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ABSTRACT/

Based onl'review of experteo inion and reoeA literature,
.,,

this report highlights the critical is ues and open questions relat-
.

ing to the econothics of the scieptifici and technical information

industry. There is hardly an area that does not Call for more and:

better .research-. =yet the need is not-n early so much for quantity as

far amore coherent and meaningful. pattern. Development of such a .

pattern 'depends to,a large extent upon a-body of fundamental ,tnfor-

mation abobt the field itself: This, foundation 4s simply not aVail-

able at present. The authors- recommend a broad effort to collect_

available data, together with development of standardizedcollec,

tion methodologies which can meet crqicalschtinY as well as

provide the necessary.additional cor4araiiYe and addittye,informa-
.

,tion. The report further stresses a strong need.for increased,

reseach and policy study of the roles and processes of information

diffusion'intoiheprivate sector.
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INTRODUCTION

In. the irs .since World War II America's

level of technologyand sci*tific,activity have

expanded continually.. Concurrently, ah elaborate array

of informatiOn .and cotiounication system/has been

develope.d to document, store acid distribute the

formation upon .which this.act.ivitY depends. ^Yet even

simple fatts regarding the size of this in'clustrfOndlit'S
role'and utilization by the sci!ntific community. are . Scientific and technicaL.

>

a

./t.nforihation services have
poorly%nderstobch Scientific and technical inforniation

..grown on an, ad hoc baSis..

components h'ave grown largely on an ad,hocbasis,..sup--.
p

ported at times as a' research service, atsothers as an,

. archival tradition, sometimes as a government effort to /

shape the directions of .research . . . and Iften as an )

entrepreneurjal response to, apparent needs.
. .

,The size and intricacy of the resulting system

is'substantial, and its fragment'ed grciwth is reflected

/in innumerable questions about its goal,..54.value, and

- role in then scientific "process, not to mention the
- .

,measures of co's't and utilization. " Unfortunately this
-,

confusion' is 'not also reflected by a lack of "opinion",
*

research, and \publ ication.
. ,

During the course of this'project we have

attempted to review, assess, and synthesize-both recent

litefature and the experience,and opinion of representa-

tive participants "in' -the field.. Scientifid'infovmation

is neither fish nor fowl. It is sometimes a product,

sometimes a service, sometimes 4 supporting contribution

to the public,,good, sometimes- an item or process to-te

traded and soldon, the open market. Its value or appli-

cation may be,a matter of speculation undetermined for

-

.

The intricate and
fragmented growth is
nefiected in questions
of goal, value, and role.

.

The value and nature-of
infM,mati are often.

ambiguous:

4
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years; only to.. -become an invisible.-contribution,,to. `a.

seemingly unrelated "concept . . 9.r, worse yet, rein-

vdnted
,

beeause'of systenDfailure. ,

In weighingk questions of informatjvi value and Economic techtiiques should
..

resource allocation', -it has.bedomh increasingly* obvious
contribute insight

'

that economic 'analysis' techniques -should be e tb con-

trib'ute insight '44d,more' rational' grounds for decisions:.

Unfor,tunatelywhart" is not perhaps, as obVioui are the.;

iimitatiCins.of such .techni ques and the fotitdable gap

'between. theoretical model s and 'the4 appl ication to

-practical problems, specially where little or no'data

, exists. In our revitw we have seen repeated-attempts to

.develop models, of fnfCirmatiOn use arid value based upon

such inappropriate or severely 1 imiting assumptions that

rY

-

bUtore often severely
limited byrestriAive,
assumptionsband,circular;

the results are at best an academic exercise.' Again and (.reasoning.4

. again we have 'seen eiaborate circular arguments,- often

embellished with mathematics and jar*n,lyet basically
,- .....

designed not to model a real world process bit to prove

an unreal asmption.
, 4'

Time after time .we have noted attempts' to draw
1
conclu;ions from unacceptable data or based upon -.

4 t .

inadeilate or inexperienced methodolOgy. Desirable as'. 'Data is difficult to
and often not

.,_,

tlect
it may be .to do otherwilse, data ,cavrioti'be added 8r com- -valid,

pared or cohstdered scientific' unless jts collection

methodology can bt duplicated. The percentage of

,activities which cannot meet this simple test s dis-

concerting.
v

z

Perhaps most impressive in this melange has

been the substantial difference in orientation, method-

ology, and lanAage 'of the economics anti information

coinmunifies. In the following discussion we hate tried

to bridge this chasm, adopting the role of interpreters

and attempting to reflect the esseh( .ra 1 'issues terms

ofrEnglish ihstead of 'jargon. If the result seems

This study attempts to
interpret the orienta4/
tiontmethodoZogy, and
language of ,this verj
amoenous research area.

5
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consequently less ilipressive, perhas it is justified by

the potential for mutual understanding of the problems
,.

.

In the course of this project we have' reviewed

salient material from several hundred articles frOM the

U.S. and Great Britain. While many ofour cbnclusions
,)

and recommendations are'based on examination of the

literature, we also talked with representatiVes'ofklarge

government information, services for the 'scientific and

technical information.community; of nongovernment, non-

profitp services; of nongovernment, for-profit services;,

and of profegsional andttrade associations in the in-

formation field; as well as a variety of professional

informatiOn scientists, librarians, and'economists.

In November, 1974, we cosponsored with the
.

Amerteen Society for Information Science (ASIS) a Panel

on Poflcies.and DirectiOns in the Resedr0 on Scientific

and Technical Information Marketing Economics, with the

followigg participants:
ist

Harry M. Alleock, FI P1 enum Data Company

Curtis Benjamin,i Mc raw-Hill, Inc.

,Sanford Berg, Onivertity of Florida

Patricia BI-own, Battelle

Helene Ebenfield,.NSF, Office'of Science

Information Service

Conyers Herring, Bell Laboratories

Edwin Parker, Stanford University

,Hubert Sauter, Defense, Documentation

Center,

Josh'Smith, American Society for Informa-

tion Science .

George Tressel, Battelle.

The project surveyed both
literature and expert
opinion.

41.

It convened a speial
panel to debate the
policy issues of

,marketing economics.

ti
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The disCussion was. 1 lvel y, reflecting the same problems

we noted in:the literature: ,-Conlfusion.of meaning,

dbtachment from ultimate users, an.d.confriciof experi-
,

ence. The complete conference was televised and the

tape grdss edited to selecrthe.hiphlights an reduce
3

the viewing time. The original Meeting lasted six
/

hours; the rough cut edited version is two and a' half
*

hours.

summarized

Key,points emerging"-from the seqion were

as

We dneeto better underdtand the
ogerall-flow and use of-scientific
and technical infprmation

,

There must be greater Study of the
information marketplace and the
government role

The'characteristics of 4formatiOn
are unique: neither a conventional
product nor a'public good

Economic studies might address market
. elasticity, copyright effects, and

economies of scale

We need'tb study the effectivenesS
of information transfer and
alternatives to publication

We need to question the assumptibns
of past economic studies( and apply
such research to practical problems

The ultimate use and justification
.df the system lies outside the R & D
community

V

1'

1

,

01,

Confrontatibn helped
focus on commonalities
and differences - -of ,

*pei,spedtive as weZZ as
,language.

* Requests, to view the tapes, which are available in
3/4 inch or 1/2 inch cassette should be directed to

. Josh Smith, ASIS.
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,We need to adapt info'rmatioe
technology to information use,
rather than vice versa ,

We need products that bridge the
research and developmedt,'applip-
tion-and utilization gap.

We have attempted in tpp followingdiscussidn
f .

'lotto detail the rese h in this field but. rather to

provide an overview of the issues and1.an indication of
v4.

vacancies, deficiencies, and outstanding ciR.utions which

we.feel should be'addressed. It id not our intent to

de;Cribe:"Everything You Always Wanted to Know About

Information Economics"butfinstead to point out the many

proocatfte q4uestioris whiqVremain. ..4
c

4,,Throughotit Or project we have been encouraged

by the patience apcfassistasnce of-Ooel Goldhr and
N.-

-Helene Ebenfield,:not to mention. theila invalOble sense.

of humor. We commend possession of this quality to any-
,.

one contemplating the souhd and fury of inrormAtion

e 'conomics.

e

4

9

0
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This report attempts to
survep theValiefil issues,,
deficiencies; and out-
standing questions.
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THE TRANSFER OF.kNOWLEDGE

k

It is the, goal and thrust of economiesto
develop modelswhich.can be Used.to describe activity

and predict its equilfbrhm under differing cOnditiOrTs.

1
The attempts to apply such techeliques to technical

formation have'been preliminary, poorl' Onderstobd by

"the information Community, and sofar unable to produce

substantive predfctions.. ..

To understand and appreciate the depth of the

dtfficulti, one Must first recOgnize the complexity and
. #

diffusion of'ihe technical inIformation community. Its

cbnponents and participants have grown independently to

serve scattered users with tzldically differing needs.

Asa result, the economist entering the field is hard

pressed to describe this many-tailedelephant.,

1:tKnowledge is both the means and ends of

science . . a constant:extrapOlation-df kst.knowledge'

and its applidatiorNo new problems'. In practice this

process can" be only partially systematic. Not only is

it difficult'to regiment synergism 4nd insight,'but also

the appearance or recognition of an important new pro-.

blem can significantly shifi-the focus of major, i\,

activities. Consequent*, the value of/information re-

mains ambiguous, an d even the field o4 its use may

change over a period of time.
.0

In .response to. thts process an elaborate web .

1

Of information activities has* developed, providing the'

documentation, storage, searching, andcommunication

services inherent in the development and applicatjon of

new knowledge. Thus, when considering an economic model

it is necessaryJ9 recognize that its definition of

10

1

Research in information
economic is largely
exploratory

it%faces an exceedingly
complex community.

Ifnowledge is both a means
and an end ...

.

characterized by ;ambiguity
and change. ,

I
Infaimation services
attempt to curpoilt tN.
collection 'trail usi of a

this ambigubue coTrzodity.

0
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information activities must. inevitably impose an arti-'
.

Models and deSci.iptions
ficialNboundar9, arbitrarily lifting certain formal ser-_ cannot match the com-

plexities
p. i

c,' this milieu.vices from the milieu,of research,development, and ,

/

application.- The model designer must further recognize
- -

-,' the complex. character of this milieu and the' radical
c

r .
) differences of goals, methodology, 'and needs-which-6-e

A
encompassed., \

,

The accretion and extension of knowledge in
,

basic research (Figz. 1),4nd'its comparatively open

exchahge of new i4fOrmation is inherently unlike the,^

tortured and,competitiive diffusion pfiocess by wftich

information is combined, modified and converted to.
,

technol)o'gy in the Private sector .(Fig. 2). To-this -

picture mbst:be added'tte constant trading and reinter
?

pretation of information as passed between fields
4

as,well as the volumes of unpublished art and dafa held

by the ppiyate'sector. The,sprocess.ts so elaborate that

any disca'ssionLmust necessierily.beoverly simplistic arid

every model be liaiteto a small'portion,of the overall

activity.
*

V

Nonetheless; attempts to 'develop such models

reflect real issues, and the.effort promises

additional insight. Wee dwell uponthe'complekity in-

volvedonly becapse.it tends to produce a substantial

'domunication and credit gap between the fields of

Informition and economics. There. appealls to be a

frequent misynder''standingof the' probable role and, value

of emibmic models sometimes eccompanied by a lack of

respeCt for the linitationswhich their assumptions

impose:
.

-V

Two' basic robs :

exchangein the R
community,

'diffusion to the private
sector.

Models face inevitable
problems of over
simplification.

.

9
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Wtimately, technical information services can

only be viewed as a seginent of the total research, devel-

opment and 'technology frameworkof' wh ch they are a

part:. Thus, in the end: the vaiue.of *such informattom

services mus,t be weighed against the goals of; this

sprawling .system of exrfloratitp. Information_ systems

are not an end unto thentelves, And while considering

their value 'he, must examine thep systems independently

of aiii5h larger array of communiption activity `to

w ch 'they are related. '

The demarcation is sometimes difficult to

establish. The science and technology community ts far

from
.

Monol thjc. Its .acti vi tiff are scattered amongs

public and private; goveilimental -and' academic, philan-

thropic and entrepreneurial organizations,funded and

directed partially in theAirect public interest,

partially in'the interest of increaseclproductiVity,

private gain, and entrepreneurial venture. ;And in the.

same vein, technical 'information services embrace a wide

range of public and private goals, tied together by

; innumerable political, professional; and financial feed-

backfloops.' To "C-Ompl icate this 410cture still further, '

there is an almost ebysmal lack of data regarding the

overall quantity, costs, and use of scientific and

technical' infoemation. In the absence of such funda-

mental data is difficult to make any broad gener-

elietions about the activity, 'much less test the

validity and value of economic models.

Nonetheless, information activities represent'

substantial investments by both the public and private

sectors, and, both the level and manner of subsidy by the

feder61 government must be subject to serious question.'

One cannot avoid the need to weigh cost and value. It

may _well be impossible to do this as an economist might

13

The value of;infoimation
services can only be
weighed in the light of
the research which they
support.,

There is tittle data to
support generalizations'
or models.
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wish . . . by intellectually converting the prOducts

processes, and benefits of science and technolo6y Thto

"equivalent dollars ". But by4developing valid and ,com-

parable data.in limited areas of .activity, and by

develop)ing models whose assumption's and' applicaiions are

sharply defined v.- . by combining the operational
J

experience of information scientists'with the theoneti-

cal perspective of economists, .itshouldte possible to

greatly /improve, our insight and separate fact -him

sitidgment.

14

n*,

3

"'

Yet, by cotthining
experience Ind theory
we can develop insight:

/

A
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. THE VALUE OF INFORMATION

4,*

Substantial effort has `been devoted. to

directly confronting the central issue of information
. ,

valile (and hence the value of the ser vices, which pro-

cess and distribute information). While some of this

has been directed toward the adaptation of economic con-
,

cepts and models, the great majority of this publication
Most discussion

consists of r eflection, experience, and opinionlargely is simply opinion.

intuitive and often repetitious. A number of themes and

weaknesses appear regularly.

It is often assumed that information may be

asigned a nominal value, however crude, based upon its

use, its marketvalue-in some cost - recovery or market-

choice system, or' through some ad hoc agreement by users.

Yet the value of individual items remains a mystery. In

a "market-choice" situation the informati6n customer
"'Market choice" is'

rarely, if ever, is confronted With"a truly rational rarely appropriate ...

choice, or has assurance that the service will 'provide 4

the information desired or indeed anything useful:

Rather he.invests in a quest for information based upon

past experience, prejudice, and lord-knows-how-many

other intangibles. Attempts to model the process tend\

to confront this ambiguity and the model/cannot be

generalized without innumerable qualificationg.

Even if value disdussions did embrace the full

range of the research cycle to include the cost of re-

search and the ultimate application, no model 4or formula

can replace the user's-judgment regarding priorities and And "value" must ultimata:,

values, though it pay, provide insight into his rationale. reflect judgment and

Ihstead we'can only look for definitions and measures
consensus.

value

!which have been legitimized by consensus. Yet ad hoc
.

15
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models and consensus are always subject to examination

of their conclusions, and those who disagree with the

conclusions will retract their consensus. Thus, the

credibility of conclusions is often a. test of the model

rathrthan a benefit:of its insight.

Since the value of information is at intangi-
nformation services are

ble which may not be apparent for many years, most e 'oncerned withiseminaarchival

t4>n,vices must face a dual role, the archival storage.of torage and dis

information for future use and its dissemindtion for

short-t rm application.
,

Most research, and hence most :

scientific and technical information is justified as

r

either of immediate or long-term social benefit.; though
Both provide social

this benefit may be so dispersed as to make detailed benefit ...

identification and measurement dtffidult.;Such "ex-

ternality" is traditionally called upon to justify

government subsidy of products and services which we
J

would like bqt can't pay fora The topic.is also

enjoying a current bopularityamong economists, and,

there is, some store of available theory. Unfortunately,

when applied to practical information issues, the results

are not always convincing.

Maxim: for optimum social benefit

a public good should be priced below

the mailinbl cost of production.

Even the authors are not'sure about this one. In the

case of many information products, the marginal cost may

be extremely low and the resulting subsidy beyond

;reasonable expectations.

If the logic and results seem less than con-

vincing, we suggest that some of the Assumptions may'be

in error ! . . 'information cannot always be considered

a simple Vpublic good", a product in which we 'have

But information is not

a simple "public goal".



I

I
-13-

r'

invested with a specific intent of broad utilization and

benefit. As the terminal stage of research (which is

also usually a public gdod) arepival storage may often"

be the only . alternative to loss of a public investment.

To thd extent that short -term usage is directed toward
,

general benefit, as in basic research, or applied.to in-

creased general p'roductivity, as'in broad new technolo-

gies, this too, can be considered a public good.

But some research, more development, and a

great deal of application technology are a stock in

'trade of private enterprise, subject to routine market

activities of barter, sale, and theft. The same

knowledge may play both roles. It may slip inconspicu-

ously from one role to the other. And its value may

appreciate or depreciate sharply in the process. Thus,

information has been rightfully referred to as a semi- Thus information must be

public good, thOagh the distinction is often ignored in
considered a semipublic
gbod.

building models,

There are two key roles in the information
,

community: first, a short-term or long-term support of

the basic cycle of research and knowledge generation, and

second, a support of the diffusion process through which

this knowledge is converted to technology and produc-

tivity. In the light of this perspective one may well

be tempted to measure (or recover the value of) the im-

pacts of information flow on the engineering community

through some technique such as efficiency or productivity

measurement. In similar fashion, one may also examine

the value of a service to the research worker in terms of
Value must usually be

his time or willingness to trade for some other service, imputed from some

to which a value can be imputed. In both cases one is
related quantity.

faced again with an inability to measulne value directly

and hence a need to meast a some related quantity which

will hopefully provide an indirect indication of value.

4

Information is also a
basis of technology, a
marketable commodity.

17
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. If such techniques were better developed, more

precisely defined, more reproducible, and their limita-

tions more fully recognized, they could provide a useful

though restricted reflection qf value, but they are not.

In'only a few,cases are the definitions tightly drawn

-J and the methodology suffi'iently rigorous that the ex-

perience might be compared or replicated. Thdse cases

tend to be limited in scope and we see a clearcpeed to.

\\develop. well-defined techniques for "inferred" value

measures.

I *

MOU defin d,,reprbdOgible
methodology isIneeded(

)
1.

I

There appears to be'a.striking trade-off of

scope versus credibility in information value studies, a

kind of uncertainty principle resulting from the overall There is a trade-off
scope vs credibility in

system complexity. One can easily find examples of valid value studies.

sygtem studies whose area was.limited to a.specialized

service or product, and Where the methqdology was-de-

fensible, reprdducibTe, and useful for that particular

system. Conversely there are numerous examples of global

models which attempt to contain and define the ultimate

value of information as a whole. On close examination,

however, one is impressed by the need for severely

limiting assumptions and a total inability to.define

measurement techriiqueg . . . much less undertake any

practical application. Such efforts are often em-

bellished with an awesome array of mathematical termi-

nology and when at the end they reach our favorite con-

clusions, one can easily believe that economic science

is coming to the rescue of intuition. Yet attractive Global models may be of
less use than documented

conclusions based on untenable assumptions are less than anecdotes.

convincing regardless of one's manipulative skill., It

seems more likely that sound studies of restricted areas

18
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could result in an "anecdotal" pattern that would be far

more convincing, and such storytelling" would also be a

better research method than crude modeling.

It is a general weakApss of information science

that its practitioners have little familiarity with

either the toolrs ofmicro-ecogomics'or 'the techniques of\

operations analysis needed to observe and measure their

own activities.' At the -same time leis an unusual

economist who graduates with more than the most super-

fiCial acquaintance with the problems of data definition,

measurement, and neplicabtlity necessary tg support his

model's. Thus, economists not only often face an inade-

quate insight into informatiOn activities but'also are,

podrly 'trained to cope with the data and meas'uremen't

problems that information. services present.'

There appears,to be a clear need fon a third.

skill or thrust to4establish a body of data against which

economic concepts can be tested. An increased emphasis

on the development of standard measurement Procedures

could provide both a basis for overall data collection

and a body of anecdotal studies. To'achieve this*11

require interdisciplinary efforts combining information

specialists, operations analysts,'and economists. Too

many past efforts have involved ineffectual attempts, by

well-meaning "amateurs" whose learning\curve exceeded the

project life: innocents often rush in\where profession-

als"fear to tread. Meanwhile, it is °ilk opinion that

thus far, global models are more awe-inspiring than con-

vincing, and a body.of less ambitious micro-economic

studies would be more useful.

c

1.0

L.

Few economists have the
necessary expertise to
deal with the formidable
da4 gathering problems
of the information'
community.

Both the strategy and.
the techniques of
ex erienced,operations
analysts are" needed.
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In assessing the effectiveness of.ihformation

systems, the value of their services and their role in.

the flow of science and technology, the ultigte'use of

-36-

/ THE USE OF INFORMATION r

s information remains elusive and difficult to document.
. It is difficult to

, It has been possible, in sore specialized instances, to document the use of
...t

,
qi. ah idea.

indicate the economic value of a patent or technique in

. terms of the cost of alternative technologyAut such
)...

measures are difficult to identify or quantify . . . and

still Ynore difficult to generalize. At the,same time,

tqimpact in a specific case may depend greatly upon

the vicissitudes of particular 'business environment,

the.curKent market Pressures','the presence off a champion,
.,. $ .

'kr ' the competitive technology, the age of the industry,

capital requirements; and engineering sophistication, to

mention only a few. So an attractive anecdote may, on.

close examination, lack general credibility, or the role

of information may be masked by other factors.

In a more general manner, studies have shown

r repeatedly the cascading impact of truly critical dis-

coveries, such as in solid state physics And plant

genetics. Whiffle such reports have an impressiye quali-

tative credibility, it is'difficult to assign'economic

v&lue in more than relative terms. It is also 'tempting

to continually expand the definitions of information and
i

impact, until information use extends far beyond t // e ,

realm of scientific and technical information, to include

almost every type of communication and reporting trans.-
,

action. From this perspective one may be led to believe

that the value of information is only slightly less than

the gross national product.

20
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In almost every case, however, the observation

arid, documentation of information paAerns remains

frustratingly removed from the actual information use,

and it is difficult, if not impossible, to follow an

item twits ultimate end. Synergism is the essence of

science and technology, and -Ole importance of a particu-

lar item maybe insignificant in isolation, though

Critical to the process. In some applications a Specific

item of information is essential,mhile in others some

inforion:isaecessary, but no specific item is criti-*

cal.,'

V

Use of information may
be casual and indirect.

We know too little about the flow of informa-
,

tion\it the user's level. We know that there is no

single pattern, and that a truly efficient system,able.

to eetrieve 'specific items with. dispatch, may' actually

be disliked by the cl)ass of,user who prefers to bro se

and is not perfectly clear about his own needs: he
The "customer" may not

information "customer" may serve,himself or send an appear aiipctly.

intermediary. Alternatively, he may be-or use a "gate-,

keeper";jone of the two-legged switching centers" who

'compulsively exploit information resources to become A

walking encyclopedias. Without better understanding of

these patterns it is difficult to assess even the

relative performancesof systems and services.

Perhaps Most disturbing from the perspective

of the economist.or market analyst is the series of

seemingly endless studies (usually through a simplistic

questionnaire) of the information u&tr. Meanwhile, both

studies and intuition indicatea substantially larger.
We need to study the
activity of the nor)

population of apparent nonusers . . . persons who rarely user.

if ever call upon the services .of oUr costly archival

and distribution systems. This does not me4n that these

people are ineffective users or that they are without

information rpsources,'nor even that they lack

21
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t

inforlation filtering in some way from the formal system.

We simply do not know.

IT We knew more about these teal patterns of

-information use, father than just thOse relied to d'
.

Better 14nderstan,ji4 o,t

specific serVice, we might better assess the performance information use patter-As

of our institutions and our allocation of r:esoarces.. is also basic to new
a services.

Perhaps more important, we suspect.thpt such under- 4

standing would point the wdy to a variety of new services

which could, more effeciively serve our real needs.fk ,

6
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THE COSTIOF INFORMATION

p

In a substan1 1allly more pragma tic and less

exotic manher.thanattempts to assess value and use, one

may simpl,Y.examine the detailed costs of information

processing . . . weighing these against the products and

services provided. Here again, horver, one must define

the boundaries of infbrmatfOn service and recognize that

they can only artifically be separated from the'research

and development process. Is thecost of research not

0

part of the,cost of its fina) report? Should the cost

of writing and editing be included? .1s the cost o,/

journal publication a terminal cost of the original re-

search or the initial cost of storage and distribution?

The accounting practices..and definitions ina
6overliment, industry, and acadeMia are often so differ-

ent as to preclude integration or-comparison: At the

expense of redunqancy one can only repeat that some

development Of standardized definitions andlethodology
.

wouleprove extremely. useful, even if applicable to only

portions of the indus.try.

$
Likewise it.would be highly desirable that such

reporting practices/be defined in ways that would allow

their use in testing economic models or at least a specu-
,

lative assignment of cats ,to different roles of the in-

forntion community. One may consider, for example, that

information activities comprise three'basic roles- -

archival, dissemination within the scientific community,

and diffusion into the private sector--so it would be

.useful to identify and isolate the associated costs.

These questions become especiallyelevant when one

addresses the costs that are inherent in the're;earch

process itself, as opposed to the cost of effective

23

What is included in thb
cost of information?
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Accounting practices
vary. %.

I

Threettypes of activity:
archival
dissemination
diffusion
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utilization and technology transfer, as well'as quest
,T

tions regardifig the cost and value, of new services to

"marketing" of information to the private sector.

N

1
Archival activities of reporting, publication, Archival material is

ndexing, an4torage are the terminal activity of re-
research.

the direct output of

search.. They are in fact the packaging and storage of

its output. As such they are clearly directed toward

long-term socialbenefit, and subsIdy, of the associated

,cost seems implied win the originalresearch.N One might

similarly infer that long-term public interest depends

upon the.ability to store and retrieve the salient

information rather than simple location 'cf documents.

A variety of indexing, synthesizing, and analysis acti-

vities would thus be included.

In a similar manner one might consider that

dissemtnation,,retrieval, and review,,activities are

direct input intO the'next cycle of research and the

associated costs could be directly attributed to this

activity.
le

Finally, still other information services are Diffusion is the
conversion to technology

devoted AD the process of diffusion intothe private in the private sector.

sector and their cost's, might well be subject to recovery

or at least weighed against their benefits.

If information activities and their associated

Dissemination is the
direct'input to research.

costs could be documented and manipulated along even such

broad general lines it would provide a substantially

greater insight into what we pay for information service We should separate these

and why. It would allow us to Consider and mpare the .costs.

costs that are inherent inkthe research process itself as

opposed to those relatpd to the,gost of effective utiliza-

tion and technology transfer. Yet any such.inquiry must

await the availability of appropriate definitions and

methodology which can be replicated and extended con-

sistently to different information activities. Some very

24
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useful preiminary.elforts have been undertaken in this

directton, and one must tope that they ail be continued*,

Cogistency is an eseintial fngredient of the scientific

method, and an inability -CO compare related studies is a

frustrating theme of information economics research.

In most information services which involve an

archtVal func0n{ it woujd be desirable and at Yeast

tbloretically possible to separate the tostf inpUt

processing and 'archival stohage from the user-oriented

costs of searching, retrieving, and distribution. rt

would .also be useful.to examine these costs in order to

explore alternative"approachevio subvention. For

example, a number of sUggestions'and'some.experiments

(through Credit accounts,: voucher system ,-etc.) have

been directed toward subsidizing the list rather than

the library or information service, and Q results are

somewhat encouraging- -but 9iaeffOres are preliminary

and a great deal remains to be learned about ,the effects

on user patterns and the information system itself.

There is a substantial theory of cost benefit

analysis which can be applied to inforMation services,

providing one respects its, requirements and limitations.

,Defensible cost benefit analysis requires identification

and definiton of quantifiable and replitable factors.

In turn it necessitates the exclusion of factors which

a're value judgments or otherwise nonmeasurable. Subject

-Lc:, these constraints, it is possible methodically to de-

fine and isolate the costs arid benefits of a system.

The'exclusion of nonmeasurable factors doesnot imply

any less significance but rather an, attempt to imprOve

perspective through.analysislof those factors which are ,

measurable. A somewhat more restrictive variation on

this theme is the st&ly of cost effectiveness, which

through systematic examination attempts to optimize the

25
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Some studies .have begun
to explore input vs
retrieval costs and
alternative methods of
subvention.
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There is a substantial
theory of cost benefit
dnalysis.
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efficiency of a system in reaching its operational

goals.

A prinCipal problem in attempting cto review
,f

such studies has been the substantial difference in

definitions and methodology, making it. almost impossible

to combine or compare experience. A key requirement in

reporting any such analysis should be 'a detailed

° = description of exactli:Why and how the study was con-

ducted',' how costs were determined, itemizing' exactly

which factors were included (So tfiat other summations

are posSible;):, and explaining those excluded. Unfortu-

nately the information community consists of Such a. '

variety of institutions and organizatlons with so many

different accounting practices that some do not even

recognize their use of unusual (to say the least)

accounting definitions, much less how inappropriate they

may be to economic cost considerations.

o-

4

.V1

Studies are rar9ly
additioe,or-Ndparab:e,
due to differing
methodology.-
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THE MARKETING OF INFORMATION

Cost recovery and user char;ges are popular

patent medicine for information services with.economic

ills, but the patient has not always recovered from the

treatment. In theory one might Assume that such charges

could both distribute the cost of information and

reflect its equivalent value to the individual user.,

However, the surprise-package nature of information

makes user choice far from a rational decision, and the

motivations for purchase of servi des may:reflect afflu-
,

ence, status, Personal style, tradition, or any,number

of other impulses other than direct utility.

In some cases a substantial portion of service

costs has been recovered in this manner; yet the effect

of this policy on the speCtrum of information, products

is hat clear, nor is its impact on theoverall pattern

of research, development, and application. While some

studies have indicated an almost totally inelastic .

demand, others have'shown'a disastrous loss, of a ivity

when users were asked to pay as little as a fift cent

phone call. These studies are clearly not immediately

comparable:and the relevant factors involved are poorly

defined. In some cases where substantial income has

been derived, there has been no visible improvement in

,product quality, and one may well suspect an unintended

distortion based on the economics of monopoly.

Underlying attempts to control the array of

services through pricing is the concept of "market

choice", a kind of implicit faith in the abilitiof

competition to define and serve real needs. Yet knowledge

is often an ambiguous quantity, not subject to packaging
4 4

and marketing in the conventional sense. Even the most

- 27
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Cost recovery is a
popular topic but
difficult to apply

There is inadequate
research'to predict
its effects.
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tangible information products and packages are as diffi- Knowledge is an

cult to control and restrict as prohibition-era alcohol
intangibledifficult
to package and market.

--witness theAilliams and Wilkins case.
4

The nature of information is not constraihed.

Its value is often scattered across the entire economy,

appearing only after an undetermined time to fill a

hitherto undefined need. That value can depreciate

under the onslaught of newljnformation, but it-grows

rather than diminishes with added consumption. As long

as information remains in the realm of a public good,

directly related to the pursuit and externalities of

research and development, it seems inherently difficult

to regard this flow of knowledge as necessarily a market-

able comodity. Rather in this realm,it is intrinsic to A better test is
support of research
activity.

the research cycle, and one should question its adequacy

in this support role rather than seeking'some irrelevant

market price.

As we have di.scuSsed previously, however, 1the

pursuit of research is only one aspect of the information

flow. In. contrast to this basic academic utility, the

conversion of information to competitive technology and

its diffusion into the private sector are surely subject

to market considerations. Since this development and

application pattern is also accompanied by a-need for

substantial adaptation; investment, and contest, it seems

more than appropriate that responsibility for-this flow

belongs in the realm of the private entreOeneur.

Through constant risk and exploration in a "sudden death"

environment, such entrepreneurs are far more able than

governm.ent or academia to weigh and test the infinite

pressures, demands, and risks of the real world.

This essential difference in marketing roles

has been inadequately recognized and supported. Numerous

28

1Transfer to the priva e
sector calls for the 1

skills of entrepreneurs.



-25-

k*,

government research organizations, large and small, have

chosen to buttress their appeals for funds with-the se-

condary benefits of technology diffusion. "Technology
.

transfer", "technology utilization ", "research applied

to national needs% and "research support for local

agencies" are typical labels. Certainly technology,

growth and solutiOn-of-societal-problems are among the

most trenchant and common justifications for research.

Perhaps with some cynicism, the role has usu-

ally been assigned to the agencies' information services

who have often chosen to extend their domain by engaging.

in large-scale attempts toward-direct sale of their in-
.- .

formation and technology to the private.sector. The

'process continues despite the fact that much of the use-
s

ful technology was ancillary to the original research

thrust, of minor interest to the'research community, and

as a result remains undocumented, much less marketable

. . . simply reflecting the basic orientation toward ?e-
t

search and development rather than the pedestrian needs

of industry. This vast difference in perspective also

means that efforts toward technology transfer are often

undertaken with a patronizing, academic, and cavalier

disregard for the grim realities of real-world economics.

This substantial thrust toward direct inteention in

market areas could surely be more responsively addressed

by the private information industry.

As'an unfortunate corollary these information

services have not usually regarded service to the infor-

mation entrepreneur as a significant role or responsi-

bility. If one believes that institutional services are

best equipped to address long-term archival needs and to

provide operational services within the research and

developmeht community . . . If ohe believes that private

29

Technology transfer and
spin-off are principal'
justifications for
research.

HOwe.0er, their, practice

by some research agencies
is'often patronizing and
academic.
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entrepeeneurs'are best equipped td advance the process

of diffusion into the private sector, constantly explor-

i:ng and testing new produ,cts and services against the

hard facts of market place economics . . . If one further

believes that this diffusion process is a highly desir=

able portion of science's externalities and indeed its

most common justtficatiori, then one must surely conclude

that the interface between major governmental information

resources and private information entrepreneurs is an

area of critical concern to which almost no.attention has

been addressed.

The absence of-concernlor this interface is

striking. There is a quite apparent distance, if not

hostility, between these communities which should in fact.

be part of a single diffusion and transfer system.

Despite continued publication and discussion of "technology

transfer" there is almOst no concern for this approaOh,

and the prevailing institutional attitude appears to be

"Mother, I'd rather do it myself!" This is clearly not

in the public interest,7especially when the interface

between two eighteen billion dollar per year research and

technology communities iz at stake. It is time that

technology transfer studies addressed this gaping chasm

instead of promoting the naive assumption that institu-

tions can replace the res5onsiveness of the private

entrepreneur.

Private entrepreneurs are
better equipped for the
role.

(Research and exploration
of this technology trans-
fer interface is urgently
needed.

k
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RECOMMENDATIONS

In the foregoing discussion we have highlighted what we believe

are the critical issues and open questions relating to the economics of

scientific and technical Information. There is hardly an area that does

not, call for more and abetter research--yet the need is not nearly so much

for quantity as for a more coherent and meaningful pattern. Our overview

has suggested several rather general concerns about the thrust and quality

of research which might contribute to the development of such a pattern,.

as well as three specific topics which deserve high prior;ity.

General Concerns

Professional Skills

We have repeatedly noted that much of the work in this field is

conceptually and methodologically inadequate to its challenge. The skills

required are varied and complex, and tenable results which can be trans-

tferred, cumulated, or replicated are difficult to achieve. Despite good

intentions, there are numerous examples of inappropriate mixtures of

strategy and methodology. Fewer studies by more experienced interdisci-

plinary teams able to recognize these inconsistencies would be far prefer-

, able and more likely to contribute significant information.

It has become'clear in the course of this study that economic

and information skills must also be complemented by a much More soptiisti-

cated level of talent and experience fn operations research methodology

than either economists or information workers usually command. The three
k

must work together to develop techniques and perspective that can later

be applied by less sophisticated workers and guide the methodology for

future efforts.

The inherent difficulties' of theresearch required and the

obvious need for interdisciplinary.approaches suggest to us that activity

31
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sholild be directed toward the fbrmation and encouragement of Centers of

Excellence where a critical mass of appropriate interest and skill might

be assembled and maintained. There are several locations where such a

focus has begun to develop and shown productive results. A consci ,pus

effort to support interdisciplinary activity at these locations can both

reinforce their demonstrated insight and accomplishment and also encour-

age assembly of the appropriate talents elsewhere. .

We have noted periodic indications of a misguided faith that

an economist is somehow better equipped to explore polity-issues than

are participants in the information field. This mysticism should be dis-

pelled. While economics does deal with the consequences of conditions,

policies, or choices, it is no better equipped than information science ,'

to suggest policy. Analytical skill is only a working tool, not a substi-

tute for or guarantee of insight and judgment. If these skills from the

essential disciplines are assembled in a critical mass, we believe the

resulting insight will provide the base which is needed to'formulate and

debate policy.

Validity

Much of the published activity cannot withstand close scrutiny,

either because of weaknesses in the research itself or because it is

reported in insufficient detail or clarity. The frequency of such occur-

rence,is disconcerting, and we suggest that future proposals for research

in this difficult field should present not just a good idea, but a clear

and convincing case of the participants' ability to work in the area

selected. Good research ideas do not automatically generate useful

research performance, While there will undoubtedly be significant pro-

jects that do not require a heavy involvement of all of these skills,

it is essential that any multidisciplinary difficulties be addressed

by multidisciplinary talent. ,Furthermore, tVis cannot be accomplished

simply by inclUding a token representative of any requisite skill on

the project staff.

We suggest potential researchers give increased attention to

four critical 4eas which seem to have,,been regularly ignored:

32
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1. Concept. Will the project really extend the state of the

art, or is it destined to produce an equivocal result, an insignificant'

exercise, or an unnecessary repetition of previous work (worse yet, all

thre) ?.

2. Understanding. Do the participants know what has been

done before? Do they understand the, complexity of the system they in-

tend to probe and are they able to define the problem in tractable pro-

portions which they are:coMpetent to address?

3. Implementation. Are the participants able to apply, and

do they, know the strengths and weaknesses'of, different methodology? If

they are going to collect data, have they demonstrated experience in the

vicissitudes of real world data collection and will their perforpAnce'be

credible* to the practitioners in the.field as well as replicable by other

researchers?

4. Reporting. Does the proposal indicate that the goals and

results will be.reported with a clarity and detail which will not require

a translator for the average reader, yet the methodology will be decipher-
.

able by the expert?

Strategy

We especially emphasize that the complexity of the field results

in an uncertainty principle of striking significance to any research pro-

gram in the economics of information. Attempti at global representations,

models, or generalizations must forever appear as an extremely poor and

unconvincing approximation of the real. world. As a result they tend to

fail in the challenge we would most fervently wish they could meet. They

cannot communicate effectively to the unbeliever (whom we define as one

not already confident of the value pf information services). On the other

hand, localized, targeted studies Of more limited scope can provide credi-

ble information. Accumulated over a period of time, the pattern evolving

from such limited prOjects can provide sophisticated support for intuitive

judgMents. The development of elaborate mathematical models b,4sed in cava- .

lier fashion on the assumption of unmeasurable quantities shows far less
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promise than less glaMorousattempts to simply collect a body of data

against which future models could be tested.

hiethodology

There is a pressing need to develop', document, and disseminate

standard approaches to collecting comparable data on information activi-

ties. Studies should be encouraged with this specific goal in view--to

define a particular class of data collection problem, develop an a0pro-
,

priate methodology,, and demoristrate its abplioation in specific, real-

world circumstances. The approach should then be widely disseminated so

that it may serve as a standard: and model for such measurement in appro-

priately similar data gathering. (Some incentive is also needed tohave

the data gathered.)

Principal Concerns

The-foregoing discussion describes our strong general concern

for the structure of research in the field of scientific-technical infor-

mation economics. Far more important in our view, however, are three

printipal gaps in the research effort, topics of such far-reaching impor-

tance to the scientific and technical information industry that we believe

they should stand near the top of OSIS priorities. If addressed vigorously

they could result in a truly substantial impact on the information community.

Keypita and Information

The state of substantive information regarding the scope, range,

participants, and costs of the scientific and technical information industry

is truly appalling. There are few quantitative indicators available to help

answer even the most mundane quelstions. The.significanceof this gap to an

economics of information research, program is overwhelming. Since our'com-

ments are by no means the first emphasis on the problem, it is hard to under-

stand the tolerance of the continuing void. Without some reasonable base of

34
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re 7 data and information, it is difficult to claim or develop any real

understanding and perspectiveof the field in which we work. Without

some body of data and information to test is eir validity, ourfeconomic

models are destined to remain academic ex ises. , Without a continuing

ability to summarize the cost and activity of, principal segments of the

industry, it is impossible to make truly rational judgments regarding

priority, utility, and accomplishment. .

We suggest a1systematic program on a substantial scale to

begin answering these questions. We recognize the difficulty of estab-

'lishing suitable measuring and reporting techniques, but this is all

the moretreason to begin.

To be meaningful, such reporting must cover the full range of

research communication, not simply the mechanics of information process-
,

ing. Figure 3 summarizes the principal areas and indicators which are

needed to establish such a quantitative perspective on the activities of

the scientific and technical information industry. It embraces both the

full range of the research cycle and the full process of diffusion into ,

the private sector. If filled, this matrix would provide an invaluable

overview which could allow policy makers to.examjne our real operational

priorities.and allocations . . . and to weigh them against the overall

activities of science and industry and our intuitive assessment of value.

.As previously described, we suggest encouraging a number of pro-

jects 'to develop methods and practices for gathering data. Established as

an example in a particular circumstance, the techniques could then be ex-

tended broadly (perhaps with gentle persuasion) to .representative portions

of the industry. Bit bOit a pattern of data collection could be.estab-

blished, providing at first a series of exemplary descriptions upon which

to base intuitive extrapolation and eventually leading toward a continuing

base of credible data across the industry and its activities.

The Public/Private Interface

We have described a\ length a major confusion of roles which'we

see in the el borate diffusion process euphemistically labelled "technology

transfer". El re toe, we are not the first to suggest that the process is

f.
75
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far from perfect. We have also notdd that some of the major activities

reflect a patronizing and inadequate appreciation of the complexity of

the real world. We:have suggested that a major responsibility of govern-

mental and academic'information organizations should be that of a packag:

ing and service organization providing support to private entrepreneurial,

organiiations engaged in the repackaging and marketing. of information to

the private sector. .

Not only have governmental agenCies tended,to reject or ignore

this area Of responsibility, but in a nUmber'of cases have funded the 4
establishment of quasi-gdvernmental organi ations. These, in turn,

/actually compete with any entrepreneurs w4, have the temerity to enter

this arena., If such an entreprineuriai community developed on,a sub-
.

stantial scale its existence ang size alone would serve to indicate the
f..

value of technological spin-off. In our view, study and demonstration

programs in this .area should occupy a priority, second only to the need

for indtry data.

Economics/Information Understanding

P At present few in the information field are equipped to understand

and converse intelligently in either the 'economics area or in operations

research. Successful research on.the economics of technical information

'must depend upon cooperative,efforOamong economists,.information

specialists, and operations analysts. 'What may be less obvious is that

such activity dogs not appear as a simple consequence of association but

rather depends upori interdisciplinary education and dialogue. Although

we would assign it somewhat lesser priority than the foregoing, a program

to provide continuing professional education couched in the language and
#

perspective of information science together with a series of interdiscip-

linary "confrontation" exercises could provide a valuable basic under-
/

pinning to future activity.
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Lest these recommendations appear unduly philosophical, we

cannot overemphasize the need tb relate economics research to a practical

framework of questions. We have indicated the general character of such,

questions as well as suggesting alconceptual data framework in Figure 3.

Together they could/provide critical support.in the formulatidli and con-

sideration of scientific information policyr We have also stressed a

major gap in the information transfer pr'oceSs. If these suggestions

alone are. convincing, our efforts wiMhave been well spent.

I
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APPENDIX

I

SELECTED LITERATURE ON THE
ECONOMICS OF THE SCIENTIFIC AND TECHNICAL

INFORMATION INDUSTRY

Introduction

The material reported in this section- constitutes an organized

summary of the primary literature support for,our conclusions and recom-
,

mendations.

We began our project in April 1974 with the-traditional liter7,

ature search of material in the ERIC Clearinghouse on Iftformation

Resources, a search for eon-going research in the Science Information

Exchange and the Defense Documentation Center, ;the bibliographies of the

1972 and 103 Annual Review of Information Science and Technology (ARIST)
(11,65)*

chapters , and Olsen's Economics of Information bibliography
(39)

The apparent volume of pertinent published material was overwhelming.

- While it was sometimes possible to look briefly at some of the

documents cited and determine that they were not significant to this

study, fir more frequently a-detailed reading and rereading was necessary

o decipher the message. And, although we might admit to a modicum

judice, we would have to declare a tossup between informiption

simply

of pr

experts and economists on levels of obfuscation.

Technical reviewers with economics and operations research back-

grounds tended to reject almost everything as dubious methodology.

Librarians and information, scientists were appalled at the simplified

modeling of complex processes., Nobody cared much for the quality of the

"givens" in many of the studies. Short of being able to sit across the

tab from each of. the authors to obtain further clarification, there

p oved to be no way' for all of us to agree on whether some of the,a0proaches

4

*References are listed on page 55.
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might,have more significance in another context. Accordingly, this

review is.not a critique of each item we examined; rather it pulls e

together items from the relatively recentliterature and a few.signi-

ficant older studies to'typify the activity in the field.

Although we reviewed some hundreds of books and:publicatioA,

it is not practical to provide here'an indication of all of the material

we examined. Much of it proved to be of the this works for us" variety,

based on simple, well known methodology. Even more of it was commentary,

speculation, exhortations, and other such nonresearch. Our coverage

ranged widely into the literature of the social sciences, accounting,

and marketing. We found much material of a qualitative nature that

could be useful'background for NSF's OSIS programs, btwas not directly

significant to the needs of this project. Consequently, as a separate

pert of this effort we have provided OSIS with our working file of ex-

tracts and annotations of till material reviewed. This file is not avail-

able for dissemination.

* * *

Our subject matter was neither easy to locate nor easy to cate-

gorize once located and read. We have developed great empathy for the

bibliographers who characted the literature on evaluation of informa-.

ti6h systems n_npierdeineal,iwncenulaftve, and in a rather fundamental
--------- ro

sense, moribund"301. While moribund would not be our adjective of choice

for the litehture on the economics anc marketing of scientific and tech-

nical information (enigmatic perhaps and, often, unintelligible), we found

few research thrusts that could be considered additive; or,even complemen-

tary, except in a viery few areas.

Although some.of the reported research related directly to the

economises of scientific or technical information services or libraries,

many of the activities have considered broader-scope collections, parti-

cularly academic libraries and even a few public libraries. Objectives

of the individual studies vary, and often they are not really identified.
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In retrospect (and unfortunately still too'frequently in

prospect) the library situation is viewed by many as fuddy-duddy land

where the librarian/i4formatidn specialists sit in one camp. The com-

puter man, the systeths analyst, the operatione<searcher, the cost

analyst, the scientific manager, and, certainly, the economist, all

occupy positions in other camps at _some distance from the libraries.

Between camps communication is difficult, if not impossible. The

librarian is seen to need shaping up tojoin the modern, thchnology-

oriented, management world . . . all that is required is to learn how

to use some of the vast array of "exotic" tools that are available.

While there is probably some truth to this picture, it is unfortunate

that it seems to have led to considerable misapplication of resources

where cooperative efforts might have been more meaningful.

Many of the studies, were.motivated by honest attempts from

all camps to develop bases for managing library/information activities
ti

more "effectiitely". Of course the definition of this is fuzzy. At the

risk of gross oversimplification, we might characterize the studies as

investigating .

Value

Quality

Demand

Markets and Market Failure

Cost

ti Cost Effectiveness and Cost'Benefit.

In practice, the distinctions are blurred and both intentions and remelts

'are often difficult to interpret.

42
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Cost Benefit Analysis LCBA)

There is considerable evidence that CBA is just jargon to be

bandied about when budget overlords or funding agencies make "account-
_

ability" noises. Many authors seem unconcerned with such rudimentary

considerations as

* What is it?

$ Why do it?

Consequently, lack of a firm grip on Row to do it? in the information

field prob'ably should not be criticized too severely.

The essential elements to be remembered are that CBA is only

a tool to help decision making--to help make more 'Leconomically rational"

decisions . . . which generally means more justifiable to somebody. CBA

is a tool, not an "answer". CBA purists insist that the 'process involves.

comparing "all" costs and "all" benefits in terms of a common unit, gen-

erally money; thus distinguishing it froth cost effectiveness analysis,

which does not attempt to put a dollar value on benefits.
(18)

In actual

practice, says Williams
(64)

, the distinction between the two "will only

be a matter of degree (and, on occasion, perhaps only a matter of

intent)" .

4e

How can we value information/library services? Information

services have difficulty enumerating benefits, considerable difficulty

in measuring them, and substantially more difficulty expressing them in

dollar terms. The literature is filled with, words on the subject, all

*seeking or suggesting answers to the basic question: How much good does

the service do? Few or approaches can evoke any response other

than Sez who? because they have meaning only in terms of the specific

context in whid: they were developed. Unfortunately, seldom is this con-

text sufficiently well defined to enable useful comparisons.

A companion question, How good is the service? introduces t he

idea of quality, which is a factor in the service's performance (i.e.,

its effeCtiveness in satisfying its objectives). Obviously, value and

quality are related. Orr
(42)

shows them as a cause and effect sequence

looped on itself (Figure 1). Consequently, measures of resource
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QUALITY

I
ROSOUNIIS C pability -----

-.Demand

VALUE

I I
zation Beneficial Effects

Z ,

1. Relations among triferiCut variables

[Reproduced with permission from reference 42.]

allocations may 6e indirect measures of value as well as of quality, and

utilization measures usually reflect both quality and value and may be

considered indicative of benefits.

"Goodness" also may be evaluated in terms of the proportion of

needs that are being met--a "satisfaction" ratio. Or it may be evaluated

in terms of accessibility and of response time. The essence of the quality

(effdctiveness) measurement problem is twofold--deftWthe needs that a

service is intended to meet, then ddtermine which of the needs it is capa-

ble of meeting. The complex relationship between needs, demand, and utili-,,

zation is shown inOrr's Figure 2.(42)

Needs Recognized f. Acted on

Manifest Demand

Demand

Manifest

Addressed to Library

Latent

Addressed to other sources

Not acted on

Unrecognized

Utilization

Recorded

Satisfied-0
-e

Unwonted

Unsnt.sf,ed-6---e

rm. 2. The nature ofdemand and it relation to utilization

[Reproduced with permission' from reference 42.]
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Cost Effectiveness Analysis (CEAI

Effectiveness is some measure of performance or goodness or

value, some multidimensional pay-off in arbitrary units. 'Cost effective-

ness analysis attempts to relate the measures of effectiveness to the

cost of whatever is being measured. Cost effectiveness analysis may be

helpful in deciding on

4 Whether one project is preferable to another

Allocations of a given biidget

i Procedures for performance review and control.

Thlg it is not as powerful a tool as CBA, which may be helpful in deciding

whether or not a project is worthwhile as Well as the amount to budget for

activities or to charge for services..

Flowerdew and Whitehead of the London School of Economics

recently completed a significant review of "Cost-Effectiveness and Cost/

Benefit Analysis in Information Sc ence",
(18)

Their recommended directions

for further research closely parallel our own in some respects, but we

believe more direct diScourse and debate between the concerned economics

and information experts could achieve useful modifications in both.

Multiple measures are almost always necessary to express the

effectiveness of an information activity or system. Costeffectiveness

analysis supposedly requires that these must somehow be combined into a

single index of effectiveness. Lancaster
(31)

, in what,has been called the

single most influential information science article on cost effectiveness

analysis
(30)

, clearly outlines the basic steps involved. His approach,

however, is, to look at individual measures separately, analyzing effect

of change on system cost and efficiency. Thus, with search yield per

journal as a measure of the effectiveness of coverage of an information

retrieval system, journals can be ranked by relative contribution to

retrievalS. If 30% of the journals contribute 90% of the total search

usage, input costs may be reduced by decreasing journal subscriptions,

with little loss in, effectiveness (at' least by this measure!). He mentions

many other possible indicators of effectiveness of coverage, each of which(

might be examined and trade-off decisions made. Presumably the information

1

45



A

1

-42-

system managers makes the decision as to which effectiyeness measure is

the most valuable or significant to the CEA. The economist (and proba-

bly the funders) would prefer that more effort be put into combining

these measures via a weighting scheme which is stated rather than

implicit.
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Value and/or Effectiveness

, ,

There are three basic approaches to quantifying values attri7

buted to information services: '4

(1) Seek values directly from people

(2) Impute values from people's aciions .

(3) A combination of these.

Asking the user to assign values is one approach, asking the librarian,

is another.

A few studies attempt to avoid most of the. direct measurement

problems by considering that since the librarian's resource allocatitb 4

cdecisions are based on Arceived needs, these dims should be indicative

of the value of services. At the University f Durham, Hawgood et al.
(16)

built a linear programming model for the allgcation of resources in univer-

sity libraries which is bas'ed on working backward from the policies adopted

by .)e library managers to determine the criteria that must have been

implicit in shaping these policies, providing an imputed value of marginal

benefit for each activity.

Wessel et al.
(62)

also use librarian's judgment of value in one

of the techniques they ceveloped for evaluating Army libraries. The SCOUT

technique (service COmponents UTility analysis) is based on the librarian's

subjective judgment regarding the utility of services and operationsin

meeting the mission of the library. The value of the typical need met in

each different service is ranked in order of importance. An arbitrary index

number is assigned to the middle ranking service and the others are given

weighted ratings in relation to this index. These arbitrary unit ratings

are called "utils". The average number of needs met is multiplied by the

"utils" to derive a base utility measure for each service.

While Wolfe et al.
(66)

consider that Wessel's procedure lacks

credibility because different librarians gave different utility measures

to the same services, they too obtained information officers judgments of

value. Their purpose, however, was to compare them with values assigned

by users to determine whether they could be proxies for the user evalqa-

tions. Their results do not indicate any relationship between the values,

I
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although they admit some possible methodological difficulties which would

require further study before definitive conclusions could be drawn.

Olson' s(4°) weighting scheme for the value of different aspects

of library service is based on a consensus judgment of groups of Indiana

librarians. They divided 1000 points among service activities specified

in a detailed service policy outline to indicate those service policies

important in an "ideal" library.
:

The Institution of Electrical Engineers (23) attempted to assess

the relative value of INSPEC services (current awareness publications, SDI,

and abstracting services) to the subscriber's organization by asking a

sample of subscribers to distribute approximately 100 points among the ser-

vices to which they subscribe. The majority of such subscribers however

are librarians and' information officers rather than the direct users. The

results clearly indicate an essential problem with the use of such arb'itrarl,

scale units that can have no comparable meaning to different users. At

least one of the respondents apparently gave a,zero value tio a number of

the services, which presumably they are buying!

Wolfe et al.
(61)

asked users to distribute 100 pointsbetween

four competing inforiation services: published secondary information,
2'

trade literature, personal contact within and personal contact outside the

establishment. They were also asked to give a 1 to 10 scale.rating to the

importdnce of different characteristics of an information service, a 0 to

100 rating of satisfaction with the services they use most, and other simi-

lar ratings. These authors also asked users to hypothesize

The increase in salary that tdey would require to

compensate for the withdrawal of secondary information.

How they would adjust their hours allocated to R & D

and to information work to compensate for withdrawal

of secondary information.

If they adjusted their hours to decrease research time,

how many extra hours of R & D work would be required to

maintain their previous research output.

Lancaster
(32)

reports a semantic-differential type value judgment

by users of on-line searching in MEDLARS, along with a user's time cost per

relevant citation retrieved.
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Others have considered users time as a value measure. The

contribution of a service to achievinp organizational objectives can be

measured by the user's time savings effected.
(8,13,17,42)

Another use

time measure isithe personal.time allocated to the serviceiby the

user.
(35,42)

1))

'Still other ways of looking at value or effectiveness in

porate trade- off1considerations between the performance level .of thb

system and the combination of user and system time that is spent working

with the system. Cooper
(10,12)

suggests a model for such an evaluation.

Weinberg
(61)

proposes a Bayesian approach to value of library

resources wherein users initial estimates of value of items are revised

'after each item use.

Andrus (1)
.suggests that the concepts of form utility (format,

'-'jargon, symbolic system, volume), time utility (availability when needed),

place utility (physical accessibility), and precision utility (organiza-

tional location),spould be useful for understanding information value.

He acknowledges that it is easier to identify utilities.by their absence

than to measure their presence and suggests a pragm6c approach of check-
.

ing for their absence, then redesigning the system to provide them or dis-

count the informatiOn for their absence.

Rzasa and Baker
(54)

propose effectiveness.-.measures based on the
t

proportion of needs (manifest demand) that are being met by the university

library. They define three specific measures of.effectiveness based on

number of users, total user population, material reshelved, reference ques-

tions 'asked and answered, and space users. 4!9'hey propose combining these

into a single measure by weighting each in terms of what the university.

library administrator considers desirable equivalencies. We hope their

example of desirable equivalencie, such as an increase of 20 space users

(people in the library who are not using library materials) or of 3 more

'items reshelved are each equivalent to an increase of 1 reference question

answered, have some underlying rationale which might ;lake them more

palatable.

Pritchard et al.
(50)

of.City of London Polytechnic apply these

measures to compute effectiveness data from information obtained by user

49.
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questionnaire and a reshelving survey. They do not, however, use the

weighting scheme. but simply sum the t ree measures. The intent apparently

. is to compare the'measures with future ata obtained after changes in the

service.

In addition to techniques for meaurinA satisfaction ratio by

;direct determination 6om users, several approaches have been used which

make the determination by simulating users.(444 Orr(43) has developed a

standard "Document Delivery Test" for biomedical libraries which measures4
\

the library's capability for meeting the manifest demand of its users.

The general method is applicable to other types of libraries if appropriate

- test samples can be established. The method has been used by Orr
(44)

to

assess the capability of 92 medical school libraries for muting the.needs

of biomedical resiarchers and of 15 major resource libraries for filling

biomedical libraries',interlibrary loan requests. A mathematical model

re lates the capabilityt'actually afforded to its users (virtual capability)

to its baiccapability. Regression equations provide a technique for pre-

dicting basic capability f,p6m collection size.

Hamburg at al.
t24)

suggest three methods of measuring document

exposure--a combination of'lproportion of user demands satisfied and retponse

time - =called exposure counts, item use days, and exposure time.

Pr'oject Intrex
(45)

,reporfs on an interesting approach to modeling

an on-line interactive computerized information retrieval system for economic

analysis. Costs and user service requirements are inputs to the,model; net

profit and service index are the outputs, serving as "figuret of merit" for -

the system. The level of service and profit can be adjusted up or down

depending on local policy decisions.

.-.

41.
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Demand

Young
(67)

reports a preliminary economic foray into analysis of

the demand for book loans from the public library, attempting to establish

the interrelationship between the factors influencing the demand. He used

published data of 1952-53 and 1961-62 from a cross section of libraries in

England and Wales. To develop his,model he likens the public library lend-

ing,service to a retail store. The consumer's decision on whether or not

to shop is based on the probability that the trip will be a success and on

the cost of getting there. Probability of success is influenced by level

of service available, cost by time or distance involved in travel. Other

significant factors are the consumer's degree of literacy and his level of

income. A two equation model is poitulated, which is_ assumed to be linear.

Although the results are interesting, they suggest the need forIeither a

better Model or more appropriate data or both. The author suggests that

rather thin expend time and - effort for obtaining more adequate data, a

systems simulation approach to developing a model might be more fruitful.

Barzel
(2)

studied the market demand for a specific information

commodity (the American Economic Review), which he characterizes as a

"semipublic good". Berg
(4,5)

has concentrated on modeling the scientific

journal market and evaluating the effect of different price and page poli-

cies on demand.

Baumol (3) suggested an abstract commodity approach to estimating

the demand functidn for professional journals, tr4ating the journal not as

a physical entity but as a b_up4ie of attributes.(attributes significant to

the user),..

The common speci 1 library problem of "acquire or borrow" for

periodicals is addressed b Houghton and Prosser.
(27)

They tested Brookes

model, which is based on average journal costs divided by average costs of

a phOtocopy, against various sets of usage data,from special libraries.

They rejected his model and developed one which is based on actual journal

costs plus processing costs. This cost of each journal is divided by the

actual use,(usage data consisting of photocOpies, leans, and in-house

current awareness) and this cost-per-use value for each journal plotted in
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ranked order of use. This modification clearly produces a more realistic

'picture of journals that can profitably be retained. Their
(

exiension of

this approach to a cumulative costs vs cumulatNe use generalized fnod '1

is not quite so clear. Further work should be interesting.

Bookstein(6) combines queuing theory and dynamic programming to

consider thd problem of allopting resources--whether peop1V-or equipment

or money--among various locations in an information system where phases

of a process are carried out. Use of the technique to calculate the in-

house distribution of .computer terminals among various functions requiring
0

access to a computer (given a fixed budget) seems reasonable, if all user

waiting time has the same value. However, the extension to deciding upon

the distribution of workers among the various phases of the process of

cataloging a book (based on the funds available for the process) seems

unrealistic.

Newhouse and Alexander
(38)

set about developing a tool that would

[help public libraries decide which books to buy, that is, how to allocate

their book budgets. Theidea here is, given a stated book budget, bow

should the l4brarian make the choice between types of books to be purchased

so as to derive maximum benefit from the funds. The choice assistance is

applied to buying more or less books in reasonably homogeneous classes, such

as mor4 on PsyChology -and fewer on Linguistics, not to which books to buy.

Their approach is to compare the demand for individual purchase and the

demand for borrowing, assuming that if the library had not purchased the

book, b rrowers would pay, at most, the price of the book to borrow it.

They m asured intensity of preference by asking users to indicate whether

, or not they would have bought the books they used in the library. They

used circulation data for a year to establish demand for each"class of

books. The method is interesting (Flowerdew and Whitehead
(18)

provide a

crttique), and'it is conceivable that it might be applied to a sci-tech

colrction.

"Demand" for sct-tech infOrmation services or products within

the information industry is usually identified by some form of "user needs"

study--frequently very informal. We found few indications of formalized

market research analysis (other than in-house and unpublished) prior to
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introduction of new sci-tech information systems, services, or their

modifications, Commercial publishers frequently conduct such studies,

but their results or methodology are seldOmpublicized. In the govern-

mentedrena, NTIS is knowp to have' done a.number of such` studies - -a few

of which.have been publishbd.
(29,59)

Basically, these are the "what

will happen if?" type, deSTgned to help make format or content or pricing

decisions on a specifid product.

Hyslop
(28)

discusses the effect of the 1966 ASM market study,

the impact of vkichis still seen in the views on information support of 4

professional saeety Membership and industrial management. Engineering

Index commissioned a market study before introduction of its energy spin-

off'publi4ation.

"Mailceting"of services is a way of life for the profit-making ,

segment of the industry, and a subject for 'discussion, debate, and frequent

misapplication in much
4
of the rest of-the field. Veazie

(60
discusses the

marketing issues for information analysis centers.
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Markets and Market Failure

In this area of research the distinctions between scientific

and technical information and "any" information are sometimes considered.

very significant and'at other times ignored.. While our aim was to explore

the research on economics.of scientific and technical information, we

found that much.of the recent interest--particularly by economistshas

been in the all-inclusive concept of information, and we did review some

of this material. .

A competitive market system exists for some information products,

yet market failure also exists. Furthermore, information problems also

cause market failure in other markets. Spence's recent chapter in the

Annual Review of Information Science and Technology, "An Economist's View

of Information"(57) concentrates on the research into market failures and

the relationship.of information to these failures.

A substantial portion of the literature on the value ofinfor-

mation has been addressed td information in the market context--that is, as

needed for individual choice. For example, AndruS(1Y focuses on two

approaches, Bayesian analysis and utility analysis, to determining the value

of information for management decision making, primarily from the view of

the marketing manager who must determine whether or \not to acquire informa-

tion. Earlier work with simulated marketing environments by Green et al.
(22)

explored the use of the Bayesian model for describing information acquisition

and use under experimental gaming conditions. And, of course, there is the

pioneering work in team theory by Marschak and Radner.
(37)

Dermer
(14)

looked at the relationship of an individual's tolerance

of ambiguity and his perception of what informatioh is important in an

administrative information system. Hirshleifer's 1973 paper on the theory

of information
(26)

specifically considers the market context, reviewing the

behavior modes for possessors and seekers of information and the attributes

affecting the valuef information to the potential users or producers for

the cases of technological uncertainty and of market uncertainty.
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Ma'rschak(36) questions whether the technology of producing

symbol-processing instruments and services favors the existence of

competitive markets. Olson
(41)

discusses public goods and externali-

ties as the main source of market failure and how the information.pro-

ducing and disseminating industry fits the collective good condition--

sharply decreasing costs--with implications for government subsidies,

particularly for librarieS.

8
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Cost

We did not attempt to look for all cost studies per se, but many

of those that,had. a research orientation, were part of a more comprehensive

study, or were cited in recent literature have been examined. The primary

issues discussed are cost accounting, cost analysis, and ways.to establish

unit times and costs. Most of these were published in articles on cost-

benefit analysis but are described here only in terms of providing dollar

cost estimates.

The methodology for determining costs exists; what is generally.

lacking is simple, consistent definitions of whatto measure. Studies cost

money, and administrators must be strongly motivated to divert adequate

funds to provide good ones.

Early papers purporting to provide cost accounting methods .for

sci-tech information services such as SIE
(20)

URBANDOC
(55)

and NASA's

ARAC(25), are substantially superseded by the more comprehensive work of

Douglas Price of ERIC on "building block costing".
(48,49)

Whether this

technique, which is based on collecting costs as they are incurred in

actual production and, relating them to the actual units produced by their

expenditure, would also be applicable to libraries is speculative but

would seem to be worth investigating.

Leimkuhler and Cooper
(33)

provide a standard cost accounting,..plan

for library costs which incorporates the concept of the library as composed

of two major kinds of cost centers: processing centers Old service centers.

Service centers can include branches or specialized facilities within the

library. Applicability of the plan is demonstrated with data from the

Libraries of the University of California at Berkeley.

Since library services are labor intensive, the bulk of the effort

on cost measurement concentrates on determining the anunt of labor required

to perform the various activities. Although other techniques have been uded

successfully in libraries to measure work activities, e.g., by Poage at

Texas A & M(47), the 1970 review of cost studies by Dougherty and Leonard
(15)

indicates that most of the better cost studies published in the sixties
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were based on the usually imprecise "diary" record. Such a major cost

study of acquisitions, cataloging, and processing activities of a group

of libraries is reported in the feasibility study for the Colorado

Academic Libraries Book Processinl'Center. (34)-
They used a 2-week diary

record. The reliance on this technique conttnues,.particularly in

Britain. /

Costs of circulation at University of Essex
(53)

are calculated

from 2-week diary-records of workers and estimates of the user's time

required to fill out a request and wait for its processing. Cost data

, for interlibrary loan and reference activities of the four general

Research and Reference Centers in'Illinois was developed from daily log

sheets completed over a 2-week periad. (46)
City of London Polytechnic(9)

used a diary survey over a 4-week period to establish time and cost data

for more than 100 specific library tasks: Smith and Schofield
(56)

of

University Library, Cambridge, estimated unit times and costs for acqui-

sitions,cataloging, binding, lending and enquiries, and interlibrary

loans for two university libraries, based on 12-week diary records.

These authors and otheis, e.g, Ford(19), urge adoption of,standard task

definitions, output units, and the like so that. ibraries could collect

comparable data.

Aslib has been working on library task analysis and .s'tandardized

definitions for some time. In 1970 they began work on a projetT/to de'velop

and test methods for Collecting and analyzing data on the time taken to per-

form the operations involved in production of a current awareness bulletin

(nonmechanized).
(21,52,63)

The apparent intent was to develop a method

that could be used to collect data in tmany libraries and provide compara-

tive cost analyses.

1 We believe this idea is commendable. Comprable data are lacking,

both within the library for evaluating potential change, and on other

libraries for edification and possible cooperation. While we recognize the

need to develop a method that can be simply administered in any library, we

consider the research approach flawed. The considerations are complex, and

we believe more sophisticated techniques of data collection and analysis

should have been employed to establish the base. The applicability of the

simpler methods could then be determined with confidence.
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/-
Specifically,'use of the dia)-y technique for the baseline data

is not an optimum choice, particularly with two timing methods (one for

library staff with watches, one for those without). More significant,

however, is the lack of use of empirical classification [e.g., the Auto-

matic Interaction Detector (AID) program] to.help clarify the cause-effect

relationships before the standard statistical analysis.

Combinations of self- recording and work sampling have been used

for cataloging activities by Wessel
(62)

and for interlibrary loans and

photocopying by Spencer,(58) Spencer='s study involved random time selec-'

tion by electronic alarm devices, and the workers recorded what they were

doing when the alarm sounded.

Of course, a basic issue is, what gets included in costs?

Operations managers concerned with budgets and funding usually want

accounting costs. Planners want economic costs. While costs in time

units may need qualification in terms of relative. skill of perFonnel

involved or the type of equipment used, they do seem to provide amore

meaningful base for comparisons in labor intensive activities.

The problem of tost allocation to various activities is a central

one. For the M.I.T. libraries,'Raffel and Shisko
(51)

translate the library

budget into a program budget (relating outputs to inputs), giving a base

cost for various activities. Their program budget format is now frequently

used as a pattern for other libraries. However, the allocatibn of overheads

and capital cost deprecjfation used by these authors it questionable.

Bourne () models a library circulatiOn system in terms of compon-

ents and associated costs, and suggests a cost reporting form for library

use which will permit more consistent analyses. The cost model is not

based on accounting costs. It specifically excludes empl:yee benefits and

other indirect labor costs, overhead costs, facilities costs, and other

allocated costs. The major unit of measure is unit, costs per checkout

transaction. No details are given on how the labor times repokted are

measured.
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