions in the space within which one is sure the benefit_'
is improved. When different dimenaiona of performance space .
can be intercompared, sophisticated optimization studies may‘
sometimes be poaaible. ' .
Unfortunately, most economic decisiona do not lend ’
themselves to this type of analyaia, since most contemplated
changes in an information service alter both costs and benefita.
These must be evaluated in the same units if the optimum
trade-off 1s to be evaluated or even, in many caaea, if one’

is to be confident of moving in the right direction.
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4, Quantification of benefits: objective methods

We come thus to the all-lmportant area of galibration
of benefits in dollar terms. The neglect of this area in the
literature has been due more'tq the presumed absence of handles
for attacking it than to lack of recognition of its importance.
For example, in the most recent of the annual reviews Cleverdon22
states "The major effort in the coming years should be the
develupment of a methodology for determining the value of
information-retrieval systems." The difficulties in quantifying
value for changes Iin information services of course are not
qualitatively different from those one encounters in valuing
other types of.innovabions in products or services§ 1t 1is juat
that most of the usual difficulties are a little more acute.

In all cases an innovation changes the way people work, and 8o
changes their productive output. If one 1s dealing with a
service that affects only a particular group of people, one
might conceivably conduct an experiment with two matched groups,

one with the service in question and one without 1it, and

. compare theilr productivities, which in turn could hdpefully

be given a dollar value. In practice, this can almost neverv

be done, though we shall presenﬁly say a few words about
occasional situations where something appr%aching it would

ve feasible. In most cases the needs and-objectives of different

subunits in the uyser population will be different and will vary
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with time, so that no matched groups can be found for -
comparison., Moreover, in the extreme yet very frequent case
of ; service that operates in parallel with other channels
to communicate information among diverse people or groups
throughout the nation or the world, such a controlled objective
evaluation is obviously impossible, Here one is stymied not
only by the diversity of the users, but by the fact that any
change in the service in question affects a given user not-
only directly, but also indirectly, through its influence on
his colleagues near and far, Thus no tractable“gmall test.
population can be isolated. ' _

Information services used in the performance of
falrly standardized tasks offer thelbest opportunity for“
approximating the objective measure of benefits just mentioned.
For example, a computerized handling of medical data on .
patients might conceivably be evaluated by compiring’desth
rates and convalescence rates for hospitals using it with
those for hospitals without it. An-especially important. class’
of cases offering a possibilitylfbr obJjective meﬁsurement L
occurs when the principal benefit of aﬁ,infqrmation-aervice.
consists in reducing‘thelﬁime required erlitg usersnto,peftorﬁj

some accurately specififiable task which then must do whether

the information service is available or nob. The reason for.

the underlined words is that if altefing the service can alter
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the frequency of choosing to perform the task in question,
one must then compare the value of these tasks with the value
of the other things the users devote their time to. Such a
comparison would usually be very difficult, though it would
be very useful, as it would enable one to judge whether the
workers in question allocate their time optimally.

In view of the rather restrictive requirements that
must be met for these objective measures of value to be applied,
it is not surprising that no studies have come to our attention |
which approximate the ideal at all well. The closest approxima-
tions we know of are typified by a few étudies that use gatiﬁates
(rather Ehan méasurements) of time saved by use of certain
information tools, and without checks on how ﬁell the proviso |
underlined in the preceding paragraph is fulfilied. -For example,
the American Chemical Soclety studyls mentioned earlier collected
estimates from industrial laboratories regarding time saved
by use of various secondary services; thelbeﬂefita of evaluated
data compilations have been given a rough lower bound by |
estimates of time saved to certain ciassea of uaers.23 Dugger
and Klinserau have given a sobering comparison of various user
estimates of value, including estimates of time saved. Quite
noteworthy, incidentally, is an observation by Mueller*> that’

engtineers often simply mark time while waiting for needed information.

Before leaving this topic we should caution that the
conversion of & time saving into dollars, though obvious in a
crude sense, has some subtleties; we shall discuss these below

in Appendix C,
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5. Quantification of benefits: market response

The discussion Just concluded has shown that it
is8 rarely feasible to establish an obJective dollar equivalent
for the benefits conferred by an in{prmation service., This
being the case, we must fall back ogjsubjective measures, i.e.,
on Judgments by qualified experts tﬁat the benefit from an
information service is worth so many dollars, or is equal in
value to some other quantity which &an in turn be given a
dollar equivalent, While one is entitled to be suspicious
of subJective Judgments, their credibility is greatly enhanced
if the persons making them are: expert in'the field where. the
service in question is used; motiVated; in that their personal
goals depend importantly on the soundness of thesge judgments;
and numerous, sSo that individual idiosyncracies are likely
to average out, And there ig indeed a measure.of value,
highly venerated in the science of economics, that is based
on subjective Judgments with all three of these characteristics:
this 1s the "test of the market-place," in which the value of
8 product or service ia.measured by the price its‘users are..
willing to pay for it, We shall devote thiq‘séction.dnd
Section III.3 to the market approachs Section II.6 and IIL.4
will take up another approach, based on aubJective_Judgments
with the same three characteriséics, that 18 often even more

powerful for application to information services.
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Before going further, however, we must call attention
to an important question that arises whenever one tries to base
an estimaté of benefit to a "universe of concern" (cf. Fig. 2)
on value Judgments made by & variety of people. Each of these
people will evaluate the benefit of the gervice in question
to himself (or to the organizational subunit he represents);
the benefit to the universe of concern is not necessarily the
same as the sum of these self-perceived benefits, though in
most cases of interest to us it is usually of the same order.
For example, when a scientist who reads & journal article
learns facts ffom it, these benefit not only his own work but
that of colleagues to whom he may transmit the information orally,
and even colleagues in foreign countries who may be made aware
of this information through articles he eventually writes.

Yet his decision about paying for a personal subscription to
the journal will probably be very little influenced by such
considerations. In the other direction, buyers who are

subs ldized may occasionally purchase services that are not
economically justifiable for socliety. In extreme cases the
gelf-interest of an individual or group may even by strongly
antisocial: Tfor example, & would-be hijacker might be willing
to pay quite a bit for detailed knowledge about the limitations
of metal-detection systems. So if one uses Jjudgments from the

user community, one must always ask: what interests do these
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Jjudgments represent, and how are these related (quantitatively,
to the benefit received by the universe of concern one wishes
to consider? |

To answer the question just posed, one in general
needs to set up an economic model that will provide quantitative
relations between the individual gelf=-interest benefits and the
benefit to the total universe of concern: this step designated
by the words "theory of gocial value" in Fig., 3, will be
discussed in item 7 below. Here and in item 6 we shall discuss
only the evaluation, in dollar terms, of the plu?alistic
self-interest judgments. This may be called "dollar calibration,"
since it 1s the cruclal step 1ln establishing a connection
between the benefits of a service and the world of dollars.

The fundamental assumption of the market approach
to dollar calibration ié that the prices buyers are willing to

pay represent intelligent self-interest judgmenta. For various
reagongs this may not alwaya be tﬁe case, though usually it is

hard to suggest who elge could do better. Part of the fallibility
ariges from the fact that many purchasing decisions are not
day-to-day decisions by individual users, but are decigions

made only once in a while by adminiatrntorﬁ, who may maintain
only imperfect contact with the actual users of the information
services they buy. Green26 has reported results of a game

played with marketing executives who were given decisions to
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make regarding purchase of market surveys, etc., the rules
being such that mathematical methods of decision analysis could
he used to determine correct decisions in every case. The
decislons of the executives were by no means always optimal.
While real-life situations might well lead to grass-roots
pressures to revise poor decisions, 1t 1s sobering to realize
that executives, like everyone else, are fallible.

Even when one accepts the assumption of intelligent
self-interest judgments, one must facé another difficulty:
even the self-interest value to the buyers individually is
reflected, not Just in the price they actually pay in a given
market, but in the prices (perhaps very different from buyer
to buyer) which they would be willing to-pay if necessary.
(The relation to the demand curve of economic theory is detailed
in Appendix B.) While market statistics caﬁ give some information
on this, the information 1is usually rather sketchy. All too
rare 1s the interesting type of experiment reported by Urbach,27
in which similar groups.of documents from NTIS were mafketed
at widely different prices, and the demands for the different
groups compared. For the case of primary Journals, fairly '
detailed studies of demand curfes, etc.,‘have been made, e.g;;
by Berg,8 by the Mathematica group? and by the SATCOM Task
Group.lu The first two of these have attempted a rough

gquantitative accounting for the dependence of demand on other
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factors than price, namely, characteristics of the Jjournals
and of the potential user population. But in 'all cases one
gets only fragmentary information on the value judgments of
those buyers to whom the value is greatest. We shall explore:
the seriousness of this limitation in more detail in Section

ITI.3 below.
6. Quantification of benefits: time investment by users

Though its significance has not been as widely
appreciated as that of free-market prices{ the time that users
of information services choose to spend on them can be equally -
or even more valuable for purposes of dollar calibration.

Each individual user is perpetually making judgments that
balance the value he receives from use of an informétion gservice
against the value of what he might be doing in the same amount -
of time devoted to one of his other activities. If 'one can
assume that on the average these Judgments'are sound - (note that
an analogous assumption was also needed for dollar calibration
by market response) then one can estimate the dollar value of.
the services to the users if one knows the value of ‘their time -
and the (nonlinear) dependence of their ultimate1product1v1ty'
on the time spent on productive work. As béfore,'one must

use some theoretical analysis of the sort to be described in
item 7 below, to obtaln a coriéct measure of true aocial_value,

or value to a given universe of concern, from the values perceivéﬁ

by individual users.
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To our knowledge the only published application of
this approach is that given in Section II.4 of a study by the
Physics Survey Conmittee,ee although some slight use of it

was also made in the Report of the SATCOM Task Group;lu more

21 And

detailed unpublished studies are, however, available.
although the explicit application to dollar calibration mqy‘
not have been made, most of the sizable existing literature3°
on time spent in the pursuit of information can readily be
applied to this end. _ _

We shall discuss this approach at length in Section
III.4 below, and in Appendix D. In general it seems very
promising for a large class of cases since the three requirements
for reliable dollar calibration from subJective Judgments,
mentioned at the start of item 5, are often even better fulfilled
than for the approach via market response: individual users ‘
are in general more expert than anyone else, even their bosses,
in assessing the utility of day-to-day use of an information
resource; scientists and engineers (unlike some other workers)
are usually strongly motivated to optimize their 1nd1v1dua1
productive output; individual users are the most numerous group
one could consult. But one condition must. be fulfilled if

this approach is to work: the investment of users' time must

be aufficient to be comparable in value to the othér costs

of the information service in question. For primary Jaurnmls;u’ea
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and for many secondary services>? this can indeed be verified ;
to be the case; however, it need not always be so, When
only negligible time 1s required from users, thelr decisions . .- i

on use of the service will not usually be based in significant

measure on the value of this time to them, so the basic aaaumption_
of the present approach will fail.
7. Quantification of benefits: theory of social valﬁz

As we have mentioned several times already, raw = = "7 T
inputs of the type we have been discussing in items 5 and 6
above need a certain amount of processing to convert. them into
valid measures of equivhlent monetary value to the universe

of concern, i.e., to society or to a particular organization- .
or group. ' Thus, one must allow for the fact that supplying an

inform&tion service to a particular individual in general

gives a benefit to soclety that is significantly different
from the Qelf-intereat benefit perceived by this individual as
he makes his decisions on expenditure of money for the -s¢rvice
and of time for the use of it. If the dotlar-caltbration%dlﬁl'.
have been obtained from market response, one must oftern make
some assumptions about the behaViof of the demand curve beyond -
the range;gﬁat is empirically atcessible. If the dollar
calibration is from users' time studies, convérsioh to socisl

. vilue fequifes an uﬁders%hhding of the other 'uses to which a -

given amount of time éan‘be'put;Vand d1so of the way in which*
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. y various channels for information flow are interconnected.
(See the more detailed discussion in Section III.4.) 1In
either case, one needs to construct a mathematical-economic
. model, the varicus parameters of which can be determiried
empirically, one of these being the dollar-calibration input
previously discussed.
The general problem addressed by such madels is
- tha! computing how the net benefit tomaﬂgivan~univer3010£7-luﬂm-uu-~¢¥
concern will change if a change is made in one or a few of |
the controllable parameters of an information system. One
must take account of the multiplicity of parameters determining
the costs and performance of the system, and the response of -
users to it, and must allow for the fact that some of the
parameters are determined from the others by conditions of

economic or sociological equilibration. For example,'the

benefit delivered to the U.S. by & published, data compilation
will depend on the number of U.S. users, reiated to the number
of U,S. buyers; the costs to the U.5. as a whole will depend

on the latter number and on the sales 9broadland the price.
Domestic and foreign sales will depend on thé,price at which._'
1t is marketed, according to certain demend curves. To éomputé'
the change in net benefit to-thé U.S. resulting frém'a change ‘
in price one would thus solve some simultaneocus equations,;fter
having in some way obtained empirical forms for the functionﬁl

relationships just mentioned.
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As 1n the case of dollar calibration, the literature
on the theory of social value of information services is
quite meager; little of the extensive effort econémists have’
lavished on models for the interplay of conventional goods
and services has spilled over into the information field.
However, two of the studies by economists that we mentioned
in item 2 above deserve attention. Berg's BtudyB of.the
o scientific Journal market considered the-interplay--of free- - :
market response and possible subsidization, and developed
guidelines for the determination of the socially optimum mode
of support of Journals. The Mathematica sfudy7 offered a
number of general observations on such subjects as externalities,

economies of scale, and the relative roles of subsidy and’
free-market income; it gave especially detailed attention to, the

question of optimal distribution of a given subsidy-budget over a
diversity of information Services. Machlup's book, though too
bréad to focus explicitly on the concerns of the,presentlﬁeport,
contains many interesting qualitative observations. ¢Ambng studies
originating in the natural-science community, the SATCOM Task
Group lfiepo:r't:ll‘l has undertaken a cru&e modelling of the social
value of primary journals, and the information report of the
Physics Survey Committee> has done a little modelling for
information services in general, adapted to a user-~time input.

We shall discuss these approaches in more detail in Section III.4.
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' One conclusion, on which there is remarkable
unanimiéy among all the studies cited, 1s sufficiently
important to be mentioned here, Namely, for an information
gservice to be cost-effective from the standpoint of the
nation as a whole, it 1s by no means always necessary for
it to be viable as a self-supporting operation when publicly
marketed at a standard price. This 1s because net benefit 1is _
usually maximized by marketing at or even beloy_rgplication cost,
while it is characteristic of information services that input
or set-up costs are often the largest cost component. Thus
some gort of subsidy if often in the public jinterest.

8. Miscellaneous clues to cost-eggect;véness

The preceding sections, based on the framework'of
Fig. 3, hopefully cover nearly all the possible approaches '
to economic decisions about steady-state operation of information
services. However, the outline is not quite air-tight, and
there are occasional avenues of investigatioh that do not
fit simply into it but that may occasionally be helpful. We
shall mention here only a few examples that have come to our '
attention.

Sometimes one can draw useful conclusions by
studying the subjective Judgments users make regarding relative
value or cost to themselves (including the value of their time)

involved in the use of alternative Information sources, but
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without attempting an absolute dollar calibration.- Data
on such judgments can be used, for example, to decide when
a8 given information service will be of no value, .because
potential users will avoid it In favor of other competing
services. This sort of analysis, analogous to the use of
performance data to eliminate "inefficient channels" (see

item 3 above) has been used by BrookeaBl in a mathematical

-

model for decisions.on library-operations - ------ =" -~ et

Surveys of user preferences, though oftéﬁ unreliabile,
can occasionally be very useful. For examplé, .when-they
reveal near-unanimity, they can be used In  the same: way as '«
" performance measures to eliminate "inefficient:channels” - ..
when the preferred service is no more costly than‘the ** ~:. -t
alternatives, Urbach27 has given a practical example from .
the NTIS operation. Another possible use of preference: -
studies 1s to decide which direction of & given performance
measure corresponds to increaging utility (e.g., -stould invited
talks at a meeting be longer or.ah;rter?). 1More‘frequently{é-
one may wish to use such studies to.determine-how to weight
several different performance:meaaures to get:a single - .. : -
(uncalibrated) measure of utility. Desigh and analysis of -
surveys for this purpose have been discuased, fﬁr~ékamp1e;

by Sadacca and Root.B? -
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In all such work one must be cautious about. -
treating all users as equivalent. The opinions of those
users who make a great deal of use of an information service
should be given more welight than those of occasional users.
As in all other approaches to economic decisions, one feally
ought to understand the topology of the many interconnecting
information-transfer activities in the user community (see
Section III.2 below)« l
Correlations of productivity of individual scientists

3

or engineers with their amount of use of information resources,3
though ingeresting, provide little basis for quantification
of benefits, if only because it is difficult to disentangle
cause from effect. However, such studies can be useful for
thereason mentioned in the preceding paragraph: they can
sometimes show, for example, that a time-saving service 1is
more valuable than would be estimated from mean use statistics,
if use is predominantly by the most valuagle people.

Studiec of the fregquency with which work pfeviousiy‘
done by one group is duplicated by another through ignorance
of the earlier work can conceivably provide a valuable lower
bound to the potential value of an adequate information service.
Infortunately, reliable data of this sort are very hard to
come by, Typical of attempus to get such data are some

studies by Martyn3u (industrial chemists and university scientists)
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and by Brockis and Cole35 (presumably industrial research
projects). These and many similar studies have also obtained
data on information received which it would have been valuable

to have had earlier; no quantitative measures of how valuable

are available, however,

9. Other practical considerations in a changing world

To conclude this section, we éhould say a few
words about some of the items in the second column of Fig. 3,
especially stability and motivation. Theae éfé:imbo}éaﬁﬁ N
considerations for most economic decisidﬁs; and eépégia11§
80 for decisions about the interplay of subsidy and free-market
support for information services. ' R

Let us first consider the financial stability of
an information service, in the face of possible fluctiistions
in amount of information to be processed, numbei of purchasers
of the service, or unit costs. The effects of $uch factors
on primary journals have been discussed in detail 'in vdrious =
places 36,37, 38 and 1llustrate ‘principles that often ﬁppi§'to
other types of services. Three‘ﬁypiéal éonclﬁsions;‘féaﬁiﬁihé
from quite elementary economic analysis, are: marketing aﬁ‘:
8 fixed price per #olume of given size, fathefithan‘at a fixed
price per year, favors stability with respect to fluctuations
in amount of material submitted; huppor£ of most“of khe pre-£uﬁ

costs by page charges provideé stability with resﬁéct‘to’
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fluctuations both in material submitted and in demand;
stability in the face of fluctuations in unit costs is favdrad
by both these measures.

Motivation 1is more subtle to analyze. From the
national viewpoint, for example, one is interested in motivating
the managers of a service to manage efficiently and imaginatively,
in such way as to optimize net benefit to tﬁe nation. In some
situations, for example, the keen use of the for-pgofit enprepréneur
may be the most useful means of recognizing potedtial,markets,
lowering costs, etc.; in other cases, as in the caﬁmon example
of unnecessary Journala,39 the profit motive can have very
antisocial consequences. The SATCOM Task Group Reportuo contains
the most detalled study we know of concerning khe influence of -
various factors in motivation of information manageré to serve
society well. As the work in this study shows, valid conclusions
about motivation usually need to be based on a study of economic

models of the type discussed in item 7 above.

The data that market research can ﬁrovide n;ll often
be useful or indispensable in arrivirng at practical conclusions

both on stability and on motivation.

48




- 80 -

ITI. DISCUSSION OF THE MORE PROMISING APPROACHES TO
QUANTIFICATION OF BENEFITS

From what has just been said in Section II, it
should be clear that of all the elements depicted in Fig. 3 as
entering into economic decisions, the cneg most in need of more
data and deepened understanding are the two in the last column
encircled by the full line (dollar calibration and theory of
gocial value); we believe that the Science Information Cauncil
was thinking specifically of these when it orde;ed the formation
of our Panel. Although stability and motivation are.somewhat
independent of the items in the last column, and motivation,_”.
particularly, 1s equally challenging and elusive, we have not
had time to explore them in. detail; this sectionuﬁillrQherqure
be devoted slmply to a discussion of the more promising approaches
to dollar calibration and theory of social value, We ehall, N
start with some considerations common to all ;Eevnggnfepgrqgcnee,
and shall then take up the practical aepeete{gfﬂg&gngifyingé- )
benefits using inputs of either the market-response or user-time
types. Figure U, which summarizes the fiport of our survey .
in Section II, provigee a concise remindef_of:thawgJeongierﬁw
these to be the most important topics to discuss. |

i

l. Nature of social value o

B S

The social value to which scientific and '
technical information services contribute .1s that of

science and technology generally. - Particularly at the
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QUANTIFICATION OF BENEFITS

COSTS VS. PERFORMANCE
(applicable only to
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‘change do so favorablyja
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« ‘ . MISC. (USER
(very limited)

PREFERENCES, -ETC. )

" Fig. 4. Avenues for steady-state economic decisions (digest of most of Section Ii). The arell:
at the right enclosed by the full line are the ones to which Section III is devoted.
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research end of the spectrum, quantification of the value

of scientific and tochnolosichl work is notoriously difficult;
the moat, therefore, that a theory of value for information
services can do will be to "ride piggyback" on whatever
Judgﬁents,mny already have been made about the value of the
entire scientific and technological enterprise. Specifically,
we shall assume that scientific and technological activities
now under wﬁy do indeed yiol& more value.than they cost,

and that the amouht of monei now being spent on tggp_ia
somewhokg close to optimum. Thea; asiumptioﬁina;y not be
correct -+ for oxaﬁple, for reasons analogous to those
developed in item 2 below, one might suapeci,tiaat industrial
funding of research is suboptimum from the uéandpoint of |

the whole society -- but correcting them is ;%taak for

those involved with the broadest aspects of the nation's
economy, not a tagk for us., If F dollars of funding give a
yield of Y dollars worth of benefits in any enterprise to

which these assumptions apply, we may infer that:

(a) 1if the enterprise is being pursued, Y>F, _ (1)
(b) At tim current operating level, JdY/3F=~ l. (2)
A hypothetical change in an information ser&icé will“alter %he
form of the function Y(F). The change in net benefit received
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by eociety, due to the change in the information service, can
be expreseed in either of the alternative ways:

8 (net boﬁarit) = 5(Y-F)
- -(GF)Y, .
CORAE 2 EER©)

where (0Y)y, is the change in Y that would occur if the
funding level were held constant, and (SF)y is the change
in funding that would be required to maintain the same
output using the altered service.

In Appendix C, where these matters are discussed
& 1ittle more fully, a further point is brought out which
is sufficiently plausible intuitively to b} quoted here
without proof: namely, that in many cases ‘

5 (net benefit)= a 1ittle more than
-Y- Fp’ ' S )]

vhere boY is the change in output which a fixed number of
workers in & given enterprise would achieve in consequence

of the altered iﬁrormatién service, 1if thgir funds for -
eupplies, etc., were permitted to rise in proportion to

their output, and where Fp is a partially-loaded sglary
budget for the enterprise, & the order of one and one-half
times the bare aalary budgat. |

There is & further ‘characteristic of most scientific

and technological enterprisee which sreatly facilitates the
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estimation of social value. This is that most. of the
individuals and organizations involved in the enterprise
are attempting to optimize, within what they perceive as

their available range of choices, & measure of benefit

which i3 more or less parallel to the benefit of society

as a whole, though often not quantitatively equal to'it.

In other words, one can often write

BY = F,a,5Y, , . (5)

1%
where 1 runs over the different performing organizatibns or -
individuals, 8Y, is the benefit which the i-th such tries to
optimize (relative to his costs), and the quantiﬁf;a &i -
are positive numbers. Thus, universities and their staff
members try to optimize their output of good-qualitf ééséafﬁhg
industrial laboratories try to optimize the technology for
producing useful products; hospitals try to optimize speed

and effectiveness of healing; etc., In somé areas of human
activity thisrallelism of individual and societal goals

fails completely: for example, in warfare, or in the.cigprette
industry, o, can be negative; in schools of astrology, b?i‘

may be essentially unrelated to 8Y, "'While ;uch nonparsllelism
mey sometimes occur in activities affected by scientific and
technical information services, such cases are probably ‘a

small proportion of the total. When -(5) holds, the problem

of estimating the change 5Y in total social benefil Yréduces

to the local problems of esiimating the B8Y,, and ‘the cooperative

LI - -
LA o
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‘problem of estimating the coefficients a,. The latter are
usually greater than unity (though sometimes not By much).
because strengthening one element of the scientific-fechnologicnl
enterprise usually provides indirect benefits to other elements.

2, Importance of the topologyd information-transfer channels

Useful information is transmitted through a multi-
plicity of channels, which we have sketched in rather general
terms in Fig. 1 above. These Operate both in series and in
parallel: much of the information delivered through any
channel was in turn fed to this channel by some other channel;
often the same information can be transmitted 1ndependeﬁtly
in two or more channels. Thus a change made in a particular
information service affects not only the amount, speed, and
quality of information transmitted by this service directly
to users, but also affects the amount and utility of information
which they receive through other channels which may have been
nou?iahed by the service in question. Moreover, the change
will cause the relative use of the different channels by
the user community to shift. The problem of computing the
effect of the change in question on the total flow of
information is analogoue to the problem of computing the
change in the impedance of an electrical :network when one of

its elements is altered. Thus a prerequisite to any quantitative

understanding of the effects of changes in information services
16 a knowledge of how the different channels of information

flow are interconnected and how much information flows in the
different parts of the whole.
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There is & modest but significant literature on
the relative use of different communication channels by various
kinds of scientists._ao There are also a 'number of
studies of communication among engineers,u:'*’Ll2 which show
markedly different patterns from those prevalent among scientists.
Most existing studies fall somewhat short of what one would
like, in that they have dcimcentrated mainly on the last 1ink
of an information-transfer chain from originator to user, and
have not adequately elucidated the way in which different
information channels interconnect. Nevertheless, they cﬁq

still be useful as a guide for the'aetting up of modéla for
estimating the effect of changes in & given service on total

information flow. One rather sketchy study*3 has provided
details of this sort for a particular area of physics., ' This
study also made the useful distinction between trensmissfon’

of scientific information itself (e.g., & formula, -a derivation,

a datum, a methodology) and transmission of & clue t¢ the
existence or whereibouts of such information. - Studies.by.Allen
and his collaboratorauu in organizations of.a more .engineering
type have also been very revealing, showing thé concentration of
informaiion flow through certain individuals called "gatekeepefs.“
It would be most interesting to have further studies that would
show how the pattern of interconnection of different communication
channels differs from one field to another and in-.different:

organizalional enviromments. .
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To emphasize the practical reality of this isaue
it may be helpful to cite an example., Every now and then a
study appears in the library literature on the question of
weeding collections or economizing on subscription and storage
costs for periodicals. A common and superficially plausible
suggestion 1is tEat one should drop subscriptions to journals
for which the quotient of frequency of use by bulk or subscription
cost is much lower than a.verage.ll'5 While statistics on frequency
of use are obviously vital for intelligent library management,
it is risky indeed to take benefit delivered as proportional to
number of occasions of use. Certain individuals may pick up
important information from journals their col;eagues rarely
consult, and pass it on orally, etc. In the extreme case of

nith the pattern

dominance of information flow by "gatekeepers,
of literature use by the latter, who qay constitute no more than
a tenth of the professional population, may be more important
than that of use by everyone else. ‘ '

To give a numerical example, in the library o'f the
Bell Laboratories, at Murray Hill,‘New Jersey} 3ussian41anguage
periodicals occupy about 5% of the shelf space, but account for
less than 1% of periodical use, probably’ about the 0.5% found
by Chenuu at the MIT library. If these figures were specialized
to physics, hbth nuﬁbera would be & little higher, but probably

not by much., Yet at a "Jjournal cludb" where various individuals
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reported on particularly exciting new discoveries in the
current physics, about 12% of several hundred items came
from Kussian-language Jjournals (before these were translated).-
'hus the 0.5% use figure, which one might discount even
further because of the existence of translation journals, would
probably significantly undervalue the Russian-language journals.

3. Benefit analyses based on market response.

The relation of value to buyer response is particularly
simple if one can make the simplifying assﬁmptions: first, that

the total social benefit delivered by a service is the sum of
the benefits delivered -through each of the purchasers of the

service, and second that the contribution through each purcpgser
to the total social benefit is the same 88 the self-infereaf
benefit perceived by that purchaser. In such case Eq. (5)-applies
to any change in the service, with all ai=1. The benefit realized
from providing purchaser 1 with the service is meqauredle the
maximum price he is willing to pay for it. Thg,"demanﬁicurVeW
of economic theory is simply the curve shéwing fﬁe nunber of
people willing to pay more than any given price; it is customari
to plot price vertically and number horizontally, as shoﬁn in
Fig. 5. It follows from very simple reasoriing, Qe?giled in
Appendix B, that the sum of the vﬁluea recei;;d.byJall bﬁyers
who purchase a product or service, not available elsewhere

and offered at a single price p, is simpiy the aréi,lging |

between the demand curve and the price axis and to the left

of the vertical line intersecting at p, as shown shaded in
Fig. 5(a). |
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(b)

Fig. 5 Demand curve (relation of number N buyers to price p)
for a product or service. (a) Shaded area shows total
benefit delivered. (b) Change in benefit delivered

o ' shaded area) due to a change in the product resulting
a change of the demand curve from the full to the
dashed form. (c¢) Change in benefit delivered (shaded
area) due to a change in price alone.
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"Aside from the assumptions already made, the weakness
of this method of estimating value lies in the fact that it
requires knowledge of the shape of the demand curqe:up to
very large values of the price, where emplrical market data

are almost never available. Any change in the service offered
will normally change the entire deﬁ&pd curve, say from the

full line to the dashed line in Fig. 5(b). The social value
of this change, under the present simplified assumptions, is
répresented by the shaded area in Fig. 5(b), but this depends
on the forms of both curves over an empirically 1nacces§1b1e
range of prices. While one can sometimes approximate the -
curves by simple analytical forms which allow extrapolation
to infinity from the often measurable slopes of "the curves
in the neighborhood of the present price p, the accuracy of
such extrapolations is questionable; for example, the most
commonly assumed form, a power law dependence, often gives
the nonsensical result of infinite areas (see Appendix B).
The situation is considerably better, however, if the change
one wishes to evaluate consists simply in a change of the
price at which the service 1s offered, without any change in

the nature of the service. 1In this case, as shown in Fig. 5(e¢),
the change in social value delivered is simply the area

of & vertical stripe bounded by the demand curve, and can
easily be estimated from the known market response at the

existing price.
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In practice, the aiﬁﬁle assumptions underlying the
discussion just given (identity of social and individual value
Judgments, additivity of these, absence of competing services)
are rarely adequate, and.corrections to them must be made,

Consider first the question of competition. Occasionally it
happens that services which from a broad societal viewpoint

could be regarded as competing, do not actually compete for
uger response, Primary journals provide dn'exﬁmple: while
either of two journals in a given rieid copld-provide a
publication outlet for authors in this field, buyers who
purchase one of the journals and not the other will not have
access to the articles in the latter. As has been ﬁoted,39'
this fact is responsible for the proliferation of overly
expensive journals. .But in generai_things are not 80 ﬁimple.
For example, secondary information on the physiea literature

is provided both by the AIP SPIN tapes and by the I#SPEC éapeé;
the coverage of the latter includes -that of the former'and '
is conaider;bly greater, but the former céntains\citation
information which the latt;r does not. Clearlv‘one'éould need
to know a lot abbut the market reapohge to both services in
order to evaluate from market data the social value of a .

hypothet lcal change in one of them.
Consider finally the relation of social value to

the individually perceived values of purchasers, Of the
various effects that can cause these quantities to differ,

probably the most important is the nourishment of informal
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channels for information transfer by the formal oOnes, or
of various formal channels by each other. Thus, the sociel
value of inforsation delivered by & service to & particular

individual lies not only in its effect on the productivity

i r— W L.

of that individual, but also in ita effect on the useful

information which he can communicate to his colleagues, either
orally or through his writings. The individual will usually

not take the latter contribution into account in deciding

how much the information service is worth to him. The market
estimates of value we have been discussing in the preceding
psragraﬁhstherefore need, in many cases, to be multiplied by

an amplification factor -- i.e., a,'s > 1 in (5) -- whose
evaluation réquires knowledge of thé pattern of information

flow. For soms typical cases involving scientific jJournals,

1t has been estimated¥6 that a factor of.the order of two may apply.

b, Benefit analyses based on allocation of time by users.

As we have noted in Section II, a measure of the self-
interest value of an information service to a user is provided by
the amount of time which he chooses to devotélto using ié. If

users on the average can be assumed to apportion the time they

devote to information services optimally, the éd&itiOnai benefit‘\
that would be derived from spending one more hcur in the use of
an information service must have a dollar value (to the user)
equal to that of the loss in output resulting frOm a decrease

of one hour in time devoted to productive work. ' If ohe makes
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the tempting assumption that a worker's useful output is the
product of a rﬁnction of the fraction of his time he devotes
to productive work by en efficiency factor dependent on how
Nel} informed he is, one has the basis for an economic model.

Thus, we may represent the value of & worker's output as

Value of output

Y = Q(l-ti-to)E(ti,to) (6)

o

where t, is thc fraction of his time he devotes to use of
& particular 1nfonmﬁt1nn service, to is thé fraction he
devotes to other not directly productive activities, including
use of other information resources, and E is the efficiency

factor. The .optimality condition is then, if T=1-ty-t,

logr = = Q%%EE ) (7)

Since ¢ is a superlinear function of 1ts argument, whose

form can bhe roughly guessed from common sense or estimated

from the experience of people who have had sizable amounts of

time siphoned off to administrative or other duties, and since

the product ¢E, or at least a lower bound for it, is known from

the expenditure made on the scientific¢ or technological enterprise
in question, we can obtain an estimage of aE/ati. If we know t1
and can make reasonable assumptions about the functional dependence
of I on t[ and on any contemplated innovations, we can then make

a quantitative estimate of the effect of these innovations on Y.
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Some examples of how this can be done are discussed
in Appendix D, One important type of example is that of an
innovation capable of saving time for users of a service. As
the detailed discussion of the example shows, the value of
such an innovation excee&s that of the time saved (if the
latter is valued at the normal léaaded-‘-'alﬁll'ry rate.men- ’
tioned in Appendixtn.becauSe of two types of amplification
factor:

(&) A factor of the order of 2 or 8o due to the

fact that only a portion of norking time is
devoted to directly productive work, and to’

the fact that the function ¢ in Eq. (6) increases
stgnificantly more rapidly than linearly with
its argument.

(b) An additional.factor, of the order of 13 in
the exemple discussed in Appendii D; but
likely to vary considerably from case to case,
due to the fact, already noted in-item 3 above, -
that supplying one user with infowmation -
facilitatea the work of his colleagues. |

LR R

Though we feel that this sort of approach through usezs'

time has great possibilities, it needs checking and refinement at
several points, and as we had already noted in Section II.6, it
cannct be used for information services that require negligible

time from their users. One point requiring further research is
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’ the assumption that, at least on the average, individual users
allocate an optimal amount of time to each available information
serv}ce. While this assumption is doubtless no worse than the
corresponding assumption of intelligent self-interest that one
must make in order to calibrate value from market response, and
while one may legitimately argue that judgments of users relating
to theilr everyday work are more likely to be sound, on the
average, than anyone else's, there are serious grounds for
suspecting that systematic misjudgments in time allocation do

indeed occur. For example, there have been a few studiesn7

of the use of information resources as & function of the

distance one must travel to use themj these have all shown

a fall-off with increasing distance rather more rapid than
“could de explained by the value of the extra time involvad.

Use therefore cannot have been optimal for all values of

the distance; it was probably suboptimal at the larger distances.

Our crude model, based on Eq. (6), has ignored individual

variations in the user population, and so has not made use of ahy

information about possible special roles for "gatekeeper" types,

etc. Generalizations in this direction would be very desirable.

Also, 1t has assumed that the major conserved quantity involved

is simply time; an alternative point of viewu8 might be that

the important guantity is the individuals' available mental energy.
As shown in Appendix D, in the simplest cases one can scale out

the dependence of energy consumption on time to give a_model that
is again of the form (6); however, different kinds of time

(e.g., time spent walking to a library versus time spent deciphering
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an opaque paper) would require different scaling factors. In
any event, more sophisticated attention to the multidimensionality
of the time variable, for which we have broken out only t1 and
b, (or, in Appendix D, tys tg’ and to), would be desirable.

In summary, we feel that intelligent studies of the
way users of information resources distribute their time and
of the interconnections of the channels through which they
receive information provide an extremely promising tool for
attaching a quantitative valueto hypothetical changes in
1nforma£ion services. However, implementation of this approacﬁ_
will require more extensive and more sophisticated_studies of |
these faciors than are now available. In Section IV to .
follow we shall give a few examples of how both this approach
and the market approach might be applied to some of the
decision questions we listed in the Introduction ard in Appendix A.
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IV. ILLUSTRATIVE EXAMPLES ‘

In the Introduction, and in more detail in
Appendix A, we have mentioned a number of typical examples
of economic decisions on various types of information systems,
which would be helped if a quantitatlive measure of benefit
were available., We would now like to return to some of these
examples -- it would be too time~consuming to consider them
all -~ in order to show how approaches based on market response
or on studies of users! time might conceivably be used in
order to obtain the desired quantitative measure of benefit
and make the required decision. Our discussion of these
examples here will be quite condensed; Appendix E describes
our suggestions on them in more detail. However, it is to
be stressed that these sugggstions are only illustrative:
they are intended only to show that it is not difficult to
think of plausible ways of biting in on most of the problems.
The really optimum procedure for dealing with each could of
course only be determined after much more detailed study, and
in some cases it might well turn out that our suggested approach
has a total flay; at the very least, better numerical inputs would
be required. |

We shall consider here four of the thirteen examples
mentioned in Appendix A, These will be, respectively, the

ones numbered 1, 8, 9, and 11, there:
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(1) When should a university or other ;esearch.
organization split off local departmentgl
libraries from a centralized library?

This is a problem for which the user-time approach
is especially well suited. The basic input data would be the
amount of time that staff members, graduate students, etec.,
spend in use of library materials, and the amount of additional
time they would need to épend for the same use if the library
wers in a more remote location. If use were optimum in both
locations, these lata could be used, following the methods
akekched in section III.{ above, t5 derive a measure of the
loss in productive output that would be entailed by shifting

from a nearer to a remote library. This loss could be expressed

as a product of number of people involved times salary (or
equivalent measure, in the case of students) times & loading
factor times a sizable amplification factor arising from the

superlinear dependence of productivity on time spent in productive
work and from the feedback from library use into other

channels of communication. However, a major correction

would need to be researched and then inserted: all indicatione
are that use of a remote library will fall far more rqpidly‘

with increasing distance than can be explained by the effect

of increased travel time on an optimal pattern of time allocation;
in other words, use falls far below optimum. Carefully

designed studies would be needed to quantify this effect, but

would probably be feasible.
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(8) When is subsidy of a translation journal

Justified?

Here an approach based on market data cﬁuld be
immediately useful, though it would be helpful to supplement
it with specially designed user-time studies. From the
general trend of cost-circulation statistics, one could
estimate how much the circulation of any given translation
Journal would increase if its subscription cost were reduced
from the value necessaXy to cover the entire expense of
production to a value near the run-off cost. Thus one could-
estimate the increase in area under the demand curve, as shown
in Fig. 5(c). " As explained in Subsection 1 above, this area
provides a raw measure of the increase in benefit delivered to
the user community, & measure that needs to be increased by a
factor slightly > 1 to take account of the nourishment of
other communication channels which benefit the user community

a3 & whole, but may not benefit the individual buyer or
purchasing institution. The production cost to society as a’

whole would rise only slightly {more copies printed). Thus
whether to subsidize or not would depend on whether the
computed benefit appears to be sizable or only minor, in
comparison with considerations in the "practicality" column
of Fig. 3. x

(9) When should a scientific society adopt a

larger page format for its Journals?
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Here the user-time approach is the obvious one
to be used. One would need to make special studies of
reading time required for a given level of comprehension
using the two page formats. For literature with many equations
and figures, the reduction of the need to leaf back and forth
to connect these should lead to quite a measurable difference
in efficiency, which could well be of the order of the 10%
or even 20% difference sometimes found between different
typographies for straight text.49 Multiplying this percentage
by the mean total time spent by all users of the Journal in
question by their mean salary by a loading factor by an
amplification factor (due to superlinear dependence of productivity
on working time and to interaction of different communication
cheanels, as discussed in Section III.4 above), one could
derive a measure of benéfit delivered by the proposed change..
This could have to be compared with increases, if any, in
productive cost, changeover costs, and effects, positive or
negative, on librafy storage costs, etc.

(11) When should the government subsidize the
input of citations onto a tape service
produced as an adjunct to an A and I

publication?
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Though market statistics on citation-index services
could be very useful if aveilable, it is likely that at the
moment & user=-time approacp would be best. A few data are
already available for some populations on the amount of time
apent in the use of exigting citation indexes. Such data
could be augmented and converted, by methods similar to those
sketched in Section III.4 above, into a measure of the benefit
that would be lost if users who now have access to a citation
index were deprived of it, or of the benefit which would be
galned if those lacking such an index were supplied it. As
this benefit comes out to be quite large (see the sample
numbers in Appendix E), and'as existing studies (which should,
of course, be extended) show that only a mirority of those
Who could benefit from such a service now have access to 1it,
one could probably set lower bounds to the benefit that would
result from markebting of an inexpensive sgrvice. Cbviously,
however, some market research would also be desirable, as
well as further research on the interaction of information
derived from a citatibn service with other channels of

information flow.
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V. RECOMMENDATIONS

. What should be done in the immediate future?
Any organization that supports or provides an information
service has an obligation to know something about its
social value and to use this knowledge to guide decisions
on the expansion, discontinuance, or modification of the
service. However, we shall not attempt to detail here the
many types of efforts that diverse governmental and non-
governmental organizations could usefully make in this
direction. Rather, we shall concentrate on those things
that 0SIS could usefully perform of support for the purpose
either of improving the wisdom with which the bulk of its
funds are spent, or of providing to COSATI, and hence to
other agencies of the government, guidance on the wise
expenditure of their funds. Referringlggain to Fig. 3, we

shall further concentrate on recommendations in the circled

areas.

As detailed in Sections III ﬁnh IV, Wwe feel that in
many cases there are prospects for significant progress in the
quantification of benefits through studies of how users..
distribute their time and of how useful information diffuses
from its originators to its users. So far these prospects

have been very inadequately exploited. So we recommend:
(a) Studies should be undertaken, in greater breadth

than dcpth than in the past, of the time
scientists, englneers, practitioners, and

administrators devote to the use of various
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kinds of information services, and of the
interconnections by which the various channels

for the communication of useful information

nourish each other. These studies should be -
undertaken with adequate awareness of, and

even in collaboration with, their use in economic
models designed to quantify value [see Recommendat ion

(b) below].

In cases where such studies support the hypothesis that users

distribute their time optimally for their self-interest, they

can provide a foundation for quantitative estimates of value;

in cases where nonoptimal use is uncovered, they may suggest

ways of improving productive efficiency through user education. -
(b)

Further work in economic theory should be
supported. Several areas are'worthy of attention:
the general theory‘of value of information
services, taking account of their interactions;
specific mathematical models for particular
kinds of services; theory of market response,

A prerequisite for ali such researéh, however,
should be adequate acquaintance of the analysts
with the practical characteristi&s and patterns
of use of the information services to which
their work 1s supposed to apply. 1In particular,
they should be given the best possible access to
the information developed in pursuit of

Recommendations (a) and (e).
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Note especially that the wording of these first recommendations

calls for integration of economic theory with data collection.

Data collection must be planned to provide the inputs. that
economic models will need, and modelling must be realistic and
not outstrip by too far the collection of solid data.
(c) A systematic monitoring should be undertaken
of the markets for scientific and technical
Jjournals, secondary publications, products of
information-analysis centers, and other
information services. Data on priées and
circulations, and on their changes with time,
should be readily available to decision-makers
and to researchers in economic theory.
Occasional experiments on response over a -
wide range of prices, like that mentioned
earlier,27 should be stimulated and encoﬁrgged.
Regularities in the groytg‘of.markets should
be studied, and in appropriatg cases research
should be undertaken on the market respongg to
projected services, especiﬁlly if these are
to be subsidized. | N
(The simplest sort of consideration of the economics of
henefits versus costs leads to the cohclusioq that subsidy
of information services is usually soéially Justifiable to the
50

extent of input costs: if a service is worth providing at

L3
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éll, the net benefit realized from it is optimized if it can
be marketed at, or sometimes below, replication cost. However,
the service may not ve worth providing at all, and one way
of finding out if it is worth providing is to know something
about the tail of the demand curve. In most cases it 1is of
dublious practical wisdom to offer a service free or to market
it at less than incremental cost; in some cases, pricing so
as to recover full costs, though not optimum in terms of the
strict benefit-cost difference, may be optimum for practical
reasons. )

(d) When plausible opportunities present

themselves for studying the influence of

various possible support mechanisms on the

stability of an information serxrvice and on

the motivations for good performance by those

responsible for it, such opportunities should

be followed up.

The data and conclusions resulting from any of the
work recommended above should be most energetically publicized,
to bring them to the attention of decision-makers in societies
and research organizations, as well as in government. In
addition, measures might be taken to make large organizations,
governmental or nongovernmental, more aware than they now afe
of the possible utility of studies which they might conduct on
their own in the area of cost effectiveness and quantification

of value. In particular, we urge:
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(e) Acting through COSATI, 0SIS should keep other
agencies of the Federal government informed of
the state of development of techniques for
guantification of benefits, and should assist
them in making economic decisions on their
information programs. It should work for the
development and acceptance of enlightened
guidelines by which agencies can judge when
subsidy of an in-house or extramural Information
service is appropriate. '
While the studies envisioned in Recommendations

(a), (b), and (d), and part of (c), can for the most ﬁart
be conducted extramurally, or perhaps by‘other government
agencies stimulated by 0SIS, their intelligent coordination
will requiré considerable expertise on the part of the 0SIS

staff. Such expertise will be especially important for fthe
leadership role called for in Recommendation (e). we
therefore make the final recommendation:
(f) 0SIS should try systematically to build up-
~ the expertise of its staff in the area of
economics of information 8- rvices, ﬁi@h the ‘\
goal of having as abon as feasible é aehigr '
professional of high ability who will devo#gy
the major portion of his energies to this field.
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APPENDIX A. MAJOR TYPES OF INFORMATION ACTIVITIES
AND TYPCIAL DECISIONS REQUIRING
QUANTITATIVE ESTIMATES OF VALUE

A nice brief summary of the scientific and technical
information activities of the Federal government can be found
in the periodic NSF publications Federal Funds for Research,
Development, and Other Scientific Activities?l However, as the

caveats in these publications make clear, the eXpenditures

they report are not a complete listing, and the total is only
of the order of half the billion dollars a year we quoted in
the Introduction. In Fig. 1 of the text and in the discussion
below we have broken the activities down 1hto categories of

our own making, and have made rough estimates of expenditures
from all sources available to us. The categories of Fig. 1 are:
A. Technical libraries. As might be expected from their
Indispensible role as purveyors of recorded information,
libraries loom very large in economic fenmé. Acéording~to

the best estimates we have been able to get,‘the Federal
government's expenditures for techhical libfariea are curreﬁtly
something like $100 million per yean;althduﬁh cdﬁpreheneivé
data are hard to obtain, it seems likely that the operation

of the scientific and technical component of our nation's
libraries involves ;dditional annual expenditures of hundreds
of millions of dollars by universities, 1inhdustries, etc. Some

sample decision questions are:
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1. When should & university or other research
organization split off local departmental
libraries from & centralized library?

2. What is the optimum number of subscriptions to
an important journal which a library should -
purchase?

3. How much is it worth to support research and-
development for better and cheaper microform
readers?

B. Systems for selective dissemination of information-and

computerized services. These are coming 1ncreaaingl} into use
in industrial and mission-oriented organizations?o’>> ynile

we have not seen any breakout of expenditures for such
services, we have inferred a lower limit of some tens Af'
millions of dollars a year by the government alone. .Bibecially
important are a number of university-centered retrieval systems
supported by the NSF and capable of making available to users
the content of tapes issued by the producers of large A ‘and I

i

services. Typical questions are: ) Lo

4, When should a research organization put AR

3"

into operation a selective~dissemination

o
;

system for its staff?

5. How large a data base should a computeffgiési"

B
.;‘E
o :K.l:‘- T

X

1

* retrieval system attempt to cover?
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C. Information-asnalysis centers. These are lumped together

in Fig. 1 with information service centers (e.g., weather

date centers), the dividing line between the two being a little
fuzzy. The two together probably account for something like

$200 million of Federal expenditures, but probably less than
half of this amount is spent on the sort of processing activities
envisioned in the Weinberg ReportBuﬁﬁnder‘the term "Specializedw
information centers." The number of centers of this latter

type has, however, been growing steadily; these are included

in COSATI's 1963 1ist of some 111 centers supported by the
Federal government:;55 over three-quarters of these were devoted

to scientific or technological areas. Much of the most fundamental
data analysis in the basic sciences is done in centers supported
by the Office of Standard Reference Data in the National Bureau
of Standards, which has an annual budget of about $2.4 million.

A typical'question is:

6. When is it worthwhile to start an information-
analysis center in a new.field, or to significantly .
expand an existing center?

D. Journal production. Although no comprehensive compilation

exists, available evidence56’ln suggests that primary publication

in the United States of basically new scientific and technical
knowledge amounts to over a million kilowords annually. The

correaponding expenditure by the publishing organirzations must
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therefore be in the range $50 to $100 million. While direct
government support is limited to Jjournals published by government
organizations and emergency subventions, such a8 those for the
initiation of translation journals, a sizable and growing
proportion of the production cost of regular journals 1is met
by page charges, the majority'of which are paid for from research
funds supplied by government agencies. Some typical\dpqision
questions are:
7. To what extent should the government encourage.
page-charge financing by providing funds for
it in grants and contracts?
8. When is subsidy of a translation journal .justified? .

9. When should a scientific society adopt a larger

page format for its journals?

E. Schemes for distribution for reports and_prgp;;g&g,};The
National Technical Information Service in 1969:0ffqnéd;qqme: ‘
45,000 reports for distributiqn?7 A 8till larger number

of government reports were not made available.througn this
service, but distributed only by the originaéing‘aggﬁcibq.

It is probable that a sizable part of the roughly_$;gg:§jlliop
reported in Federal Fundsﬂ'w spent annually for “publication.
and distribution" pertains to reports. In a.difrereni xelin,
the notorious Information Exchange Groups operated. by the
National Institutes of Health sent out in 1966 about one .end
one~half million coples of preprints, Before the experiment

i

i
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was discontinued, possible expansion to an operation with
anmual costs in the range $10 to $100 million were being
talked about”l A typical question might be:

10. When, and on what scale, should preprint

exchanges be subsidized?

F. Abstracting and indexing publications. Scores of these

are produced directly by the government, most of them rather
small but some quite large; the latter are exemplified by ;
Index Medicus, Nuclear Science Abstracts, and STAR. Adding up
some rather old data on number of literature items covered

by these, we get over half a million for the year 1960; this
probably implies well over a million today. There 1s also
sometimes ongoing subsidy of externally produced services,
typified by that of International Aerospace Abstracts. OSIS
kas in the past given considerable developmental support to
soclety-run discipline-oriented systems. The government's

expenditure for all these atems could well exceed $20 million

V4 vn

a year; nongovernmental expenditures are doubtless considerably
greater. Some typical decision qQuestions are:
1l. When should the government subsidize the
input of citations onto a tape service
produced as an adjunct to ar A and I publication?
12, When 1s direct or indirect subsidy of an
A and I publication Justified? '

.-
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13. Should an abgtract journal computerize
its annual~index production to enable the

index to be produced more promptly?

G. Review grants, etc, In contrast to the extensive work

at infomation-analysis centers, thege has been very little
investment of resources by government or societies for the
purpose of encouraging individuals to prbduce reviews,
treatises, and data compilations. A key question is:
14. Should an agency supporting research divert
some of its research funds to a program of
grants to authors for the preparation of
reviews and compilations?
H. Educational resources, This is a very large area, and
one in which the quantification of benefits is even more
difficult than for most other types of information services.

We shall not attempt to give examples for this area.

I. Meeting support. Most of the support of scientific and

technical meetings is supplied by rzsearch and development
organizationa, through payment of registration fees and, most
importantly, of travel expenses for attendees., As the total
investment of resources has been estimated at something like-
$8 or $10 million for the field of physics,ea the total for

all fields may well be of the order of $100 million; explicitly
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APPENDIX B. DEMAND CURVES, AND THEIR
RELATION TO BENEFITS DELIVERED

FigureBl{a) shows a typical demand curve, in
which the abscissa 1s the number of purchasers of a product
or service when it 1s offered at a price represented by the
ordinant. We assume for the moment that the price is the
same to all buyers, and that the social value delivered to
any buyer is, at least on the average, equal to the self-
interest value he perceives for the product, in other words,'
to the maximum price he would be willing to pay for it.
The width of the doubly shaded strip represents the number
of buyers to whom the value 1s greater than Py but less
than the slightly larger value Po- The area of this strip
thus represents -~ under our simplifying assumptions =- the
value this group of buyers receives from the product (provided
the price is below pl);umfhe total value received by all
those who purchase the journal when it is priced at Pg is
obtained by adding the contributions from many such vertical

strips and is, therefore, the total shaded area:

N(p,)

Benefit delivered = j p(N)oN = p N(p,) k‘[ N{p)ep  (B.1)
p

o
o

This 1s a gross benefit. If the cost of providing
the product or service to N buyers has the simple form

Cost = CO+RN,
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(a)

(b)

Fig. B.1
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where C_  is the "input" or "set-up" cost, and R is the
unit replication cost, then the net benefit is given by
the shaded area in Fig. Rl(b), where the circular hole 1is
chosen to have area Co.

The logarithmic derivative of the demand curve,
B = 3inN/dinp, is what is called the price elasticity of

-

demand. It is normally negative, and under usual operating
conditfions has a magnitude that is usually a fraction of
unity. If the price elasticity of demand were constant
over the whole curve then we should have chpB. This 1is,
however, impossible, for B » fl,.since it causes I.%dp.to
dive-ge.

In practice this simple measure of benefits will
need to be corrected both for "externalities" (positive or
negative benefits realized by society through_providing_
the product or service to a particular buyer, which do not
enter into this buyer's self-interest judgments), and for
the interaction of competing but usually not identical products
in the marketplace. The former of these has been briefly
discussed in the SATCOM Task Group Re;port:,l‘l6 and the Physics
Survey Report;59 the Mathematics Report7 discusses both, and gives l
fairly detailed attention to the latter in connecti;n with the

optimal distribution of subvéntions.
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APPENDIX C. VALUE OF AN ENTERFRISE AND
OF AN IMPROVEMENT IN IT

Let a society, or some organization within it,

spend F dollars a year for same’bnterprise which yields a
benefit (yield) Jjudged to be worth Y dollars, i.e., of a
value equal to what Y dollars could buy if used for typical
other purposes. In general the dependgnce of Y on F will
have the form shown 1in Fig. ¢.1: at 1§w F, the enterprise
will usually be inefficient; its efficiency will at first
rise as F is increased; for large F a region of diminishing
returns will be reached, and Y will grow more slowly. .If°

the enterprise

Fig. C.1
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consumes only a small fraction of the funds available to
the organization, the optimum operating point will be that
maximizing the distance above the line Y=F, i.e., the

point P  at which 3Y/0F=1, Operation at any point between
P, and P, will give a net benefit, however. If the full
curve never rises above the 45° 1ine, the enterprise is

not worth pursuing at all.

Now consider a hypothetical change in the enterprise,
improving its efficiency or productivity. This will cpange
the function Y(F), say from the full to the dot-dash curve
in Fig. C.2.

Fig. C.2
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Let the optimum operating point (point of unit slope)
under the old regime be P, that under the new regime P/,
If the change is small, the difference in the heights of
P’ and P gbove the 45° line can be evaluated either as the
vertical shift PQ= (tSY)F or as the horizontal shift PR= -(6F)Y.

—_

Often, however, what is easiest to estimate 15 not either
of these two quantities, bﬁt the Increase in yield that
would result under the new regime if the Same ﬁrofesaional
staff were to be used In the new regime gs in the old, with
the same standard of support, i.e., the same availability of
supplies, secretarial help, etc., even though expenditures
for these items might rise in consequence of their working
rore productively. Let S in the figure be such a hypothetical
operating point. (Such an estimate is especially natural
if the value of the innovation can be expressed in terms of
an equivalent augmention in man-hours worked.) In such case
the known quantity is the vertical distance from P to S, and
the desired net benefit is this vertical distance minus the
horizontal distance from P. to S,

To compute the quantity Jjust mentioned, let us try
to divide F into two terms:

Fw = those expenditures that depend mainly on the
amount of useful work done, rather than on the
number of professionals doing it;

F_ = those expenditures that depend malnly on the
number of professionals employed, rather than

on their productivity,.
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Then we have F=F;'+Fp, with F,_ oY, Ii'pmaize ot" professional
staff. The horizontal distance from P to 5 in Fig. C.2 will
then be, to first order, '
. .Y
oF, = F, (5) -F (P) = F 4,
where GOY ie Y({5) -Y(P). Thus the increase in net benefit

under the new regime is
F, FFy o F
8(Y-F) = 6,Y-OF, = 6 Y(l-g?) > 6 Y(—p) =0 Y-F, (C.1)

since Y>F if the enterprise was worth pursuing in the
first place.

Studies of budget items in a typical industrial
research and development organization, quéted without
details in Re{. 28, have indicated a value for Fp.equal to
about 1.55 times the bare salary budget for professional
staff. We have used this value in the explicit examples
of Appendix E. As Fw’;a normally rather less than Fp, the
inequality in (C.l) will not be & very strong one unless
I/F is considerably above unity. But for enterprises where
the latter is the case one should try to estimate the value

of Y/F in order to improve on the lower limit given by the

far right of (€.1).
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APPENDIX D, EXAMPLES OF HOW USER-TIME DATA CAN
BE COMVERTED TO A MEASURE OF BENEFIT :

We shall use the basic assumptions described in .
Section III.4 of the text, ﬁamely, that on the average |
each user of an Information service allots to its use the
amount of time which, for fixed characteristics of the
environment with which he interacts, maximizgs his productive

output, and that this productive output has the form of

Eq. (6), i.e.,
Y = 9(l-t,=t JE(t,,t.) » (D.1)

where ti 18 the fraction of his time he devotes to the

information service in question, to is the fraction of time

devoted to other not directly productive activities, and E
is an efficiency factor. The function ¢, which measures the
output of productive work as a function of the time X directly

devoted to such work, has the general fomm shown below:

P

.\
i
|
|
}
i
)
}
}
|
/

Fig. D.1
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For scientific anﬁ highly techﬁical work it has:-a aignificaﬁt
upward curvature, because of the need to have many different
strands of thought simultaneously in the forefront of
consciouéness, and because of delays attendant on turn-on
and maintenance of apparatus. We have sampled opinions from

a number 9of research physicists, for example, which suggest

that the difference in slope between, say, x==0.6land X=0.1,

is probably rather more than a factor of 2, Indifidual differences
may be sizable, however. (We shall return to the cohéept of o

at the end of this Appendix.) -

A correct description of the function E should.

take account of & number of effects. To begin with, 1its
dependence on ti is usually very nonlinear, because the user
seeks first those pieces of information with the highest
anticipated relevance for his work, and then works down to

less and less promising items as t, increases. 'Mareover,

in many cases increasing ti will produce an 1né}easing
redundance of information, the same piece of knowiedge being
repeatedly encountered in trivially different forms. A

further complication has to do with the interaction of
different information channels: for example, E can be strongly
influenced by the amount of time tg spent interacting with

the "grapevine” of informal contacts; the effectiveness of,
these contacts, in turn, depends on their interaction with
written sources of information; etc. To sort out these various
interrelationships one can make ‘use of several types of

empirical observations, such as: the relative amounts of time
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that particular types of users choose to spend in the use
of different types of information resocurces, including the
grapevine; the rglative frequency of various sequences of
information-transfer operations in the acquisition of items
of information actually found useful; order-of-magnitude
guesses as to the seriousness of the redundancy and diminishing-
returns effects. Later below we shall present, mainly for
illustrative purposes, some calculations with a rather specific
model designed to take acoount of these effect".S.29 First,
however, we shall illustrate a few particularly important
principles by writing a few equations for & deliberately
over-simplified model. i
Both in our initial over-simplified discussion
and in the analysis of more sophisticated models, we shall
restrict attention to two specific types of change in an
information service: |
(1) A change that will enable each user, on the
average, to get the same amount of useful
information from the service in 100A% less time.
(11) A change that will enlarge the supply of
information from service i from which the user
may select items for perusal or study, under
the assumption that the additional items, whose
number is 100A% of the original number, have
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the same distribution in quality and

apPropriateness for the user's needs as

those originally available.

In our initial discussion we shall make the
simplification of assuming that when either of these types
of change is made in a particular information service 1,
neither the time devoted to use of other information resourses,
nor the amount of useful information obtained from them,
changes. In such case we can Just take for E some function
of the general shape shown below, and can ignore its dependence

on the cther times, such as tg, entering into to.

Fig. D.2

t;
The optimality condition, (7) of the text, is thus
(1=t -t

Ty - e (0.2)
PU=E47% i) -

This already gives us some information about the form of

the function E, 1if ti and to are empirically known and if
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we can regard ¢ as épproximately known. (There is, of
course, an arbitrariness in the normalization of the
functions ¢ and E: either could be multiplied by a constant
and the other divided by the same constant; for our purposes
we can leave the normalization unspecified.) If we have
further information about the relative amounts of useful
knowledge acquired through channel i and through all other
channels, we can characterize the function E even further,
since we will know approximately howWw far the ordinate of the
present operating point P in the figurellies above the
intercept B,

Consider first, for this simplified model, the“
effect of the time-saving measure described in (1) above.

Such a measure replaces the function E by a function E, where
case (1): E(t;) = E(t+t,) , (D.3)
so that the change in.E is, to first order,
8E = E-E = At, E’ (t,) . (D.4)
From (D.1) and (D.2) we thgp have
Q

Case (1): %g'= %? = At 2., (D.5)

Note that we do not need to worry about the change ﬁti that
will occur in ti ag a result of the innovation, because we

have agsumed Y to be stationayry with respevt to changes in
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t,, this being in fact the origin of Eq. (D.2). Now the

'
value of ¢'/¢ at a typical research-worker's operating point
is likely to be in the range 2 to 3: even if one were to
ignore the rather appreciable upward curvature of the plot
of Fig. D.l, setting $exl-t,~t , We would still haVe_Qf/Q =
(l-ti-to)'l, which is typically 1.5 to 2 or more. Thus we
have our first major conclusion, which as we shall see below

remains valid in more sophisticated models: the value of

a time-saving innovation is enhanced over the value of the

time saved, by an amplification factor of the order of 2 or 3,

due simply to the form of the productivity function 9.

Now let us turn to the other type of innovation,
called (1i) above, namely, an augmentation of the amount of
information available for perusal or study. The assumption
enunciated above for this case amounts to replacing E by E

where
by
Thus to first order
BE’= E'-E’ = -nt.E7, - (D7)
so that, by integration

t
8E = foiﬁE'dti = A [E(ti)-E(O) - tiE'(ti)]
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The resulting fractional increase in output is thus

E-E(0) =t E!
Case (ii)s %!=PEE-:=7\[ (0; i ]=7\%, (D.9)

where 4 is the distance from the intercept B in Fig. D.2
to the intercept C of the tangent. Unlike (D.5), which
depended only on the form of the approximately understood
function @ (D.9) depends sensitively on the details of the
function E; to evaluate the benefit from a type (il) ‘
innovation one must therefore conduct studies adequate to
map out a rough shape for E,

Our discussion so far has neglected two effects,
one, at least, of which can be fairly important, in the
direction of enhancing the benefit of improvements in
Information services. The two effects are:

(a) Different information channels can nourish

each other. Improvement in a particular

information service i affects the efficiency

E of a given individual not only vie the

direct route we have been considering (increasing

the amount of information he can get for a

given expepditure t; of his ownwtime), but

also by increasing the amount or value of the

information he receives through other channels

(since the individuals with whom he interacts
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in these othér channels will themselves

be better informed 28 a result of the
improvement in channel 1).

The time distribution that individusals

choose to make between use of the’litersturg,
use of the grapevine, and other actlivitiles

will not in general be such as to optimize

the total soclal yleld fron all individuals
together, even though each individual undertakSs
to optimize his own output. Specifically, an
individual will not redistribute his 6wn time
between these various types of activities.if
such redistribution will not improve his own
output, even though it might improve the . °
output of others. (This stutement ﬁﬁ? be &
little extreme, but there certainly is an'
effect of this sort.)

In a study® which will not be described in detail

here, calculations have been made for & few quantitative

models which emhody allowance for these two errectt, anq

for the fact that information received throush difrertnt

channels may be redundant. For a considerable range of

certain parameters entering these models, tle following
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statements seem to hold true: the benefit received from

a_time-saving innovation in a formal information channel

i1 is enhanced by & further amplification factor, beyond

that given in (D.5), due to nourishment of informal
by formal channelgs if comparable amounts of information

are received through formal and informal channels, this

enhancement factor ig typically the order of 1.5, and

it increases slowly with increase in the relative

amount received from the informal channels. The effects

of the redistributiion of users' time produced by the

innovation seéem in nearly all cases to be minor.

In the more sophisticated models the effect of an .
augmentation of available information, case (11), continues to
be rather more model-sensitive than in ¢ ase (1). The effects
of mutual nourishment of different channels, and o. thelr
mutual redundancy, may either increase or decrease the benefit
in comparison with that given by (D.6), depending on the
assumed values of various pﬁr&meters entering the model. Here
again, however, the effects  of readjustment in the distribution
of users! time are usually minor. o |

In closing we ghall indicate, agaiﬁ for an over-
simplified model, why it is that ﬁutual nourishment of different
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information channels produces an amplification of benefit,

-

as mentioned in the underlined sentence abovs. Suppose
information is received through two channels, "literature”
(fraction t, of time) and "grapevine" (fraction tg), and

suppose there is no redundancy, so that

" If the individuals with whom the typical worker interacts
in;phe grapevine are like himséif, and get informatioﬁ from

similar sources, it will be reasonable to suppose that
e (ty) = £(t,)E, : " (D.11)

where T is some increasing function which tends to saturate for large ',4
- . {

tg, and that each individual will try to maximize his own eg by

choosing an appropriate t

g.1n £(t;) treating the E of (D.11)
as a constant {this is the source of the effect (b) noted

above]. From (D.10) and (D.11) we have

‘ e, (t,) |
E = % , ' D.1
mt';j | | . _2);
and from (D.1l), ‘ '
?(l-ty-t ) e, (t,).

- i . (D.13)
Thus if one ignores changes in tg and t&’
be
5} § ¢
T = —ellz— M (D.lu) .
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Since the optimality condition re te-is . 3
r
e .
el (D.15)"
— , -
eL+eg )

we have for i={ in case (i), by (D.4) with e, replacing E,
5y e,+e N\ ., - ‘ |

which differs from (D.5) by the "mutual-nourishment"
amplification factor (eL+eg)/°L' What this means is that

an innovation saving time in use of the literature makes

everyone not only get more information from the literature,

but also deliver more informatior via the‘grapevine. As

noted above, allowance ror redundancy decreases the amplification

effects typically, if e e the factor (el+eiy@£==2-~ : -wvm——-~fma~—:

A
in (D.16) becomes about 1.5 in the more sophisticated models.

The importance of the function @{x) of Fig. D.1 for
this analysis suggests tha% it would be worthwhile to give.goje
attention to techniques for estimating it, and to ways of general-
ization that has been suggested is based on the conception that
1t 15 intellectual energy, rather than time, that is the scarce
commodity, and that time spent in different types of activities F
uses up this -energy at diffsrent rgées. This-bne might repléce the
9(1-t4-t,) in (D.1) by ¢(1-B,t,-B t ), wh,erevﬁi is the ratio of -
the energy denmand per unit time while using information resource

i to that while doling typical productive work, and Bo is a
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similar average ratio for the remaining activities. With

1-8,t,-8 t_ =8, |1-t Loy (& -1)
1"1"Po’0 ~ F1 1Fy o By

we could write
ﬁo
9(1-Byty-B b)) = xi(l-ti.-EI t,) s (D.17)

where Xy is some function of its argument, Our analysis
through (D.9) could now be repeafed with no change except
repiacement on ¢ by Xy But if rates of different channels
were to be compares, as in the equations {0.10)-(D.16) for
"literature" plus "grapevine" channels, one would have to
take account of the dependence of X4 on the channel ?.
Unfortunately, while time spent in doing various typeés of.
things can be directly measured, expenditures oflintellectual

s

energy cannot.
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" APPENDIX E, POSSIBLE PROCEDURES FOR BENEFIT "~
' QUANTIFICATION IN TYPICAL SPECIFIC CASES

The brief discussions below, for several of the
items on the 1ist of Appendix A, are intended to show how
one might go about setting a quantitative value measure.
Any numbers quoted are only illustrative, and make no pretehse
to authority or correctness; the important point is rather
that procedures can be identified by which roughly correct
numbers could be obtalned with a little work. Moreover,
1£ must be remembered that the measure of value we are discuasing
here is only one of several factors that enter into the
decision on any item: one must also consider such things
as costs, economic stability, and orsanizational or political

practicality. The numbers on the items correspond to thoae

of Appendix A.
1. Replacement of a centralized library by local ;1brarie .

Various studies47 have shown that‘the‘usc‘
made of any information resource decraaaes'fapidly with
increasing distance from the user or inconvanience to
him. In part this decrease is logical, Bince incraaae
in time requirad will change the Opttmum division of. the
user's ttmc between use of this resource and other activities
(see the study®? briefly summarized in Appandix D, for an
attempt at mathematical evaluation of this effect). But
the observed decrease is so rapid that one mcct conclude

that most users at some point fail to optimize their

;1112 _ \ ': “ ' ' ' ) _]
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time distribution. This introduces a worrisome element

into the process of making dollar calibration from users!’

time studies; further investigations are needed to

clarify the nature of the misjudgments involved, For
the‘present discuésion we shall assume that such studies

udﬁld show that use of a resource such as & library .

becomes more nearly optimum the less the delay and inconvenience
involved, so that increasing delay, etc., leads to

sub~-optimum use,

-

Let us consider, then, that users who have a dapartmental
library in their own building make.optimalluse of ity the
fraction tL of thelr time which they devote to such use can
be measured in similar institutions where departmental
libraries already exist. For our illustrative calculation,
we shall assume tL = 0,007, a figure that might be re§80nable
for physicists, though too low for chemists. The difference-
in commuting time between use of a central library and use
of the departmental library can be measured: suppose that in
& given case it amounts to ;0 minutes per round trip. The
average duration of a library visit can also be measured: let
us assume it to be 50 minutes in the present exercise. Thén. -
if the users were to optimize their distribution of timé in
both cases, the shift from the one library system to the other
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migﬁt be treated as a 20% changé in the time required to

get a given amdﬁnt or.information from the library-visit
channel [1like "case (1)" of Appendix D, but for a‘model
isolating library visits from other types of literature

use, including phoned requests to the library, etc.}. As

in Appendix D, the effect of this 20% change will be
equivalent to the value of this time times an amplification
factor which can be at least roughly computed from obtainable
inputs, and which we shall take to be 3. Thus for & Physics
research group, with a loading factor 1.55 applied to bare
salaries to_take account of nonproductivity-related expenses

incurred through employment of professionals (see APpPendix C),

Excess value received (total
from departmental ~ 0.007%X0.2X3%X1.55%X staff
library per year salaries)
- (staff _ (mean
-0065 x size) X salary)

For & staff of 60 this would be about $6000 per year.

But this is on the assumption that use of the more
remote library would be optimal, and &s noted above, it
probably falls far below optimal. Values of tL for groups
with remote libraries can be obtained: suppose the value of
t; were 0.002. All indications are that the function describing
the dependence on t; of the utility of the information received
from library use is a rapidly saturating one, similar to the
E(t;) of Fig. D.2 in Appendix D. Thus:
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u-g;m‘,

..‘.n 7 8
Fig. E.1-

assu

tL
The optimum-use point for the central library would be the
point at which the slope of the dashed curve is the same as
that of the full curve at tL = ,007 and might correspond to a tI.- only
8lightly smaller. . For a plausible set of parameters
(appropriate parameters should of courss be sought in a speclal
study) this new optimum point might have 92% as much utility
as for the departmental library, as shown. DBut the actual
use t, = 0,002 might have only 55?5 as much ut;inty. In such
case the dollar value dirrerance between the two library systems
would be about five times the $6000/year figure quoted above.
The $30K riéure would probably exceed the t.otslr
annual acquisition cost of a physics librarj',“ and c‘:e‘:t‘:a‘!.nly
would far exceed the difrerenﬂal cost of ac‘ﬁuiaitions t},hat
would need to be duplicated if departmental 1ibraries ue‘re set
up. The $6~K-rigure, on the other hmd,nisht be of the deme
order as the latter, Putti,ng in space and stirr- expenses, ¢tc.,
one could probably derive reasonable criteria for when (in éemﬁ

of size of staff, etc.) individual chemistry, physics, mathematics,

105




HEEE R A T
. B

B-5

etc. libraries should be set up, when libraries for several
departments should be consolidated, etc.

Cur simple discusaion here has not taken any account
of students, a very important‘consideration in university -
affairs; they could, of course, be put into the picture with,
similar techniques.

8. Subsidy of translation journals.

This could benefit society in two ways: Ly'increaaing
the availability of existing translation journals, and by
bringing new ones into existence. Here we shall diacusa oniy
the former channel. A8 in most cases, dollar calibration for
this problem can be obtained eithef from market data or from
user-time studies; as neither approach can be made very accurate,
it would be best to do one's best Wth both approaches and compare

the results.

At the moment the needed data are more nearly avﬁiIable
from the market approach. Let us take as an example a particular
translation journal, Soviet Physics JETP, published by the

' 14

American Institute of Fhysics. According to the SATCOM study,
the 1968 circulation of this journal was 1611 and its sub-

scription cost, per equivalent kiloword of text, 3.4¢. From
the general trend of cost-circulation statistics for many
physics journala (Ref.1l4, Fig. 7) it can be estimated that if
the journal could be marketed at near run-off cost (about

0.3-0.5¢ per equivalent kiloword, according to Fig. 11 of
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Ref.14) it ﬁoulq, in the quasi-steady state, have about 2800
| subscribers. The increase in area under the demand curve -- see Fig.
B1 (b) abov; -« would Se roughly that of ‘the triangle of
height 1200 andwidth 3¢/kiloword,  or $18 per lc.ilo;tord. This,
tpen, is an estimate of the banerit.gdciéty in general (1qslud1ng
foreign countries) would receive if support of prerun costs
by subsidy wers to make it posgsible to mafket this journal
at run-off cost. This is a minor, though appreciable, fraction
of the total prerun cost (presumably about $45 per kiloword,
the expense of translation being compensated by éhe saving in
photo-copying equations, etc.), i.e., of the amdunt of subsidy
that would be involved. Thus society would be getting a 63/45
return on its subsidy money.

As the $18 figure Jjust estimated could be in error
by a factor of two in either direction because of the uncertainty
in the elasticity of the demand curve, and because the market
approach has.other shortcomings, studies aimed at dollar
calibration via users' time would be worth performing. Reducing
the subscription ?r;ce tc the run~off level would have two

kinds of effect: it would make the journal available in
1nat;tutionn where it is not now available, and it would make

it more easlly available in other 1nst1tutiong.v1a sub=-libraries,
individual sublcriptionaf etc. In the former case the effect
would be 1ike that of "case (11)" of Appendix D and the
contribution to the valug could be estimated by the methods

li:'f
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described there, if market data on the number of new institutions
eubscribing could be obtained. In the latter (probably more
important) case the effect wonld be roughly one of decreasing

the time involved in use of the translation journal, and could

be estimated if data could be collected on the amounts of time
epent in use of this journal (as compared, say, with & more

widely available one like Physicel Review) in institutions

having it in many sub-libraries and in those having it only
in a central library; the mathematical techniques would be

similar to those of Appendix D and Ref. 29. _
9. Adoption of a larger page format by & journal,.

This issue is a particularly simple one for which
to get a measure of value. With two groups of subjects one
could compare reading time required for a given level of
comprehension with, say, a 500-word journal page and a 1300-word
page. For literature with many equations and figures, the
reduction of the need to leaf back and forth to connect these
should lead to quite a measurable difference in efficiency.
While we do not know how much difference in sgeed of comprehension
would be found in such a study, the fact that differences in
typography are known to affect reading speed for non-technical
material by 10% or even 20%”'9 suggests that a 10% figure might well
be found for the present case. If so, the ;alue could be

computed by the methods of Appendix D, "case (1)", 1i.e.,

(Mean time spent (Amplifi-
by all users in (Mean cation :
Value = 0.1 reading given X salary) X 1.55% factor
Journal) Ty of 3 or so)
1u8
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where the {pctor.l.ss takes account of lpading as described
above and in Appendix C, and the last factor is due to the
increase of efficiency with increasing time worked and to
feedback effects, as discussed above and in Appendix D,

11. Support of citation indexes.

Let us consider the special case of & citation index
for chemistry, supposed in existence but very costly. Should
such an index be operated on a self-supporting basis by sale
of subscriptions, or should it be socially subsidized, so that
it can be markated at something approaching run-off cost?
Here again one could in principle use either & demand-curve
or & user-time approach; however, statistics on the demand curves
for citation indexes are almost non-existent, so our remarks

here will be concerned only with the user-time app?oach.
According to some statistics collected by a committee

of the American Chemical SOcietyfuiindustrial research’chemiata
who have access to the Science Citation Index spend an average
of about 0.2 houra per week using it. f[One can -question

the methodology used in collecting these atatigtics --.a

more controlled study is needed if such figures are to be used |
for an important application. Also,‘thi data are doubtless
not representative of ateady-state ygser Judsments; as‘scr is
still new to many potential users.] Bﬁt only‘26ﬁ of the chemists
queried had such access. From the hature of the éample\it

seems likely that most of the reuainins 80% would have found

SCI comparably ussful if they had had it; statistics on chemical

‘ l;}Q .




publications, patents, etc., from different kinds of institations ~
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could.probably be collected which would.give an estimate, or
at least a decent lower limit, for the effective mmber of
chemists who do not now have access to SCI but who could benefit
comparably from it. To combine with such data one would need
only to know the dollar value of the loga, per chemist, that
the average present user of SCI would suffer if he were _
deprived of it. |

In a crude model, one could ignore the "grapevine”
effects discussed in Appendix D, and simply look at this average
chemist &8 an 1ndividua1o The benefit hé receives from spend;ng

& fraction t, of his time with SCI will depend on t, according

i
to a saturating curve of the form of Fig. D.2 of Appendix D,

i.e.,

Donefit

Fig. E.2°

> €.

If he uses good judgment, he wili pick his ap?rating poiﬁt'P‘

to be such that the slope of this curve rqpfesents the marginal
value of his time when devoted to other uses. Since t, 1is

very amall (¥ 0.2/40 = ,005 in the present example), this marginal
value can be tlgcn 48 unaffected by ti; in such case the net
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loss to him 1f he 1s depuv;d of ST will be the dfstance BC.
To get a numerical valﬁe for this one must know something
about the curvature of the curve. A rough guess would set

BC ® the vertical distance from C to P; this would be the case
1f the curve were parabolic with a slope at A much greater than
that at P. Better guides to the shape of the curve could be
obtained from studies of search ylelds vs. time (see for
example Ref.60), time spent with SCI when it 1s inconveniently
available, etc. {inother estimate, though probably not a very
reliable one, can be obtained from the estimate in Ref. 15 that
the average user of SCI saved 0.4 hours/week by such:use;

this means BC = twice the vertical distance Trom C to P.)
With the above guess BC % vertical CP, the value

.005 for t,, and the slope CP & 2.0 X 1.55 x $15K/man yr.
as estimated from the discussion of the ¢ function in Appenhix
D, one would get a value of about $230 per chemist _
year, resulting from supplying him with a citation index. One -
would need to combine such a figure, sultably sharpened, with
an estimate of the number of chemists in the country, not
now able to use 3CI, whose use patterns miaht:he comparable
with those of the ACS sample. One should also check the
assumption that nearly all of these would 1ﬁdeed have access
to a citation index marketed at near run-off cost.

It 18 noteworthy that the benerit figure just estimated

is so large that, even if 1t 1s an overestimate by a factor
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three, any company with more than 30 or 35 research-level
chemists should purchase SCI at its current price of about

$2500 a year. As the great majority of the chemists in the

ACS study were employed by companies with over $100 million
annual sales, while only 20% of them had access to SCI, s‘serioua

hysteresis in market response is indicated.
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