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JIntroduction and Highlights

N I d

EXECUTIVE SUMMARY

This report summarizes the results of research effort undertaken as

_a result of a proposal submitted to the National Science Foundation's

Division of Science Information in response to program solicitation

NSF 74-38, Category 4 (Economic Characteristics of Scientific and Tech-

nical Communication) V'The effort focussed on the‘economic_characteristics
A . : ks
of information analysis centers (IAC's).

Definition of an IAC. An IAC is a specialized information center

providing services in a particular technical area. More precisely, an
IAC is "a formally structured organizational unit specifically {(but not
necessarily exclusively) estahlished for the purpose of acqu1ring, se=.
lecting, storing,tretriev1ng, evaluating, analyzing, and synthesizing

a body ‘of information and/or data in a clearly defined specialized

field or pertaining to a specific miSsion with the intent of compiling,
digesting, repackaging; or otherwise organizing and presenting pertinent
’information and/%r'data in a. form most authoritative, timely, and useful
to a society of peers and management." (See reference 1, Chapter 1.) -

) IAC Background and ,Recent Developments. (For/é detailed discussion,

see Chapter 2.) The IAC concept is not particularly new: as many as
thirteen\of what are now called IAC's were/formed by the federal govern—
wment before the turn of the century. {owever, many IAC's were ﬁormed

in the 1960's, and the IAC concept achieved considerable'prominence dur-
ing the decade. The underlying motivation for establishing and continu—
ing these Information Analysis Centers was the proposition that existing.1
'information systems Were inadequaté’for users in other disciplines'and _
frequently were inadequate even to meet the needs of users wiﬂhin tﬁe
discipline. The publication of research and development results was

N
leading tQ an explosion of data and concomitaﬁt difficulties of identi-

" fying which data were relevant to a particularbproblem and distinguishing

between valid data- and data of questionable validity Another motivation
to develop the speciali;ed’information collection and dissémination

N
services which would be provided by IAC's was the increasing availability

of automated equipment. ‘Some individuals beljeved that the use of futomated
t =

-,
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_ _ ‘federal funding has not been so.clear.—In the 1960's, the concept of

- ’

data h%ndling equipment could lower the cost of meeting the user needs for
accessibility of relevant inforﬁatiqn and assurange of the quality of the
information. However, ghe total cost of such equipment was high end t
"market" was disaggregated. Consequently, spons%xs of IAC's: (many of -
them federal agencies such as the Department of,Defense) were necessary in
order to establish the IAC's.

Recently, the tetionale for establishing and maintaining IAC's with

information as a freely aéh;lable commodity was dominant. Now, however,

the IAC's, their users, and their sponsors are facing,hn.increasing.num—

ber of individuals who believe that information is a commodity for which

users should pay. The Department of Defense? which originated and still .

sponsors many IAC's, instituted a policy in 1968 that called for centers

to charge for their services and work toward the goal of recovering 50% of

the contract facé value by 1972 through user charges. The implementation

of this policy emphasized the need for an understanding of the economics ;
_of IAC operation and financing. The research effort described in this

report was intended to contribute to'such an understanding.

Purpose of the Research.. The purpose of the research effort was to

improve the economic information ;vailaﬁle for formulating policies and
making deeisions relatin§ to IAC's and IAC services. The“ijectives of
the research were:' _ - ' - P
1. The development of a set of concepts and procedures™~ / '
which can be used to perform cost benefit studies of
information'service centers, _
2. The applicétion of these concepts and procedures to
addtess crucial issues of m?x,'levels, and pricing of :
information Bervices provided by IAC's, and . .
3. The determination of the sensitivity of the results of 1
the applications to.possible developments and innovations ~
in communications tecbnology.»
'The intent of the research was to develop a framework and tools fpr
IAC managers and policy makers that'are based on sound economic principles;
The results should establish measures which can help resolve issues of

optimum IAC service -levels, mix, and prices.
’ 7
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Highlights. The remainder of this executive summary provides a

brief synopsis of the(resnlts of the research. Highlights, each aof

which is described in more detail in a separate section below, include:

@IAC's have unique, distinguishing ¢ dharacteristics which
set them apart from other centers(offering information services.
These characteristics involve the functions of cata evaluation,
analyses, and synthesis. -

®The resea’rch effort produced cost and benefit models that s,

illustrate interactions among IAC services. The models represent
the first overall integration of observations about TAC's and IAC
users with fundamental economic theory. Even with lower bound
estimates -of benefits; the models indicate that IAé~henefits

exceed costs. -~ ¢ ;

. . , r \ S :
®BRenefit data are sparse, and there are both conceptual "and

practical difficulties with identifying the benefits of

information services. . -

."@®@There are complex factors associated with the utilization of

K

IAC services. IAC servicé demand is consistent with a
residual, risk averse demand model, and several descrlptive
characteristics of IAC services are judged to be 1mportant
to the user. £ '

OA;mathematical formulation of optimum service levels indicates
two optimal °olutions one from society s viewpoint and one
from the manager's viewpoint. <In general, these will not be
identical, and there is a potennial incompatibility between
incentives for the IAC manager and for socially ideal investmerit
in IAC servicé% The model provides the basis for designing

IAC policies and decisions; however, implementation awaits

, ~

extensive empirical reseatqh.

@ Technological innovations can have significant-impacts on IAG
activities. 'The general area, ‘of electronic communications tech-
nology 1is expected to have substantial impacts on IAC operations,
and these impacts are expected to be greatest in the time period
1980 to 1985. However, the impacts of the unique, distingd!ﬁbing
IAC Tunctions are judged to be less than the_i#pacts of other

Fe

functions.

- i iv .
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Functions of an TAC

Chapter 2 describes Information Analysis'Centers and provides

: . . a background on their develbnment and their potential users. The,:' N
" primary.functions of an IAC, as shown in Figure 1, include: ’ . .
.- Identifying and acquiring'docunentsf data and information; > .
- Scanning and screening; ’ . ' ‘
- = Evaluation of data and information; L } i
Tﬂ_; - f-"»m»;”Performing research,data extrapolation, or data synthesis to
£fi11 identified gaps in knowledge-
v : - Indexing and storage; N ;
- Commnnication with other data basé;, . .
- Estimating-the needs, demands,rand-costs}of particular -
information dissemination opportunities; and -. : - T

- - The retrieval, screening, repackaging, and dissemination,

? of the evaluated data.

The critical function of an ‘IAC is the analysis or evaluation

by

function. This function distinguishes -an IAC from other information

. ) centersfor.libraries which’may provide data collection, storage, ‘
retrieval, and repackaging servicesr In addition, an IAC ma __z_perform
research, data extrapolation, or data synthesis to £f111 knowledge gaps
which may be identified by the critical evaluation,function. As a
result of the evaluation, analysis, and synthesis functions, IAC's
contribute/to a field of knowledge by providing a synthesis and codi-
fication of- knowledge which might not otherwise exist.

. An IAC may produce both customized (indiyidualized) services and
products provided for a "mass market”. Most IAC's provide several proﬁ
ducts and services generally falling in one or more of eight different‘:
categories. = . . . , ’ g
' Handbooks or databooks typically includé data which may be numerical

physical constants, materials properties, or techniques which have been
established by research or practice. These books generally are -intended
to be used as reference books by a relatively wide audience. g

— : State of the art reviews (SOAR's) summarize the state of development

of a particular technology or technical area. Like the handboog, a SOAR L
typically 1s intended for a wide audience; it provides a snapshot of the

‘1imits of current knowledge in a particular field.

' - N <
) . . ; ’ .

Q o _ . v | e
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Critical reviews and technology assessments ar% similar to state .

ﬁé | _;d.z?‘ .of the art reviews but may go beyond evaluation of the current status\
Tj_ . R  of‘a’y fechnology . These reviews -and’ aSsessmentsnny include a critical
El,.i "ﬁ, analysis of the limited factors in a research or technical area. A

T 'iﬁ. teehnology. assessment may - include aSpects of assessments similar to

1 - T ha technology forecast. = _,/ : .

T4 AR "ﬁi Bibliograﬁhies typically are annotated and. may - include brieffab-

| E ) stracts. A bibliography may be-prepared‘in response to a request from

! §_-§ , . ‘an individuafa’or it can be prepared by the, TAC for‘a wide audience.

': 3‘_ et Responses to inquiries (the inquiry reqponse service) is by defini-

¢

3

tion a customized service. The-capability to. provide a customized re-
sponse to a telephone or mafl inquiry was a key motivating factor in ,

1 establishing DoD IAG's. B X _

. T : " ‘Current awareness services/newsletters typically are’ aimed at groups
‘i ‘ of IAC users.' In some instances, selective dissemination of information

34“4" _ (SDI) services are provided to further screen the’ information‘that an

' IAC‘user receives on a regular basis. -

Workshops/seminars sometimes are provided for IAC users_ and others:

_ to learn of new technical developments or to establish standards and
achieve consensus of procedures or research,needs.\ -‘An TAC may under- -
take such‘a workshop or seminar on its own, or it?may respond to a
request by a particular'group. 7

Symposia proceedings may be published for ‘the IAC's own meetings

or the proceedings may be published for some meeting in the field re-

’.-—' ' ' lated to the IAC's operation. R R oL

Cost Benefit Modeis ) _ B .

C““ ' ' Chapter 4 describes in detail the calculation procedures and cost

-} and benefit models developed during the research effort. The chapter
. _' includes example calculations of costs and benefits and illustrates. -
the sensitivity of the results to changes in parameter values. .

The” objectives of the cost and benefit models are similar. Both
are designed to answer four questions:
. ' 1. What is the total benefit from (cost of) providing a

' specified level of the particular services offered

o

- . : - by the IAC? ¥ : LT

-

+
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2. What.is the change in total benefits Qcost) which

LY

5‘ \ .- . results from a change in the level of a particular ’
g service? -~ ) |
3. What are the relationships among the benefits (costs)
. . - of providing the various services? That is, (l)‘gipen
& ) that the IAC offers a particular set of services at’
y -\ . specified levels, what is the change in. total benefits :
. ‘ | ‘. - (costs) resulting from an ‘Increase of decrease in the ) -t
'_ 35" ' Jevel of one-service, @nd k?) given that an IAC provides
] .. A a particular set “of” services, what is the change i_hrotal
_benefits (costs) resultin/’from the addition or. deletion
- - _ of—particular serv1ces from the set of offered services’
4. Vhat are the impacts on total benefits (costs)‘of imple-
- ' menting particular innovations7 .ﬁ;} )
" The cost model is based on a structure oﬂ fixed and variable costs.
_ .Fixed costs are those'associated with all services (i.e., not allocatable
to’a particular service) and costs which are jnvariant with the level of
_ S _ service provided.,'Variable costs are costs associated with incremental
| :ffﬁ changes in providing a service. . ‘
- ’ The benefit model conceptually is based on supply and‘demand curve
- graphics.x However, the calculation procedure is based on an-estimate '
- n of time saved by the IAC user and permits calculating benefits using
;' s ' hand calculators. 1f one assumes that the,IAC “user can productively-
utiliae the time; then this estimate of t me saved/amounts to an esti-
— - mate - of ‘the ‘1ower. bound of benefits duektb using an IAC service. Both*
| the cost and benefit models are structured to account for interactions
= among serviées. ' h_
. . The lower bound estimates. of benefits (based on time saved by usinif-
- the IAC servicgp provides a baseline calculation of IAC benefits; and

typical cost figures were utilized for both inquiry response service and
the handbook service. * Even with ‘the lower bound estimate of berdefits, )

.

benefits exceeded the costs: of providing the service-

These models accomplish a synthesis of economic theory with observa%-

- - tions about the cost of suppiying (and the demand for) information

services from an TAC into relatively simple models and calculation

viii
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N N U procedures. Because -the models include a«timé’rate of preference for.

. \\-resource flows (i e.,;the_measdre.is ‘net’ present “valie (NBV) of benefits
and costs), programmable hand calculators simplify the calculation pro-

. ‘ cedure. In any case, however, the procedures are simple enough to permit
- . f"frequent use by JAC managers and policy-makers. .
) : ' Sensitivity 3P317§§§ were performed to determine the impact of 3

changes in model paramEters on the calculation results. Theesensitivity

_analyses dndicate that (1) costs are moderately sensitive to the assumed

time horizon, the'IAC professionals' salaries and time e;pended "and the
aIlocation of fixed costs, and (2) benefits are moderately sensitive to-

2 @ ) " the. assumed time horizon and the number of users per year (of the hand- +
“book) and more sensitive to the (handbook) price charged by the IAC and.
to the annual bennfit (time\saved) postulated for the useérs: These re-

- 'sults indicate additional effort and study spent on improving estimates

of benefits would be valuable and that IAC accounting systems should- N5

[OR

— e

provide for meaningful, consistent'allocation of major cost items, in—

' -

cluding professionals time, to particular serv%Ee or product cutputs-
o~ ~F N . N

: e s Ce

— - . . \-:—J . ‘. . ) ) - . z

. Measuring Benefits

-
.

Data on the actual value of IAC service benefits are sparse. More~'
— ’ X 7 5

over, there are both conceptual and practical difficulties with identify-?
ing and quantifying the~benefits of 1nformation services. : ‘.

—
Benefits from an information service are of ‘two types (see the 1; |
table below).: (&) private or organizational and (B) social or societal. -
e T " Social benefits arise from second order- effects and from the long teri
impacts of - increasing technical knowledge., Such benefits def!!e from
the IAC's acting to synthesize and - codify a body of knowledge. These
benefits are difficult (if not impossible) to measure or even to identify
consistently. However, such social benefits are believed to. be very.real
and are. mentioned frequently as justification for supporting IAC,s\with T
.ﬁﬁblic funds and for supporting other knowLedge endeavors. Private or
organizational benefits are benefits that accrue directly toéthe user o?
_ ! the IAC, and these benefits are judged%to’be only slightly more efisily
- .. quantified. The usual measure of private or organizational benefit is the

. . . }
LIS - 1 1
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user s willingness—to-pay However, as discussed in- Appendix D, the

concept of willingness—to—pay may not adequately represent the "actual®’

valueito the user. Other ‘factors such as .social barriers or organiza-

tional variables (see the discussion in the latter<part of Chapter 2)

can invalidate willingness-to-pay as an 1ndicator or private benefits.
. ] \ 3 \v/’ . o .

a -

Types of Benefits .
Y

v - .o -

= S S

Time/effort savfhg,(compared with ECodification of‘inowlédge

alternative ways to obtai%.information)
Data quality (precisiom, accuracy) . Second order benefit
S _ ' (e.g., artsing from
Data reliability (lowgrisk to use) private benefits)

v

Data or service uniqueness , . E

////’”—\Tntrinsic value of the information
.. (relative)

( N ' I
* ‘ .
These might arise, for example, as private benefits to one firm or %

individual have subsequent benefits on other firms or individuals,

resulting in a kind of "multiplier effect"” which reflect the: indirect'

"benefits accruing to society. q%
- A

.

There is at least some Support for generalized propositions'about
social factors which “influence petential IAC users. These social fac-
tors particularly are apparent when there aré charges for IAC services.

A potential user, especially an engineer who has been hired to be
a specialist in a particular technical area, may be reluctant to

reveal his inadequacy" by requesting information from an IAC. 1If tnere

is a charge for the service, the engineer s lack of knowledge is made

visible if he has to request authorization to expend money for the out-

“

side service. : - : ' ' .

' . . Another social factor. .elated to the user s organizational -context
is Ehe concept of the information gatekeeper. There is evidence to

support the notion that certain individuals in an organization act as

2

&



ST "information.ghtekEep rs ’ providing information ta other individuals . \J Y;
/

ar

2‘f S in the organization. ]They perform this function without formal recog- J

Rnition of their’ status and with no formal spot in the organization charzf

' ‘ If an IAG ‘charges | a fee for its service and if an organization's gate:*g:w

- ] keeper does not have the authority to purchase information services,( .
. then the IAC service may tend to be underutilized. In‘thij/cése rather i

« B " '.than ‘facilitating the flow of technical information, the/?atekeeper acts

as an informal barrier to effective utilization of an inf?rmation re-
' /

C source. - o : - A /' ST
| Another social factor related to IAC utilizationris the ossible
resentment of IAC personnel to having to assess a f.e'for eir service,
E”ﬂ;;» \ o ‘Many IAC personnel may be reluctant to promote or‘eacoura e utilization
‘ ”; " iof a service for which they must  assess and coi;ect a fee. This reluc—

CT= o ' tance is a carryover from days when informationy was - coﬁsidered to be a

f ,freely accessible, freely available, public good..n /" ,
Although any generalizatioms about IAC sers have many exceptions,
- ,:i 7severa1 observations summarize the criteria that a model of IAC service
l- demand should satisfy. These observations include'
- Apparent low willingness-to—pay for IAC services by .
_ ] - potential and actual IAC users;
v ; - Apparent high elasticity of demand, i.e., a seemingly A_:
| small increase in price tends to produce a relatively
’f' - i large drop in demand for.an IAC service;
| H ' = Small quantity of IAC service actually demanded (based
. . g on the size of the potential market for TAC services,
% 'Athe utilization of the service seems particularly“small),
S Knowledgeable individual who are informed about IAC
| ' services but who appear tb underutilize the services; ‘ f
- High "real" value of IAC services, in contrast to the - |
low apparent willingness-to—pay and 1ow utilization of
j IAC services. . “ '
| ' IAC users: typically are scientists, engineers, and technicians

.'é}- ; ;engaged in technical pursuits. Chapter 6 reviews the characteristics :
- .of IAC services which these users believe are important
". -

ot . v «

& -
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‘these to be consistgat” with rational economic behavior.

Sain
A

-
“

The characteristics of information and information channels'judged
to be important to the potential’and actual IAC user include.' cost,"
accuracy, currency’“response time, ease of access, ease of use, tech-
nical quality, coverage. of the topic, understandability, format, media,
recall, and relevance. Currently availabile evidence is 1nsufficient
to define the relationships among these characteristics or to deduce

the relative value IAC users place on these characteristics. ”It is

recommended that further research be undertaken to establish the reiutive

values of these characteristics, especially those characteristics which

are uniquely associated with IAC services. e ~

. - i
.

¢
Ay

QOptimum Service Levels -~ = s o

hi

Chapter 5 develops a mathematical economic model that could_be a’

prescriptive tool for policy and decision making. The model is a

supply/demand mogdel of an IAC which provides two services, handbooks and i

inquiry response. The Basic model accounts for a number of diverse and

apparently contradictory facts and observations about IAC's and shows
. The approach is a_matnematical formulation of costs, revenues,
demands, .and benefits by IAC operations (using handbooks and.inquiry

response - .as e@ample services). 'The Lagrangian multiplier technique is

utilized*to determine and compare implicit optimal values of the deci-,

“sion variables from the IAC managers viewpolnt and from soc1ety S .

viewpoint. Two optimal solutions are found: one from society s view- j

point and one from the managers viewpoint In'general these two

i /"
f

-

solutions-vill not be identical, illustrating the . potential incompati—;

¢

bility between incentives for the IAC manager and for socially ideal

investment in IAC services. (These incompatlbxlities are discussed in
/ o

further detail in Appendix cy. . e -

Implemenfation of the optimum decision demands considerable eqﬁﬁr-

" ical research to specify the detailed functional forms and parameter

values in the model. Numerfcal approximation techniques can then be

used to solve.the set of equationms. ‘ T ,
. ) : _ {
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I:ipacts of. Technologz oo . o . ' .

s ' ort w
,'“' , Chapters 7 and 8 sun:m_rize the resukts of reseab ff hi h

S on y,
e ,examined the impacts of technological trends aﬂd ianV gi"ﬂ 74 IAC'S,
) S o S e |
SR / their users, and' the economics of their operati®®* Chap ge¥ | Xamipes
Ny s o
potential impacts. of technology and techno]_ogica ing . c:(,otl T IAQ-

gy ossitk
. \/ , and IAC. users; and Chapter 8 postulates three. 31ten1§ qe ? le -
pment
- ’ futures in the form of scenarios of the IAC and iesg v 410 for.

era :
the year 1985 and compa.res these scenarios with the Tac's oP ti°n in

— 197s. . . . '

S : : : R i

The general area of electronic communicati®t® te ch? Ology S

peratiog  THE imbaets ate -

pur..ng this -‘g

9ignif1cant. ¥
gty

_ : ] cove f'the
. _°affect the currency, technical quality, rig o i

T ‘ ‘ .. topic, and recall capability. Such 2 net“mrk uld also N

| e moderately. affect response time and ease © of Uge.

S o The advent of the availability of natural Engl
R - ' inquiry and updating is seen as being ,,,oderatQl >
* " during this period. This capability wo'd hay,,

expected to have substantial impacts on IAC ©
expected to 'be greatest in the time period 1980 to 1y 85.
) - time: period ‘four technological events were jUdged o pe
_l{ : - A computer-linked network of IAC‘s <:,or.x3»d ig“lﬁc

is

” ‘ § on the inquiry response service and wovl afod 8
of access, and ease of use. . . 4o
- The use of lasers for facsimile transmd®/"°R Cac 2 -Of

unctj.
five million pages per second), particvl rly Ln Oﬂj lon

ial
with image input and storage, could hav® 2 Supy gaﬂc in’paet

ed tr
during this period. Such widespread uge Of hg gh? ?e s,

-7 mission would affect the currency, 1:ec11’1 feal | Qus 1,5_57’ M topic

X

coverage of TAC services. ‘

. *.‘1
: C ope
- The final event which could suh\stantially 111'11:Q ¢ ¥ 'P rationga
readeyy

_ is the common use of Optical character’ re C-Ogrl:L T with
SN ‘nmultifont capability. Such a capabﬂic}’ Woulq ha.,e!a oderately
- \ ' -significant impact on accuracy and c'urfe <Y og 1AG ope athn
' | The three alternative scenarios for 1985 inch;d .vbase lin " or
- surprise-free, scenario, a scenario including 2 portebl acce p.t_:ab]j
? / i ' I’xiii' . o
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' microfiche reader ZEAM), and a scenario including” terminal to—terminal‘

‘individuals having access to IAC services.

'Summary of Recommendations S

.technological innovations., =

confereneing.v The cost ‘benefit model was applied to these -three scen-

arios ‘and compared with the model results for 1975. Because the model

mote .carefully accounts for cost; the 1985 scenarios,exhibit more .

impacts on.cost than the} do on benefits. This indicatesfthat the

‘impact of technology on benefits will not be on the lower bound of ben-

efits, but is likely to be further reaching, resulting in additiona%

In genefal the impacts of technology. seem to be less on the dis—

tinguishing characteristics of an IAC (evaluation, /g@a analysis, and

.synthesis) and .on IAC management functions than on other functions.

' This Suggests “that IAC operations, although affected by technological

change, will continue to have as their basis the key element of human

jndgment.

~/

IAC ‘Accounting Systems. It is recommended that IAC managers and

R?dministrators continue to review their accounting systems and to make

the necessary changes -to*provide for meaningful ‘consistent allocation

- off major cost items, including professional staff timé, to particular

service or product outputs. (The DLA-administered IAC s have two com—

mon “system oriented toward these objectives)

Additional Research Efforts. - It is recommended that additional

- research effort be undertaken to dgvelop an improved anderstanding of ~©

the perceived benefits of, and value attributed to,lIAC serwices. The

research should eventually 1nclude experiments that establish relation—
ships between service prices and the demand for the serviceﬂ, However,
intermediate researchﬁshould establish (1) the relationsnips among
information service characteristics ‘and (2) the’ relative value IAC

users place on the different clusters of characteristies. Such re-»

search, especially on the unrque chafacteristics of IAC functions, will

Jcontinue to be important, even with changing information technology and

)
.
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INTRODUCTION .

~

Background

The National Science Foundation's Division of‘Science Information

} " (formerly the Office of Science Information Service) emphasizesxthe

development of concepts and data on the economics of scientific and

technical informationgiommunication. The research effort described in
this report originated from program solicitation NSF 74-38, Category 4,
.which was directed toward the "Economic Characteristics'of Scientific
and Technical Communication.” The project focused on the economic
characteristics of Information Analysis Centers (IAC's) .

An TAC is a specialized information center. More specifically, it
is

"...a formally structured organizational unit specific- R
ally (but not necessarily exclusively) established for
the purpose of acquiring, selecting, storing, retrieving,
evaluating, analyzing, and synthesizing a body of infor-
mation and/or-data in a clearly defined specialized field
or pertaining to a specific mission with the intent of.

- . . -compiling, digesting, repag}aging, or otherwise organiz-

“ing and senting pertinent information and/or data in
a form st authoritative, timely, and useful to a society
of peers:ghd management.'l* ™ '

Additional discussion on the distinguishing characteristics of IAC S5
IAC services, and IAC users is‘’included in Chapter 2.

r

Many IAC's were developed in the 1960's when the pfexgﬁllng concept;f

-~

was that of information as a free public commodity. Recéﬁgﬁ, these cen-
ters, their users, and their sponsors have begun to face the increasing
conviction that information is a commodity ohich:should be paid for by
the user. The Department of‘Defense, which originated and still spon-
sors many IAC's, instituted a policy in 1968 that called for centers

to charge for their seryices and by 1972 to be recovering at least

50Z of contract face value,z‘ The inplementation of this policy
emphasized the need for an understanding of the economic impacts and

implications of policy and decision options relating to the providing

% .
Superscriptnumbers correspond to. references listed at the end of each

chapter. A bibliography is included in Appendix A. :

o . . T
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and financing of IAC services. The-res

Purpose and ObJectives

earch effort described in this

report was intended to contribute to such an understanding. .

. *

The purpose of the ‘research effort is to improve the economic

information available for: formulating policy and making decisions

regarding IAC's and IAC services. The

1. The development of a set. of co
can be used to perform cost be
service centerss; .

2. The application of these conce
vcrucial issues of mix, levels,
services provided by IAC's; an

3. The determination of the sensi
the applications to possible d
in ‘communication technology.

The intent of the project is to de

managers and IAC policy formulators whi

principles. The research effort includ:

beneflt measures for information servic

objectives are:
ncepts and procedures which

nefit studies of 1nformation

pts and procedures to address
and pricing of information

d

tivity of the results of

evelopments and innovations

velop usable .tools for'IAC

ch are based on sound economic

es the development of cost and

es and the application of thesé

measures to issues of optimum levels, mix, and pricing of IAC services.

Report Overview

_services.

. The remainder of this report is di

~appendixes. Chapter 2 ‘examines IAC act

_'background for analyzing-IAC economics,

tions about IAC operations and user beh

should explain. ) ,
Chapter 3 establishes the conceptu

demand for IAC services. This framewor

that is consistent with the observation

-

vided into 8 chapters and 5
ivities, provides a necessary

and summarizes the observa-

avior which the econonmic.models

al framework’for modeling the
k provides a basic demand model

s about the demand for IAC
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Chapter 4 describes the practical pchedures one can use to cal-
culate IAC costs and a lower bound on IAC benefits. This chapter also : :
demonstrates these calculation procedures aﬁd presents the results of
an analysis of the sensitivity of the model to changes in parameter values.

€hapter 5 describes an IAC user decision model. This model comple-
ments the model described in ChApter 4, providing a probabilistic formu-
lation of user behavior that is“consistent with observations about IAC|
service demand and user behavior. - ’ _ v

Chapter 6 addresses “the questionfof how IAC usérs value the various
characteristics or attributes (e.g., cost, timeliness, accuracy) of IAC o f
services. This chapter summarizes relevant user,studies and other infor- o
mationAabout the relative values of information servige characteristics.
Chapter 7 summarizes an effort that identified which technological
) (~innovations and trends may impact onﬂparticular functions, IAC activities,
and services. This analysis provided a basis for selecting particular
innovations for additional study. . _ o =
Chapter 8 examines the economic impacts of two innovationS‘ exten-—
sive availability of terminals permitting terminal to terminal conferenc-
ing among researchers, and a new type of microfiche reader wh1ch would. be
; iﬂgdely accepted and utilized (a ' cuddly" microfiche reader). The results
of analyzing the impacts of these innovations indicate how sensitive
calculation procedures are to changes in communication technology.

Chapter 9 summarizes the findings and conclusions of the research
'effort. This chapter also outlines needed and potentially fruitful re-
”_search areas indicated by this project. ] '

| ' Appendix A is an overview of the relevant 1iterature, including an‘. 4
annotated bibliography. Appendix B is a glossary of terms frequently' .
used in economic analysis and cost benefit analysis. Appendix C is a
background discussion on government funding of activities that otherwise
‘might be left to private enterprise._ Appendix D is an overallcproject' ’ \
narrative and provides a generally chronological account of the research
process. Appendix_E is a formulation for a method of pricing, or

~allocating costs, to joint products and services.
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Iﬁ%ORMATION ANALYSIS CENTERS AND THEIR USERS
. ' & : ‘ -
Introduction and Highlights )

-

*

The purpose of this chapter is to/provide background information

. _ ' on Information Analysis Centers (IAC's) and their users. The intent of
this chapter is to summarize information and concepts that will be useful

f‘ ) in understanding the significance'and:limitations of the models described

Ev in subsequent chapters. _ - . ) ;%' | _ -

i The information in this chapter represents a synthesis%of background -
 data known prior to the project. Comments and opinions provided by members
of the Overview Committee during the project, -and observations of the pro-
ject team- during and subsequent to the. research effort. The‘chapter

includes descrlptions of IAC activities, functions, products, and
° services, and brief discussions of different "IAC m1ssion emphases.l
"The chapter also 1ncludes a, summary d1scuss1on on potential and actual

IAC users. . : . . T

Highlights include .

- The IAC concept, although not new, received cons1derable emphasis
during the 1960's, with over sixty {of the dpproximately 108 feder-
ally sponsored) IAC's being formed during the period 1960, to 1969;

- IAC's currently are facing ‘issues concerning roles., services, and

~ financial support; N »

- 1AC' S,..as distinguished from other information service centers, are o
characterized by analytic, evaluation, and synthesis functions and

B not just the screening, indexing, storage, retrieval, and repackaging
of information, ‘ S . ’

- lAC utilization and benefits depend, among other_factors, on the
information needs of the user, thevavailability of other resources,
and social factors;. | ‘

- The demand for IAC services,appears_toﬁexhibit a highoprice-elastif

. city, and potential uSers.seem"to show_a‘willingnessétoepay'that_is

low compared with the actual value of IAC:services.

N
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Background @ = o < -
:xif As defined by a panel of the Committee on Scientific and Technical .

Infbrmationv(COSATI) , an Information Analysis Center provides information
_services that are characterized by evaluation, analysis, and synthesis by )
subject specialists. (Chapter 1 provides the complete definition of an IAC.®
The subjects range from brain information (the Brain Information Service
vat the UCLA School of Medi:ine ) to x-ray attenuation coefficiénts (X—rays
N%?i “Attenuation Coefficient Information Center at t&e National Bureau of
= Standards),.
The IAC’concept is not new.— as many as thirteen of what are now’calledl

IAC's were formed by the Federal Government before thé beginning of this
century. 2 However, 70% of the IAC's listed in the Directorz of Federallz

Sgonsored Information Analysis Centers ! have been formed since 1960.

During the 1960's, the IAC concept achieyed conSiderable prominence; at

least 62 IAC's wer® formed” between 1960 and 1969 . The underlying motiva-

tion for establishing and continuing these Information Analysis Centersf

was the proposition that existing 1nformation systems were 1nadequate for

users.in other disciplines and frequently were inadequate even to meet the .

‘needs of users wijB}n the discipline. The publication of "research and devel-
! opment5resu1ts was leading to an explosion of data and concomitant difficul—
‘ties’ of identifying which data were relevant to 2 particular problem and
-distinguishing bétween valid data and data: .of questionable validity. Another
motivation to develop the specialized information collection and dissemina—
tion services which would be provided by -IaC’'s was the increasing avaiIabil-
ity’of automated equipment. The ‘use of automated data handling equipment
it was believed, could lawer the cost of meeting the user needs for access— : .
ibility of relevant information and assurance ,of the quality of the information.f'
However, the qotal cost of such equipment was high and the "market" was .
disaggregated. Consequently, sponsors of 1AC's' (many of "’ thém federal agen-— |
cies such as the Department of Defense) were necessary in order to establish
the IAC's. | C o .

(jVRecently, however, the rationale for establishing and maintaining IAC's

!
S

-witn.Federal funding has not been sovclear,_With the disbanding of COSATI and.its

“
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panel on Information Analysis Centers, there is no loﬂzer'a_central
gouernment-wide focus on TAC functions and Probletts. fconsequent1Ys o
the IAC's are facing several issues:’ i ' .

- What roles should the IAC's perform? Have the;;\;sles changed
. particularly 4n view of the apparent international role of the
e N Committee on Data for Science and Technology (CODATA) in perform-
ing the data evaluation function? ™~
- What services’ should the IAC s be providing9 -Should they Provide
_ the current services or are there other services Vhich would be
more beneficial to the users? . - , .
- How should the IAC's be supported? Should'there be user charges;
and if so, how should Ehey be determined’ o ' ) *p o
€’The research effort described in this. report was intended to Provide _.
.a framework for structuring economic data.that could assist in r65°1Ving -
‘these issues *\lt should be noted, ‘however, that economic data are only
b one consideration; the issues may involve inter alia, dimensions of national

defense, and national pollcy. ')y .

v

IAC Functions, Products, and Services

_ _ IAC's may be quite diverse. . Some- are re1atively small operat1°ns
~ having only one or two professional staff members who Ooften are shared
with a 1arger organization. Other IAC' s,.such as the National EﬂVirOnmen—
tal Satellite Service with 557 full time staff members, represent substan-
tial organizational entities by ‘themselves. However, all 1ac's have the
'distinguishing ‘characteristic of providing some degree Of analysis and
_evaluation of the data they collect, store, and repackage ConsequEHtly,
" all IAC's share some commonality‘in activities and fuﬂCtions. SN e
o . IAC Functions. The, primary IAC fdnctions may be abstracted from the
| definition .of an IAC (see Ghapter L) and from observing IAC activities,

These primary functions, diagramme% An’ Figure 1, include

- - - identifying and acquiring dngients, data, and information, -
To— scanning and screening, ' '

- evaluation of data.and information,

> v
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- numerical, on physical constants, mater

N
- performing research to fill identified gaps in
knowledge;
indexing and storage;

‘mu-_icatioﬁ ‘with other data bases;

Lmating the needs, demands, and costs of’

7 .ufcular information dissemination opportuni-

.»Ities, and -~ Coe e ' '

/- the retrieval, screening, repackaging, and
dissemination of the evaluated data.

The critical function of-an IAC is thefanalysis, or evaluation,

;function. This evaluation/analysis aspect distinguishes an IAC from

-other information-centers or dibraries which may provide data collec-

tion, storage, retrieval, and'repackaging services. Note that the
feedback loop in Figufe 1 indicates that an IAC may perform research
to fill gaps in knowledge which may be identified by this cr1tica1
evaluation function. The screening function is performed twice: once
before the data or infornation is stored, again after retrieval but ‘
before the information‘is disseminated to the user.

‘'TAC Products and Serviceé. = Table 1 lists eight basic categories

of IAC\products:and services. This list includes both customized ser-

viees (individualized for a particular group, organization,‘or person,

such as a response to an inquiry) and products provided for a large

" number of users: (aimed at a "mass market", such as a handbook or data—

book) . Not every IAC offers each of the types of products/services,

but most IAC's furnish severa} of the products/services shown in the .

..table : Defin:tiéns of these products/serviCes may vary, but the follow-
-ing paragraph indicate generally accepted distinguishing characteris-
*fitics. S T R g‘ T

f]
1y
<

Handbooks or databooks typically include data, which may be

roperties, or techniques -

€.

which have been established by research or practd These books gen-

erally are intended ‘to be used as reference books by a

/ - . " ' | < ) "J

atively wide

audience. .

C

e
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Table 1. IAC.Products and Services .Y

Handbooks/Databooks

State of the Art Reviews

Critical Reviews and Technology Assessments
’Bibliggraphies* v

Responses to Inquiries

Current Awareness Services/Newsletters
Workshops/Seminars -

Symposia Proceedings

Also in magnetic tape form

State of the Art Reviews (SOARS) summarize the state of development

of a particular technology or technical area. Like the handbook SOARS

typically are intended for a wide audience; they provide a snapshot of-the
1limits of current knowledge in a particular field. ] Co ,
Critical Reviews and Technology Assessments are similar éo staie of

T o the art reviews but may go beyond evaluation of the current’ status of a
‘technology. These documents may include a critical assessment of the
limiting factors in a research or technical area. ‘The term "technology
assessment s rather than §;ferring to the ‘identification and evaluation
of social and second”ordeX effects, implies more an. assessment of the, status_w

"and potential future of the technology, it may include aspects of assess-
4

_ment-sihilar.to a technology forecast. -2 : <.

Bibliographies typically are annotated or include brief abstracts. A

bibliography may be prepared in response to ‘a request from an individual
or it can be prepared by the IAC for distribution to a potentially large

number of users before there is an actual demand for it.

. Responses- to Inquir}@s or the "inquiry response service, is, by

definition, a customized>service.'hThe capability to provide a response to




example relate

S 4

a telephone or mail inquiry was a key factor in the rationale: for
establishing many Department of Defense (DoD) IAC's.

Current Awareness Services/Newsletters typically are aimed at groups

of IAC users, though perhaps not at as broad an audience as the handbooks.

In some instances, selective dissemination of information (SDI) services

are provided to further screen the information that an IAC user receives

regularly (e.g., a wonthly 1list of new document acquisitions in the user's
area of interest).

Workshops/Seminars sometimes are provided for IAC users and others

to learn of new technical developments, to establish standards or achieve
consensus on procedures or needs. An IAC may sponsor such workshops or

seminars and may publish Symposia Proceedings of these and other meetings.

A study of IAC services must recognize the opportunity for, and. like-
lihood of, interactions‘among the services. Qonsequen;ly? analyses of IAC's

must examine the services collectively rather'than singly. An Obvious

~example of service interactions is that of joint costs: an IAC once it

has established a data base, can respond to inquiries, produce:biblio-
graphies, and\iroduce ‘handbooks utilizing this data base. A more subtle

to the demand for services: an TAC ¢ ch publishes and

disseminates widely a comprehensive handbook‘ma§ find & reduction in the

humber of inquiries it receives. Similarly, a poor handbook may have little

impact on the number of inquiries and a comprehdinsive, well edited, handbook

<

—_
_may have a significant impact. L

Types of IAC's. Different IAC's. may place different emphases on the

differences in objectives aﬁé’f?pes of users being. served. Three different .

'-categories of IAC's may be distinguished mission oriented ~discipline

oriented, and synoptic/census bureau.

A mission oriented IAC typically serves a particular set of users;

. : -
addressing problems which may involve more than one technical discipline. -
For example, the Tactical Technology Center at Battelle foeuses on techno-
logy related to tactical -warfare; its subject areas include weapons, muni-

tions, armor, mobility amd logistics, operations analysis, surveillance,

_communications and electronics, socio~-technical sciences, and ecological

sciences.



IAC Users

A discipline oriented IAC emphasizes the review, analysis, assess-

ment, and synthes1s of information within a particular discipline and may
serve diverse users. For example, the Thermophysical Properties Research
Center at Purdue focuses on information such as thermal conductivity,
thermal contact resistance, specific heat, viscosity,,and-reflectivity.

A synoptic IAC handles large quantities of data, often in raw form,

in areas such as oceanography and atmospherics. For example, the Bathy— ‘
thermograph Data Processing and Analysis Facillty at the Scripps Institute
of Oceanography has over 675,000 bathythermograph temperature data readﬂ%gs
in its holdings. — _ M

Each of these types of IAC's may choose to narrow its scope by
selectively.emphasi21ng particular functions or data sources. As examples,
some IAC groups work primarily with formal published research literature;
other IAC groups emphasize problem solving and utilize as inputs both-the
formal published literature and other sources such as government and
industry reports; and still other IAC groups emphas1ze research on raw
observations and empirical data. Another way of categorizing IAC's is
according to the stage of development of the technical area being served,
and this categorization may help characterize the role of the IAC. TFor
exadble an IAC serving a technical area ‘which is Just emerging as a well-
defined focus of reseazch may, in essence, act as a formalized clearing-.
house for the 1nv1sible college"” of researchers performing work in that
technical area. ' In a more established and less rapidly changing technical
area, an IAC may serve as the archival repository for authoritative facts

or observational data. Hécause the role may differ in the different stages

" of technological devesgpment,”thehpenefitsmof_anlec may be substantially -

different within the different categories of TAC.

-G A .

IAC users are at least as diverse as the IAC's they utilize and
therefore it is difficult to offer meaningful generalizations about ”IAC
Users". However, some concept of IAC service demand is necessary in order
to develop useful economic’ models. Consequently, .this Sectlon reviews what
is known and perceived abo IAC users through observations and relevant

user studies, stipulating tkat the generalizations are not universally

applicable and that many excertions may exist.
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User Studies. The user of scientific and technical information (the

STI user) has been studied through numerous "user studies" over the past
fifteen years. Chapter 6 reviews and synthesizes some of the ones rele-
vant to lAC operation. One particular study warrants further mentiOn in
this chapter: a Defense Logistics Agency (DLA) study of DoD IAC usersé.
(DLA administers eight IAC's for DoD). DSA eramined two aspects of TAC
users: their level of satisfaction with IAC services and-their STI needs.

For the first aspect, a survey established (1) 692 df the respondents.

were partially or completely unaware of. the existence and services of the

IAC's; of the remaining 31% of the respondents, (2) 95% were satisfied
with the technical fields covered»by the IACfs, and .(3) 93% were satisfied
with the products and serrices offered by the IAC's. (The fir inding

‘stimulated the initiation of new programs to increase the ness of

[

IAC's among DoD’ scientists and engineers). .
Another‘survey aimed .at identifying job’ related STI needs of DoD

scient1sts and engineers. This survey established that almost three-
fourths of the respondents experienced difficulty in locating, obtaining
and uslng STI. The STI needs. focusse€d on facts, data, constants, or
other research findings rather than other types of STI. (This finding_
supported the recommendation that DLA increase the -number of handbooks,
databooks, and state-of-the-art reports). - N

Social Factors. There is at least superficial face validity to

several generalized propOSitions about social factors which influence . .

potential IAC. users. These social factors arise from the work environ—

ment of the potential user, particularly if there is a fee assessed for

utilizing an cmc .service.

A potegtial user, eSpecially an engineer who was hired to be a spec-’

ialist in a particular technical area, may be reluctant to ''reveal his

-

ignorance" by requesting: information from an IAC. More precisely, he may

. be reluctant to .reveal Kis ignorance by requesting funds (or an authori—

zation for an expenditure) for an’ information service outside his own

organization. By having to request funds, the en ineer's need for assistance
gap L g ne

P . . .
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becomes visible, and he no longer may be perceived as knoving everything
he needs to know to perform his job.

Another factor related to the serv1ce charge is the pgssible resent~

ment of IAC personnel to having.to assess the fee for service.l The concept

of providing 1nformation as a free'service persists, and IAC staff are
fnot immune. Consequently, IAC personnel -may be reluctant to- promote or
encourage‘the utilization of a service for .which they must assess and
collect a‘fee. h

A third sccial -factor is related to Tom Allen;s concept of the infor-
mation'gatekeeper, who acts as a clearinghouse for 'STI information within
an organization.5 Because the gatekeeper is part of the 1nformal organiza=
tional structure, he .may not have the authority to purchase outside infor-
mation services., (An exception would be the gatekeeper who also was the
organization s lf%(arian ) Consequently, the IAC might tend to .be ynder-
‘utilized with the gatekeeper acting as-an informal barrier to direct IAC

utilization by the 1nd1vidual needing the information.

These three factors, to the extent that .they operate within the
potential IAC user's environment, all tend to reduce the utilization of'
IAC services -~ They tend to prevent: information ngeds from be1ng translated

imeo actual demands for information services. _ .

User Typology Our understanding of (potential and actualj JAC users

is inadequate to permit the désign of a meaningful typology, but any such
typology probably would include the follow1ng dimensions“
= Informational requirements/situational needs. " TWo Cases may be
distinguished In one casey the user desires background informa-
. tion that Has no lmmediate utility Information such as that desired
jto maintain technical proficiency and current awareness has. been '
termed nutritional information" 6. In the other case, "the user is
astempting to resolve an issue or to solve a problem, the utility
"of the information is determined by how well it helps solve the.
' %ﬂoblem. The benefits of information services are. likely to be_
measured or at least perceived differently in the two cases.’ For
exampile, inrormation used in solving a problem will have relatively
well-defined reguirements of timeliness ﬂurgency), reliability/

confidence, accuracy, and precision. -

>

Fa4

-



. - R
r . - . ° ..

- Informatioual resources. .Rather than examine potential users._
‘according to the size of the employing organization, it seems more

relevant to consider the informational resources available other
than the IAC. A potential user with an effective in-house inforéi

. mation service, ceteris paribus, will be less likely to utilize

. .IAC services than a potential user without the availability of ;
-4

. 'such a service. Also included in this dimension ds - the' nature
of the information "market" in the "technical area of need. If : e

' the,IAC"effectively is the only source for the.needed information
service,lthen the potential user faces'apdifferent situation than -
if there are several-optional sources for the service.

- Financial resources and procedures. ASsuming an IAClcharges,a
fee for its services, a potential”user who_has no‘discretionary.'

i—f _ funds or who has to justify expenditures for outside information'

. - ‘f services is less likely to utilize an IAé service than a,potential

- | - ' user who does not have these financial constraints. -

- ‘2 - State of knowledge/awareness. A potential user who. is technically
up—to—date in the IAC's field of competence may be Tess. 1ikely to.
~utilize an IAC. service than o;e who‘has greater information needs.
However, a potential user. who is ignorant or unaware of the benefits
¢+ of IAC services is not likely to become an actual user until he

‘ recognizes the benefits. N N .

- User's perception regarding the nature of the expense. -The expense
of utilizing an IAC service may be perceived either as a'problem—
solving expense or as a capital expenditure. This percéption .

. , ' might indicate the decision process that a potential user engages

. to decide whether or not to utilizé the IAC service. - (This dimension .
could be. related i.e.,’ nonorthogonal ‘to “the informational require-
ments dimension ‘discussed above.) S

Summary.. Criteria for IAC User Models.’ Recalling the stipulation at the

beginning of this section that many exceptions may exist to any generali-’
zations about IAC users, the following observations ("stylized facts")
C { . summarize the facts that an economic model of IAC service demand should ‘

- address. These criteria, although seemingly contradictory ‘in some cases,

v
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seem consistent with observations and the limitediresearch‘findings
“on the demand for IAC services or for information serv1ces in general.
— Apparent ‘low willingness—to—pay for IAC, services by potential

and actual JAC users. Subsequent to the initiation of fees for

. \})\.: ..- -

services after a period of free services, the number of requests

for service drops Substantially. (In some cases, the center
“experiences only a temporary drop in demand which later grows at

approximately the same rate as before the initiation of fees.

-~ In. otheg cases, the demand has remained low.) Similarly informae
tion’ center manageés have reported that a significant number of
requests for information are cancelled when the requestor is in-. -
formed of the’ charging/fee policy;7~? 9 o o o

—,Apparent high elasticity of demand 'Similar to the. above observa-
tion, a seemingly small increase in price tends to producé a rela--

. tively large drop in demand. ' @

- Small quantities of IAC services actually demanded. This observation_
is a Judgment based on the size of the potential market for IAC ‘
services. (1t -pay reflect primarily a lack of awareness of the
‘availability of the Services.) 'i ) N

-f-"Knowledgeable individuals who are informed about TAC Servicesabut .

who appear.to underutilize these services. As oppcsed to someone
who is unaware of an IAC, this observation concernshpotential users
" who are well informed but do not utilize IAC's for ofher reasonsy
such as the social factor mentioned above, or the lark of appropriate
financial resources or authorization.» _ ,1 .
- - Apparent real" value{gf/IAC services. Anecdotal ;videncgiblg'suggests
| that IAC services have high value to the user, in conrrast to the
;ilow (apparent) willingneSS*to—pay and low utilizarlxx of IAC services.

-'—jInteractions among service demands. This is a postnlate that “has
uface validity; examples include (l) the reduction of demand for an
‘rinquiry response seévice‘subsequent to the publicatina of a handbook, .

and (2) the stimulus for the publication of a state-»f the art review,

handbook, or bibliography arising from a high number of inquiries s

- regarding a particular subject or technical quest ioa.’

Lt
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I;Lr uction and Highlights

. basis for cost benefit analyses of information analysis centers.

.3

CONCEPTUAL'FRAﬂEWORK:.;THE DEMAND FOR TAC SERVICES:

This chapter presents the qgneepts necesSary-to-establish the

- The chapter includes a brief discussion of the model approach

:criteria which the conceptual framework must meet an Outline of
the economic" model, and a discussion of “the 1mp11cations of the:

' model.

Highlights of the chapter include.

A conceptual framework which is consistent both

- with observations ab0ut the; demand for IAC: ‘services
and with fundamental economic principles'°v} o

‘: A potential user submodel which characterizes demand

_fc— IAC services as a: residual (excess), isk-averse 2
: l

demand a ': s S e _ =y

= Graphical descriptions of ﬁhe potencial user: suh—a'
.fmodel and the: economic model of the IAC; and .. ‘l
-:Model implications which in61ude epistemdlogical
: Along—range, near term, and immediate considerations
'Immediate implications include the basis for guide-
lines for caIculating an estimated lower bound on IAC

h-benefits.

The-Model Approach £-

The conceptual approach adopted for this study is economic

L

modeling of the IAC and the (potential and actual) IAC user. Similar

to systems modeling in-any research effort modeling of the IAC-IAC

__user system: accomplishes several ohjectiveS' o _rf

1. understanding - of the key elements and behavioral

ssumptions, of hov these elements: and assumptions "

interact in thq system s operation,

- - X - ¢

{ -
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i ciah et e oblants Aofaand

. _-_‘: B .' b-‘ ) . . 2;

: ) <
2. measurement éﬁiability\- by .circumséribing and R
explaining system behavior}_the model identifies E

. ditems which'require\measurement and suggests, methods

3

T . of measuring these items~ ) i 2 <,
- . .+ .- 3. requisite data - the model identifies what data ‘ ‘

S o ) are necessary and what data may be ignored.fOr
',.?' _f" S f‘"-analyzing particuiar issyes; ' o
4. simulation capability - the model permits the

_ _evaluation of different policies. by'determiningAthe ;

outcome of alternative sets of assumptions and
‘parameter values in a prescribed, consistent manner;.

5. optimization possibili;x,~ the wodel parameter may

be varied to determine an optimum operating point;

if the model adequately represents reality, the.

‘. results may be‘used to set optimum operating conditions
f?ﬁ-l‘.: o for the actual system; and

6. new results/extensions - by integratingdall the parts

o R .. of the system, the model may suggest PreviO“SIY un=

'recognized results and policies which extend beyond

'hf ihe original scope of the model alone..

-Model Criteria ’

In constructing models for specific systems, the approach is

P to work from a general framework applicable to a wide class of

3

' phenomena, to A model which acconntS“for ‘the’ observations on, and

. : : .facts about, the particular system. The particular observations (or
o . Vstylized facts” as they are called in economic growth literature)

- ' for the IAC-IAC user system include those listed below.. These are

summarized from the project team' s observations, from observations

- ' : 'Vand comments. from the members of the 0verview Committee, and from

comments and observations from IAC managers and staff members.

-




(Chapter 2 discusses the background from which these observations are-

distilled). The constructed model must, as a. minimum " be Consistent

with these observations. _ : T

Y

l. Low willingness—to-pay by actual and potential users

" of IAC services;
2. High elasticity of demand for IAC services,
3. Small quantities of IAC services demanded; -
4. The existence of individuals who are knowledgeable
and informed about IAC's but who are non-users OT
underfusers of IAC services; , i
5. ﬁighf“real“ value of IAC services; and
6. Interaction among the demands for different services; in’
| . particular, reduced demand for other’ services with in-
‘creased handbbq\\sales. - ‘

Model Framework

The princ1pal component of the IAC system model is the (potential)
user sub—model. His demand for IAC serv1ces is modeled as 2

residual (or excess), risk-averse demand. It is a residual demand

because each user ‘can, to some extent, supply himself with lnformation
- similar to. that which an TIAC supplies, and the demand for IAC services'.
-y L is thus the "resideal", or' "excess" demand. " (Ironically, the indi-r
. vidual s ability to supply himself ~and thus avoid using the IAC may -
depend on the quality of the IAC s handbook) . ‘
- "The 'model initially assumes ‘that the potential user has several
- sources’ for information of equivalent quality and is motivated solelY
by . economic efficiency. 'He thus makes the decision on . the Quantity -
of- information ‘he purchases and chooses his supplier (IAC -oT self)
on an economic basis. (Note that "self" supply can represent all noﬂ‘
I1AC alternatives with no loss of generality) .
‘Figure 2- illustrates a potential user's supply and demand curves “.
..;- - for information. One supply curve (labeled "no Handbook™) is a user 's
B . marginal cost of self—supply without an IAC handbook and the other

supply curve (labeled "with Handbook") is- thjt user's mafzinal-cost
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of self-supply with the IAC handbook. The latter is to the right of
. the fgrmer,indicating that possess1ng an IAC haidbook reduces the
cost of self-supplyax -
Naw aSSume the user has mno IAC handbook, and the IAC charges a price
of P per unit of information service. Under these conditions, the user
(l\\will supply Q2 units himself (his supply curve is beneath the IAC price
for Q < Q, ) and will purchase Q3 - Q, units.from the IAC. - In general

the model 1ndlcate$ that the demand for IAC information services is the

difference between a. user's demand and supply curves below their inter—.

' section. Figure 3 illustrates .the demands for IAC services corresponding
to Figure 2,. Note that the model, as- described thus far, indicates the

following:

- the highest price a user is willing to pay for IAC services is

far more elastlc than the demand for all information services;

- the user s possession of an TAC handbook reduces his demand
for (other) IAC services. (This latter statement is not surpriying,
" since a handbook may be,'in a real sense, the product of experience
in other services.)

The model as‘constructed above is a deterministic model w1th av.
rational optimizing user, and it already accounts for several of the
stylized facts for which it is intended. However, additional factors
must be added if the model is to account “for the remalning observations.
This is accomplished by deveéloping a probabllistic model, and the'assumptions
for such a model are summarized below.- N _ L S ® ’

First, assume that IAC services have a randomly distributed value,
and assume the user’ periodically must "Justify" his use of an IAC. by '
demonstrating to an mauditor" that over the preceding period the benefits”
from using the IAC have exceeded the costs. Assume the user "suffers a

- penalty (perhaps only psychic) if, at audit ‘time, benefits do not “exceed
costs; and moreover, he enjoys only a small reward if benefits do exceed
 costs. Under these circumStances the user will be risk-averse.- He may
. be willing to accept a probability of perhaps only 5% that at audit time
benefits will not exceed costs. It can be easily shown that even if the

expected value of JAC use 1is positive, .the user may never find the risk

oo
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: 'acceptable, particulary if audits occur at frequent intervals and the

opportunities for IAC use are not frequent. This model illustrates the
rationalityw:fsomepotential users not to use an IAC, even though its
expected ‘long run value is positive. (This result stems from the in-

stitutional justification process which IAC use often. entails).

A

Implications of the Model

’ initially presented and . thus serves as a convenient descriptive tool.

The model summarized above accounts for all the "stylized facts"

-It also offers a useful framework for economic analyses of JAC' s. The

utility as a framework seems to be evidenced at four distinct levels:"
epistemological, long run applications, short run applications, and
immediate applications. _ : :

Epistemological. At this level, the model provides a-rational,

internally consistent systemiéatign of the bits and pleces of knowledge
of IAC economics. It provides a framework for additional speculation

and suggests potentially'revealing experiments which could lead to

-greater understanding of the demands for IAC services.

Long Run Applications. The model identifies concepts for which

measurement techniques must be developed, especially if optimization is
attempted. For example, an optimization model for IAC managers and
policy makers seeks to set what might be called a second best" pricef
for IAC productsvand services. This "second best" price is a prace
which is socially optimum within a constraint, the constraint’ being that

the IAC. should break-even (revenues equal expenditures) Thus it is

necessary to have measures of service benefits, costs, and break—evenA‘

levels in order to determine the desired service price.

Short Run/Near Term Applications. The model focuses attention on.

5variab1es far which data now do not exist but for which data should be s

collected in thé near future, especially for complete cost benefit analyses:
For —example, historic data necessary -to construct ‘demand curves for IAC )

services are sparse, and careful records of the number of users at different‘

| price levels should be kept.

Y
o



- diate Applications. The immedlate utility of the model is as

~

B a guig;’to a "first cut" cost benef1t analysis, and later chapters of
\\\\ this report emphasize this appllcatlon. Figure 4 illustrates the con;
ceptual basis for a benefit model whlch provides a lower bound on benefits,
and the following discussion is based on this flgure..

The total net benefits of an IAC are’ represented by the regionﬂclr—

cumscribed by the points - . _ ' -
' "  ABCHJGF .- ' |

,i . similarly, the net benefits from a handbook are represented by the region

°

“outlined by _ .
ABCDET, ¢

. and the marginal net benefits of other services are represénted by the
region ’ '

GEDH J .

If Q2 - Q1 the demand for IAC services, 5§ small, then'handbook use'u
_accounts for the greatest portion of IAC beneflts. The value.of handbook
use is the area between the supply (marginal cost) curves, and the ~  ~
value can be calculated from the' product
. (cost savings per use)x(number of uses).
- o The next chapter descrlbes in more detail procedures for calculating
. the benefits and costs of IAC services. These procedures based on the above
“conceptual framework -permit the IAC manager or policy maker to estlmate
" costs and benefits associated with an IAC service or with the entire IAC
Qpétatibn- These calculation procedures are designed to provide a well-

‘defined method rhat requires only a hand calculator (preferably a program—

" mable calculatorf for efficient ‘operation.

,\g\;
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Figure 4. _ IAC Economic Model, Handbook Example
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" COST AND BENEFIT MODELS AND CALCULATION PROCEDURES

'Introduction and Highlights

The establishment and operation of an IAC reSult in costs and

. benefits both tothe direct users of the IAC and to society as well.
' The ideal model would account for all the significant costs and bene—

fits, both private and social. The paucity of, and difficulty of ob-
taining reliable data, eSpecially benefit data, or estimates from the

existrng data renders such a model currently impractical. The models o

described here quantify some of the benefits to the user of the 1AC
and the costs of providing IAC services. The models are intended to

“be useful for decision making by IAC managers. The following sections
- describe the objectives of /the models, reviev the cost benefit approach

'~ and destribe the benefit and cost models, calculation procedures, and

some preliminary results. | ' S &
Chapter highlights include

- Cost and benefit models that are conSistent with fundamental
| economic principles and that are Slmple, easy. to use (requir- '

., ing only a hand calculator),

s A:; A straightforward fired—plus-variable cost calculation procedure

Based on cost component data that can be routinely collected

by an<IAC; |
- A benefit calculation procedure based on estimates of the

.. 'value of "user time saved"; this yields.a, lower: ‘bound ‘on
vestimated benefits(from IAC services, | o |
L E Example baseline calculations using the procedures indicate
~ that benefits exceed costs even for conservative, lower
- bound estimates of benefits, and o .
Lo Sensitivity analyses indicate that (1) costs are moderately
sensitive to the assumed time horizon, IAC professionals
salaries and time expended and the allocation of fixed costs,

and - (2) benefits are moderately sensitive to the assumed



- time horizon and number of users per vear (handbook) ‘and nore_;
sensitive to the (handbook) price charged by the lAC and to
the annual benefit (time“saved) postulated for the user.

nodel Objecti(\ T

‘fmodel., As such, each model is designed to answer four questions:

‘The objeiti?és’of the benefit model- parallel those of. the cost .

1;'_What is- the total benefit from (cost of) providing a
specified level of the particular services offered by the. IAC?

‘2. What is the-change in total benefits (costs) which results from

coa change in the level o£ a particular service?
3. What are the re1ationships among the benefits (costs) of
providing thé various services, that is, (1) given that the

IAC offers a.particular set of services at specified levels,

what is the change in total benefits (costs) resulting-from -

an increase or decrease in the level of one service, and " (2)
given that an IAC provides a particular set of services, what
is the change in total benefits (costs) resulting from the .
addition or deletion of particular services from-the set of
& o
offered services’ . o ! T
4. What are the impacts on total benefits (é‘ils) of implementing

particular innovations? - .-

- Review of the Cost Benefi" Approach

-~ &

- 2
J

Cost benefit analysis is a method for evaluating the relative

' worth ‘or value, of a particular decision, po1icy, or course of action

compared with other’ decisions, p ies, or actions. . The evaluation is

based on economic measures of the value of a project° these measures

© may include cost or the benefit cost ratio, the payback period, and

net present value (NPV) For examining the economics of IAC' s, NPV is

A
A

an appropriate measure. . - : c A <
The NPV of a project is a single number representing the net bene-
fits of all present and future resource flows,_vhere future costs and

benefits are discounted to account for the decreased value of a future

.27
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-periods is

-

year. If one is ‘indifferent to $100 now and $11

then one 's discount rate is .10, or 10%Z.)’

A more.precise formulation for the net pres

progect having ‘costs C and benefits B now and

o

NPV = By-Co +'Bl €1 BaC2 4 |
| (1+d) ()’

-

=
II

. X
-

-

-

. benefit or cost. (For example, it is evident that one w0uld prefer
_'having $100 now rather than receiving $100 a year from now, having

the $100 now permits its investment and its.being productive for a

¥

0 a year from now," -

ent value (NPV7 of - ‘.{ihd

through H future time .;-

s

+BHC .'/‘..'1'\,

a+d)?

N

benefit (positive resource flow)vin -time period t,

t
C£ = cost (negative resource flow) in time period t,
d‘ = discount rate, and
"H = time horizon (generally taken as the ‘economfc

lifetime of the project )

Evaluation of two progects, or scenarios, [

computing the NPV of the resource “flows’ ' for each

'_the additional net benefits of ‘one over the othe

- Subtracting the NPV of one, from the NPV of the o

the difference between the sums of two series is

of the differences between. the series, the net b

’ “over another can be calculated by finding the NP

in costs-and benefits between the two projects.

LY
" also calculate the present vaIue of the time str

compare this with the present value of the time

is the approach jllustrated in the following sec

an be accOmplished by

of the projects, and

T can be calculated byff

<

ther. However, because
identicaI to the sum

enefits of one project

v-of the d¥fferences

Similarly, one can
eam of benefits and
stream of costs, this .

tions. (Appendix B

is a glossary which includes terms used in cost benefit analyses.)

In performing the evaluation, two issues ar

"benefits_accruing to whom, and the choice of dis

siderations are discussed in the following parag

o
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e important: costs and

count rate. These ¢con-
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Determining Costs and Benefits. For ‘a particular project and a .;\\
particular ‘decision contex; two sets of individuals may be distinguished
a set, A, of individuals whose members will be affected by the project,
and a_set, B, for whomLthe project is being conducted. Normally, sets .

A and B will not.be: identical, and A will mot be 4 subset of B. If
_this is the'case, then externalities, impacts not included in an evalua~-

tion of the impacts on ‘the set B for whom the project is intended, will' - -

exist. Externalities can be particularly evident whén one analyzes a - ’

project (e.g., a manufacturing operation) from an investor's viewpoint:

the actual cash flow enters into the analysis, but noncash costs (e.g.;

air and water pollution) and benefits (city prestige and pride resulting_*

from the new ‘industry) are not included. IR 2 e
- For the models presented in the following sections, ‘the viewpoint

is. U S. society, . Benefits and costs accruing to individuals and ‘organi- “

_ zations outside the U.S. are not included Similarly, as discussed in -

Appendix D the analysis quantifies only private/organizational benefits._ .
From Figure 5, for example, the benefits of the handbook can be S

calculated from the difference between the "users' supply_curve (without

the handbook)" and the IAC supply curve. Figure 5 can be interpreted '

as a snapshot“ view of the aggregated supply and demand curves or of

the- supply and demand es which a particular individual might perceive

at a given instant of time. Thus the benefits for a year would be esti-

“ mated by accruing the benefits for each use over»the -number of uses dur-

ing the year. For each tse o book the benefit (the difference
between the users " supply cur&’“hnd the IAC supply curve) -can be estimated
. to be the time saved (e.g., in hgurs) multiplied by the value per unit
time (e. g., ourly salary rate of the IAC user times an ‘overhead factor)
,;The present value of the benefits from the handbook would then Be the
discounted stream of annual benefits summed over the life of the handbook.

Determining the Discount Rate.6 'For an analysis from a. societal view—

point, the appropriate rate is the societal discount rate, representing i ¢
the degree to which society as a whole. is willing to give up present

consumption for future consumption. Although.considerable research dhd

-

debate are evident, economists generally have concluded that calculating



-

: . . « o
the social.discount rate is not amenable to economic analysis alone. >
| Moreover, there.is no widely accepted, "oorrect" rate to use in cost

benefit analyses. Some analysts have argued for rates as low as 0%;

'others have used the government loan’ repayment interest rate (e.g., , .:- .
8. SZ) For ‘this project, a rate of - 6% is used as a baseline rate, : | .
but a sensitivity analysis indicates that the results are relatively- : .

_insensitive to the assumed rate. - o ' ’ .
. LS ,- - ) - H . A ’ \[ .

- - . .. © - : ’

Benefit Model . _ o S

( ' “

Scope and Limitations. The benefit model, as presented in the

‘following paragraphs, can be used to address the first and second of the
;questions listed under the above section, "Model Objectives. The

model’ subsequently can be extended to address the third and fourth of .
those questions. _ - '

+ - The model utilizes’estimates of benefits based on the value of time
.§aved as a result of using an IAC service, a private (6r organizational)
‘benefit. This estimate presumes that the alternative 1nformation supply R

Mgelf supply")fwould yield data or information having quality equivalent
t< that provided by/the IAC. Because a key role of the IAC is to assure
darz quality (thrOugh the functions of analysis, evaluation, and syn- i

thes is), there is, prima facie, reason to believe that - the IAC data would

_havs greater intrinsic value (e g., there would be. less risk or uncertain- ST
ty associated with’ using ~IAC ‘data). . Consequently,‘this method of estimat—_;fil
benefits is a lpwer ‘bound on y‘hefits, at best, there might be other.=°’§
appnoaches which wéuld establish a higher ‘lower bound. 'However,,even.‘ | .
with this limitation,.xhis method at least establishes a quantitativeb
. estimate of benefits that is. consistent—with fundamental economic princi-

ples and with a conteptual framework that can be a baS1s for .subsequent
0 : , quen

——— . . - /

improvement. - v
- e . : .
Model Formulation. The total benefits-<in a given time period (to

G . - . . .

/

users of an;IAC'can be expressed as:

e



- -] 'k _
W B'Z[iji]
_ . =1 i=1- \\_
where ‘ 4 . éﬁw |
. . th : th . .
bji = the net benefit to the i user of.the:j‘_ service.
my = number of users of the jth service "' i

k= number of services

- . A 2 o
Since it would be extremely difficult to determine the benefit to each user
. of each service, the approach to simplify the calculation of total benefits
is to estingte the average benefit to each user and then. multiply this

. fbenefit by the number of users of the service. Using this approach, the
' expression for total benefits in a given year is. L L -
: . . B = b1 + b, m§.+ ..... b, =y -
where . -
.i;; ' Sk = average net benefit to each user of the k h seruice':

) .
et number of users of the kth service per time period
S ;j This approach results in the tcLal benefits per . time period.v'To o
'3determine theqnet present}value (NEV) of future benefits, the benefits in
:future years must ‘be. discountea using an appropriate discount factor.; The

net present value of the stream of benefits can be" represented as’

-

B ‘B - . - B
‘NPV_ = 1. + 2'*4: ".‘r'-'——E-h RIS S
B (1+r)1 ~(1+r).z.:/ A (1+r) . . ’ :
N v
. :
_ where . -
i . ST - «

B, = benefits to users in year h’

r .= discount rate



Alternatively, the net present value of -the benefits for each serwdce can
: z>be determined and then summed to give NPVy: '
’NPVh = NPVl + NPVz

- fo

.*......... NPVk
where

e

NPV?,=Ipresent vaiue of the stream of net-benefits
for the k°F service ' B I
. For the purposes of this model the latter approach is used. The pro- .

cedures for calculating the benefits of each service are outlined in

-

the following: sections.

N

‘Benefit Calculations. The quantitative measure of benefits used

here is the time (and thus money) the user saves by utilizing an IAC -

service rather than obtaining the ingormation by alternative methods.' ,

"This approach_pesults in a lower bound omn the benefits of an IAC because
" - it ignores the. value of the 1nformation to the useggand any benefits to

society that result from the existence “and operation of the IAC.

Two. basic conditions arise in.the consideration of the benefits‘of"
IAC serv1ces.- In the first, the. benefit to the user in terms oa;time saved
occurs only at the time the service is’ provided (as does the cost of ob-
‘taining -the service from the IAC). This is the case for inquiry response
and bibliographic search services In the second case, the benefits may‘_
continue to occur ‘in later time periods even though the cost of obtaining
the service only occurs once This is the case for handbooks and to some ’
extent for state of the art reports. In ‘the first case,: the IAC service.
will normally be used once in answering a specific question whereas in
the second case the user may refer to a handbook on several occasions over.
. a . period of years to answer different questions.

For, the first case, the benefits per time period can be calculated’

s
[y

using the followiif;frocedure'

[y

. é
Ut



6.

EstimateJthe'time (in hotfrs) the user saves by utilizing the
IAC rather than obtaining the information by alternative means.
Estimate the per hour value of this time to the user (e.ges B
salary plus overhead) ’

Estimate the cost to the user of obtaining this information from

the IAC.

Calculate the benefit to each user by multiplying the results of

step (1) by the results of (2) and ‘then subtracting the reaults
of (3). '
Estimate the number of users of the service during the time

.period of interest (normally one year) )
Calculate the benefits (per time period) by multiplying the ™

results of step (4) by the results of step (5) o S

The benefits }or inquiry response services and bibliographic search

services can be calculated for as many future years as desired. This

stream of benefits can then be discounted using a suitable discount factor.

where <

i T g T s
Q+)® o (4r)

. A oy A
NPVB(TR) = net present value of benefit§7o£ inquirvin ;ff_a
~+' . response service o : ‘

h benefits in yea 'h from inquiry response service

r = discount rate . oo . L

% . : R

For the second case, ‘a slightly different procedurevisaused since

benefits are assumed to cOntinue for aSomany years as, the handbook 1is .

useful, although the cost of purchasing the handbook occurs only once.

The procéaure to calculate benefits in any given year is as follows:

S T

.o -

..Estimate the cumulative sales of the handbook through the year

; f interest.

EstimAte the average number of hours that the handb&ék saves_

. . ‘e . ha Mg .
each ‘user each year. S >

33 .
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3. Estimate the per hour value of this time to the user.’ s
) A. Hultiply the results of -step ) by-those of step (2) and (3) to
obtain the gross benefit for the year of interest.
5. ‘Estimate the sales of the handbook in the year of interest.
6. Estimate the purchase price of the handbook.
7. Hultiply the results of step (5) by the results of step (6)
8. .Subtract the result obtained in step (7) from the gross benefit
- step (&) - to obtain the net benefits to all users for that
. year. | . . '
This procedure should be repeated for as ﬁany-years as the handbook
is considered to bde useful The resulting stream of benefits is then
converted into the net present value of benefits using a suitable discount

factor.

Preliminary Results. Applying the above procedures for a:set.of

reasonable estimated- values yields initial estimates of benefits, and a
sensitivity analysis provides guidance on which estimates are most critical.

Table 2 presents the name of each model parameter, ‘an assumed baseline

value for tMis parameter, a range of possible values, and the sensitivity

of the result of the model (N?V) to changes in this parameter for an_in~

" quiry response service.’ This sensitivity measure is defined as '

SR | ‘y P A‘va], P

N (“;;)Z o : . ' _ a _;L ,1- KR

AN ia,Pl = the change in parameter of interest ' f?

P, = the baseline valuexbf the -parameter of interest

A NPV

the change in NPV due to change in 2 ’

NPV = baseline value of NEV o .' s L

-

The sensitivity is useful. ip/assessing th changes in the output of

the model to changes in- parameter values., Thus, if the sensitivity of the

* model to a certain parameter is”1.9, then a -10Z change in the value of that

>~

L
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Table 2. Benefit Model Parameters - Inqﬁiry' Respénsé
- Baseline . Expect:ed' e
Parameter Value " Range of Values Sensitivity
= Time Saved Per Use (Hrs) 5 0 - 16 -
Number of. Uses Per Year . 1 » . 0 - 10 ' -
Value Per Hour ($) 15 5 - 30 ' -
_ _Annual Benefit ($) 75 10 - 1000 - 3.0
- Price Charged by IAC ($) 40" - 0 - 1000 Ry
-  : Number of Users Per Year 1000 100 - 3000 ©o1.0
. Discount Rate (Z) S - 3-12 . .- -0.3°
‘ .-Tbime Horizon (Yrs) 10 5 - 20 ' , '0.7.‘ )
NPV (Using Biseline Values) = $257,603 . - !
- o : ’ Y ' . L : : :
- \ N
2 =
—— ' ¢ .
. ) E i
— ) o
\K - .



res

‘parameter (from baseline value) will ehange the output of the model by

19% (from the baseline value).

Note that the first three parameters in the. table —- hours saved
pe} use, number of uses per year, and value of time saved per hour - are .
combined to obtain'the annual benefit to each user and that the sensitiv—
ity is expressed in terms of this annual benefit rather than the three

parameters separately. As the data in the table "demonstrate, the results

_of the model (at the Baseline) are very sensitive to estimated annual

benefits and to cost to the user of inquiry services, while the results'
are relatively insensitive to choice of dlscount rate or to time horizon

considered.  Using the basel1ne values for all the parameters listed,

-the net present valde (per user) of the inquiry response service is $258

Similarily, Table 3 presents parameters, baseline parameter values,

ranges of paraneter values and sensitivities for the benefit model for
handbooks produced and sold by an IAC. As with the inquiry response
ﬁodel the. handbook model is sensitive- to the estimate of annual benefits

to each user. It is most sensitive to the lifetlme of the handbook. It

’,is relatively insensitive to the cost of the handbook (sales of handbook

held constant) and the discount rate used. Using the baseline values of

-the parameters listed the net present -value per handbook sold is $44.

\\ R — ;.‘,, . ,,-4_,_,._.: 6‘\ ) 36 - : L. .



Table_3.

5

NPV (Using Baseline Values) = $44,359

e

Benefit Model Parameters — Handbook
Baseline Expécted : ‘

) Parameter Value “Range of Values Sensitivity
Time Saved Per Use (Hrs) _ 2 ) }0.- 16 -
Number of Uses Per Year - ’1 0 - 10 -
Value Per Hour ($) . 15 .5 < 30 .-

. § Y '; .
Annual Benefit for Each User ($) 30 10 - 1000 1.7
Cost of Handbook ($) 35 5‘\é 100 —0.7
Lifetime of Handbook (Yrs) - 5 2 -10 2.4
‘Total Number of Handbooks Sold . ° 1000 100 - 20,000- >0
Discoﬁnt Rate (z) _h . o i 6‘/‘ 3 - 12 -0.2
Percent of Total Sales by Years 14152;2-ZSZ§ - w -
S 3-25%;4-20%;

_5-15%
/

[ =4



Cost Model . . - o ///

Scope and Limitations. The cost modelhis intended to address the

four questions listed under the above section, ?Model Objectives".: This
allows ‘the costs of operating an IAC at particular levels of service to be /
compared with the estimated benefits of the IAC at those levels of serviCc
to determine the level or mix of service that is economically optimum.

‘ The emphasis of the model "is on edonomic rather than acgounting
costs' the former is & measure of the total resources employed in an IAC
and thus is the relevant variable for decision making. .For clarity, the

'derivation and formulation of the model includes each significant cost
item explicitly rather than using an overhead rate which aggregates the
indirect cost elements. This’ formulation thus permits the model para-
meter values to be varied to correspond with the individual .character-
istics of a particuiar IAC. '

Model Formulation. The first step in choosing an appropriate gen-

eral form of the model is the listing of the relevant costs involved in
the overa11 operation of an IAC. These cost categories, shown in Table 4,
include all costs thought to be significant by the PESiﬁﬁt team. These
costs fall into one of two categories fixed costs’ or variable costs.
Fixed costs are those costs incurred that are independent: of the level of .
output (at least over some fairly broad- range of output) while variable
costs vary directly with the output (level of services provided) of the
IAC.' Examples of fixed costs are rent, utilities; and subscriptions to

* journals and periodicals,} Examples of variable costs are project salaries
and reproduction and duplication. It appears ‘obvious that some general
cost categories have both a fixed and a variable cost component. Thus,

| some salaries conveniently may be considered fixed, such as the salary of the:
IAC manager, while others are variable costs such as the salary of persons
working on responses to inquiries.  This presents'no particular difficulty.
as long as the cost can be reasonably separated into the fixed and variable

®

components. 5

Based on the ohjectives of the cost model and the costs involved in

" an IAC operation, a fixed cost plus variable cost model appears to be the

-

‘most appropriate general form for the model, Thus, at .a given level of

output, the total cost may be exprgssed as



¥ Table 4. ‘Cor.npqnentsof IAC Costs

e *TELEPHONE

FIXED COSTS
RENT
FURNITURE AND EQUIPMENT

 QFFICE_SUPPLIES’

SUBSCRIPTIONS
Anvnxrlsfﬁc AND MARKETING
COPYING AND REPRODUCTION

VARIABLE COSTS
SALARIES .
COMPUTER CHARGES
REPRODUCTION AND PRENTING
SUPPLIES

¢

EE



TC = FC,, + VC

]

where
TC = Total Cost - ($)
FCT‘- Total Fixed Costs (costs 1ndependent of output)
VCT = Total Variable Co&ts (costs which vary with output)
This form assumes constant marfi:al costs for diffefent levels of
gervice. This assumption seems reasonable ‘for a wide range of service
‘ levels, but. it would not hecessarily hold at very '1ow (or perhaps very
.high) levels of services. ' _ _ ’
- Since an IAC typically offers more than one service and ‘since one of
the objectives of the cost model is to predict changes in total cost as a
"func:ion of the output of the different services, the general form of the

- model can be expressed as

—

: . - . = ) ey S —— v
L IC .FCi'+ ECz + 'f"+AjCk;+ “91‘“1 + VC2 n, + .. f Ve, n,
‘.o-r k- K __'
TC = FC.,'*T*":i VC. n,
3= 3 j=1 3 J
where
EEJ = fixed cost attributable to service j,
j = average variable per;-&it cost ofvservice D
= number of-units. of 'fﬂﬁ%t of service j, and
j N . : ~ 4
k = number of services offered.
‘ _ This form of :he =.Zel assumes that all costs can be uniquely associated
with a partiz:lar . -:vice. In general this is not true. Examples are
the salary of :.. I-C manager and the cost of malntaining a data base .;

used by more than one of the TAC services. These costs, which belong to
the general class of joint costs, are properly a part of the total cost
of the IAC operation and as such should be reflected in the unit costs -
(cost of one unit of IAC service e.g-, one hour of bibliographic search)
for the IAC services Por the most part these costs, however, would be

incurred even if a service were eliminated by the IAC. 'For the purpose of




estimating total costs of the IAC, it is valid to collect ailrof these
joint costs (which are also fixed costs) into a sinng unallocated .
fixed cost category.. In this‘manner, an arbitrary allocation scheme
1s avoided and the model is still able to predict changes in total cost
resulting from changes in the levels of services provided or from the

deletion.or addition of a 'service. In this case the model is expressed

as S » g .
. TC = FC, + ?01~+’.r.ﬂ +FC + VCp ny + ...t VOuny
or co ’ ‘ LT ' )
"k - k
| TC = FC_ + EE "FC; + ;E: VC.n, —
e u J 3
j=1 J=1
where B / S _ : - i

' FCu‘;'unaliocated fixed cost
- Cost Calculations. The above equation allows computation”of the =
4

.total costs’of operation of an IAC for given 1eve1s of each serv1ce,
e.8., 1000 hours of bibliographic search. If a method is chosen for Sl
allocating the dnallocated fixed costs, the above ion may also '

be. used to calculate average unit costs and total costs for each partic—
ular service, and thus serve as a guide to pricing each service

- o As envisioned in the cost model presented above, the costs are
' 'annual operating costs. The net present value (NPV) of the stream of

future operating costs, either for total costs or for an individnal ser-

vice cost, is calculated from the following:

c. c

Neve %1 0+ S22 4.+ _"n
(1+r)  (1+0)? yersL
where . ‘ ) .
. - - B > - =
C., = cost in year h for complete‘IAC_operation or

h.
for any individual service

h = time horizon

r = discount rate

<«

I

%



Notice, however, that the above NPV calculation -is not limited tofﬁﬂé'
evaluating'operating IAC's. ' If a new IAC is envisioned, the. calculat£§nﬁx; o
would simply include one or more*years of start-up costs and then seve:al f e
(as many as desired) years of operating costs. The resulting calculationgt‘
would yield the NPV of IAC costs for its lifetime, for the first ten - .. R
years, or for some other specified period‘; ) o 3-,.

Preliminary Results. To demonstrate ‘the nature and utility of the

cost model’ as outlined above, .a ‘value for each cost item has been assumed. -
These values are then used to tompute the total cost of providing 2000
hours of inquiry/response service over one year. This total ($73 551 -in
our example) is then used to compute tlhre sensitivity of the model - to
changes in values of the various parameters. These sensitivities,: calw
culated according to the metnodology outlined below, allow one to focus
on the critical~cost parameters associated w1th IAC's and thus to con-
" centrate on obtaining valid data or good estimates of values for’ these
~critical parameters aswinputs to the . calculations. ,°= .
Carrying the»calculation one step“further and deriviﬂg a net present v
value for inquiry/response costs (for this example) yields a value of
:ffv_ . _‘$24& 935 for ten years. Tnis compares to a net present value of bene-
' fits of $257 600 using the techniques descrdbed in the benetit section.
Table 5 shows the sensitivity of the model to each.of the parameters '

‘'of interest for inquiry/response service. For simplicity, ZSA-of the -

fixed costs have been allocated to inquxry/response g&hen a lOA change

- - in the cost of each item, e.g., rent was assumed and the effect on
’ total cost of inquiry/response measured according to the following. . . "
, ANPV ' .
. . Sensitivity = "5y v . _ - L
- c - ' - ’ ’
’ where » B

NPEEfzwnet present vaiue o\‘\osts of . inquiry/response service

\

ANPVCV= change in net present value of costs of inquiry/ T

response service

N * . .
. -Using_adjusted annual operating cost... /

a
«

e
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.o ?\‘ ' P '\'2‘ y ' : o ' ’ s . . N :
T v "-n}f,':: jTabléES,; Cosé;Model Parameters - Inquiry Response e
: . N " . o R ~ s . P
- o o . . * - . o .
2 o oL e S Baseline ‘Expected R
: X _‘-'}Parameter o ' Valde '»'Raqgeuof Values Sensitivity -
% S Eixed.Costs R 'vf'“:g P Lo .:“;: - "" | ' {/}'
- Rent _ o $ 200 '$ 1500 - $ 3000 - .03
- > Telephone . . I 7500 .. . 600.- - 1200 ....01
? 5 - Furniture, Equip. oo o800 - 600 - 1800V~,5 .01
- o ' 0ffice Supplies’ ... 450 300 -~ 1200° . .01
v ~ Subscriptions ST 11250 ‘750 - .-2500 - .02
e . Advertising & Marketing S 2500 1250 -~ 6500: .03
T : Copying & Reproduction _ 600 . 300~ 1200 .01 -
S Postage T 450 “300 . 900 .01
S ~ ‘Travel : : «. 711750 = 1500 - - 6000 .02
, coT Computer Time o . T 1500 ~ 900 - 4500 : 183'
- Computer Terminal - . ~ 450 300 - 750 O,
- " " Salaries - , 18375 12580 - 25000 - -~ .25 .
_ ¥  Manager 7500 ’ : T : ’
- o Clerical 4000
. AR Professional 6875 ‘
Fringe Benefits - 2756 1875 - 3750 04
. Allocation Factor for = . .25 A~ L4 .46
Fixed Costs ' o -
R o ’ > .
Variable Costs (Per Hour.
- . of Professional Effort) 4 ' S '
’ ’ Salaries : - §14.91 $10 - 20 L4
' Professional $13 67 B _ o
- S Clerical $1.24 ‘ _ Voo S -
Co o . Computer Time & Supplies $5. 00 ~ $5.001 . $4~n- 8 .14
< . Y ' .
N Number of Professional HOurs 2000 500 - 10,000 .54
_Expended Per Year on Pro- '
yiding Inquiry Response ' h
Service . . g . )
Discount Rate (%) | 6 3ea12 0T =003
- 8 - Time Horizoni(Yr) L. . 10 - .7 s -‘ZO: ~ . 0.7 .

N R . Annual Operating Cost = $73;551 - | - ‘:~ffj' LT
T R ' " Annual-Revenues (@ $20 405000 - D T
° - o . per professional hour) = - o S

: ) . , ‘Adjusted Annual Operating Cost $33,551 P . J_'f,'IMV
o g "NPV, of Adjusted Annual Qperating Cost = $246,935 N
_ ‘.'7 . \‘— . .'.t: . .‘. //. N L. .
. ~ . ~\> 43 ‘ »\ ! )
‘. + T 3
A ' - 65
2 . u
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V basellne value ofaa particular parameter of- cost“ R
& " »
) model e g., rent‘~ LT L §§ﬂ ;
‘ . Av = change in- value of the particular parameter : f-\%%
e o : J o

This is a measure of - ‘how fast the total costs of a particular IAC

service change when some, individual component of the costs varies._.

Examination of the ‘table shows]that the only parameters to which

'benefits, number of man- hours expended) and fixed cost allocation para-

‘meters (what percentage of fixed costs, are allocated to each service)

This implies ‘that the salary data collected for input to the model

should be based on a cost accounting system that accurately allocates

‘all personnel time among the different IAC act1v1t1es.‘ Also, the

method chosen for allocating overhead among .the various serv1ces*should :

-

. be be.ed on an\\lgorithm most approprlate to the IAC under study. '

A similar table of sens1tivities could be constructed for each of
the other services. For state_ of tﬁe art reviews and bibliographic

search services, the procedure wojid be essentlallyrthe same as-for in-

. quiry response. For handbooks the methodology is alse similar except

: ™
that most of the handbook production costs are incurred prior to pub-
lication and handbook revenues (and beriefits) occur in succee ing years.
Thus the NPV approach is-the only way in which handbook costs could be

calculated and reasonably compared to benefits.— \ " -
. . . ' . . Y

Conclusions e o 1 R S

ﬂ'( fhe\ﬂiscussions presented in this chapter lead to the iollowing-

"‘fconclusions-‘:‘! ~ . .' > . ;; “

1. These models pfovide a’ means by which IAC managers and.

decision maker can begin to. quantitatively analyze the -

benefits an costs arising from the operation of an IAC

' benefits of an,IAC (to users and to society) has led to
: the adoption of a benefit model which results in a, iewer
" bound" of benefits //This lower bqund “however, can be -':ﬁ_

o CLbr ' '__{,,."_ .

" the model’is veryrsen51tive ate labor" relited parameters (salary, fringe -,

t

R N
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“.

ificant as shown by. the example calculations and 1s

':of‘the same magnitude as, but generally larger than the

- dpsts derived from the cost model.

.3
vﬁ nd represents a good approximation to the total cosﬁs flﬂ E
9 -

4'

.Because of the availability of good cost data, the cost
'model is much more comprehensive than thefbenefit model

Xl
providing a particular service or of an IAC as a whole. :

lThe results of ‘both- the benefit and cost models are,highly
‘sensitive to the estimates of scme parameters and eséen-

'tially independent of the estimates ‘of other variables.:_;'<e'
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“TAC-POLICY ‘AND 'DECISION MODEL

. . . . R
e ) .
’ B .
. . - .
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Introduction and Highlights L . .. §

a qua51—public gooﬁ or even a commodity, governed by the economic/rules of

" cularly observations about IAC's. 'u-, S v.‘,:"_;

This chapter develops a mathematical economic model that is intended
to offer a prescrlptive tool for IAC policy and dec151on making. The chap-

ter includes the development of a supply—demand model for two services, hand-

- books and 1nquiry responses, that ass&pes 1nteractions between the two -
vservices. The chapter includes discussions of the prescriptive results of

~applying the model, simplifying assumptions which 1mprove its utility, and :

current barriers £o its practical application

TH% evolving concept that information is not a public good but rather

. supply and demand, requires the application of traditional economic concepts o

‘to information services _ The model in this chapter applles standard economic

thegry to account for observations in the informﬁtion serv1ce5'market parti—'a

+ s .
The approacn is a mathematical formulation of costs, revenues, demand;

'and benefits of IAC operations using_handbooks and inquir* response as, _' 1,

examples of serv1ces. The - Lagrangian multiplier technique provides ‘a means

for determining and comparing implicit optimal values of the dec151on Varia—-

‘bles from the IAC manager s viewpoint and from'society s viewpoint._:-‘

Highlights ‘include: _ . -
- A basic model which mathematically accounts for a number of diverse
and apparently contradictory facts and observations about IAC's and

shows these to be consistent with ratiopal ecohomic_behavior,

- Illustrations of the model s relevance to 1sspes of IAC service levels,' ’

mix, pricing, 'and government Support; : o : N
- Illustration of how ‘a societal optimum solution to. the model may
- differ from an 1AC manager's optimal solution to the model; and

- Discussion-of barriers to implementation S S

r7-



SR d'.‘. The follow1ng mathematlcal model addresses the issues of level, -
:L}‘. o . mix, pricing, and government Support of IAC serv1ces. _We assume the ... . .- -
’ . s K ’ ) T ;.
S - IAC produces two goods, a handbook and 1nquiry response.-.The variables
| " within the model are:’ C : ' ';ﬂ '
i ) - . . ‘ '.\' - 3 . . . v ’
o ' 1534_ "the'number of cobies ¢’ the’ IAC handbook produced and sold.‘
. . b} . .
.1, - the ‘number of units cZ inqu;ries serxiced by ‘the. IAC (a unit - .
) S . is one man-hour of service). L
P ' ' Pﬁ‘ the .price of a handboo¥.
. ' Pl ‘;the price of a umit. of inﬂuiry réspdnse;_‘,_
k 'f; T “the revenue earned from handb00k sales. : _ ’ o
L | '_ki' the revenue earned from inqulry responses. S \ .
CH- the tota}#cost of handbook prov151on.. ~
. : CI’ the total cost of inqulry response- serv1ces. S . ‘3 :
R - ‘§~TR - the total revenue earned by the IAC. Ay S © e
* T1C¢  the total costs incurred by the IAC. L
s i ‘the net revenue (or profit) A< the IAC.
BH 9 the, total social benefit derived from the IAC handbooks.
=i -7v'_,-; 'BI - the total social benefit derlved from the 1nqui{y résponse service.Jff
‘ ' . B “the total,social benefit from the IAC. _ LN -2'2”
o . 8
’ " The behavdoral relations nithin the model are the demand for hand- -
.boak, . - )
' . ' - oH - 3H : ‘ - ) .
. f (P ) BP < 0 b4 aP > 0 , ) (1) . e
: I - : R )
- and the demand for inquiry response ) _
,_.'.'I-f(y P),£<0,'S—I'.>0 @)
- : 3P 3P -
_ ) o 1 . H
These demand equations reflect the possible substitution between hand—
- books and inquiries. The first equatiOn indicates that' a lower price
for inquiry response will decrease the demand for handbooks. The second
¢
: AR 47 N
O ‘ L N . ) . . " . 7&
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L The cost relations may be written as

e S

_depends on whether a

Lo

‘ ‘ A : \. .

equation indicates that a lower price for handbooks will deerease'rhe;:

-

demand for, 1nqu1ry response.' S 2 o '<1-~ l‘,ff -

The revenue expresslons ‘are o PEE U

'-;ﬁﬁf;.p S ;f;"; ol izf‘lﬂ’."fdf:f R <) B

)

3C:
'.vaﬁl.::

‘and -, c', Lo o e Sy

N oac - e

rﬁizi and ZH.aIe.Oél varlables.' L ‘ o . -

zir=‘iﬁifri"$,of,’

'f;btornerwise

g c=1ax a?;_o;»~'
= d:ornernise'

These 0-1 variables reflect the common data base which a handbook.and

_1nquiry response sha\ e. Thus, the cost of providing inquiry response

‘data base .is already available (as would be the

" case if a handbook were produced) If so, a large fixed cost is

"avoided. Likewise, the cost of prov1ding a handbook depends on whether

inquiry response is provided. If so, - the necessary data base ex1sts,

and cost is avoided. N

Ay

The total cost of the IAC is

‘TC=C, +C, . T o U (®)

H 1

and the net revenue ‘s -

e s N O

O FEE e

“A.Ci 8 (I z ) @1*’ o . oo e ay

Y



'ﬁning an,lAC. Por example, the social demand equation may be

a . e . . - L f‘ . . .
B We'express thefbenefits:tO'society_of an TAC's handbook as’

B, = B =, “555 >0, an &) '<'Qﬁ; S Slo)‘“f,g“f

_H

N

'._These benefits represent the difference beCVeen the usersr‘gsb infor— ‘fﬁ

4

'lmation supply curve with and without a- handbook. o \" L ;_ﬂ'» - “'f

Thé’ benefits of inquiry response are given by the area under t&é

social demand curve for that serv1ce., Of course, the social demand

curve shifts higher -or lower depending an, the existence of a, handbook .:iva ‘”
Th e AT S $~/~\ o . o
us : T o _ D T
B (I) o '.{i' L o
"'°T'We assume- the private costs of (6) and (7) also represent the social

Costs of’ an IAC. That is, there are no- external diseconomies in run—.

v

‘.
3

33'1,2'}_; a -az.-al . " :l_ o o 'b o (12)
. _:(_ fH? T B L C o )
' So that, " : |
,BI'V: al-azI- (al?)/2 S , (13)
0. . 1°H 2 . A

Equations 1-10 and 11 or‘l3‘compriSe'the elements of the 1AC

decision.modeL. Note that two distinct points of view may, be adopted

fin IAC decision making One viewpoint is that ‘of the IAC manager, and

the other is that of society: While it is reasonable to- postulate

' that society is interested in maximizing net benefits to its members,

the mot!"%ion of the IAC manager is not quite so apparent. The manager
does nom ‘own the operation ‘nor does he report to anyone who does (as-
suming we remain in the realm of public IAC's). Of the sevéral possible

alternatives, we choose constrained revenue (or sales) maximization as

_the motivation to ascribe .to IAC managers. This criterion captures the

‘desire of IAC management to expand the operation as much as financially

-feasible Since IAC's are subsidized by the government, the manager 's -

- sales expansion is limited by the level of subsidy available.
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The. approach in tﬁe follow1ng analysis is to characterize the

- outcome of management' E policies and. compare. these outcomes w1th
socially optimal outcomes. When differences exist, the reason for
the difference is explored and corrective policies discussed. The
interdependent issues of interest are the level mix, pricing, and -
subsidy of the "IAC serv1ces. 4"JK\ . T o
IAC Management PerSpective 'The constraint faced by fAC management
: v .
. i5 that 1ts losses mus¥ not exceed its subszdy, or
\R),F o |
R S R S LM
| o <s , : oy , } I S
." - .. N ‘ - . ; * . : “ P ' . N 'jE.. : ’ )
G':. " where S"is the amount of subsidy. Subjéct o;(lé),ithe express1onf
‘ ?;jto maximize is 3 ' L ' f" AT
CRgER, Lo e
For convenience inequality (14) may be changed to T
TC ~ TR = S , L TR I (15)'- O
since it is known a priori that -any subsidy w1ll be fully utilizgd’to
expand saies. The relevant Lagrangian,expression is .
= R, + R, + (5 = TC + TR) £
or . . S
L=p, -H+P ° I+A[S—g(HZ)-g(IZ)+PH-H+P‘I\~I]
Since,. for IAC management, prices ‘are control variables, we should
further substitute.to obtain _ , ) , <1
' H I . )
L =Py £7(Py,Pp) + Py £7(P ) + x[s - - I
H, H N 1,1 T I VR .
H I .
. P . 4 .
. t Ry EEPD H Py f @pPy] vy | o
. . "“' . ) _' ‘ : . ] *Y'H ‘ - ) . : .
v ’) .
- ° 50 . ,

B
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First order conditions are

apP

aP ] B

T+ [- égg afH =

s L 68 P

coe e HP/
S P Af + Py 3+

- Iz ST .- - s : e
3L Pnaf + £8 @HJE)+P ag?, o S

Fg
=
Iy
kA
-
€
—

f + 8 (P ,P ) + PI af ]
) .

I_../«

H

S -h P
e Y

) ) s - . .
B A

o w o m
. + 2 E—.ag. pf -
' . p¢8  3Fp

| R e
s T P aPI

It
O

oL = S -8 (f (P PI)’ZI)
dA .
o9 - _RH
ifpv%,fTPH £ (Py.Pp) + Bp
- 5 0
. R

) " N S
- ,/

4 . to maximlze Net Social Benefits,

)af B A ) . . .o d

Societal Perspeccive..

I 13PI

I, I

'.fI(PIfPﬁ)t.‘ »?._: B | .“. >

4

@

(19)

By way of contfast, the social obJectlve is. B



a NSB = B.- TC

: o - sor -
. ¢ ’ : : <

NSB = By + By - (G +C) SR | S

-

or

NSB i@ + 3T@ = gﬁ(ﬁ,zI) - g;(I,ZH)

-'br

~ . NSB = gH (f (P P )) + B (f (2 ,P )) : S
B A I N €1
e (f,(PH,P£7f21>{f-g_<f;<P P52 > { -
. o S S
Flrst order condltions are f, o ST _ 7
NS = 28T ot 4 PRI ag ~Rf L
Py ,i?afg' ?Pﬁ _af?;;35H g'sfg, Py

RS I ‘a'f.I. Tl T s e T S (2) v
28 : . _ ST e S AP

ek T S
.\, =0 . ‘°,6 ' -

- } ‘ ---“ - ) \ - . ‘ } . | v ‘
ANSB’=.3B - BfH + éBI_ afI o U
aPI f.afH _331 afI_-BPI o S

o vl

~agl e - agl agl | | $ @)

f .
' . 4eH 3P I 8P - | . N AR
S |

ag . 1 af I R

4

In general the solution (P P ) o (17), (18), and (19) is’-
different from the solution (P * P *) to (20) and (21)
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"and (lQ} “must be solved under three conditions._.

re, . -

ho

. ’ ) . i . . ' - : .v ' .-- :
Implications of Different thimal Solutions. If explicit functions

were available for all basic equatlons, then (w1th a possibly good deal .of -

effort) expl icit solutions could be found to the two systems This would '

certainly facilitate comparisons between management s dESired/outcome'
and the socially desired outcome. If substantial differences ex1st, a
government tax—subsidy policy could be . used to establish ag eement.’ Taxes
or subsidies on, the individual goods offered for sale by the- IAC could :

produce. the proper ratio of one good to another and a lump sum tax or " L

subsidy could effect’the overall proper level of production.

The foregoing remarks. implicitly assumed positive levels of" outpuagp.

for both handbooks ‘and. inquiry response. of course,'this need not be the"

. 4
case. ;Indeed the possibility of one or the other set at zero output is

. Vandl
. permitted by the 0-1 Z variablesii‘In order to properly consider the deter-

-q,_

’TI:" :_-,ZHJ% 1, ZI =:0.. B |

IIl . ZH‘= 07 ZI = 1.7 - ; . o .}_' R
. = = . : Ty b g . o R ks

I11: .ZH 1, ZI 1 .¢><'. . 7 ‘,

Likewise, equations (20) and (Zl)_must"be_solved under the same three -
conditions. . " |
Practical conclusions from the above discussion-include:-
1. Pricing, mix, level, and government support of lAC services
_should be simultaneously determined.- B

2, This determination requires a’ great deal. ofcunavailable 1n£or— E

’ mation - namel the forms and parameter values for the model s
‘basic eduations. S - o ; S R

3. Given he adequacy of the model as a descriptive tool govern—

ment

‘ax-subsidy policies are sufficient to induce optimal

resource allocation within an * TAC. -
. v

e

W -

-

-

.

'f;mination of whether a particular good is offered by an IAC equa“ions (17), (18),-
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L | Analytié Extension with Simplifying Assumptlons. The analysis can

RN be carried a step further if ome is willing to make some 51mp11fy ing .
‘ ; _assumptions about the form of the equations underlying (17) - (21$~ In
artiCular, assume most equations are linear, the demand for handbooks is
- negligibly dependent on the price of inquiry response, and both handbooks

.. and inquiry response are provided. The modified- equations now become

P ¢ ' :
- . .
:H=bg =~ blpn' ) v 1)
. ) >
3 _ . ‘ 2 o .
T2 b, — baP- + : R )
I b2 _vb3P1l. b‘*PH P . o C - (2)
- “CH-; C0‘+ ciﬁ ’ - - - _ ’ . o '—. ‘ (6)'
epmepted o T . T .
o H o B o ’ : ‘ .
'BH=BHTH>,"’EH>0,,._-§_(3-H) <o a0
- "3® ~ ~ °H oH . o T
aB . . “ . . \ .. . B - "
I=B(z)»-1>o.._a_( )<0 . . (11)
\ 37 0 8T 8L . . . T e R
’ Equations (10) and (ll} are. SLlll expressed_implicitly but"they capture
‘;f}'the presumed existence of diminishing marginal benefits from both‘H and. -
B “{\I Note that (2) has not sacrificed the cross elasticity between 1. o
- i,and H. The modified condi tions/necessary for sales maximi21ng prices
ar;e . ..‘ - ) v X E . *-“
S T %H + H + Plbu + A (+ C}bl —J'C3bl)/_"‘.-. P‘Hb'l .+ R + PIbL*) ,: ] (17) !
L By I esbs - oy +T) = 0 | ' <18>§'.‘.

o S‘f (CO + ClH) - (C2 + C31) o - T ) .:.:’ “:' < '-.‘ T
;s . ST + PH - H + PI . I =. O ..‘ B _-FJ_-.V_..Q \; «'\ . t-; ‘;‘-'...,-_ K R S L '
- . S P A ~ PR “ E r" \!" /'\' o '

'AL_(llf.and (2)' can: be substituted into (19)' &hich_oan_then be ssolved
for P as a function of PI - g“ﬂj} T '"-'ff R ;:7‘-;
Py .h.gPi): S I $23?
P > ) T -“ g_:ﬁv —_. .
E - .;_ ,. ~’ 4 "- -7 “)» - :".'.: "'_. -_ 5
’ ‘ el R T ST k
P . . - ‘f - . . -. \ i
o ,__j 54
. Sy -
) 1 . - . Lot . 'll ‘t he 3
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an
f ,(;/to IAC management A somewhat ‘more- realistic point of view would be

“

(l7)7 and (18)' can eabh be‘ﬁolved for A,:equated, apdhsolved for Pﬁ:

¥ T t ' » R .
R h2<P ) ' e . S -
The RES's of (23) and (24) can be equated to produce a solution,‘v -
PI i .e. R ’ BT o _ C T
Lo ~.hl-(PI)'= hégpl)', : o T o R -
Finally, sing:(23)s : B . - - ._\ 3 :; c"ﬁ .
o u\\ f . //’ . , o - v -
Fu (P>'. r R .. @8

P and P are the prices which are optimal from the IAC s management s

»
i point of view.ﬁ Turning now to the social perspectivg. the first orderv

c0nditions_are‘ s

-aB b +aB 'bq+c1b1-C3b;,==0 S T b Q'

8 . BT , ' ST

- 3! b3+c3b3-0 I (22)" .
Tar : o ' :

With (10), and (ll) explie%tly stated in terms of H and I, and substitut
ing from (1)" and )", socially optimal_prices (P, ,P *) could‘be B

L~ -

determined. o

ORly by chance would (P *, P o ¥u(§ P;), so that in general IAC
management s beha§1or would need to be modified This could be accom=
plished by a tax/sub31dy scheme in whidh the revenues received by the
IAC are appropriately modified by taxes/subsidies on ‘the goods sold to

induce management to produc- - at .the (P P *) level. .

o P
- \ . -
P

- :Discussion and Conclusion S SRS b,_?"

o

- .

- The above approach\ass/med it is feasible to determine the un-
constrained socié@ly optimal level of IAC outputs and thentto ‘achieve

that level,via appropriate financial incengives (taxes and subsidies)

to assume a maximum amount of subsidy is available to an IAC, where

that maximum is less than would be necessary "to achieve the overall‘

.sOLial optimal., This is a second best" problem, since the first best



.- o ’ , , .
. o is now. ruled out as unfeasiole.a THe proolem is to max1m1ze (20), con- .
;strained by (lb). The solution may be characterlzed by a- Set of flrst
. order conditions (as above), and a tax/subsidy scheme constructed to
induce management to attempt to achieve those second best" levels._
There are two hurdies which’must be overcome in order to implement

a-model of the type discussed here.- The first hurdle is the speéifico

and benefit functlons must be known The second" hurdle is a reasonably
_— efflclent method for: solving the characterlzlngaequatlons to find
) opt1ma1 prices and/or levels of outputs. Of these hurdles, the flrst is
. +. by far the more difficult; demandlng a great deal of emplrlcal research.
The ‘second hurd}e can be oyercOme by numerical approx1mationhtechn1ques;
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tion of the functional forms and parameters. That is,'the demand cost,dﬁ
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USER VALUES OF INFORMATION SERVICE CHARACTERISTICS

-

Introduction and Highlights C T - . .

o
This chapter is intended to be a summary and synthesis of relevant

'literature and data on how IAC users perceive’ the characteristics of .

TAC services and how they value these characteristics. Primary inputs

to this chapter include the Defense?Logistics Agency (DLA) - studyl on IAC

} planning studyz,'a study by Forecasting International Ltd., on a foréf

cast of technology for the scientific and technical 1nformation
communities3, and an unpublished report ‘by Tom Allena.
Chapter highlights include:

-

]

~-_TIAC user characteristics, particularly how users . perceive the ~ .

fvalue of different characteristics of information and serv1ce'

 channels, require additional study as a necessary step toward

. improved data for economic analyses,

- to management of a technical area) and utilize facts, data,'
and constants, i S . A T
:_--The usage and awareness of IAC's both are " low sgmpaqéﬁ to the-
size of the potential user audience, and ’ -
F-j—;Characteristics of information and channels Qf technical infor—
- mationm judged to be- important to the potential and actual IAC
‘ users include cost, accuracy, currency, response time, ease
nof access, ease of use, technical quality, coverage of t0p1c,
understandability, format, ‘media, recall, and relevance.
| Research is needed to further define the relationships among
these charaeteristics and to deduce the relative value of, each-

. ¥

| characteristic to the IAC usersﬂ

. "

- IAC users typically are engaged 1n technical work (as opposed. . |

iuser needs, the Defense Documentation Center teh year requirements and ’n.‘



USer Characteristics of DLA

J
-4

- of IAC's 5ponsored by the Department of Defe

Defense_Logistics Agency effc
tered IAC's is "to collect, review,

_ture scientific and technical information

: d1ssem

1.
engineers and tecHn1c1ans. ..

Two specific user need studies have been per

3

Gommunity (Donand DoD contractors) and to evalua

- - ' . T e

-From the information’ in this study, the user

formed on the group

nse and. administered by -

~ the Defense Logistics Agency (bLA) . The findings of these two-studles

. can be summarized and applied to the‘question of how ‘users perceive the

' value of IAC serwices. - _ . 7. 35
 According to the first - z o2 directly applicable study, the

A’,«the primary mission of" the DLA—admlnis->'
and select from the world's litera--

of 1nterest td the Defense -3

te, synthes1ze, and

inate this 1nformation in formatS‘most useful to Defense scientists,

s of MCIC MDC, and

otheerbD IAC's can be described as scientists, engineers and tech—

nicians employed Dby either DoD activities or DoD.

. working within the IAC's areas of technology Th

-'.technical work, and perform technical tasks and a

3R
¥

eous duties. The respondents to the survey carri

in the following ratioS' -31%. of tasks consist of

work approximately 53% in performing tasks (desi

engineering ls.2/ test and evaluation lS 7%, and

‘mentation 247) . Ihe remainderois dlv1ded among m

'and

ing

Zgondenbs.generally need more factsy d
ﬁiormation In ot
mation typgcaily

}ndhooks above that contained in o@her

.‘-. -

contractors who are

ese personnel manage»
variety of miscellan- R
ed out these activities
managing_technicai .
gn and developmenﬁ -
research nd experi-

is llaneous tasks.

aUa, findings, or

HEr kords, respondents

contained in data e

types of IAC products>
services. -Respondents also" expressed problems in 106§EEng, obtain

and using scientific and technicaI informatio

n and spend a~signifi-

eegt amount of thé&r time. in these activities. Respondents obtain the

‘greatest amounts of scieng;fic and tedhnical 1nro
i

2y

oy
. .

locaI mecﬁiical libraries, from their own colIect

'}and

One finding of the survey was that only 31/

rmatian from eHeir
ions and from coIQeagues.

of- all- DoD scientists

engineer%\are awareoofr*he ex1stence of IAC S. This.finding explains

to -2 great degree the observation that IAC s are

= . .

underutilized. Teo~

~

-v

C e
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These findings are supported by those of the second report,‘the_~<a -
'Defense Documentation Center (DDC) 10 year reduirements‘and:planning f .?:h,
study.2 The user survey-conducted as part:of thisfstud&j;aslmorei'

_ general than the DLA study, covering. uSers:and nonusers of all DDC
S . services, not just IAC's. Many detailed cross-linked statistical’

v tables which would have been useful 4in describing IAC users are not

i - i' ~ - 'included in the report. However, several of the report's observatians_
| R do deal directly with IAC's. Table 6 shows the percentages of DDC

| users who have used various IAC' sfi These percentages show the use of

.« - . 1AC's by support personnel to be low,overall “the average being 14.47%. = -

B Even so, the percentage for. support personnel ‘are much larger than the

- o percentages for bench /and management 1AC users. )
‘ From these two feports we can drawv a general picture of the user -
community -for th DLA-administered IAC s and of their information seek»—
ing behavior, and can reiate it in a general fashion to those character—
L= istics of an information,delivery system that a user values._ - ‘

a .

Perceived Value of IAC Delivery Channel Characteristics

Economic'analyses‘of services related to information often‘slide"

- . into a morass of issues related to the value of "data" or 'information"

-

rather than the value of the service which furnishes the data or provides =2
access to the ‘data or information. The BDC study put" it th1s way.

,.f_ A No value measures of information'have been . ,' N - -
~3 o developed which would be-useful in making. N
- S economic decisions. ‘Information has subjective -
and -pragmatic value to its users, but this value

has been difficult, if not impossible, to . I S
‘measure.to date-... - . . ,/// :
) _ ‘Chapter'3 discusses the: importance of makinéythe distinction befween
. .« . the value of the service and the value of the igﬁormation. ‘Only in the )
"1E~‘.\ - j'case that an, IAC provides totally unique information could ‘the value "of

_ the 'IAC be measured by the value of _the information. Consequently, it
- ‘ iff'is nesgssary from both a practical and conceptual viewpoint that ‘the

v Lot :value of* an.IAG’be studied with an approach that examines the value of L
- L é‘ffj7é IAC,service. “This is consistent with a marketing approach adopting -
/R S
Sy \ ‘ X\ o . ‘
: o 4 . : . ER . o .
—~ N v g A i ‘
. 3 5%@,. _ . -
. 80 - .




s+ .. .:Table 6." Percentages of DRC Psers Who Havi‘ Used Various -,
SN S — Information Analysis Centers : :
T mron.wrmu ANALYSIS CEN’I‘ER . SUPPORT BENCE MANAGEMENT
Infrared Information and Analysis Center 42.02 7.9 7.92
Metals and Ceramics Information Center 39.72 3.4% 6.8
T, ~ Shock and vibration Information Center . 37.5% 2.3 3.2
. . Chemical Propulsion Information Agency 36.4Z 1.72 6.8%.
Reliability Analysis Center - 31.8Z ".6% 5.0Z
Fondestructive Testing Data Support Center 27.3% 0 .6Z. 4.3
Thermophysicgl and Electronic Propertigs ° . ) T P
Information Analysis Center . 26.1Z "3.4%2 T - 3.62
’ Plastics Technical Evaluaticn Ceater . . 25.0Z .6 3.22 <
‘DoD Nuclear Information and Analysis Center 19.32 5.1% 4.6%
_ Hechanical Properties Data Center 18.22 3.42 - 4.32
- Ef!htronic Properties Informzation Center 17.0%Z 0.0z  3.92°
Tactical Technology Center, - 13.6Z 0.0 - 2.97"
Machinability Data Center ©.710.22 . .6 2.52
Radiation Shieiding Information Center 9.12. 0.0% .72
Physical Data Group, Lawrence Liverwore . .
, Laboratory - 7.9 - 2.3%- - 1.87
. USAF Environmeéntal Technical Applications ' - : - .
°  Center R 6.8% 0.0 - .4Z
: : Environmental Information Division Ny o
. . (Air Force) 6.8% 1.1 2.9%°
' Strategic Technology Office Data Base - 5.7 0.0% 1.12
*. Soil Mechanics Information Analysis Center 5.72 .6% 1.42
Coastal Engineering Information Acalysis '
Center 3.4 - 0.0Z 0.0Z
Concrete Technology Information Center 3.4% 0.0Z 1.4%
Eydraullc Engincering Information Analysis ‘ :
Center ©2.3Z .62 © .32
Pavements and Soil Trafficability Infor~ : . S
g mation Analysis Center ©2.3% c.0Z | 1l.1%
_7% Chemical Xinetics Information Center . 2.3 1.1Z 1.4
' * Dpata Collection and Processing Group, . ' ) -
Scripps Institution of- Oceanography =~ .  2.3% . .6Z 2.52
X-Ray Attenuation Coefficieut Information . - : ’
. Center 1.1z .62 0.02
Institute of Polar ‘Studies . N D ¥ 4 .62 - 2.52
»Bathythermograph_ Data Proccssing and ’ o .
) "Apalysis Facility . 0.0z . 0.0Z . .4
. - co. ) * . - - -
] Jm s
L. i - =
RN Sourcer Auerbafh Associates, Inc., DDC .10 Year Reguirements and,
: Planniog Study, Volume II: Tcchnical Discussiony s~

Bibliopraphy, and Glossary, June 13, 1576, 27. ™
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R : {




- I
e ;
o - PEFREEN N - -

- - . . . A .
- . Ny Lo M
. , - .
LI . . . . . b .
. b . Lo . - . V.
. ’ . - .
4 T -
‘
~

the viewpoint that the IAC is an information delivery system, - utilizing

handbooks responses to inquiries, etc., as. channel for delivering

the information.. )
The following paragra hs. summarize literature relevant to this

approach. Forecasting Inte_'ational (FI) conducted a study whose re-

sults are pertinent3 the -D 'and DD studies are directly related; and

Tom Allen s workafé provides u! e%hl general informatio&i N

o

< FI' conducted a survey of megbers. of five scientific and- technical .

rinformation (STI) communities to determine their ideas of the relative 2

gimportance of seven informatiqn (delivery) system characteristics. The_

five communities were the health community, industry, the library com- .

,munity, the academic community and the financial community. The systems

_characteristics studied were:

accuracy ' _ . convenience

browsability E . cost ‘ :
security timeliness (currency =
availability of hard copy of information) = °

Table 7 summarizes the results of the survey for each community and the

entire group.

The DLA and DDC. studies contributed very little 5pecific data. con-

3

-cerning delivery system characteristics valued by the user. The DLA

study did provide some information on the types of.deLivery systems

valued and types of information needed by IAC users. The survey found

that IAC users felt that the most important products shat can be produced

or offered by IAC's are handbooks and databooks. The study also concluded .

that DoD scientists and engineers ‘have a great need for summary—type 6%

/information. More specifi¢ findings indicated e DLA—administered IAC?

.are underutilized ‘because their potentiaknpsers in the DoD laboratories

and contractor organizations are unaware of their existence. 'In evalu-

’ating current IAC services,»u ers noted their greatest dissatisfaction

was with the timeliness (resp nse time) of the IAC inquiry service.
This ‘would indicate that response time is one characteristic to which

' users attach importance.

‘The DLA report presented an interesting sidelight which could be of

intereést inﬂfuture work in determining benefit measures. Oneé of the

S

K]

o

-



. / . . .“\'\
3 . 4
Table 7. Relative Impoirtance‘ of Information Delivery System
Characteristics to Five STI Communities
- ‘Jij'l . . - e
—F ,
' Characteristics . Measure of Importance to: .
. (Rank-ordered Entire Eealth Industry | Library ~ Acadenic Financial
by Group - Croup Commpunity . }community | Community _Cogmunity ~
' Aggregate) ‘ | K - i | ’
Accuracy A 8 8" 2 8 . 8
- Browsabilicy 24 & 2 ‘8 2 8
Security 22 8 4 4 2. 4
< Availabi*!.ty of : s  . -_ . - _‘ . )
_ Hard Copy" 20 4 2 8 2 <%
Convenience ' 18 4 2 ] 2 8 2
. Cost 18 C2 2 % 4 -8 2
Timeliness 16 - 2 8 2 2 . 2
¢ 8 (High) 2 (Low) .
§ (Medium) < - 1 (Negligible)
TN _ ) ‘
B -
a3 ¢
»
— s ) -
Z v ‘ -
’ . 62 :
ERIC - &
A e ’
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- Dollars could be measured by asking the respondent to ‘estimate the. totalf;

° -

primary goals of the IAC's is to free defense scientists, engineers
and technicians from the time-consuming and. nonproductive task of
lqcating,,analyzing and extracting information in their work. This a
goal indicates that time and dollars saved are appropriate measures f

of benefit.  Time costs ceuld ‘be measured by asking respondents to

. list the information which they spend the greatest amount of time

locating, analyzing, condensing, extracting and applying to their work.
savings to himself if information were readily available in- an easyfto-'
use format. - i . v , R

~-The DLA‘reportQ}mplies the’ following characteristics as being im-

“portant to the user: Ny . N - -;ﬁ. S iiin

. Cost - ‘ o
- Timeliness (response time?h
Availability. - -
" Format
o L Relevance

The DDC study just touched on user values of information delivery
system characteristics. The user survey found that users would not pay

unless the quality of serv1ce was substantially 1mproved and targeted

toward their precise needs: The.survey also found that increases beyond"

* the current level of response time would be unacceptable. From survey

results, the researchers implied the need for improved access to IAC
services by bench level personnel. Major problem areas were found in

information quantity received, quality, response time, and currency.

Minor problems appeared to be in format and media. The following char-

acteristics are distilled from the DDC report°

Cost
Relevance
_ ~ Quality of service
. .Response time o : \
Accessibility '
. Quantity of information received
. -.Quality of information received
. a " . .  Currency of information received
' Format :

Media

An dnteresting note on cost: the DDC researchers found that users

‘are unaware of cost of information. They stated that: ' "In many cases,
. . . . r . .

v



. 2
“to: theaamount of ‘money. users spend on informae;on services".” This

1'or,psychological effort which must be expended to gain access to thep‘\

channel.

&,
E

the overwhelming majority of user organizations. .attach no contingencies

flﬂd&bg tends to discOunt/éost as a valid measure oﬁ.importance to . C &

-0

the user’ or, at 1easg5 calls- for careful scrutiny ‘of - all cost—related

concluslons.

Tom Allen, .2t MIT has done extensive work in measuring 1nfor— 5

. mation needs among engineers and scientists. His work highlights three

‘characteristics ofinformationchannels of importance to the user.

Y Accessibility
e Ease of use -+ .. ’
Technical quality or reliability

~

Alleﬁ found that accessibility of the 1nformazion channel almost

 exclusively deteréines frequency{of use. and that perceived technical B

quality influences the decision to; only a minor extent. An engineer

will choose the channel which minimizes ‘his loss 1nfterms of the’ phys1cal S 2

Vi

Lo . . (=Y . e

~ Victor Rosenberg s fincings support Allen's (although Rosenberg - &
includes ease of use as part of accessiollity) Rosenberg notes that:
"Relative priority of the most frequently used channels has been estab-
lished by almost allistudies, and in almost eve case the analysis
has'shown that one of the most significant fact:iixjn determining the
priority is the availability of the source.’ n? ‘ h : ot
From his findings, 'Rosenberg draws the conclusion, i portant to |

he TAC's, that users' preference rankings' are more- closely related tq

their evaluations of information source accessibility then to estimation

a

of the amount of information expected. “The 1nformation gathering. behavior

: users_1is governed by the facilities available and changes to reflect

" a change in the availability of facilities.-

The research highlighted in the preceding discussion and subsequent

deliberations permitted the synthesis of a 1ist of those characteristics "

5

appropriate for analysis of IAC delivery system channels. These syn- -
, B S

- thesized characteristiCs are' ' . .

a-

.
. A ,’
TN ) pENE
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L Cost _ N |
o - Accuracy - . . . . xm .
Currency | . o -,k
_'~{3’?_"“ TR Response time, 1‘" L . £ e e
-4 . “Ease of access: . - 7., h"'“ 2 S
.Ease of use - ' T
o Technical quality -~ - PRI ’ i ]
? - verage .of topic o
7 derstandability o L. i _ ‘ .
, T Forrmat ) IO '..--:- 0 . ] o '-‘.- X
N Media - . R '
- Recall” , “h“‘_ AT T ,
s ;- Relevance, p =3j? 'L;H'%' : ,JJ,, St

The deffnitions of these characteristics are shown in Table 8.

"Table 9 presents a survey of the characteristics cited.by'fach background_ N

document discussed above and the resulting synthe31s.’

Asﬁh test of the appropriateness of-the~synthesi€e& characterlstics

”and as a transition step in relating€§ser values to the IAC/user system,

the study team: related'charactendstics oi importance to users to the

.various IAC delivery channels. The result is shown in Table.lO. Cost,

ease of access, and media type were judged important in every ca%e. Con-
versely, recall and relevance are agpfopriate measures, only in. those
channels requiring complete search of a master file, query response, 4

abstracting and indexing, and literature search.

65
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.~ Table 8. Deflnitions of Synthe51zed Characterlstics

e e e f Importance to IAC User g
- :"" T ‘;_)IF = P - - . -" —
. : A ) R ’ .
e R d Cost .. j T Dollar cost of using the delivery cbhnnel
) B :Acc.\.’xrac'y T . . Whether dat‘ is inpu-t and ontpixt vitbout
S . . e S error . Lo SRR
; R . e o e N -:. ) C .“. .“- Co ry‘ e .
Yoo %r . NPT -
Currency SR The up to—dateﬂess of information delivered

Response time - " Elapsed time between a person s request for
: e ) » information and the arrivel of the ’
.- requested information s

i . I

. Ease of Access . Availability of access vhen and vhere required
.Ease of Use . ) Ease of operating system/channel .
. Technical quality . ' Subjective evaluation by user of expected
g - performance of delivery channel )
‘Coverage of topic Comprehensiveness of information delivered
t Understandability ' Ease of" comprehending information deliveredf"
) . Format S . - Physical arrangement in which information .
A . Ca delivered
- Media . . T 4 ‘Way in which the information appears (e.g-;
Pad : _ S hardcopy/CRT display/microfiche)
- Recall ' | Percentage of approp riate information in a
- ‘File that is retrievgd by system
i ‘Relgvance ' Percentage of iuformation retrieved that 1is
. L ’ . appropriate to user needs.
¥ . ’ \
L >
Gy . A . i ‘
AP - BN .
i ] .
- -
i ~ z ;&’.. ’ ® .
2 ' ’ ’,
Q ‘ J : 66 .- -
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* Table 9.
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'\v .b L.

"Servéy ovaelivery SYﬁtem/Chénnel Bhe:actEflétics"f Impofteﬁce*co'User e

, i

fi/srx'Stqu_ 1
Convenience
Accuracy
 Timeliness
" §Currency of
. ‘Informationf
Securdty. .
;Hard-Copy

Availability_.':'

: Browsablll;y

Studz

‘*Cost o
~ ‘Availapility

‘Relevances
Timeliness

(Response
- Time) .
5nF0rmat.-g__fl

. s . o i~

LN
t

DDC Studz

| Cost

Accessibility
Relevance
Response Time |

" Format. -
. Quality of Serv1ce
. Quality of, . |

“Information

_ _Quan__u(z'y“of~
' Information

Currency of
, Information
Media

Allen.

-Accessibility-
'Ease of Use .-

Technical Quality
or Beliability

7

| -f Szgthesle S

Cost
Accuracy
-Currency .
Response Tim Y
Ease-of Acce 8.
‘Eage of Use '\

Understandability
Format
Media -
Recall ,
Relevance '3,~'ﬂ
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* + - .Table 10. Delivery Chanqel‘Charac;eriStics{of Impogténce to User
' ' Related-to JAC.Deiivery Channels’ . .

A . : .ot : - .
M . E . n
. A . B | »
. . .
- .. .o

. CL e ’ '.' o N | )
. R A P
 CHARACTERISTICS. OF @BMPORTANCE &0 USER
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Summary and Conclusions _ f - ;: o } | . : .

. -
\ ; . . -

This investigation of: uSer values suggests three conclusionS'

1.,

‘work; perform technical tasks, and are re5ponsib1e for a

’There is a need for detailed studies of IAC users,,

their characteristics, and their perceptiqns of the

‘channels by which IAC's“deliver informatioh. The
DLA and DDC studies indicate that such information can e

be obtained through-surveys of users, particularly groups ‘
of.iAC's'which déalﬁwith specific disciplines:or manage-—
able mu‘tidisciplinary areas. _ e
Users of Iﬂiradministered DoD IACY%s primarily are
scientists, engineers, and technicians employed either

by DoD-activities or by DoD contractors working within s
the IAC's areas of technology. They manage technical

variety‘%ggpiscellaneous duties. Generally, the users,
needjfacts data, findings; or constants rather than

‘othev types of information Users. have. problems locating,
nobtaining, and using- scientific and\technical information,

‘They obtain the greatest amOunts of scientific and tech~

~ ~nical: information from, their local technical libraries,

from their own collections and from colleagues. . Both

usage and awareness- of the TAC' s are low within'the pos=
sible ‘user univegpe. Support personnel use the IAC s -
much more than bench and management personnel. .However,”

even among -support personnel . usage is 1ow. Less‘than a

third of all Doﬁ.scientists and engineers are aware of the“U‘-

&

_existence of IAC' s. L o - I A

1
o

\
IAC users consider the following channel characteristics

‘_important' cost, accuracy, currency, response t1me, ease

of access, ease of use,stechnical quality,lcoverage'of topic,

understandability, format media, recall, and’relevance.'

' Current information is inadequate to determine the relation:‘\

ships among these chargcteristics or to determine the rela-.

~ _tive values users assign to these characteristics.
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R L - ' IMPACTS OF TECHNOLOGIES

. ® ) )

ST , SRR . ON IAC'S AND IAC USERS ‘ ’ -
; . , i g
‘ et ) . Introduction and Highl;ghts

The purpose of this chapter is to examine potential impacts

- of- technology and technological innovation on IAC's and IAC users.

g ) . ,T;The chapter, based on effort that is described in detail in four

hd;;; ".-ééé- project working papers f- >3 4, provides a background for Chapter 9

T which examines the impacts of two particular innovatiohs on IAG:

costs and benefits. - The time period examined extends to 2000 in -

~ . - three periods: 1975-1980, 1981-1985, and 1986-2080..

| _ The next section summarizes impacts on the‘IAC itself, evaluating
- - . the effects of selected technological trends and events on IAC inputs, ‘

'fé - IAC outputs, ard internal activities. The third section examines the{

impacts of techpological trends and events on IAC’ product and service

characteristics. The chapter concludes with a brief summary and con-

,c1u51ons. ) g '

Chapter highlights inc1ude*- ‘ . .

- The time period 1980-1985 is judged to be the time of greatest-
technological impact on IAC's and their operations._ ) .

—‘The development of a portable, acceptable microfiche reader

- N [ _ could have a substantial impact on the handbook service.

- Electronic.communications technology is a general area that'ds
judged.to~have.suhstantial-impacts on IAC operations, especially
on the inquiry response service.’ ' '

- Technological trends and events appear ,to have significantly
uless impact on the distinguishing functions of an IAC (evaluation
‘and research) and on IAC management than on other information .

center functions,

Impacts on IAL Functions

- Lo Figure 1 (Chapter 2) illustrates the functions..and activities
of_ IAC's, and this diagram may be a useful reference for the discussions-
- T o which 'follow. Technological trends and. events which can affect IAC
,functions;are examined in three segments‘ events and trends which can
"affect IAC inputs, events and trends which can affect internal activities

'vof the IAC and events and trends which- can affect the outputs of the IAC's.

-~

. N
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Lo : - - 2 9*«, a1 . .
S :




. L — . . . . r.
h . . . +

Table ll shows those treads and those events in each time period
that significantly 1mpact the 1nput act1vit1es of the IAC Overall
" the technological trends and events examined primarily affect the j .
entry of documents and information into the IAC system. However; among -
the high .impact trends and events, 1mpacts tend to cluster bv input .
. ‘type within time frames. The stfbngest cluster of vimpacting events
-falls in the 1980-85 time perivd.’ The greatest single 1mpact will be
caused by the advent of automatic OCR multifont réaders in common use.
Information no longer being created predominantly in document form (i e.,
- hard copy, microilche etc ) will have the second greatest erfect. Note
. also that dOCJments are the type of inputs likely to be affected most by
this set of technological trends and events.
’ -Table A2 presents the technological trends and events which have ’
fthe greauest potential impact on the internal activities of the 1AC. | v.;-
.These trends ‘and events pr1mar11y affect the activities of indexing,
storage, and communications with other data bases. Here as in' the case
of input activities, the time period of greatest impact’ activity w1ll be
1980- 8S. The event of greatest single impact, the use. of the laser for
facsimile transmission at a speed of 5 million pages per‘second in con-
. junction with image input arnd storage, falls in this time frame along with
. second ranked image storage. The advent of a computer Zlinked network
of IAC's and the use of natural nnglish language file inquiry-updating
are also seen as being s1gn1i1cant during this time frame. The time
period 1975-80 contaiﬁs one very sign1f1cant event, the advent of cheap,
automatic 1ndexing of natural language text., 1985-90 contains two, the
use of one integrated master thesaurus for all S&T data bases and -the ;
adoption of associative oT. content-addressing based upon the ava11ab111ty ~
" of cheap, large memories. Anong the trends,.’ he decrease in cost of a
typical on-line search in a large domestic S&T data base (using an 1nter—

3 ha)vé the

1AC! s,

active terminal and standard telephone lines) is Judggd

greatest potential for 1mpact on internal activitiesjbzﬂ

P

' As evidenced by the column sums, certain of the internal IAC activi-
tieg‘appear to be aIfected significantly more than others by the set of
technological trends and events. In particular, the evaluation function,
research_to fill gaps, the accessing decision, and the final screening |
(before repackaging and dissemination) were functions judged to be less

affected by the technology than other functions. Note that these are
s .
72"
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the management function (accessing decision), functions unique to an »
IAC (evaluation and- research), and the final judgment of data relevancy.
In short, these functions judged least likely to be affected by tech- »
nological change, are judged to require human judgment that cannot ea51ly
be replaced by technology. N

The technological trends and events with the greatest effects on
"the output activities of the IAC's are shown in Table 13. Again 1980-1985

appears to be the period of greatest activity with two of the technologi-

. cal events with the strongest potential for impact falling in this time-

span. The greatest potential for impact is attached to the attainment

of a level of 50% of all scientific and technical personnel having their
own personal automated data base., The effects of this event will be felt
through the competition that these personal automated data bases will
_offer IAC services, particularly handbooks. ‘The use of the laser for
facsimile transmlssion at 5 million pages ‘per second in conJunction with -
image input and. storage, the event which was judged so significant to IAC.
internal'activities, is also seen ‘as being of great potential impact to
output activities. In the time frame 1985-1990 only one event was assess—
ed .as being very significant to output activities. However, that . event '
cable TV or similar permitting home/office storage of text- images at com—
petitive costs to hard copy versions, was Judged to have very- significant
potential for impact on output functions. The trends and events affectlng

output functions appear to affect handbook production more than ‘the inquiry .

-

'response service- v\ .- - S Sy

-,

Table 14- summarizes the trends and events of greatest potential
impact, classified by time period and by functional area (IAC 1nputs,

outputs, .and internal activities) Technology appears to impact IAC

'internal activities more than either input or output functions, 'and 1980-

1985 appears to be the period of greatest technological impact.

Impacts on IAC Product and" Service Characteristics e P

-Two information delivery channels, handbooks and inqufry response,
were assumed in order to.estimate the impacts of trends and events on
the service characteristics Judged to be important to the “IAC user. (These

service characteristics are discussed in Chapter 6.), Tables 15 and 16

" present the results of an assessment of theiimpacts on the handbook__" .

~ .
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Table 13. .Technoiog;cal Trends and Events Affecting IAC Outputs

v , o« 'R
’ L @
: « g |
, - & 2
. <o} w
\ K3 Q
o . o
o
22 §| =
2y 3
. 22 . &
TRENDS
JYPercent of S&T Information Generators/USers 1 4 5
with Access to a Remote Interactive
Termindl Increases : o )
Cumulative Number of Facsimile Transcelvers 2 416
Installed Increases
Bandwidtﬁ Commonly Employéd for S&T Access to
Remote:Time—Shared-Computer Systems Increases 1 41 5
- High Speed Printer Print Speed Increases 4 2] 6
1975-80 EVENTS
Portable/acceptgbleymic:ofiche reader 4 216
Ratio of non-print:print published materials 4 4 § 8
is 2:1 . Co ‘ ' -
1980-85 EVENTS
\ Image Storage - . ‘ 4 418
o 50% of all S&T personnel have personal automated 8 4 |12
T . |data base i T : o ‘
'.\ ' Laser used for facsimile transmission—>5 millibn 8 2 |10
’ pages per second (In conjunction with image :
input and storage) - :
= - ., 1985-90.EVENTS
) {Cable TV or siﬁilarfperiits ﬂomé/office storage @ 8 4 112
' - of text images at:competitive costs to- hard
copy versions - o .
. . . . z 44 34
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Technological Trends and Events of Greatest Potential Impact on IAC Inputs,

Table 14. Summary:
Internal Activities, and Outputs o’
; ,
FUNCTIONAL AREA -
TDE PERIOD  INPUT ACTIVITIES INTERNAL ACTIVITIES OUTPUT ACTIVITIES'
v TREWD | - Cost of & typical on-line seargh - ‘
{n & large domestic S6T data ﬁgac
using an interactive terminal nd
standard telephone lines decreases
" 1975-1980 - Chesp automatic indexing of -
' natural langusge text .
’ . . . i . ]
. 1980-1985 Astomatic OCR multifont Laser used for facsimile trans= 50X of all 58T personnel

mission-5 nillion pages per
second (In conjunction with image
input and storage)

readers in comion use
Taformstion no longer crested
predoninantly {a document

form - Image 1np&i and storage

T Conputetllinked network of

, IAC's . ’
Natural English language file
inquiry-updating

1985-1990 - - One integrated nsg:ei thesauzus
for all 56T de;Afbaqel

‘ ' ’ oo Aaaocintivé/ot content-addressed

¥ ; menories :hesp and large)

have parsonnl-lutonnted :
data base )

Laser uged for facsimile
tzansmission=5 miliion pages
per second (In conjunction

 with image input and storage

Cable TV or similsr permits
home/office storage of

text images at competitive
costs to hard copy versions
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Relative Impacts of Techholqgical Trends and Events
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on Handbook Service Characteristics
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Table 16. Relative Impacts of Technological Trends and Events

B

on Inquiry Response Service Characteristics .,
. .
~ -
Charecteristice of Iwportence to User
[ S
- -l -
: . 1 2 3 &2
i :.,3C0 2
: = 33033 .
[ ™ - - [ - 9
¥ v e M ow U W e : c
. 5 BRIy oLz :
. g2 e d s d3E: s
8§ £ 3233 ¢ &2 s 223
’ Treode of Crestest Potentiil Impact N
Cumulative ousber of fecetmile ttans- 1 2 1 4 2 2 1 1 1 1 & 1 1}22
ceivers instelled (increases
. Cost of typicel on-lins search in 4.1 2 2 1 1 2 2 1 1 1 1 120
, . slerge S4T dete bese ueing inter— i
ective terminal and stenderd telephone
1ine decressas
Perceot of users with sccees to Temote 1 1 1 &4 & 4 1 1 2. &4 &4 1 1]29
dnterective terminal incresses I
. Bandvidth comsonly smployed for S&T 1 1 1 1 °1 1 2 1 1 L2 1 1}]16
eccess to Teoots time-shared cowmputer - . -
systems increasas -
- Most Significant Pvents Through 1990
\ . . : -
\ Laser faceimile transmission (up to 1 1 4 1 1 1 &4 & 1 22 1 1 1}22
S million peges/second) )
- . Image input to storege and image 1 2 1 1 1 Ih 1 1 1 2 1 1 1|15
storsge . - B
Ketursl Eaglish-lenguage f1le inquiry 1 .4. 21 1 1 2 1 1 b § 1 1 1}18
eod updeting evailadle ) . :
Chesp, sutozatic machine indexing of 1 4 2 -1 1 1 & & 1 1 1 4 &l2
n-guznl lenguages Cext i 5 ’ . .
A computer-linked network of IAC's 1 1 4 2 1 2 4 . 4 1 X 3 4-1}27
will be avefleble to S&T usare - .
. o . . . .
AT least SO of ‘w1l SiT persconel Bave 1 1 .1 1 1 1 1 1 1 I 1 1 1|13
alaocet completely sutomated personal ' . -
dsta beses oL .
Xetio of pon-prist published S&T 1 1 1 1 1 1 1 1 1 2 2 1 1|15
, zaterisls to printed products 1e 2:1 - 2T R
o Ceble TV or other elcctronic wethods© 1 1 1. 1 1 1 1 1 1 1 1 1 1f13 !
permit home/office storazs of . :
A textusl 1mages cOst-Competitive witk
hard copy versions . N N -
One integrated caster thessurus existe 1 2 1 1 1 1 &4 & 1 1 1 & 4l26
for a1l 'S54T7 dets heses -
P . .
Assoclative ‘or content-sddzeaned -1 1 1 1 1 1 & 1 1 I 1 4 4&f22
scnoriesVpossible due to use of large, -
{nexpeneive mraory unite ?
Zemote graphic tercinsle wvith igput 2 2 1 4 4 4 1 1 2 8 & 1 1)3
snd output gapsbility sveilsbla for .
$100- .
Information no louger crested pre= 1 1 1 1 1 1 1 1 1 1 1)1
domirantly in docu=ent form
$ource Jocator (directory of IAC'a 1 1 1 & 1 1 1.1 1 1 1}2
plus thessurue) _ . 7 ’
\ Autoratic OCX multi-font resders 1n 1 & 4 a2 2 1 1 1 1 1 1 1 1|19
. comon use
Jf 22 31 3 32 28 27 36 31_20 31 29 36 27

)
N .
)
[
g
<t

Q -

.ERIC *

-




[

4

and inquiry response services.

-

Table 17 summgrizes the most significant events and trends by

service and by time period. © Note that none of the trends and few,of

‘the events appear to have much potential for affe

tics of the handbook service. Because theré may

£
cting the characteris-

have been inadvertent

screening of significant events and trends, the original cross-relevance .

matricelewere utilized again, this time with more user emphashs rather

than a technology emphasis. - The results of this

'second assessment are

shown in Tables 18 and 19; these results are summarized by service delivery

-mode (handbook or &nquiry response) and time period in Table 20. -

The two analyses were then merged to form one combined set of trends

and events judged to be significant for each deli

of this merged analysis are shown in Tables 21 an

very channel. . The results
d 22. Within each table

and each time‘period events are listed in decreasing order of importance.

As ‘shown in Table,Zl none of the technologi

czl trends considered

was judged to have a significant potential for 1mpacting the handbook.

Howeyer, technolpgical events were found in each
potential of such an impact. In 19751i280,_the h
cantly affected by the advent of a portable/accep
Such a réader would particularly affect format an
The_cheap, automatic indexing of natural language
égse o€ use, and ormat at a very moderate level.
In the 1980-1985 time frame, the use of math
puters as direct input for- numerical control syst
impact the’ handhookd Effects will be felt in cos
quality, format and media; making this the event
on characteristics of the handbook. )

Both analyses showed that in 1980*1985 cabl

methods permitting home/office storage of te3t0al

time frame with the
andbook may be signifi-
table microfiche reader.
d media characteristics.
text will affect cost,
% |
ematlcal models on com-
ems will significantly
tl, accuracy, technical
thh-the broadest impact

e TV or other electronic'

1mages which #s cost-

competitive with hard-copy versions will moderately affect the, handbook

through slight inpacts on cost, currency and format’, and a moderace affect

in media. '

., Table 22 presents the merged analysis of tre
significanthimpaét on query input and response.
and events were judged to have a potentially sign

delivery channel.

et
<o
(@)

nds and events with
A large number of trends

ificant impact on this
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Table 17. Summary: Technological Trends and Events of Greatest
" Ppotential Impact on Handbook and Inquiry Response ‘
Service Characteristics .o

e

HANDBOOK
1975—1980 EVENTS
_Cheap, automatic machine indexing of natural language text

) 1985—1990 EVENTS

‘Cable TV or other elec:ronic methods permit home/office
. storage of textual imag-- cost—competitive with hard - .
copy. versions ¢

N

QUERY RESPONSE | :
Trend '

Percent of users with actcess to remote interactive
terminal increases

Cumulative number of facsimile transceivers installed
. increases - .

_Cost of typical on-line search.in large S&T data base
using interactive terminal and standard telephone
line decreases -

| 1975-1980EVENTS

[}

Cheap, automatic machine indexing of natural language text
' Source lc-ator (directory of IAC's plus thesaurus)

1980-1985 EVENTS

A computer-linked network of IAC s will be available to
S&T uscrs

Laser used for facsimile transmission-5 million pages per
second (in conjunction with image input and storage)

/-tomatic OCR nmulti-font readers in common use .
Natural English language file inquiry and updating available

1985- 1990;JENTS : oy

Remote graphic terminais with input and output capability
avallable for $100- ~ .

One integrated master thesaurus exists for all S&T data bases

Associative or content—addressed memories possible due to
use of large; inexpensive memory units

L=



Table 18. Trends and»Eveﬁts Affecting Handbook Related to
Characteristice Important to User
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1980-85
230U-08J

Taser used for facsimile transmission-5 1 1 1 1 1 i 1 1 1 1
million pages per second (In conjuncticn :
with i{mage input and storage) ’

1985-90
50Z of all S&T persouncel have petrsopal y 1 1 1 1 1 1 1 1 1
automated data base

\
Cable TV or similar permits homc/office 2 1 2 1 1, 1 1 1 1 2
storage of text Izages at competitive' . A :
costs to hard copy . . ’ -

-

Moderate Impact s

= Trend

High speed pfinter print speed incutases 4} -1 1 1 1 1 11 1 1

1975-80 ) .
Portable/acceptable microfiche reader 2 1 2 1 1 1 1t 1 1
Integrlted editorial processing systez 4 2 |
provides process control for computerized N .
type-setting . ' yal
1980-85 . .
Image input to storage and image storage 1 2 <1 -1 1 1 1 2
Mathcenmatical models on cosputers aa 2 4 1 1 1 1 4
direct input for puserical control
systenms . _ ’ - -
. Electronic or microimage compositi 4 11 1 1 1 1.1 1 2
used by subscription informatlon services ; .
* Information no longer created pre- 1 1 I//’I i 1 1 1 1.1
dominantly in document form - 5 —
. AN . . L 19 1S 12 10 10 10, 13 10 10 20 23
_ ;7’4;-
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. Table 19. \Trends and Events: Affecting Inquiry. Response Related to )
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. & . - Moderate Impact
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Percentage of S&T information 1 11 & & & 1) 1 } 2 & &
generators/users with access to a . '
remote interactive teérminal increases . _) .
1975-80 e R .
o : ' 'reminal—teminal conferancing . 4 1 & & & 2 . LIRS
Lou—cost mini links betweea IAC's dnd 2 2 & 4 & & T 4T e &
smart. teminal in home/of.fice R \ .
Internat{onal - technical data system 1 2.{ 1 1 1'\i 1 1 1 1 11
accessed by cowpany 1library via . : a /- . 7
. electronic 1/0 T . . R
, 1980-85 . ‘ )
- Natural Eoglish langusge file fnquiry- 1 4 1 1 & % 2 1°'1 11
‘ updating _
50X of all s&'r personnel have persgnal 1 1 1 1 1 1 1 1 1 1 1
. automated data base i :
i 1985-90 v . o
videb phone conferencing 1 2 1 1 1 2 1°1 1 1
" Extensive 2-way CATV . 4§ 1 & & & 2 1 T
Tostant network conferencing 2 & & 1 & 2 4 21 4
- available to 90X of S&T personnel N . -
Cable TV or similar pemits hooe/. i 1 1 1 1 1 1.1 1 1 1
- office storage of text images at ' - ~
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T4ble 20. ~Summary:. Trends and Events Whith Significantly’

Affect Characteristics Important to User

A

* HANDBOOK e,

'1975-1980 EVENTS e A

_1550—19855VENT5 ‘ -

d

. _— o ) R
Extensive,Z—vay CATV g \\_. >
" QUERY RESPONSE
Treh§ ) _
Perceat of S&T information generators/users gith access to
a remote Iinteractive terminal increases v
1975-1980 EVENTS . _
&
Low-cost mini links between IAC's and smart terminal
in home

Portable/accepcable microfiche reader

~

v -

Hathematical models on computers 3s direct input for
sumerical consrol systens e —

-

1985-1990 EVENTS | . - .

“Cable TV or other efectronic methods permit home/office
storage of texrual images\cost—competicive with hard-
copy versions 4

. . .o ” N
. : _ : - ,;"/

) QUERY. INPUT ..
. v ) -~
Tread - S %
. e
Percent of S&T informatioan generators/users with access to
2 Temate interactive terminal increases

°1975-1980 EVENTS R B

1f- Low—cost mini 1ioks between IAC"s and smart terminal
in bome

Terminal—terminal couferencing
1980-19858VENTS "
Natural English language fil; inquiry-updating,
1985-1990EVENTS

JInstant aetwork conLerencing available to 9OZ of
S&T personmnel -

-

»

Terminal terminal conferepéing

1985 1990 EVENTS
Instant network conferencing available to 90Z of S&T

e personnel :

Remote graphic terzinals with /o capability cost $100

Video personal cozmunica:ion with ‘facsirile transceiving

¢\
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1975~ 1980 Events \

cy

Portable/aceeptable 'microfiche reader .
Cheap, autemat:ic ihdexing ofB natural language text . .
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“Table 22. Mew®ged Analyses Summary: . Trends and Events Affecting e .

I . Users of Inquiry Response Service : s
P _ S l -
¢ . . ) ) S
- 1 Tren A ST - . ; T
. Percent of S&T informatio generators/users with-access .
to remote ingeractive términal increases ;
: Cumulative number of facsimile. transceivers installed - S
- . increases . _ - oo T
’ “) . U &
Cost of a typical on-line search in a large domestic - &’ e 4 5
. S&T d4ta base using an interactive terminal and o ) oo -‘Hcij;]( /2
standard telephone lines decreases o B ?.”L T
. t E ;

- - ‘.", ) . “ . . -,. /.._
1975—1980 Events : /\ N o ) - o fe

Low—cost mini links between IAC's and smart term.nals

———— iy

) in home/office . - e
. ) . } ;
Terminal/terminal conferencing ) \\ Tl
. o . Cheap, automatic indexing of natural language text f i
‘ Source locator ' :;// Y i
) N < g '.-5 ~l
=< -3 ‘ ]

1980—1985 Events . . | i. R R
Computer—1linked network of IAC's ' -
Natural English language file inqGiry-updating

Laser used for. facsimile . trasmission-5 million
pages per second (in conjunction with image input

and storage) . 2

. Automatic OCR multifont readers in common use
= » N ;

1985—1990 Events :
t metwork conferencing availabie to 90% of S&T .

Instan
personnel : Lo
Remote graphic terminals with 1/0 capability cost $100 ' ’,¥’
Extensive 2-way CATV: . L ' 3
7Video personal communicationAWith facsimile transceiving ' -
_ One integrated master thesaurus for all S&T data bases '
'~f; Associative or*content—addressed memories (cheap and large) e
f SN
= = 4w & F
7 . 86 *




* The ‘increase in the . percentage of scientific and technical inﬁormationa.;

affect ease of use.

/ . " . .:, - 7 ‘.

1 s .

‘ . . \

In both analyses ﬂonﬁ trend stood’ out as having a potentially power—;
ful impact on’ user value& characteristics of~.the query delivery channel°
generators and users having access to remote interactive terminals will L',
significantly impact response time, ease of access, ease. of use, format, -
and media. It will moderately affect understandability.

Two other trends are of significant potential impact based on data
from the analysis of trends and events of greatest potentlal overall
impact. The increase in the number of facsimile‘transceivers installed
will significantly affecs response time and media and will moderately o

1mpact ease of access and ease of- use. A trend of decreasing cost of

typical on—line search in, a large domestlc scientific and technical data’

‘base (using an interactive terminal and standard telephone lines) ‘will -

Y

have a significant impact on cost and moderate dimpacts on currency,
response time, technical quality and coverage to topic.

In the time frame 1975-1980, low-cost.mini computer links between

'JAC's and smart terminals in the~home ‘or office will have a very signifi- -~

/
cant impact, affecting turrency, response time, ease of access, ease of

“3

use, format, media, recall and relevance sxgnificantly, and cost and
accuracy moderately. Terminal -to- terminag.conferencing will also have a

significant impact through its strong effects on cost, currency, response

. time, ease of access,.format, media.and relevance, and its moderate effects
" on ease of use. Cheap, automatic indexing of natural language text will

’:significantly impact accuracy, technical quality, coverage of topic,urecall

and relevance, and moderately impact currency.~ ‘The source locator™ will :
significantly affect response time and ease’ of access, and moderately

From 1980‘3985 four technoIogical events were Judged significant.
‘The availability of a. computer—linked network of IAC's will significantly
affect currency, technical quality, coverage of the topic, and recall.
It will moderately affect response time;and ease, of use. The advent of
availability of natural English language file- inquiry—updating was seen -
as being moderately significant during its analysis as one of the overall
potentially significant events. 1Its significance waslupgraded in the

second analysis becausé of its direéct effects on query input. It was seen
. - ¢ E ‘ ' .

.~

e . y " o?

<
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to affect accuracy, ease of a:cess anduease;ofvuse significantly, and A
L to impact technical quality moderately. The. use of the laser for _
facsimpile transuission at a speed of 5 million pages per. second (in
< conjunction with image: input and storage) would s1gnificantly affect
BN ‘currency, technical quality and coverage of the topic. The common_use .
of OCR multifont readers would have a moderate significance through its
strong affects on acCuracy and currency ," ‘
b . . The time frame 1985-1990 presents the greatest number of significant
events. The availability of instant metwork conferencing to 90%Z of . \§\'
.'sc1entific and technical personnel will have wideSpread significant ¥
- impacts on query iant, strongly affecting accuracy, curnency, ease of
- access, technical quality, to*mat and media. It will moderately affect
jcost,_ease of use, coverage of topic, recall and relevance. The avail-
ability of remote graphics terminals w1th input/output capability at a
cost .of $100 wil]l have a major impact om query response. These low cost
terminals Wlll have a major impact on format, significant impacts on:
response time, ease of access, ease of use and media, and moderate impacts .
X I, ' on cost, accuracy and understandability. Extensive 2—way CATV will affect
query;input,-significantly impacting cost, turrency, response “time, ease
_ f\,. of access, format, media, and relevance, and moderately impacting ‘ease of .
use. éideo personal communicatioen with facsimile transceiVing will signi-
.y . ficantly“affect the cost, ease of access, and media of quer? response'
while- modera*ely affecting its accuracy, currency, ‘response time, ease»of .
: use, understandability, and format. The existence of one integrated master‘
‘thesaurus for all scientifi c and technic&l data bases wili significantly )
. impapt technical quality, coverage of topic recall and relevance of the
query,'and will moderately.arfect its accuracy Finally,~the possibility
of associative or content- andressed memories. due to the use of large, T
Vinexpensive memory units Wlll affect the technical quality, recall and

f - . N
relevance of queries 51gnifican€ly. - I , o

2 . .
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SENSITIVITY OF COSTS AND BENEFITS _
TO TWO TECHNOLOGICAL INNOVATIONS -

F]
- . . T

Introduction and Highlights . N

The analytical models developed in this study have a magor
application as tools for assess1ng the 1mpacts which changes in\ s
communications technology will have upon the anticipated costs“
and Eenefits -of IAC products and services This chapter describes .
the utilization of the models for this purpos;Nand prov1des .a test : :
of their. applicability as tools for IAC management. = .
Highllghts 1nc1ude.- _ ' _ ) .
- Model parameters with sufficient detail Eo,perhit projections.
of IAC service costs to 1985 = S ) -
— Three alternative scenarios ‘for 1985: a "haseline', or surprise—
free scenario, a scenario 1nclud1ng—a(portable acceptable ‘ -
microfiche (PAM) .Teader, and a scenario including terminal—to—
‘terminal conferencing
- Model.beneflts (lower bound) are relatively insensitive to the
changes presumed by the 1985 scenarios. MHowever, costs areé ’
better incorporated into the model and consequently the 1985

scenarios exhibit higher costs, particularly higher salaries

" for the evaluation/research functions

8, .

’ 3
Rationale for Selection of Innovations - N . o

In this chapter .we postulate three alternative poss1ble futures
-in the form of "scenarlos of the IAC and its env1ronment i the year -
*1985 and, bised on available data, compare these with the 1A€ %s it was

in 1975. This qémparison permits examination of the related changes

Lt

which will most probably occur«inithe Various model parameters thereby
affecting anticipated costs: and benefits. o . : "‘ Ce
The first of the scenariosois the surprise —free'" baseline against
_which we can assess the impact of two technological innovations-which
appear likely to have Significant effects upon IACsAandtheir_users.
h_The innovative eventstexamined are the introduction and widespread
. adoption of ‘a portable, apceptable microflche reader, (Phh - often | i
"\. P - ;,- - | y /r..
o %%5\ - - _

" <



- . referred to as a "cuddly microfiche reader) and the development within

| the S&T community of‘a substantial networi permitting terminal-toéterminal '
conferencing. Detailed discus51ons of the,precise form which we are .

y ?!ipulatlng for these developments and the explicit assumptions which are ;ﬂ
made to generate the requisite-level of detail for application of the
models are included in subsequent sections of this chapter._ﬁahis section

- explains the reasons for the selection of these particular innovations

’

_-for consideration. :
. po 4

X Chapters 6 and 7 describe analyses which compared selected técHno-

3,7 in terms of

- ) ‘ f%gical trends and events explored in earlier studies,
S : ‘their relative 1mpacts upon 1AC functions and upon the characteristics
- of IAC products and services which are valued by EAC users 1nsofar as
. _these have ‘been 1dentified Also, im the early stages of this progect, Lo
the members of the Overview Committee were presented with a list of some
potential innovations and asked for their opinion- of those #n three given
time frames which would have s1gnificant impacts on IAC's and their users.
i The Overview- Committee's responses and the relevance analysis were used
* to produce a "short list'" of potentially s1gn1f1cant innovations. Use of
data from one of the early studies, specifically a ser1es of probability
estimates for the occurrence of sk;h innovations by a ‘specified year which
. . was prov1ded by experts in relevan® fields, enabled the selection of events
which have been estimated to have a 90% likellhood of happening by 1985.
The ultim&te selection of the two innovations to be applied(was
N | based on the judgment of the study teamw The chosen innovations are
ﬁrconsidered representative of a much wider class ‘'of potential changes which ‘
will probably affect the specific IAC services of inquiry response and hand- !
books. - ~ ’ e

Definition of "Baseline" (Surprise-FreeS Scenario

This scenario is based upon the assumption that no‘radical changes
. f' " occur which are likely to affect IAC operations between the present (1975 -
in this case) and the Snapshot" date of 1985. . Thus, extrapolation of '
_ present trends will define the parameters of concern, extrapolation being
defined in this context as basically.judgmental and rationally defensible
rather than purely mathematical. Due to the inherent‘variation and un-
_certainty in the 1975 data,-it did not seem either valuable or justifiable
.-f;.“ ' to apply_sophisticated.mathematical curve-fitting,and extrapolation

. techniques;,w*’

| L - | 9 11?

7®
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To conceptualize the impacts of the innovations on cost and benefits

of IAC services, the project team utilized the conceptual "sypply/demand”
model described in Chapter 3 as a. framework for analysis. Figure 4 in

.Chapter 3 111ustrates the supply and demana model graphically. It would

F g seem that in the absence of "surprlse i.e., if only cuyrrent growth

¢

patterns need be con51dered thesé curves will remain an. adequate descrlp—

tlon of the relation of the IAC to its pbtentlal user environment. Quall—

tative variation may occur in both supply of and demand for 1nforﬁatlon

services.- The cost can'also bekexpected to change, but the, positional

and topological curve shifts Will ‘not . affect” the baslc contention that

_ the potential marketééor IAC services or for a particular channel for

\\\ delivery of an IAC service w111 be defined as that area bounded by the
"supply and demand curves below their 1nte;sectlon by the cross-over line
';where self- supply is cheaper than. IAC supply, and by the boundary where

the service becomes more costly than its perceived value as. measured by

=user's willingness-to-pay-

Granting, therefore, that this same diagramatic representation
remains valid, we do not attempt to apply dlmen51ons to relate the 1985
and 1975 versions. Rather, 1in con51aer1ng the changes due to innovations,
we relate the shifts in the curves due to one OTr another of the innova-
tions to the 1985 "surprise-free" configuratlon w1thout attemptlng to _
define that conflguration precisely. )

The quantitatlve cost benefit models, on the other hand, are applied
under this assumption of ''no radical change by’ progecting cugrent data
id accordance with established historic trends, by =analogy w1th ther

¢ parameters whose anticipated behavior can ‘be predlcted w1th an \f;kptable

degree of probability, by subJective 1nformed Judgment" based on expli-

citly formulated assumptions, and where no otner data are available, by
tlpulatlng a value and observing the results of applying the model in

-

each specific case.

- ]

Table 23 summarizes the predicted paramete changes7that'affect )

the models:'

Benefit model, inquiry response

Benefit model, handbook

-
1

I Cost model, Inquiry response

Cost model, handboo¥

92
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Table 23. Baseline Scenario for 1985: Variation of Msdel-
Parameters Over a Decade

. . -1985:1975 Data Source
Parameter : ' Value o Reference
- Benefit Model: 1Inquiry Response : ) . ;
— ) Time savedﬁier use N 1 -
V/ Number of uses per year | '
(by one client) . -
B Value/Hour of user time f ) 12.5:8.9 = 1.40
Price charged by IAC 6% p.a. = 1.79 1-
Nuﬁbe; of users per year _ 1 |
;_: c Benefit Model: Handbook )
) Time saved per use
Numbe?' of uses per year . )
- . Value/hour of uSec_time 12.5:8.9 = 1.40
Cost of handbook : 26.6:18.6 = 1.43 S 2
- : - "Lifetime of handbook : 1
. Number of handbooks sold/year ' 1
- IAC Cost, Model: Inquiry
Response and Handbook
- 4 Fixed: Rent - 6.5:5.4 = 1.20 2
Telephone. /5 17 = .29 g ‘
Furniture &
equipment 6% p.a. = 1.79 -
Office supplies '-_ .28.2:21 = 1.34
e Subscriptions: # 490:462 = 1.06
- e 250:166 = 1.51
= 1.60

- . | Total -




Tabie:23.

-

]

Professional hours
Discount rate

Time horizon

1

67.5:51 = 1.32
1 .

(Continued) Baseifhé Séenario for 1985:" Variation
of Model Parameters Over a Decade.
.. . \

S l985:i975 Data Source
Parameter Value . Reference
iAC'Cost Model.{bontinued) .- i

Fixed: 4Advertising & . _ ' .
' marketing 1.9:1.35 = 1.41 4
Copying & T .
reproduction " .48:.37 = 1.30 2.
Postage 24:13 = 1.85 ‘5
_Travel s .086:.076 = 1.13 4
Computer time 5:11 = .27 ' T6
~Computer.termina1 . .21:2.7 = .08 /’7
" Salaries: ’ K'
Manager # 1 '
@ 22.5:15.5 = 1.45 4
Total = 1.45
Clerical # 51.7:51 = 1.01 2
@ 9.5:7 = 1.36 3
i Total = 1.37 - ‘
Professional # 67.5:51 = 1.32
) e 18:12.7 = 1.42
Total - 1.87
Total = 1.59
Fringe benefits 25% '85 salaries:
15% '75 séiaries
| = 2.65
Allocation factor - 1 . -
Variable: Sal§ries:
Professional 1.87 As above
iClerical . 1.37 ‘. As above
Computer time & _
supplies ©3:11 = .27 . 6

SN
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for this 1985 baseline case. The:table lists the defined parameters=
he ratio of their pro;ected 1985 1975 values, “and the.data sources/

’ employed in der1v1ng thésg estimates. All dollar amounts are measureg
in® current, not constant dollars. The following paragraphs disgus Q§§§§
predicted variations 4in the individual parameters. Data sources in bot
text and table are given as a number referring to an entry in the list
of referenges at the end of this chapter. ;o

In each instance for whioh a parameter is predicted to change from

- its11975 value, the change will be'noted in the text in the following
form. The first decimal figure represents the muled plicatiVe factor
for computing the 1985 value, given the_1975 value. The numbers in
parentheses are'expressed as'a»ratio indicating how this factor was
derived. For-example, where the 1975 salary for a technical engineer .o
is $é,900 and the 1985 predicted value is $l2,500, the multiplicative ‘
factor is'1.4 (12.5/8.9). S | :

Benefit Model for the Inquiry ﬁesponse Service. In the case of -

.” 1inquiry response, time saved per use is\defined as the time which would
be chargeable to locating the desired information rather than 5%; elapsed.

time between making the request and receiving the response. As'Such it
-u;

appears reasonable to assume that this parameter does not change during
, ) m
the decade of interest. 7

The number of uses per year is defined as the number of timegﬁa

‘specific user avails himself of this service during one year.. This '
number will certainly vary during the year. However, we believe this
variation is dominated by/the extent and nature of the user's experience
with the IAC, his position and length of service in his: own organization,
and similar factors, rather than by whether the year is 1975 or 1985. For
the average user of the average IAC,- the number of'uses per year may increase
due to the fact that hé has become more familiar and, thus, comfortable
with the use of IAC services. However, this effect does not\\ppear to be
.predictable. Hence, we have assumed this)factor remains constént.

Lacking information as to the precise identity of the uset population

in terms of those whos e time is saved by use of this service, we make the
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assumption that the rate of increase of: the value per hour of user time

is the same as that of the median salary of the male technical engineerl.
This assumptlon gives a ratio of 1. 40 (12.5:8. 9) in current dollars.

The Erioe charged bzﬁthe-IAC is a dependent rather than an inde~

pendent variable and is a function of outside funding through subsidies.
We assume a 6% inflation rate. ‘ '
"As was the case for the number of uses of the service by a single

‘user, one would intuitively expect the number of users per year to increase

- with the age of the parti ular IAC. However, based on the data available,
we have assumed the number will remain constant EZ; tHe average IAC. The
. 'largeét span of historlcal data available to us 1is '8 years, for the
Machinability Data Center, and this appeara to have roughly_stabilized
over the last 5 years. a | ‘ ‘ g

Benefit Model for the Hardbook The analysis of the parameters ofl’

time saved per use, number of users per vear and value per hour of user time

follows the same rationale as ior the 1nqu1ry response service. ‘ _
" We do not have adequate data on historic varlatlon in handbook cost
to project thls parameter far ahead. Fortunately, the model is relatively
1nsen51t1ve to this variable. We have based the estimated price increase
‘ of 1. 43 (26.6:18. 6) on the average prlée for scientific and.techn;cal books.
published in'the U. éyﬁslﬁce 1960 . SR

We have aésumedggleifetlme of the handbook will remain constant
‘during the period of J/fnterest. This parameter is probably governed by

the time sensit1v1ty of. the contents and, ‘therefore, can be expected to-

vary accordlng to the maturity of the technological field. -gq'
S e
Based on the data available, the number of. handbooks s *d°per annum
TR

is projected to stabilize a few years afrer introduction of %%kfhandbook
Therefore, we have assumed a constant value as the typical case.

Cost Model for Inquiry Response. Looking first at fixed costs, rent

’15 ‘clearly both fime and. location dependent. Therefore, for analysis -
purposes, we have taken the national average value per square foot for the
information industry in general and. have assumed no increase in area

occupied., These assumptions yield a ratio2 of 1.20 (6.5:5.4).

1

ST R 96




Id

Fixed cost for the telephone is a function.of the number of hours
spent on the’telephone, as well aS’the average cost'per hour. We have
assumed that the former will be constant and have projected the 1985 &

average cost’ per hour to be lower by a factor of .29 (5: 17) on the basis

of the findings of a previous study.3 Respondents in ‘that study indicated‘

that by 1985 such communication costs would probably be 1ndependent of distance.

We make the assumption that the fixed costs of furniture and equipmentgﬂ

include both purchase/rental cost§ and upkeep. 1In the baseline scenarlo,

it is implicit that no radical change in theitype of equipment needed p

" will occur. . The projected increase of 1.79 is based;on a GZ[inflation

rate. =

We assume that the fixed cost:of.officébsupplies "will be dominated

by paper costs which'zsye risen dramaticallyfand are projected to double

in the twenty: years from 1960 to 1980. In the decade of interest to this
2 ) .

study, the ratio would be 1T 34 ,(28.2: 21) -

Fixed ‘costs of subscr;ptions are governed by two factors here, the

number of publications to which the IAC subscribes and the cost of an

.’1ndividual subscription Both of these will depend on the particular

orientation of the IAC itself. We have'combined the fields of physical'
science, mathematics, computer sciences: engineering, and engineering,‘

and have assumed that -the number of subscriptions w111 grow at the’ same

rate, 1.06 (490: 462), as the natfonal journal output in these fields.

The cost per subscription is based on this same combination of- disciplines,

assumes that the IAC has an institutional subscription rate, "and is pro-—

. jected to increase by 1. 51 (250:166) in the ten year period 2

"Fixed costs for advertising and marketing is a Judgmental figure

based on 2% of the gross annual income of the IAC'S. The 2% was based on
a review from a variety of sources covering service industries in general.

The’ parameter of fixed costs for copying_and reproduction is a function

I

- of two factors the number of pages copied and the cost per. page. The

estimated figures here are based on increases in photocopying costs. . We

assume a constant number of pages, and assess the total cost increase rate,

1. 30 (48: 37), as - that of a page of photocopy. 2
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Since first—class mall can be assumed, to be the predominant mode

used for all office mail, the projection of the fixed costs of postage,

1.85 (24:13), is based on the progected per ounce costs of this service.

Based on current practice for ‘the IACE;included An our survey, fixed

-~

costs fer travel are assumed to increase at the rate of air travel per

-

mile; with no significant change iz ‘the number of miles traveled. Due’

I'd

to inflation and the oil crisis, the trend in this parameter has changed
. radically over the past four years. Two separate progections were made,

representing the extreme boundaries of a probability sector, and the
-

factor of 1.13 (86:76) is an average of these extremes.
The figure for fixed costs of computer time measures TAC expenditures

on computer_operations not related to ,the 1nqu1ry response, service. This
is best represented in terms of an 1ndicator such as connectétime charges
g&éﬁh would apply if the computation ggre performed using time-shared
<‘:rlﬁ'cllities. Since charges are predicted6 to drop by a factor of 27 (3: 11)

‘w_between 1975 and 1985, we have employed that modlfier for- this paraq&ser.

Fixed costs for use of computer termlnals wlll vary considerably

.

according to the type of terminal. Present trends 1ndicate an increasing
tendency towards using the "intelligent" or "'smart" terminal, and the"
cost estimate given here, .08 (.21:2.7), reflects this trend but assumes

'nojagdical breakthrough in equipment capab111t1es or costs. We also assume
_that rental costs will follow the same curve as’ purchase costs.

Fizxed costs for salaries are considered in three categories:

;managerial clerical and professional. The salary figures for managers
~are based on the assumption that the manager is male or, at least, is
paid at the same rate as & male. ‘The correspondlng ‘multiplicative factor
over the decade is then 1.45 (22.5: 15 5). Similarly, clerical help is '
assumed to be female, giving a value of 1.36° (9 5:7), and professional
salaries are averaged over male -and female trends since 1962 giving a
factor of.1.42 (18:12.7). . ;5 .
In computing a total salary figure, it is assumed in accordance with
Chapter 4, that the IAC staff involved with inquiry response consists-of:

0
-

¥y
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. 1 manager (1/4 time) > . Q

2 clerks’ (each 1/4 time)
~ "1 professional (1/4 time) ~ -

-

. We have allowed for\the fact that staffing requirements and

’

individual salaries will increase over the decade. . We assume that . -

the number of professionals will: increase at roughly 1.32 (67.5:51),
the rate of increase of relevant Journal articlgs inzthe fields

previously defined° that the number of clerical personnei will increase

— (at the rate of 1 for every 10 professionals, and that the number of

s

managers will remain constant over the decade.

Fringe benefit costs ,are very difficult to predict because of °

the lack of a clear definition of what constitutes such benefits, the

uncertainty of their '"real cost' even after they have~been_defined,

. and the need to predict changes in either the nature or extent of

benefits over the decade of concern. The 1975 "fringe benefits":
figure in practice has been quoted as jetween 15% and 202 of total
salagies. Social trends such as the*decreasing work-week, more paid
sick leave, and negotiation of generally more "labor-favorable'" contracts
have led to an increasing ratio. Therefore, we“estimate an- increase
to 254 of totak/salaries by 1985. ' s Iz e

The multiplicative factor in this case is the—ratio of 25% of the . :
total salaries of 1 manager and 1.32- professionals, for 1/4 time, and
1.01 clerk§ half-time; to 15% of the‘fEtal salaries of 1 manager and
1 professional 1/4 time, and 1 clerk half time. This gives a value\of
2. 65 (7302.8: 2756 3) using the salary figures previously computed.

Despite the changing rationale for the establishment of an alloca—

tion factor for fixe&rcostsl,empiricalbopsegyatiops have shown that this
factor tends to remain fairly constant over .long periods-of time. -Accord-
ingly, in this base-line scenario, we assune no change in the factor
through 1985. " '

Turning to variable costs, salaries on a per ‘hour basis will change

at the same rate predicted for the salaries included in fixed- costs.'

Variable costs for computer time and supplies are assessed/in so’

many different~ways that it is difficult to give a generalized figure_

-

f% f125_ h ;
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’
for this parameter. We therefore assume that if a professional,spends

.the same proportion of his time in computer operations‘as he does now,
: B

" the computer charges in current dollars per professional hour will be

&
likely to decrease at' the same rate as connect—-time, .27 (1 e., 3:11

by 1985).° “ ‘ | | .

1

The number of ‘professional hours expended per year on providing- -

-1

inquiry response service is likely to 8o up as the data-base increases,

i

even if, as we are assuming, the number of inquiries processed remains
. 2 .
the same. Relating this to the number of relevant articles, we have i

an increase factor of 1. 32 (67.5:51) by 1985 : ;

’,‘a

We assume that the d1scount rate and the time horizon remain

unchanged. :

- 5

Cost Model for Handbooks. The cost model for handbooks has the

* same total fixed operating costs as the inquiry response service (one-.
fourth of total fixed operating expenses). The changes in the 1nd1v1d-
ual- cost componentsiare presented in the discussion of the cost model Y. .
for the inquiry response service. ‘ ,
& The preparation costs (writing, editing, typesetting, proofing)
.for a handbook are almost exclusively salary COStS. Thus, the changekin
the costs from 1975 to 1985 should be the same as that for other IAC
salaries, Using the overall composite ratio (managerial, professional,
clerical) yields a factor of 1159 for the change in salaries between . i
1975 and 1985. I

Printing costs are assumed to change in approx1mately the same ratio

y . -

- as copying and reproduction costs, or .48:.37 = 1. 30. Jhus printing costs

of $5 in’ 1975 become $6,50 in 1985. |
- The selling price of the handbook as discussed under the Benefit

Yoo
7

Model, will rise by a factor of l 43 over the decade of 1975 to 1985.

This is based on the trend in the prices for scientific and technical
books published in the U. S. since 1960. ' ,
The lifetime of the handbook and the discount rate are prediEted

to remain the same.

S



. . > 2

“

Effeets of Innovation 1: Portable Acceptable Microfiche Reader (PAM) '.'7.,

This discussion presumes the development of a slmply constructed,
highly acceptable portable fiche-reading unit whfch could be used by
‘an individual at home or in the office. By utilizing new technology such
st as "fish—eye" micro~imagery, the poor read quality now widely encountered’
would be radically improved with consequent increase .in user acceptance.
On the basis of information from manufacturers now working on the develop-
ment.of such a product, -the estimated future price is around 3100 per unitfs
2 As described in Chapter 7, the studyxteam performed a. relevance
‘ analysis on the impact of the PAM on the IAC products and functions, and.-
on product characteristics perceived as important by the user.' The con~
rlusiéns of this analysis were that the PAM would: ‘ i L
- have a minimal effect osiquery response. ‘ :
-~ have a moderate effeotxon handbooks in general, This impact
would be expressed mainly\in a change of medium and some
accompanying change in' format. There would also be some minor

impact upon the cost and currency.of the 1nformation produced.

o3

- - slightly affect storage, retriéval and repackaging requirements
“internal to the"IACLitself.

The baseline séenario developed above permits a more det?iled and

. specific analysis. " Consider first,-however, different ways in which the .

“ PAM could affect the IAC and the IAC's potential and actual market.
The wider acceptance of microform which a PAM dould achieve would
result in reduced storage réquirements for a fixed amount of data.. Because .
microform is cheaper to produce, more and more information would be- pro-

- duced in this form once acceptance was certain. «if present/trends continue,.
by 1985 the price differential will be about 8.5 (17 2) betWeeh a ‘'paper 5_
and a fiche copy of the same report.2 A probable result of this would be .
an increased tendency for individuals and. companies to store more data -
themselves, thereby decreasing thei? need for outside information services.

We do not believe that these changes would greatly affect the demand
for the type of service provided by either inquiry reSponse or handbook.
However, introduction of the PAM could lower the cost’ of/alternative (i.e., -
non—IAC) sources of inquiry response if the use of microform increases

_the relative speed of conSulting such alternative sources, thereby lower—

~

ing their cost as measured in time expended. : , /.

a - . v R Lov
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: In our %naleis, we assume that, if the Ikﬁlhandbook‘is produced { o
as microfiche, a policy will be adopted calling for. a complete reissue '
of the handbook every year and frequent updates of appropriate segments

) ‘during the year. Frequency of update would depend on tQE—EEEJECt matter,

. i. e., on the maturity of the technology as reflected by its; probable rate-
Zof-change.\ We have chosen a quarterly update in this-case,- which might
consist of/only a s1ngle microfiche representing 96 pages of textual |
material. The sav1ngs to the IAC of "producing flche rather than hard
copy would probably be offset by the more frequent updating.ﬁ One intan--
glble benefit of this policy to the user would be.the increased currency
of the information.. - : -

- Table:24summarizes our analysis of the changes from the 1985 base-
line to be anticipated as a result of the PAM. innovation. The . specific QKL E
changeg'are discussed in subsequent paragraphs._ Those parameters which
are unaffected are not mentioned except where they are of spec1al interest. l\(.
Any parameter sh&Yting Tess than 57% is considered unaffected ‘

N : d The number of uses per year of the 1nquiry response service by a

'single client decreases 10% to- refléct the probability that ‘the c1ient

will store more data of his own or will use someone else who does so as

. a source. For the same reason, the number of: users may also fall, but

v

by the less than significant amount* of 5%.

With regard to the handbook benefit model we calculated a more-

)

moderate reduction in cost of handbook than that used in the surprise-

free scenario, which was based on a projection of prices charged by

NTIS for their reports in fiche and hard copy. This difference in cost
reflects the facts that there will certainly be a 'switch-over penalty
“in; ‘cHanging from ,Paper production to microform equipment, and that ‘cost“

is defined as price charged for a unique product and 'as such "is not likely

to drop so radically.' A price—reduction from $35 to $10 is postulated.

L The lifetime ‘of the handbook has been ‘assumed to drop from the presént
v 5 years to one year based on our time~:itimate for issue of a new hand—
book. For purposes of this analysisgkﬁk have defined "life-time" as the *-

time period from one issue to the next. ' The number of handbooks.sold per

year 1is assumed to increase by 10% as a tonsequence of decreased price,
s # .

combined with increased currency. o *f% -

-
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. Table 24. -Alternative Scenario No. 1 for 1985: Vafiatiéns Due to
' the Portable, Acceptable Microfiche Reader (PAM)

’

K

Parameter

Benefit. Model: iInquiry Response
~ .

' Time saved per use

Number of uses per year
(by one client)

Vai;é/hour of user time

v Price charged by 1AC

BASELINE

1985:1975
. Value

1
12.5:8.9 = 1.40
62 p.a. = 1.79

_ '1985:1975

Valu

e

" INNOVATION 1. (PAM)

v

\_\yumber of users per year 1 - .95
'Benefit Model: ‘- Handbook
Time saved pé} use _ 1
Number of uses per yéar’ \ 1 o
, Value/hour of user time 12.5:8.9 = 1.40
*Cost of handbook. 26.6:18.6 = 1.43 10:35 =".29
‘Lifetime of handbook 1 | T2
. Number of handbooks sold/year 1 1.1
IAC Cost Model: 'Inquiry
Response and Handbook g
Fixed: Rent | 6.5:5:4 = 1.20
- Telephone 5:17 = .29 -
S ,9,. _ Furniture & 6% p.a. = 1.79 : . )
... .7 7 ... equipment . R V! '
- " ‘'Office supplies '28,2:21 = 1.34 '
Subscriptions: ¥ 490:462 = 1.06
. ’ @‘ _ 250:166 = 1,51 i1.60(1 . P 5
- 4 . Total = 1.60 2 17 :
103
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Table 24, . (Continued) AlternativguScenafio No. 1 for 1985: Variations- v
Due to the Portable, Acceptable Microfiche Reader (PAM) .
7 ' BASELINE «  INNOVATION 1 (PAM)
| 1985:1975 © 1985:1975
Parameter ‘ , : vValue Value .
TAC Cost Model (Continued) ‘ o ' ’g ) N
Fixed: Advertising 3 o ¢ )
‘marketing = K 1:9;}.35 = 1.41" )
Copying & : ) : ' . .
reproduction | .48:,37 = 1.30 . - 1.17
Postage : 24:13 = 1.85 i.10 )
Travel .. .086:.076 =1.13 .. . o
Computer. time _ , 3:11 = .27 o L, .
Computer terminal - .21:2.7 = .08 | o . ‘ _""
sSalaries: 4 ' ‘ 7 - _f//*’/——%
Manager # ‘ 1’ - - S (5 ‘
@ 22.5:15.5 = 1.45 -
' Total =145
Clerical # - 51.7:51 = 1.01 |
' e 9.5:7 = 1.36 : ..
Total = 1.37 - ' - :
Profeséional # - '67.5:51 =.1;32 |
e * - 18:12.7 = 1.42
Total = 1.87’. _ ‘
* Total ' ="1.59 L o -
‘x&_?::Fringe benefits , o 25% '85 salary: Y . .
o ,:' AU 15%;f7§ws;la§yiJ . ; [ ;;;
L -85 o R
. Allocation Factor 4 IIM, a
Vériable: Salaries: N
Professfonal ' - 1.87
N Clerical . . 1.37
>Computer time & ’ : ,
supplies ‘ 3:11 = .27 _
" Professional hours %7.5:51v='l.32:q_  - -
T'ﬁiéc00nﬁ,raté o U o ' o
Time horizom o 1 ;
106 |
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In consddering components of the cost model for inquiry response,

'specifically, increased investment and maintenance costs for furniture

and. equipment, we find no significant change from the baseline case.

W%Ff%fl y one, professional researcher assumed for this model, only omne
g, at, most, two need be considered. In order to be truly

.-.; the cost ‘of the PAM reader will be of the order of $100,

'f'which when amortized 0ver 5 years can be disregarded. The cost. of
! purchasing.microfiche production equipment would presumably be ascribed

to the handbookhservice.

. Office supplies will.include microfiche as well as paper, but
without knowing the proportionate usage by different services there is
no rational-basis for.modifying/the baseline estimate. Microfiche is
not yery likely to be used for inquiry response. If it is used for the
handbook,;the more'frequent.updating and publication of new editions will

" probably offset the inherent cost advantage of fiche over paper.

The estimate for subscriptions will change because of the general

.shift toward microfiche. We calculate that the number of subscriptions

will remain the same as for the baseline but that the cost of those

received in fiche will be down to .12 (2:17) of the paper cost. Based on -

‘our " earlier. study3, fifty percent of S&T professional literature dissemi—

nation will be in microform by 1984. Accordingly, we estimate that half
the subscriptions will be at the reduced price. The adJusted subscription
total ratio of 1985:1975 values with PAM therefore becomes .89. -

<«

Copying and reproduction costs undoubtedly will also reflect the -
shift towards microfiche, bﬂp it is difficult to quantify the variation.

" respomnse, this/parameter will be dominated by the greatly reduced cost of .

If handbook‘prjfuction is ‘counted as a. "fixed cost" relative to inquiry o

lmicrofiche _versus paper disseminationg somewhat modified .by the increased

Wfrequency of update and republication, and fhe increased sales. If this

parameter is considered to be invariant with regard to all specific servi-
ces, it will still be affected by the assumption that 50% of.incoming
material will be in microform, so that reproduction'of fiche—to—fiche or \
fiche—to—hard—cgpy/;ill be involved. The former is.much cheaper (2:17 By >
12?5) than paper-to-paper. The latter is currently about ‘twice as costl}\

' per page as- photocopyfhg, but Iike1y~cg become much cheaper as demand in-

- . } .
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-;‘_first year and 16.7Z ‘each year. agter the first. R 1, I o

.drop in the lifetime of th

creases. Accordingly, we have assumed that,reﬁroduction costs will
drop by 10% in current dollars in this scenario. .
A similar consideration has to be applied to postage. Micro-
sfiche weighs much less than paper (about 1:64 by informatiou content).
We assume that the microfiche'makes up 50% of the total pages dissemi-

nated and is(sent fourth class, while the other .50% goes by first class
’

: mail. Based ‘on projected changes in postage rates, the multlplicative )

' factor is 1.10.

The only. other quantity that seems likely to change in Chls : -

scenario is the number of professional and clerical hours. . As a conse— °

quence of the more frequent handbook updating, there should be some
reflection in terms of increased hours. :However, the variable in this
model refers to inquiry response, whereas the increase will show up in
connection with the handbook. Thfglmay result in-increased staffing
requirements which in corn would affect the fixed salary costs.

The parameters for the cost modelrfor the handbook change in
several ways to reflect this scenario. First, since the handbook
will.be publishéd once a year and updated on a quarterly basis, the)
costs of handbook preparation will occur every year, rather than in
Just the first year of the five year cycle . It is likely,. however, that
a larger share of these costs will be incurred in the first year since

the following years will involve an update process, rathe; than pPrepara-

“tion of an entire;y new handbook. . Therefore, the total handbook prepara-

tion costs, which arei?ssumed equal to the one-time preparation Eosts

~in the surprise:gree scenario, are distributed as,foilowsf__334vih:the e

<

N

The printing cost of the handbook will fall significantly since it
will be published in. fiche ‘rather than on paper. As discussed previously,

the price differential between a paper'copy:and a fiche copy of the same

. report in 1985 should be approximateiy 8.5:1. Thus, if the printing cost

of the hard copy is $ .50 in 1985 e "printing" cost of the fiche ver- N

14

76. : ' ,
andbook will fall from $35 to $10 because. of the

sion should be about

The price of the

andbook and because of the lower cost of

oY)
\
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Although the lifetime of the handbook is reduced from five years

to one year, the time horizon for considering costs and benefits is
. maintained at five years to provide a comparison between this and the

other scenarios. This is consistent with the assumption that the
annual publications of the handbook after the first year are more like
updates than like entirely new handbooks. The discount rate remains the
same. |

Sales of the handbook are predicted to:increase by 10Z. This means
that instead of 1000 handbooks sold over a period of five years, 1100

i ' handbooks will be sold every year for five years. .

Effects of Innovation 2: Terminal—tosTerminal Conferencing (TTC)

Terminal—-to-terminal conferencing allows the user.to connect
his terminal with the terminal(s) of one or, more others sso that direct
communication can take place. This innovation represé//z a phase of

communications *echnology midway between the telephone conferencing

capability that exists today and the cable television (CATV) and video .

phone conferencing of the future. 'lts widespréad adoption will affect

the IAC in rious ways, both supportively and competitively. Support-

ively, it wjil primarily»affect the inquiry_responEE$service by raising

the benefitskprdvided by that service. The user,'sitting at his terminal,

can directly communicate with the analyst at the IAC as the analyst works with
. the computer. This gives the user much surerﬁcontrol over the form of his
S request and enables. him to receive almost instantly the output from the

computer. He can then review the Output and discuss changes with the

analyst. He will keep his paper copy of the terminal/terminal conference
as the official response of the IAC..
. Terminal-to-terminal conferencing also allows the analyst at one
IAC to call upon the data banks. “of other IAC'sby "ringing up" his counter—
part on the terminal. The user then has access to the combined knoq‘edge-
" of several IAC's. »

On the otner hand, terminal—to-terminal conferencing will make it
both easier and cheaper for a potential user to consult non-IAC suppliers
once .their identity or location is known to him. 1In terms of the con-
ceptual model, the total demand for inquiry respOnse services from all
sources will rise since a new type of information, that of information
source location,vhas-now entered the system. A new or expanded invisible
‘ 3
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college will emerge based upon TTC which may have the effect of reducing
the total deﬁand for handbook-type information. From the IAC's point of
view, therefore, the handbook will be unaffected or else will be less
in demand. The inquiry response service will be subjected to opposing
trends: a decrease due to users employment of TTC to access alternative
‘sources, an increase because of referrals through the .invisible college
and the creation of a demand for different types of information.

Table 25 summarizes the specific impacts of TTC in terms of the
cost and benefit model parameters. Again, we consider changes less thaﬂ
5% insignificant and we will discuss in the text only thosélparameters
Significantly affected or of special interest.

‘The inquiry response benefits, as already mentioned will be intangi-

ble in many instances since they consist .of improved user interaction and
participation in the response ‘activity, hence,'increased user satisfaction.

The number of uses per year by one client may drop as he becomes aware of

alternate sources so we have estimated a 107% decrease. However, consider-

ing all of the trends discussed above, we have estimated a 10% increase

-

in the number of users.

) Where the handbook is‘concernedn.the time saved per use may decrease,
not/because of decreased efpectiveness of the handbook but because this
measure 1is relative to alternative sources which may now be more effective.
We. have shown this as a 5/ decrease. Because we feel that the handbook
may be referred to during TTC transactions within the S&T community, we

also show a 5% increase in number of handbooks sold per year as a conse-

(Y'Y

guence of increased awar/hess.
Applying the inquiry response cost model, the expenditures for
;furniture and equipment may increase as much as 10z due to the need for
purchase and maintenance of terminals. This estimate may be high since
terminalpcosts are predicted-to decrease radically by 1985. However,
‘we allow the figure to stand since the decrease .in price will probably
be offset by the introduction of ancillary equipment or more sophisti-

cated terminals. Although: the nature and balance of office supplies may,

change, the total cost is still likely to be dominated by paper costs
and will remain as reflected in the baseline scenario. '

’
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Table'25. Alternative Scenario No.. 2 for—1985: Variﬁtions Due
to Terminal-to-Terminal Conferencing

BASELINE ' INﬁOVATION 2:

. . 1985:1975 ' 1985:1975
- / Parameter ' ) -Value _ Value
‘Benefit Model: Inquiry Response ¢
Time saved per use
: ) Number of uses per year N 1 e ' .90
.~ .« . (by one client) . . . )
‘ N T Yalué/hour of user time : ©12.5:8.9 = 1.40
' Price charged by IAC | 6% p.a. = 1.79
,Number of users per year : 1 - 1.
Benefit Model: Handbook . ,“:‘ L

Timé“saved per use

-] T T s

- | : Number of usesvpef year,
Valqe/hour of user time . 12.5:8.9 = 1.40
- Cost of handbook i . 26.6:18.6 = 1.43
" 'Lifetime of handbook . L -
LNumBgt of handbogks sold/year ) 1 . 1.05
IAC Cost Modél: Inquiry * ~ '
Response and Handbaok
Fixed: ' Rent S 3 -6.5:5.5 = 1.20
- | Telepheone - - 3:177¥_.&9 . '
Furniture & ' -
equipment - 6% p.a. = 1.79 _ 1.97
s ‘Office supplies - 28.2:21 = 1.34 " » . ‘
; | ‘Subscriptions # ' 490:462 = 1.06 . KRN
L ) e @ . 250:166 = 1.51 | :
| _  Total . = 1.60
. A Advertising & . :
= . ‘ marketing .7 1.9:1.35=1.41
Copying & ) : S
reproduction .48:.37 = 1.30

Postage ) : 24:13 = 1.85
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{ Table 25. (Continued) Alternative Scenario No. 2 for 1985:

’ Variations Due to Terminal-to-Terminal Conferencing
" BASELINE INNOVATION 2: TTC
o O ) oo ) '
I 3 o 1985:1975 - 1985:1975
> Parameter N . Value : Value

IAC Cost Model YContinued)

Fixed: Travel . N .076:.086 = 1.13

Computer time ©3:11 = .27 o .
bompute: terminal . .21:2.7 = .08 - . .12
Salaries: = ' .
Manager # . 1 -
’ e : 22.5:15.5 .= 1.45 =
Total o= 145 . -
Clerical # *'51.7:51 = 1.01
@ 9.5:7.= 1.36
Total = 1.37 ‘
: Professionai i . 67.5:51 ='1.32 .
’ e 18:12.7 = 1.42° -
Total - o= 1;87j o
Total = . o =1.59 |
. o 257 '85'sa1ar§e:\
‘ ‘.fringe benefits . «15% '75 salaf§
| ‘ R ¥= 2,65 <
_Allocafion factor 1

Variable: Salarie§:

1.87

f;qfessional )
o Clerical h '1.37-
- Computer time & 1 . -
supplies : 3:11 = .27
2R T o ‘Professional hours ©67.5:51 = 1:32 ' >
Discount rate ‘ 1 ' ; .
\ Time horizon : 1 . : . ~
<
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2

Copying and reproduction and postage may be affected bét probably

o not significantly., Because telecommunication is more expensive than

f’ o - postage, the bulk of responses will proBably still be mailed out except

-

where speed is a factor.

3

;JL The impact of this innovation upon computer time and computer.terminal

charges depends wvery much on how these charges are assessed. According
&B.jour interpretation computer time is concerned mostly with accessing
- large. data bages and would probably not be significantly affected by
the introduction of TTC.. However, terminal usage would- certainly.increase
in connection'with functions involving research to fill gaps and,in inter-
;action with the inquirer. The figure of .12 quoted here represents a 50%
increase over the baseline scenario. This is the minimum to be expected:
Jit may easily go as high as 100% (.16); howeyer,nwe:electedlto:use the
e " more conservative estimate. ) - ' o
We have assumed no impact on salaries. Although the increased
interaction ~capability would put a greater load on the professional staff,
and, hence,’increase the number of personnel, this increase would be” counter-
# balanced by a decreased load on the cle;ical staff where material was

transmitted directly via the terminal.

Finally, the .variable factor of computer time and supplies directly :
- chargeable to the inquiry responSe service has been shown in the table '
as unchanged on the basis that increased usage and decreased cost.uill
- : balance each other. The wide community increase in terminal usage should
result in a terminal purchase/rental;cost.decrease even more significant
‘than that postulated for the baseline scenario.- o ;
The impacts on the cost model for the handbook are relatively minor.
The changes in the allocated share of the IAC fixed operating costs are
presented in the discussion of - the inquiry response cost model.  The
'handbook preparation costs, handbook’ printing costs, and selling price-'
. - are the same as the 1985 Surprise'Free Scenario. Sales .are- predicted to f
— ﬂ‘increase by 5% with respect to the 1985 scenario so that a- total of 1050
handbooks will be sold over the five year period' rather than 1000. = The \';'

" time horizon and discount rate remain the same. - oD 7,' 7
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- Application of Cost and Benefit Models to Scenarios

0

-

Applylng the cost and benefit models to the 1nquiry response service

and handbook service ‘for this scenario (1985 surprise-free or 1985 SF)

' produces the results éﬁown in Tables 25 and '26. The net present 'value

(NPV) of the "operating" costs for the 1nquiry response service rises

“from $246,939 (1975 scenario) to $383, 473. This is primarily a result
of the significant. increases in salaries predicted £or the 1985 surprise~
free scenario., On the other hand, benefits to users change slightly,
dropping from a net present value of $257 ;603 (1975) to $245,827 (1985 SF).
This is a‘changeiof slightly less than SZ and is not considered slgnlficant.
The overall effect "is, thus, to change from a positive net benefit (bene— )
fits to users minus IAC operating costs)_to a negative one because of the .

— significant increase in operating costs without a corresponding increase.

in benefits to user. ‘The breakeven p01nt (net &Osts to IAC equal to net

" benefits to users) for the 1985 surprise—free scenario is 3270 hours per

year (number of hours customers are charged for) compared to 1918 hours
for the 1975 scenario Thls 707% increase, as p01nted out above, results
\primarlly from salary increases. . ) : ' <

‘For handbook service, the net present value of the 'operating" costs L

-"changes from _$201,662 (1975) to $301 142 (1985 SF), again prlmarily due

to the significantly higher salaries predicted for 1985. The net present
value of the benefits to users rises from $44 359. (1975) to $61,216 - .- l
(1985 SF). Thus ‘the overall ‘net benefit changes from $- 157 303 (1975) 1; s
‘to $-239,926 (1985 SF). The breakeven point for handbooks (beneflts to—
’=users equal operating costs),' for the 1985 surprise free scenafio is
3448 copies over the five . year life of the handbook (average annual sales
"of 690) as compared to 3257 (average annual sales of 651) for the 1975
7 scenario This is a 6% increase in the breakeven point:and is barely - ©
-significant : ' : .
_ ' THe results of applyiig the cost and benefit models to the 1985 - ‘ ,
: PAM Scenario are presented in Tables 26 and 27. For the inquiry response_'
- service, the net present value of the net costs of ‘IAC operation is
$369,159 and the net present value of net benefits to users is $160, ll9._"
This gives an excess of costs over benefits of $209 040, which is 524 )
greater than for the 1985 surprise-free scenario. The breaxeven point
for this scenario is 4936 hours, 157% higher than the 1975 scenario and

- 51% higher than the 1985 surprise—free scenario. The higher breakeven
: : _ 9
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1 - -Table 26. Summary of Costs, ‘Benefits and Breakeven Points for | t
) : Inquiry Response . - -
R . NPV NPV, NPV . BREAKEVEN
SCENARIO © COSTS($)  BENEFITS($)  B-C($) POINT(H:RS)
. 1975 - 246,939 257,604 ‘10,&65 v 1918
'1985 Surprise Free 383,473 245,827  -137,646 . 3270
1985 PAM 369,159 - 160,119  -209,040 - 4936
1985 Terminal = 384,460 = 185,403 .~ -199,059 5100 -
E . ", . . ';. ... »l ‘“.
> = - PR . .
.Tablé 27. Summary of Costs, Benef-its, and Breakeven Points for
. : Handbook Service ; : ax :
T 0 \\ - ) T ) R B S .
o S NPV - " NPV’ NPV BREAKEVEN
. : SCENARIO ~ COSTS($) -BENEFITS($) ' B-C($) - POINT(VOLUMES)
1995 " 201,662 . 44,359  -157,303. . 3257 .
1985 Surprise Free 301,142  61,216-  -239,926 ~ 3448
. 1985 PAM . - 274,869 148,273 -126,596 1829
| 1985 Terminal = 300,033 . 58,857 . -241,176 3648
=
y ) ) '
N .
' -
1339 '

g T
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to be to different purchasers each year.

point results from both higher‘operating costs and a lower level of

benefit to each user. =

For the handbook, the NPV’of IAC operating costs are $274 869 and

'the NgY’of benefits to users are $148,273, giving an excess of $126,596

'of costs over benefits. This is a lower deficit than for either the

1975 .or the 1985 surprise—free soénario. The breakeven point, however,

is 1829 copies per year. Direct comparison of sales volume between this.

'and the other scenarios is difficult because ‘'the method of publishing is

rdifferent as is the lifetime of the handbook (one year instead of five

years) Thus the 1829 sales might (and probably would) be to the same

purchasers each year while for the other.scenarios, the sales are assumed

¢

_Application of the cost and benefit models to the 1985 Terminal—to— )

".Terminal Conferencing yields the rmsults presented in Tables 26 and . 27.
. For. the inquiry response- servicey the NPV of the net costs of IAC opera—
tion is $384,460 and  the’ NPV, of benefits to users is. $185, 401, y1elding e

an excess of $199,059 of costs over benefits. As with the other scenarios,

this deficit 1s primarily a. result of higher salaries and within the limits

. of the modeI, no major increase in the :level of service or of benefits to

‘ users. The breakeven point is 5100 hours charged to users. This is the

-

'highest of4any of the scenarios.and is 1662 higher than the 1975 scenario ?;g
ggvalue '-'*ﬁ&r.;" SR S 4 .f. . N
':;§ ' For the handbook the NPV of net operating costs is $300, 033 and thev\
.;.NPV of benefits to users is $58, 857, giving an excess of $211, 176 of costs .
?“ over benefits. The breakeven point is 3648 over the five year life of
- the handbook (ayerage annual’ sales of 730) which is lZA higher than the .

.1975 scenario. ~This demonstrates the ‘sensitivity of costs and benefits -

to sales volume. Since.most of: ‘the handbook costs are fixed (associated
with handbook prepara;ion), total costs go up very slowly as a function of
sales. The marginal cost of printing is the only significant ‘variable cost.

Benefits are, however, linear with. respect to sales volume ' Thus, a

-:doubling of sales increases costs by only a small percentage while benefits}

are doubled. . . - ;
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| CONCLUSIONS AND RECOMMENDATIONS

Ay

Highlights o " R ' o S .

~ The research effort described in this final report has yielded
improved knowledge abput IAC's and IAC economlcs. This improved

- knowledge should benefit policy formulation and decision making on the

levels, mix, and pricing of IAC services. Highlights of the research

_effort

and the results inclnde the following points:

An’ IAC performs evaluation and research functions which make an

+ IAC and its services and activities distinct and unique among

information centers and other information services.
The research effort developed models for performing cost benefit
analyses of IAC's; the models are consistent with observations

about IAC's and with economic principles.‘

.Data to permit calculationg of costs and benefits are lacking,

'particularly lacking are benefit data.

Potentially 1nc0mpatible 1ncentives exist between federal

funding policies (guidelines for: IAC managers) "and economic '

_efficiency considerations. -

Technological changes can affect IAC operations, particularly_.'

_during the 1980—1985 time period._ However, the inpacts of. tech- .

nology are likely to ‘be less on the unique IAC functions than -

on- other information center functions.

IAC/cost accounting systems should include the identification

and allocation of major cost items in a useful, consistent

.manner. . The system should provide for detailed allocation of

»personnel time.‘

Additional research is needed to estimate'the?benefitsvaf'the'

IAC services which utilize evaluation, analysis, and synthesis.

(
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Uniqueness of TAC Functions

SO .

- An IAC performs many functions that other information centers
perform, and an IAC's activities include many that are common to mos B,
information center operations. These functions and activities include
the collecting and screening of data and documents, the indexing and
storage of:information and documents,‘the accessing of stored infor-

. mation and the communication with other data bases, and the repackaging
‘of information to meet the particular needs of the users. |
jé— L ',_'. » However, an IAC also performs functions that are unique and that
o make an IAC distinct from other information centers. The unique func-
tion of an IA€C is evaluation. Not only does the IAC screen. data and
documents for relevancy to the subject direa, but the IAC evaluates the
data and information.' This evaluation activity examines the quality of
the information and compares the content of the documEnts with related‘:
information in the subject field. When the results of these evaluations’
indicate a’ knowledge gap, the IAC may undertake research to fill the -
gap. The evaluation and synthesis, generally performed by subject
L= ' . specialists, set an IAC apart from other centers which provide informa-

tion services.:

_ Cost Benefit Models R ' -

'}; . The research effort produced models of costs and benefits associated -
B 3 with IAC services. These models Have several characteristics.
1. fThe models treat multiple services and illustrate -
'interactlons between services- - \” s
2. The models afe consistent with observatlons about the
~ | demand for IAC services and with fundamental economic .
,;» | - ', principles' and ’ . i e
‘ ' 'y 3. The benefit model permits the calculation of a lower bound
| on benefits to the IAC users. .
'jr_': . However, the benefit model does not permit an estimation of the
h social benefits, and there is some indication that the lower bound v
;; : estimation of benefits is too low. Using the models to develop only
quantitative estimates of benefits does not reveal sufficiently detailed'

: information on the impacts of technology, vhich is judged to produce

T
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impacts on the expected value’of benefits and the potential forbbenefits
Crather thanpchanging substantially the lower bound on benefits).
Perhaps thexmost important aspect of the models is that they pro-
vide a consistent framework for examining the economics ‘of IAC's. The
.models incorporate known observations about IAC'S' and furnish a frame-
'(l\.‘- work for formulating-hypotheses and making future observations about the

supply and demand for IAC services.

>

Data Availability

. There are 1nsufficient data on ‘the demand for IAC'services‘to permit
meaningful studies uslng the. benefit model. The cost model provides a
.framework for utllizlng normal cost accounting data, and thus the avail-
ability.of cost data exceeds the availability of benefit data.

. thure studies are needed’to improve the 1nformation available for,
calculating benefits. It is " recommended that additlonal research effort
be undertaken to develop information in two categories.

The first category is that of private (or organizatlonal) benefits.
Information should be developed which would permit more meanlvgful esti-

_mates_ of the benefits of IAC services to ‘the user. In particular, the
relative‘valnes of the different characteristics of the IAC services
(e.g., timeliness, cost, accuracy, preclsion) need to be examined.

The second category, is that of social (or societal) benefits. Thev
indirect and societal benefits of IAC operation, such as the benefits
resulting from the codification of knowledge,: should be examined These
benefits may greatly exceed the pr1vate/organizat10na1 benefits of an’
IAC, but currently there are not data to permlt an estlmate or a.calcu—

e lation of the magnitude of these benefits. '

-

Potentially Incompatible Incentives -

-

.Currently, managers: of many federally sponsored IACfs:operate under
the-guideline of recovering about 50% of the face value of‘the federal

~ support contract by charging user fees. This guideline°assures feedback
on the utility of IAC services, since it is unlikely ‘that a user will

continue to pay 2 fee for a service which is not useful. ‘However, there

is ho~assurance that this guideline leads to the socially optimum 1evel

118 .—__ . B ) . ~
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or mix of services. Additional studies on the values of the IAC services
are needed to determine whether, ‘and to what extent, service charges can -
be used to establish valid indicators of the socially optimum level for

an TAC service.

Technological*Changes

The cost benefit models, while inadequate tools.to determine quan-

titatively the impact of technological change, do indicate substantial

'impacts on IAC operations by technological trends and events. These ;nk
' impacts can affect all phases of IAC activity, but the effects on- the
A-unique JAC functions (evaluation and-research) are Judged to be less

" . than on functions common to many types of information centers. It

appears that the evaluative and research functions because they involve
mental judgment and ‘the utilization of mental resources, are less affected

by technology than some of the other information service functions. How—

.ever, there can be considerable changes in how the: evaluativegind research’

functions are performed. "For example, the widespread implementation of

terminal- to-terminal conferencing can affect how research is performed by

'improving the efficiency of communication among members of an "inv1s1b1e

college".

Cost Accounting Systems _ B T

Cost accounting systems which collect and report the coé%s of pro-

viding IAC services are feasible and should be utilized by all IAC's.

The implementation of such systems will permit more knowledgeable dec1—

sions and policies regarding the level mix, and pricing of IAC. serv1ces.‘

" The systems should include provision for consistent accounting for maJor

..cost items. Personnel time, in particular, should be allocated to major

servige outputs in.a:meaningful, consistent manner.

Value of IAC Functions A

-

The "value added" by the unique IAC functions of evaluation and

| research needs to be examined. " This value added, resultiong in higher

'quality data and information, is relatively expensive, since it arises
. o . v -
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from the application of resource’specialists’' efforts. There needs

'to be a careful examination of how valuable such quality appears to

be to the IAC user. As a minimum, » here needs to be some estimate of

the relative value of. "data quality" compared with other service

characteristics such as responsiveness, ease of access, cost etc.

This study of the value of the IAC function is the single most i:mport-—

ant next step in developing cost beneflt informatlon for IAC services.

~
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1
yINTRODUCTION

This appendix reviews the literature relevant to a cost—benefit
study of information analysis centers (IAC's). - It is intended to
-review the ideas from the literature which were judged most salient ~
and relevant to the research effort. ' _ -

4 This literature review is divided into eight general subject areas.-
Although ‘there is con51derab1e overlap between some of the papers rev1ewed
here, they,are categorized by their primary emphasis. The eight areas
are' (1) General Reference and Background (2) Economic Analyses of
'Information, (3) Financing of IAC s, (4) Cost Accounting for IAC's,

. (5Y Cost Recovery and User Charges, (6) Marketing of IAC Products and .
iServices;.(7) User Appraisal'of,iAC ?erformances-and User Needs Studies -
- and (8) Descriptions of IAC s. - a ' a
| Thé results. of the 1iterature survey 1nd1cate considerable 1nterest
- in ‘the problems of: ihformation dissemination such as qser needs, cost.
a»accounting, and financing of 1nformation centers and IAC's. However,
much of the literature is qualitative and that which is quantitative is

~

<
usually case specific. RN -
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GENERAL REFERENCE AND BACKGROUND
An excellent reference and background source on. information

centers 1is Information Systems Services, and Centers (Weisman, 1972)

The book is concerned with several aspects of infbrmation such as the
properties of 1nformation systems and services, mechanisms- of informa—
tion transfer, design considerations for information systems, technical
details ‘of documentation, administration of information centers and
services, and the financial support for and concept of the worth of

information services.

7
The last three chapters of the book are devoted to.an examination

of the inf%rmation.analysis center concept - The” background functions,
and definition of IAC's are reviewed with emphasis on the distingu®sh-
ing characteristic of an IAC critical evaluation. In addition, sev- i
eral typical IAC s are examined to illustrate the environment of IAC's

and the impacts that these IAC S have on science.i The last chapter

" contains an analysis of . the characteristics of federally supported

IAC's in’ terms of age,- professioﬁZl fields, host organization, "service

and products, sponsors, and size of the IAC. Aé%’litazive criteria for:‘

establishing and disestablishing IAC's are presented to provide some

guidelines for decision and policy makers. The status and;prospectus

of IAC s are also TevAewed. -7 : Lo .o - '
"Information Analysis Center. The Challenge of Being Needed"'

(Branscomb l972) provides a good overview of some of the basic needs

for information analysis centers in. the’ dissemination of Scientific and

technical information, the tr itional undervaluing of information, the
factors limiting the pfices f’ produ s of an IAC, the_ importance of -
criticafly'evaluated data in research, and the role of automatic data
processing in IAC operation, Inﬁaddition,ha basic methodology fofﬁ .
measuring the success of IAC's is presented in terms of questionms “that
should be asked of the users. of IAC' S, of the IAC itself, and of the

R&D policy makers in government,and industry. The author suggests five

‘necessary and sufficient requirements for the success of .an IAC:

B - s 14g-
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Aruitoxt provided by Eic:

L ~ ~ ‘“1-. z 3 - .
competence, continuity, completeness, consc:.ence, "and’ cash The con—'__, Lo
cluding remark is a quotation of a recommendation from a- report to

. the Secretary General of the OECD that ‘goverrments ,shou:Ld 1uc‘rease
their -support of the information interchange mechanism and .i..« that
policies and strategies for scientific and technical informar.ion ,'.' é ’

- should be d_eveloped as an integral pa;t of design of policy as a_ ,:_-' s )
'.whole- ,anc‘l- R&D policy in particular.. ., . s : — t o - o
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«

ECONOMIC ANALYSES OF INFORMATION

v
- .

The most interesting, and innovative, reseagﬁh to come to: light
in our "literature search and review is a 1971 MATHEMATICA report to
the National Science Foundation entitled A Cost-Benefit Approach

to Evaluation of Alternative Information Provision Pfocedure (sic)"

. & (Baumol, 1971). The research was directed by an eminent economist,

. Dr. William S. Baumol. The report is actually a compendium of four

distinct reSearch projects, each investigating a salient aspect of the

‘economics of information. Interestingly enough, insofar as cost-bene=

fit analysis is a fairly well defined approach to economic viability,
: o : . T .
and:the title of“the MATHEMATICA report notwithstanding, none of the

four separate research efforts deals with cost-benefit analysis. " In

- particular, with the exception of the one macro-econometric study,

there is little in the way of benefit estimation, a sine qua non of

cost-benefit analysis.

; The first of four separate research studies is the just mentioned .

macro-econometric approach Building on some well—recognized work of

Griliches, Mansfield aﬁd’ﬁenasi%g’in explaining gross national prod—

‘uct over time as a function of inter alia, ‘a variable measuring dis- °.

embodied technological change‘ this stndy introduces a flexible.”
distributed lag formulation o &D_e nditures- The model was esti—
Imated using various specific hi g formulations. While the approach |
showed promise, there were suffigient discrepancies ‘between the,'
MATHEMATICA %esults and those of other studf%s regarding economics of
;scale that the results.were judged questiOnable. - "H , L

. The second research study is a microeconomic analysis of effi-
ciency conditions in information dissemination. Insofar -as the analy—
sis posits a fixed amount of government subsidy available for all .

dissemination channels the research does fiot aid in finding the bene-

. fits of such dissemination.' The results of the analysis are expressed'

as the usual economic manginal" characterization of optimality. A

number of heoretically interesting casesiare analZZEd and discussed.

‘.
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The third study follows the lines'pioneered by Lancaster in his
A New Approach to Consumer Theory" (Lancaster, 1966) in which coms
modities are characterized by a vector of characteristics."While the
-approach 1is spelled out cleafly, the empirical'problems of'demand es~
timation remain. The model appears applicable to the design of new
information channels, but adds little to the resolution of benefit “
estimation problems : : ' : " ' _ o . !
The final studxgdeals with the economics of two scctor unbalanced
growtﬁ* It is shown that the nontechnologically progressive service
.sector will demand ever increasing labor supplies in the coming years.
‘Such results are shown to be applicable to cost forecasting for infor-
mation services.Q The model is seen as providing input data for use in
the potential application of the second and third studies. ' -
A.D.J. Flowerdew and C.M.E. Whitehead provide a critical survey . -
Sf economists forays into the information science field in "Cost- '
ﬂ_Effectiveness, and Cost—Benefit Analysis in. Information Sciences"
- (Flowerdew, 1974).. For our purposes,vthe-most interesting_conclusion
- was as follows:LE"Despite much interesting work, no really satisfactory .
cost-benefit stpdy hag, yet been carried out...no investigations have |

e

really faced u té the problem of assessing the valuenoffextra infor-
—ation.to a firm or to society... "

v ",

Flowexdew and Whitehead provide a fairly complete discussion of

. the princ1p1es, applications, -and- problems of cos}-effectiveness and -

R

S .-

“cost—benefit ana yses “in infori'!ion science.. As economists, they are
:CFitlcal of improper costing techniques which pervade the 1nformation Y
1iterature. They take care, to point out the important ‘classes of prob-- '
lems economists can fruitfully attack and outline the approaches and

data relevant to “each problem. . ~ f
The "Report of the Panel on Economics. of the Science Information o,
Council" (Danilov, 1973) is a relativelz_nontechnical overview Jf the

_principles, problems, and approaches of economic analfsis (particularly .
i cost-benefit and cost-effectiveness) as applied to the, information f#‘
v A .
science field\ For our purposes, their main conclusion s: "Though T

_b'it m£§ in rare instances be possible to get objective éaasures of bene— .

. ) . .. = 7 1“
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fits, or lower bounds -to them, in most cases the ultimate judgment of
value will ‘have tq come from the\multitude of users or purchasers of .
'the services' these will usually have more expert and firsthand knowl-"
edge of the benefits ‘delivered than anyone else...." The authors feel
the most useful sources of quantitative information onz!bnefit values
are "market responses“ and "investment of time by indiyidual users.

There are many more general references to the economics of infor-

mation. These were discussed in the proposal under the classifieationS"

risk analysis, search behavior, market ‘signals, advertising, research -

and development, demand analysis, pricing policyo and cost analysis.
The discussion will not be repeated here, Jhovever, Specific references

to these'tgpics are inqujed in the bibliography for completeness.
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_ FINANCING OF IAC'S

’
Y

One of the fundamental questions'concerning_IAC's is whether they

'should be completely publicly supported, i.e., subsidized by public

funas, or completely privately funded. Two informative papers on this
subject which present somewhat different~viewpoints,vere reviewed. |
The first paper, 'Fundamental Aspects of the Financing of Infor-
mation Centers" (Schwuchow, 1973), provides a concisefstatement of the
basic question and offers some answers to. these problems. Five ques—
tions are presented with a- short d scussion of each. .Briefly, these
questions are (1) should public or private funds be used to financeﬂw

information centers, (2) can ‘centers be operated on a profit making

_basis, (3) should centers be financed from general tax ‘revenue or from

-.user fees, (%) should fees be based on costs, an&’(S) what practical

forms should fees take. In answering these questions the author. feels :

~ that these_centers will by their nature be primarily publicly financed
~(but- that private financial resources should be used wherever possi-

“ble), that in certain information sectors the market place mechanism

is useful and desirable, and that user fees (with some limitations and
exceptions) are appropriate.. However, he considers the level of fees
to be quite. controversial and so presents the pIO and con arguments
for cost recoverv through user fees. In addition, he outlines the
principles to be used in formulating a fee policy. Some of the possif
ble forms of user charges for the different services provided. by an

#

information center are presented o : ) : .

A paper which offers a different perspective 1s "IAC's and the

‘Private Sector" (Norton, 1972) Because of the slow response of the-

private sector t expanding information needs during and after WwW II,
the federal_go Tnment became involved in funding of informatiBn pro4f'

grams. However, in- the author 8 opinion, .the private sector has made

_much progreésVin recent years in this area and now has real contribu- -

tionslto make. in the field of information. This presentation brings

out some,of the igsues facing the private sector in deciding- on thei- .

. T
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feasibility of/an IAC-type:information service, whether with or

without government‘support. THese issues are presented in the form

of seven questions with discussion of the pertinent aspects of each
question. The author concludes that -the private sector is qualified
to work with JAC's in the deve10pment of cost-effective and widely

useful information’ services and that the private sector is probably in

‘w

-a unique position with regard to answering the seven questions pre— B

. sented in the paper. These areas are estimating market size, evalu-

ating the need for customer education, estimating all probable start—

up and ongoing expenses, obtaining and applying user feedback, identi—. ,
,fying and making risk investments in development and publications of
useful byproducts, applying cost. reduction techniques, and- developing

maximum penetration of the market given that protection from unfaif\

competition is provided.

°
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- - C COST ACCOUNTING FOR IAC'S
Since operating costs must be well defined before realistic cost

recovery systems can be implemented the literatyye was reviewed for
papers concerning cost accounting systems for information services.
A good overview paper in this area is "The Practice. of Charging Users
for Information Services: A- State-of—the—Art Report" (Penner, 1970).
The author performed an extensive review of the literature to identify
actual operating cost accounting systems that charge usersﬂfor services,

the attitudes cf users toward being charged for information services,

and the degree of concern about cost-accounting for information centers.‘

In these areas there was a scarcity of articles on actual operating
systems (although their desirability was frequently mentioned), a gen—
eral resistance to.paying for information, and a scarcity of -information

on cost accounting for information services. Some data on costs of

unit operations were collected and are presented, but the author feels -

that arriving at realistic cost figures is risky because of the "unique"
aspects of each system described, and the,lack of standardized. defini—
tions of terms such as "input costs", searching , and "abstracting .
-The conclusions drawn concerning the’lack‘of’information on the-
practice of charging users for information services were that (1) pay-
ing for information was not commonly accepted by society, (2) charges'

vmust be based on xealistic costs and the methods for arriving at ‘these

charge, they didn't write about it. The author perceived that the

evasive attitude t0ward costs was changing, at .least in large operating

systems. .3.' S

_ A paper which goes. into.some detai1 to 1ain an approach to de~'
termining the costs of an information center- is "Real Costs for Infor-
mation Managers" (Price, 1973). The - operational system described a

building ‘block cost analysis, is based on: the premises that (1) theA

'most effective display of information systems costs is in terms of unit

k4

by

T costs were stiIl primitive and (3) if centers did cost-account and did ¥
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costs and~(2)'unit costs are only meaningful in a framework which

includes all costs of the system. . -

-The basic approach to building block cost analysis is to iden—
tify the activities of the information system such as general costs,
ad hoc efforts, inputs, outputs, and collateral services. For eaéh '
of these activities the classes_of charges are itemized (e.g., direct_
labor, fringe, computer usage, other direct costs).to determine the
total direct costs.//gor these costs which cannot be directly asso-
ciated with production, some realistic: method of allocation is used.

The result is a detailed breakdown by activities and- function of the

-unit costs for each operation in the informatioh system, which pro-‘

videg the decision maker meaningful information concerning comtrol

‘ and ‘reduction of costs and possible service charges'forhusers.

The problems of obtaining cost information in a techpical in- :

formation center are addressed in "Hanagerial Cost Accountfng for a.

Technical Information Center" (Helmkamp, 1968) -This-Ph D. thesis is

..

cancerned specifically with & NASA Regional Dissemination Cénter..
This center ‘which, provided two basic services, retrospective search

and selective dissemination, had the objective to operate as a self—

~.fsupporting ‘entity. Thus the need for relevant cost information was as-

vital as in any business firm.
The approach to the problem of providing cost information con~ .
sisted of ‘two steps. First, a formal managerial cost accounting

system was designed expressly for the two information services. This

»system was then ‘implemerited for a trial period to - test its effective--'

ness. The ‘data developed from this‘system can then be used in the -

s-,tistical cost control model developed as the second step in provid— o

ing -eliable and relevant cost information. The statistical cost sys-.

tem is founded on the theory of statistical quality control\and permits

management by exception. ‘A random sample of five searches is selectedv

each month for each service and the- direct costs associated with each

-search are recorde&‘p The mean and range of each sample are then com-
.pareg\yith representative values to test the null hypothesis that® the

' direct unit’ search casts are in control ‘ . —

Y



. The major conclusions of this study are that "objective manager-
ounting practices such as those developed in the preceding
d essential in the operation of a tech-

ial cost acc
chapters are both possible an

nical information center."
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| EBST'RECOVERY AND USER CHARGES FOR IAC'S - -

Several interesting papers were reviewed in the area of cost.
recovery and user service charges. This is ah area of considerable

interest, especially for IAC mdnagers, because of the concern over

-diSéouraging information transfer through thé'imposition of'user

service charges. - .

The first article, “"Information Analysis Centers - DoD Policy
on Cost. Recovery (Christensen, 1972), reviews the DoD policy regard—
ing sgrvice charges for IAC products and the concern which prompted ;
this policy, i.e., that the benefits from some DoD IAC's were not com-
mensurate with the qpst;oﬁgthe JAC. The benefits of IAC's have been .
difficult to measure and because these benefits must be established
if viable information activities-are ‘to be maintained; service charges

were selected.as a mechanism of démonstrating‘these benefits to policy.

makers for'resource\decisions, 'The posSibility of adverse effects on

Ta

.-DoD R&D‘programs is recognized and therefore the effects of service

charges on IAC's are being closely monitored. In addition, the author
points out ‘that’ service charges are a means of?which more DoD IAC's
can be opened for use by the general public.

"Another - presentation in this area, "DoD Policy on Cost Recovery
as Viewed from an Information Analysis Center" (Veazie,,1972l, is an”
overview of the problem faced by DoD IAC's in implenenting Ehe DoD
policy on cost recovery. Some of the obiections to- this policyiare the

effect on relationships between the IAC and its users, (especially those

‘beneficial to the IAC), the reduced utilization of an IAC. after insti~

tution of service charges, and the induced timé lag between compilation
of data and its availability to users (presumably due to more paper-.
work and procedures).. The efforts made by EPIC (Electronic Properties -
Informationicenter)‘to recover costs through user chargeslare presented.
The main purpose of the article, however, is to present a plan by
which TAC's can make DoD's cost recovery policy work and still maintain

the IAC as ,a national resource. The basic premise of the plan is that

Ji
w
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network. This’marketing organization would have responsibility for

a marketing group be included as an integralbpart of the DoD-IAC

"market research " The author feels that the implementation of such
a plan can "...retain the IAC network and publish products that sell /
because they are beneficial to the customer. , ‘ - /,
A pragmatic approach to the prpblem of determining what users \
'should be charged for information sSrv1ces is taken in '"'Costing Infor—~
mation Services" (Lutz, 1971). 1In his opinion, basing user charges on
estimates of user benefits is not profitableuand therefore, user
charges -should he based on costs of services provided, since charges _
based )n costs would be easier to develop, understand, and evaluate. -
Starting with this assumption, the author then examines four different
types of user charge systens, discussing .the advantages and disadvan-
tages of each. For any user charge system selected, the decision of
what costs are to be recovered-must also be made. Four levels of cost
recovery, from the full cost pricing to minimum value pricing, are
outlined with an example of each, using cost figures for an 0perational
- information center Finally, the author presents—eight steps for_

implementing the cost analysis and user charge system. _ s

P
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MARKETING OF IAC PRODUCTS AND SERVICES ‘

Because of the requirement for some federally supported IAC's to -
‘recover a significant ‘portion of their operating costs, the marketing
aspects of the products and services of IAC s have received increased -
attention. In the paper,.'Marketing the Products and Services of \
‘ Information Analysis Centers" (Roch 1972), the problems of production,
L L publication, technology and marketing are explored. William Roch
identifies the'marketfng challenge for IAC‘s.asteing..;"to identify
and reach the group of pmtential users evenlwhere.this group is of

a narrow scientific or technical discipline." Other problems are

—

created by the ac ptahility criteria of economy, timeliness and qualé“
ity. His conclu ion concerning the market value of evaluated data
compilations 1s that the information is valued by users at only slight—
-.gf_"«f_ly above the distribution cost level. He also-identifies examples of
| “user oriented data products, their characterisgécs;‘and traditional
oo | publishers of these data products. |

Another paper in the same area, "The Marketing of Information

Analysis Center Products and Services" (Veazie, l97l), examines the

.l“'

need for national guidelines on IAC service charges and the factors

that determine what products and services are galeable and what could -
be charged for them.. He outlines four different objectives of IAC's, -
the advantages of using an IAC the variables that affect IAC operation, -
the objectives, advantages, and disadvantages of service charges; vari-
ables affecting guidelines for marketing; factors influencing demand

_'—4‘ o ' for . IAC products and services, distribution channels for these products
. and services, and the. problems involved in the measurement of benefits.

T Two case studies of IAC's which have implemented service charges are

1

'presented.' In addition, a survey of federally sponsored IAC's concerg-v
ing attitudes of their managers to marketing products_and_services was

-performed. The results'indicate that most managefs feel that service

' charges would interfere with or reduce the effectiveness of their ser-

vice.

- 182
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A third paper in the area of marketing is "PLASTEC | Reports Sell-
ing Through National Technical Inforﬁation Service " (Pebly, 1972)
* This paper reviews the sale of reports ofign IAC rhrough NTIS over a
two year period. - The vs:—‘.tle of poblications by the Plastic Technical

" Evaluation Center (PLASTEC). ﬁas first.considered when it was recognized

that DoD was moving in the djrestion of cost recove(y The development_

of the arrangement with NTIS and the results of sales on several re-
ports are reviewed. ‘AlthOugh sales of PLASTEC reports have been gen—
8 erally good the total distribution of PLASTEC reports was appreciably
less than beforevfree distribution was stopped. This article provides
someggood insightllnto tbevtype or problems oncountered in_parketing

[ 4

the products of IAC's.
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8 .
USER APPRAISAL OF IAC PERFORMANCE AND USER NEEDS STUDIES o

¢

The report, "User Appraisal and Cost Analysis of the Aerospace

Materials Information Center" (Scheffler, 1970), is .an evaluative

_ study of theaperformance of the AMIC docu?ent retrieval system in

terms of its ability to meet the information needs of the users and

.the variations in operating costs over a period of time "The degree

'_ of user satisfaction was estimated using an evaluation questionnaire

- an inquiry, but the responses to this-particulaziédZstion are of. lim-

»ited value in the opinion of the authorsa

mailed to over 340 past users of AMIC (twenty—nine telephone contacts
were made initially to check out the questionnaire) This special
questionnalre, different from the search evaluation form routinely
sent with each reply 0-an inquiry, was designed tn'identify user’
characteristics: (orgdnization, type of work, subject area of work),
satisfaction with information obtained from AMIC (speed, pertznence),

other sources of information used, and suggestions for 1mprovement of' s |

. AMIC service There was no attempt to determine perceived benefitsfon_.f

the part of the users. There is some quantitative attempt at. si:gfic ,5¢_.'
to o

estimation on the search evaluation form sent out with ‘each rep

+

Because of the difficulty of quantifying benefits to users, the .

only .economic data presented are historical operating cost data which

‘relate to the efficiency of systems operation. - I

Although this report does not attempt to estimate benefits of
users, it is useful in terms of identifying user character1stics ‘and
user satisfaction with the products and services of -an IAC, and provid—
ing some cost data on operating a typical DoD IAC. . .

A Ph.D. thesis which examines the degree of use of IAC's is "Use
of Federally Supported Information Analysis Centers by Special Librar-
ies in Large Companies (Sternberg, 1971). v The objectﬁves of the study
were to determine the extent of use of IAC's and to establish the per—

centage of- user and nonuser libraries, the profile of user and nonuser

1libraries, the reasons for using or not using the centers, the ratings

c
~
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: N
of the’services of each center, and the effect on the libraries,as}ﬁ“ﬁg
., 'i.. N -
result ‘of using the '‘centers. 24‘;?'
S P

haldi] *

) The study was conducted using a lengthy questionnaire sent to ‘ﬁi '
the libraries in the top ‘100 companies in the "Fortune Directory of - :

the Largest Industrial'Corporations.";:The total number of libraries

Swier,

‘surveyed was 548, of which 386 responded. Of thesei386 respondents,
94 used IAC's and 29 of the 94 felt that the use of the-lACfs saved - .
. their library money. Other results of the survey were that mAny 1i-
_ brarians (46%) encourage their patrons .to use 1AC’ s, that the great o L
| maJority (SOZ) consider.lAC s another resource tool and that-the reason
given most often for u51ng an IAC was the availability of supplementary
services. A significamt number of libraries were not’ aware of/the
existence of IAC's, an indication that IAC's need to do a “better job
of advertising their serv1ces 7
As a result of this study,_the author makes'several'recommendations
(both to librakies and IAC s} incfﬁdlng (1) more libra&ians in special . N
1braries ‘in large companies should use IAC' s, (2) both small and large | .2
;special libraries should take advantage of IAC services, (3) IAC s -
should advertise to reach libraries that are ndt ‘aware of;IAC s, -(4)
IAC's should adopt programs to. educate these libraries that do know
S ‘. . about IAC's but don' t use them, (5) IAC .S should continue to provide .
state—of the-art reviews and other unique publications, (6) iAC s should

-

improve their servicés- £0 _their users will be better satisfied (7) a

llaison should be provided between "IAC"s and speclal librarles, and (8) .

a set of guidelines to foster use of IAC's should be adopted by both

librarians and IAC's. R .- - ' B

[T

A recently completed study which examines:the‘utilizat;on of IAC's

is "Scientific and Technical\Infor ation Needs of Users or Potential

~

Users of -the DSA Administered DoD Information Analysis Centers" (Corri— - -1hQ‘
dore, 1976). The Defense Supply Agency (DSA) serves 'as administrative”.
‘manager for ‘eight DoD—sponsored IAC s and 1s responsible for providing-
program guidance to these IAC'S. To inSure that this’ program guidance
is-efféctive, DSA obtained feedback frqm Defense. scientists and engi—

neers- by the use of two separate but related surveys The first as=

- . L <

[3° %




. - N P TR U | S DA BRI
& . I’ k‘ . AT 3 __.__‘:_-' R
> T . N s .
] < . . o : 1\...\.; . s "& : /: Ny
- Y Rt b ) h_“x! k) o e
PR j»l sessed the. users ligel of satisfattion while the second determined“‘“
Ll users' scientific ‘and technicaI Information needs. This report de-

TR ' scribes the results of both these surveys.
| L The survey to determine ‘the level of user satisfaction' was dis-
_tributed to 27 of the leading DoD/RDT&E aboratories/activities ep-
' gaged An R&D effort within the«IAC s - ‘aras - of technology - 0f the 19
- '. laboratories that respoaded 952 were satisfied with the technical 7
fields covered by IAC's, 93% were satisfied with the products and
services offered by the IAC s -but a 51gn~‘icant percentage (69%) uere
either completely: unaware or only partial y aware of the existence of
- - ‘ IAC s. As a result of this last finding, several actions have been
\; | ._taken to increase the awareness “of IAC's -among DoD scientists and ﬁ
-\engineers.' Theée include briefings to selected laboratories, d!i*,
tribution ofca User Guide for IAC's to approx1mately 30,000 Defense
gcientists and engineers, announcements in DDC's Technical Abstract
v-w}AE . Bulletin, promotional mailings to selected individuals/organizations,
o "and identification of and contact with potential IAC users. 3 A -
_ : ' The User Needs Survey was conducted among 949 personnel at 51
l major DoD R&D activities to identify specffic, job-related sciéntific.
: and technical 1nformation needs of Defense scientists and. engineers.
of tpe 51 activities addressed, 47 responded with 703 questionnaires.
Some of the principal f1ndings were thay (1) 72% of all respondents
ﬁ.é . ‘experience difficulty in locating, obtaining and using. scientifio{and 'Q//
technical information, (2) 24% of the respondent s~ time is spent in
locating,,obtainingvand'using this information, and (3) respondents
5ggener;a_lly need more facts,. data, findings or constants’ than other types
R T of information. Based on the findings of this s;rvey, the following
conclusiOns and recommendations .are presentedy . , '1"
1y DSA should increéase the scopes of IAC s and direct them'to
N . produce handbooks, databooks, and State—df the-art/reports, :hf
A (2) ‘the most. important products or services that can’ be offered
2 ' by IAC's are handbooks and databooks, SRR Ll
(3) DoD scientists and engine;rs have . a great need for summary

- o L .' type scientific and technical information,




Cige

- .and informatioa servic;//s well,“and,(Z) improved access to IAC'sS by

“bench‘level personnel is required. - =~

.
4 .- : s .

(4) by increasing their scopes,';SA'IAC's can satisfy-approximate—'
ly 40Z of the infbrmatign neegi identified in the study and,
(5) IAC's collectively appear to«be underutiliaed whrth apparently
stems from- a lack of awareness of the existence .of IAC's.
Another study which examines the: information needs of scientists
and engineers is "'User Survey Report“ (Haddock 1976) " This studyf;as

performed for the Defense Documentation Center (DDC) by "Auerbach Asso-

" ‘ciates to (_ identify and document the scientific and ‘technical infor-—

'mation (S&TI) needs and management information needs for the DoD Re—

search Development Test, and Evaluation community, and (2) to identify

user problems associated with the acquisition of S&TI/RDT&E management

"information provided by DDC or other government or nongovernment-sources.[

A total of 100 organizations were surveyed (25 in each of four

- cage 'ies) with\;?enty staff member's selected randomly from each orga-

‘nization. A total of 698 1nterviews were successfully completed}'

The princ1pal findings of‘thiSrstudy are (1) local libraries are
the primary formal source of infolﬁation while "distant libraries are

_ preferred by a very small minority, (2) technical .rep! ts are preferred
to other formats for information presentation, (3) printed media are

preferred to computer printouts and microforms, (4) users will not pay.

for information services unless the quality of service is substantially'
improved and targeted toward their, precise needs, (5) increases beyond
the current level of response time ‘are unacceptable, and (6). support - '

personnel reported a significantly higher rate of IAC ut&&ization than X

: be@ch level ar management personnel-but total IAC usage is low.,”ﬂa; ,; o

‘As a result of this study, two ef the conclusions and recommenda—

-

7tions presented are (l) DpDC should ‘move from a position of prd%iaing"} 5

only bibliographic,_document —orjented service to the prov1sion of fact

[
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' . DESERIPTION OF IAC'S . =~ .
'“A'paper’nhich describes . the/organiaation'and operatioﬁ'iffargroupf* 2

of IAC's is "The Information Center Complex at Oak. Ridge National Lab-
oratory Bibliographic Information Services for ERDA Activitiés“ (UIrik— :

* “son, '1975).. The ICC, established in 1971, provides ORNL, ERDA and

_other g government agencies with information in several areas;includingg

L'energy, ‘human health, envi:onmental impact, radiation, trace contami—

ﬂfnants, land use and planning, and ecosystems remodeling and analysis.

The major types of services supplied by ICC are bibliographic

references, directories of researchers, inventories of current research

projects, factual information, numerical data, organization of collected
material, and assessment of information. ‘The paper prov1des a descripﬁ

ion of each of these services including the types of information in—‘ ;§g¢
cluded and the ways in which these services can be utilized. In addi-
tion,\the organization components.of the ICC are described in terms of
their areas of expertise, and the specific services and products B

offered Of the thirteen components of ICC, five are didentified as

Y-IAC s in the 1974 Directory of Federally Supported Informatlon AnalyS1s

Centers. = . - .

EY A\: i - .
o 2 e
Another paper which provides a description.of the organization,and‘

%psration of an IAC is "Data Availability and the Rolé of the EROS Data' ;‘ s
Center" (Watson 1975) ' The,Earth Resources (EROS) Data:Center was R

established in 1972 to serve: as a.prime dissemination sBurce of LANDSAT ' ;

and other remotely sensed. data ang information.

The centersprovides datag both in the form of photographic images
and in the. form of digital data on computer compatible tables (CCT s), .

and services”in the form of domestic and international. training, prep- R

-,

(>,\
aration of education aids, the conduct and documentation of applications

’ demonstration projétts, and application assistance in the use of spe—:'

cialized analysis equipment.
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This paper describes the thtory of the EROS Data Center, some of

""the spec‘*f:.c produ‘cts @.nd serv:.ces available, the typgs of customers

utilizing the center, and the volume and trends of safes over the past

sqveral years. In addition, the procedure for obtainigg d +2 from

the. center is outllned T
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As is evident fromathis literature review, little of the'available
v literature is concermed with quantificatgbn of benefits of TAC's and
their services Although the benefits are perceived as significant, -

;}.f“;Tf the.progress toward realistt s*imation of these ‘benefits has been

| . nininal. In-general, the. availab’ literature tends to concentrate on |
-the services provided by IaC 's and the costs of providing these services.
The literature which does disc:ss use of IAC services is. case specific

) ':and thus does not offer much useful data for ‘the development or testing

;}}‘ ‘;of a cost—benefit methodology for IAC's. , ' :

Y I Another conclusion which Seems apparent from this literature survey o
Ed is that a low level of awareness among potential IAC users 1s ‘a continUrL‘i

' ing problem, at least for DoD IAC s and likely for other IAC's .as well |
Thus, the potential benefits could be. much 1arger than current benefits _
'simply because so many potential IAC users are not aware of IAC products

and serv1ces. For those users who are aware of IAC products and services,\

o

s

'theaoverwhelming maJority of those surveyed are satigjded with the avail— 1~“f

-;able services

[y
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COMPETITIVE MODEL: An-abstract fodel of.a market economy which satisfies

certain well-defined assumptions.
Economists ‘have shown that an act
model will make the most efficien
off as possible (according to the
‘are made in addition.to .those cha
shown that observable market. pric
goods and services. d

" COMPENSATING VARIATION: In consi

-
-

- R '~ GLOSSARY OF TERMS _ ’
: . 3 a ’ - 7' 4 R = K . ‘ ‘
NS . . ' T . - , .
) This glossary defines major terms frequently employed in cost analjg;s;.in_.’
cost-benefit analysis and in connection with information analysis centers
as they will be used in this study. 5 |
" . ALTERNATIVE COST:  See'“opportumity cost'. R R CR

It is the basic model of econamic analysis.
ual economy patterned after the competitive
t use of resources and-make society asgwell
Pareto criterion®). If ce ain -assumptions °
racterizing the competitive model, it can be-
es equal the shadow prices*of the economy's
T . . ) ’ . - - ) :
dering .movement from one economic statefto .

~ another, the maximum amount of money Phe individﬁa;-uould be willing to pay
to make the ‘move (if he favors the move), or the minimum amount he would
.accept’ as compensation for ‘making the move (if he does not favor the move).

 CONSUMER'S ‘SURPLUS: The differeice between what a consumer would be willing

to pay for some good and the pric
surplus are derjived from the cons
4n cost-benefit  analysis when the
" significant price change in some
tion to .the more technically prop

COST: ., What must be given up to a
individuals are often different t
transfer payments*or externalitie
car is a cost to an individual bu
represents a transfer paymenpt* Op

e of- that good. Measures of consumer's ‘.
umer's demand curve, and are widely used
project.-being- investigated will cause a
good. Consumer‘s surplus is an approxima-

er -compensating variation* . R

o
N -

cquire or achieve something. Costs. to

han costs to’ society.. This occurs when

s*are involved. Examples: Buying-a used '~ -

t is not .cost :to society, since the transaction
~rating a car is a greater cost: to society

“ than-to an iﬁdividual;‘since‘pollution_is~creaﬁ¢d, “This-}s anfexternal T

" “diseconomy. g

-

s e

. LA . . ./ B . . . . . L o N LT » '. R
COST-BENEFIT ANALYSIS (CBA): A systematic evaluation of a project to deter-
, mine whether, and to what exten

) COST—E#§§crivENEss ANALYSIS .(CEA)
. approaches .to achieving.a specifi
cost approach. CEA is most asefu

B 'meaningfully translated into'doll

PR
L}

B - - { “ - 4\

LINY

its social benefits outweight its social

T ' costs; il@o;’thébvari_ , techniquesvused to perform the evaluation, such
+as shadow pricing nd. d scqunting.f*CBA;draws*beav}ly on:the cgncepts and
.. metheds of economics. T e R
oo e . .- B B R : o Lot ." ---(v~°~ R

: _Aﬂsystematiq'evélﬁatidn of’ alternative
ed goal:® The object is to.select.the:least
1 when'the benefits z.e not’readily and

ar amounts. -
oo . : . .

A0S

) AR 5 . . . ," DA . . i B . R R R . .
- ~.Indicates the term‘itself[is\defingd_iqnthiS'glossagy;;;- L e
. P . . e . v, ._.‘ & “: ::3. K LT F - . .. PO -, .__..‘ el ,\‘: Y B - . -
; ';) R . ? .'; . - . _A.
4 A i . y 4 . - - -
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"COST RECOVERY: The policy instituted by the Federal government whereby -. .
some Federally supported_IAC's*are required to charge for -their products .
and services where the users can reasonably be expected‘to,pgy fqrﬂ;heée
‘products and,services: The term "full cost recovery".normally means the

s .

N

'+ jetermined by the IAC;*for example, data cgmpilatiGps, etate-of-the-art
. 'and survey reports, handbooks, ‘etc., whic ‘are directed by the IAC missiom - . * -
'-ﬂ_ordisciplineiVeazie, 1972).. See‘"reactive output™. = - : S

,

)

recovery of all direct and indirect costs; however, it‘iS'sbmetimesjiooséiy’

‘used by IAC managers and athers, to mean’ the recovery of only marginal costs.

» - . -

CRITICAL DATA: Data which havé been reviewed By knowledgeable resedrghers and’

are .judged to be fgliabIe,';.e., that data which may be used with confidence. f

in planning_expgriments;‘;educing results,,and.interpreting phenomena
(Garvin, 1970). .. . .. N j S e

e <
- . <

DEMAND: The schedule of the various quantities of same good which will be *
purchased at:various prices during a specified périod of time. - The:concept’.

_ may refer to an individual good or to thé ‘sum of all individual goods - the mar

* Demand schedules may be represented in tabular, graphic, or- equation form. - =

-

« .

ket... 7

DETERMINANT OUTPUT: ~The products and services of an IAC whose' content is® ;\j'L'

P
. R

S : . - ' . : . R .
DIRECT- COSTS: Costs that_gre specifically traceable to or caused by the ' ...’

~ production of a product or provision of a service; some examples-§r§gthe

1abor and materials used in producing a product or service (Anthony,"1370)i‘"_3

s

¢

" DIRECT EFFECTS:i Increased real value of bptéut or real cost aséoééated:ﬁiih',ﬁﬁ

.a project.

-~

" DISCOUNT RATE: Given some bemefit (or loss) which will be incurred at

S e

-some specified date in the future, the number which, when the :futyré benefit-

- (ot 1loss) is discounted by that amount, makes that. benefit (or 1loss) comparable
to ‘one incurred in the present. The number is usually specified as an annual

_ rate. _Example:’-Suppose'$100 is expected to be received immediately. If
the discount rate is 10%, 10% x $100 = $10 means the $100 gain now is -comparabl
to.$110 in one year. - - ' ' o L SR
ECONOMIC STATE (OF AFFAIRS): . The distribution of qtility,'br’sapiéféctiqn, .

. among_the members of sgciety. ' _ S \

3 -

EFFICIENCY: A chardcteriétic of a part, or the whole, of an economic systém--

- ., Efficiency prevails when, for a given amount of ‘input, the greatest’’possible -

~ .output is:prodgced.“'Alternatively; efficiency prevails when, for a given
" ‘amount of output, the least possible input is used to produce it. -~ .
o F X . , . ‘ )

.
-

jELASTiCIT&E' A}measure of the fespénsiveness of quéntitv to-price‘alopé

e

ot

, demand'or_supp;y‘curves. It is defined as the percer .:«v :hange'in”quantity -

“divided by percentage change in price.

-y _ o _ o
EQUILIBRIUM: = A state of balance between opposing forées. An economic
equilibrium is a situation which is gravitated towards and,. once achieved,

remains. The most common application is market gquilibrium; wherein the:  e—

- e b
© : [N
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> EQUILIBRIUM (continued) . - ‘b . o - _ . &§\
. forces of supply and demand drive the market price to an equilibrium. At B

R

eqdilibrium, the price tends to remain constant unless disturbed by new

. forces . : &

: I , S : © -

~

EQUITY: The "fairmess" of the distribution of income, or utility, in 4n f .
economic system. Since the concept .inherently involves value judgements, ’
there are no acceptable universal Quantitaﬁive measures. Ordinarily, in .

L CBAX the decision: paker,.when presented all the evidence, must.subjectivel§ .
- . =~ determine whether reasonable equity sgandardsiére satisfied. ~ e T

EXTERNAL EFFECTS: . See "externality.”

- "EXTERNALITY: A factor which causes an individual or firm to become better s
or worse off, but over which that individual or firm has no control, and
for which that individual or firm can be charged no fee (in the case of )

- . an external economy) .or can exact:no compensation (in the case of an extgrnari

_ diseconomy). Pollution is an oft cited external diseconomy- .= = ° ) '

.

FIXED COSTS: See "nonvariable tosts".

" FULL COST: . The sum of all direct and indirect costs; total cost; the "full
cost price" of a product or service is basedgn all direct costs for that™ ,
product and service and an allocatéd share of the indirect costs (Anthony, -1970) -

-

-~ FULL COST RECOVERY: See 'cost recovery".:

- - IMPERFECT COMPETITION: A term characterizing a ‘market which is not perfectly "k
competitive, such as monopqu;*oligopoly, or monopolistic competition. S -
wg%.INCOﬁMENSURABLE; Aﬁgain'or loss-which, while éasily quanfified in its owmn
dimensions, is not readily translated into monetary terms. The classic '’
example is the loss of human life. . Number of lives lost is (usually)
easily determined, but the associated monetary'value‘ié,elqsive-

‘ EEINDT‘LRECT COSTS: Costs not asséciatedfdiréctlyfv1;h the_products producéd or .
. — - . services provided. Some examples are rent, utilities and tax@gl(Anthony, 1970).
. - S - e , T R -

INDIRECT EFFECTS: - The impact of a'project op*the‘re§t,of\thqveconomy.

" Indirect or secondary benefits are a form of.gxterﬁal benefits. . Their
inclusion in cost-benefit analyses has been .subject to violent attack in
recent years. ~The logic of counting these benefits should be garegglly.~
constructed and justified in terms of the objectives of a project. ' s

-

i‘\;i -

'INFORMATION ANALYSIS CENTER (IAC): n_ .4 formally structured organizational. . - o -
unit specifically (but not necessarily exclusively) established fof'the purpose; ’
- *bf;acquiring, selecting? storing, retrieving, evaluating, analyzing, and syn-—, ]
thesizing a-body oftinformation'and/or'data in a clearly defined specialized Care
field or pertaining to a specific mission with the. intent of compiling, di=-. '

=

+  gesting, repackaging, or otherwise organizing and presenting‘pertinent.1q£drm§tiqﬁ.t'
and/or data in a form most authoritative, timely, and useful. to a society’of -
peers and management." (National Referral Center, 1974). An_"academic™ IAC

{s one which primarily serves .academic users and is therefore usually located
s in.an academic environment. : ‘ e ” : o .
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INTANGIBLE: A gain or loss for: which thete are not apparent dimensions in
which to quantify the value of the gain or loss. Examples would include -

. gains or losses in fields of aesthetics,. personal freedom, social justice,

. international peace, or changes in.the distribution of income?

»

_ . INTERNAL EFFECTS: The effects of a project which acerue diréectly.or .
.. -indirectly to the entity under’ study. - They arEjthé_benéfits.(cQ§ts) o o
© which are “captured" (suffered) -by a-project and clearly are included = T

. in a cost-benefit analysis. . . - : < ¥ LY ’

- MARGINAL COST: The change "icf =l cost that results from producing one B
C extra unit of product“or'ﬁerv;g%wwmf 100 units can be produced for - $500 . |
~ and 101 units can be produced for $502, then the marginal cest at 100. . . -
. units is $2. (McCarthy, 1968). . C

-

MARGINALISM: A characterization applying to.most forms of economic analyéis
in.recognition’ of the fact that economic decisions are rarely 7311 or nome" .
‘but rather '"'more or less."” Thus, economic decisions are most oftén made

"at the margin™s . o : T .

‘l" . . . . . LT . S.. S

o C - ‘. - o :
MONOPOLY : A marKet 'situation in which.there is only one firm selling a

product with no close substitutes. ~Also,. the firm itself.- =~ . o M

Y

G

. NET PRESENT VALUE: A single number representing the value of a future
©  stream of benefits and cost discounted to- the present : . )

NONVARIABLE COSTS: Costs which do not vary at-allﬁwithivblume; fixed
costs (Anthony, 1970)- ' - : s -

- NORMATIVE' ECONOMICS: See "welfare ecomomies”. . . = - . S

: Lo - . g Y S e S
.OPPORTUNITY COST: Sometimes called'"alterpative_coSt,““JIhe.value of “the
. benefits foregone by chgqsing,gne'tourse 6f.act10n,over'anoth§f;; As-an

aggregate measure, itjﬁglqpmposed'of_ind;vidualgshédqw-price*_aluétiohs.Y

RION: ~This is 4 criterion.for judging 'ﬁ'économic_sgapé*whiéh .
: “fg-ﬁigﬁfﬁegreéfof,acqeptaﬁéé'ahong'écoﬂpmists. It states thft
% gPareto) superior to\tate Two if, in\State One, no one is
‘worse offREhan he would be in Sta -Two and at least one person.is'bettér_3-

.. off. The % iiem with the Pareto Criterion 1is that it fails to be ap licable
- " to real siﬁﬁ:cig@s;wherein ‘some persons are worge off, and somé bettes\ijf, in- -
géing-fromféf;te.ta.another.“ See a1so "potential pareto criterion’. .

R R T : Ey Y SN -
- jP?CUH}ARY‘EXTERNALfTIES:-ﬁThe;financial effects of a pfoject on other parts
-9 ﬁgﬁ'economy as-;eit‘thfough price changes for outputs or inputs.” They '
ro are/not generall inéluded among the
) "

a. »
s

i,:-..

~ ' : effects of a proge;t\becaUSe;they
PN _gbypqt'reflect changes® in the.yeal,prqductioh oﬁ,goods?hnd_sérﬁiéés and
e bften-gouldelead,tthhe_double counting of project benefits- on cos®s,

; .).: . . . ..ﬂ_!'l -.ﬁ' ) 9 ) - ~ . - - i ,".
- ~pOSITIVE "ECONOMICS:’ That ‘branch of economics,which ﬂesqribes,-explains, and =
— - predicts actu 1 economic phenhemena. - It is devoid of.value‘judgements, Saying . -

héthing_ébout*whe;ﬁerlbr?not(given economic states“of.af%éirs*are good: or bad-(—~*
e e N e . _ . ‘e

® - b. . ’ o
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POTENTIAL PARETO CRITERION' This is a -decision criterion’used in judging
. the superiority of an economic state. By this criterion, State One is
judged socially superior to State -Two if those who gain by the choice of : oot
one over two could compensate those ‘who, lose such that, if compensatlon '
were paid, the final result would be ‘that no one. would be:worsze off. This
is the criterion most frequently used in cost-benefit analysis

. - PUBLIC GOOD:. A good with two characteristics;,, s

i) Non—Rivalry in Consumption - =
ii) Non-Excludability . . . /
" . 4
-The first means that, at least up to'some point, tHe consumption of the good
" by ‘one person does not diminish the- amount available to another person. " The -
second,means that, once provided, it is impractical, or impossible, to ~
exclude anyone from consuming the good. Examples of public. goods include
bridges, parks, national defense, and diséase control.
REACTIVE OUTPUT: The. products and services of an IAC*produced in response to
a specific request; for example simple dnquiry answering and blbllographlc
services (Veazie, l97%____§gg,ﬂdEterminant output"
SCENARIO An outllne or synops1s 1ndicat1ng Scenes, characters, plot, etc
This term has been adopted from theatér use to-dramatize the need for
establishing and v1suallzing clearly the detailed nature of a proJect
‘alternative.

SECONDARY EFFECTS: See "indirect effectsu"

SELECTIVE DISSEMINATION OF INFORMATION (SDI): A type of current awareness
service which provides a user with notif1cation of accessici of new documents
by title and/or abstract, based on the user's probable interest as evidenced
- by a match between a. 1ist of descriptors for' the document and his- field-of- )
interest register profile,(llst of descriptorsg characteri21ng his interests) -
(Welsman 1972) , . - E o .

SENSITIVITY ANALYSIS: Given some relation Q.= F(Pl' Py, ++e» P ), where' = |

the P's are parameters, the determination of the ‘résponsiveness in Q to

changes in the parameters. .This is an important aspect ‘of cost-benefit- .

analysis, since values. for Some parameters dust. oftén be crudely estimated.

This allows the analyst to determine how sensitive his conclusions are to
: his choices of parameter values. The sensitivity of Q to a change in P from .
. - P0%to Pl is S /Pi = [(Q(P]l )—Q(Pitb)/q(pion [(pi -pio)/pio] .
yo L h 2. -

*

’

T ' SHADOW PRICE:  The true economic value of a good, as measured\by its ability
. to contribute to social well-being. The shadow: price in economics .is
L . analogous_to the dual variables of linear- programming. In a ‘perfectly
- competitivi?economy, market prices would accurately reflect shadow prices.;
- Shadow prices are the-proper valuations to employ in cost-benefit analysis™. e
- seC IMPACT ANALYSIS. The attémpt .to identify all the significant direct -
~ and ndirect effe of a proposed act!on onman's €economic, social, cul-
'tural,'political,iisd\physical enviﬂonment. The analysis attempfs to assess
. T ) ’ ’ Y.
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" 4inférmation a
- _alwayS\be'eXerctsed to accurately c

; o Coe
4‘rSOCIAL'IMPACTIANALYSIS_(continued)

~ the magnitude of each impact and it

.overall effect of the proposed "acti

also attempts-t determine how detr

. The analysis égpaﬁ,qi& to ther decis

' “possible in a digest

_analysis. ‘ ‘ ) -

\‘ §OCIAL'OPPORTUN}TY COST: What society must give up in order to accomplféh~"m .

-

R

. s!valﬁé. Thrbugh,the'ﬁrpceSS of valua-
.2riop,-an’attempt'is made to determine, as far_as_ppssible,.whether the

on is socially
imental effect
ion maker and

able and usefu
onvey'the rell

-favorable or not. s.1.A. .
s can be circumvented.
should present as much S
1 format. Care must
ability limits of the

some goal or achieve some end. It represeﬁts the true cost of a project.

) o R e *x. - y . : ) N
SOCIAL RATE OF TIME PREFERENCE: - The discount rate at which society as a . -

whole is willing ®o give up present

Although it cannot be observed in economic data and must be approx

it is generally cqﬁsidered the corr
analysis. o

GTATE-OF-THE-ART REVIEW: A review

consumpzionjf

ectﬂdi$coﬁnt T

of the most .up

or future consumption.
v ated,
ate for use in’ cost-bemefit: .

—to-date literature on a

“particular subject.performed by a knowledgeable fesearcher in the subject
"area to determine‘the level of development; ;he m

© monograph- , T Ve

SUPPLY: The schedule of thé variou
offered for sale at various prices

concept may refer to a single firm-
"Supply schedules may be represented
form- ° B S

.TECHNOLOQICAL EXTERNALITIES: Real consumptién or production opportunity

s quantities o

during a speci

or the sum of
in. graphic, t

ost common output is-a

.
.2

£ some good which will be
fied period of time.  The
all firms--the market.
abular, or equation

changes for other units in an economy which are due to 2 project. They.
represent changed social welfare, cannct easily be priced and are frequently

i{ncidental joint products. They ar
analysis- I .

c*®ormally. inc

TRANSFER PAYMENT: A shift in income from one per

;-governmént to some person for which
_-current production. Thus, transfer
“which are not reflected in national
_statements: : '

luded in a cost-benefit

-~

son to another or from

there 15 no corresponding increase in

payments are
“{ncome or nat

UNIT>5%5$ERVICE:¢ A unit of measurement of the ou

ervice, of an IAC¥ In terms of  th
- be independent of the particular un
are to be considered valid. Theref

e cost-benefit
it of service
ore, the impor

financial transactions
jonal product-accounting

tput i.e., a prdduct or
study, the results must
selécted if the results
tagt'ébnsideration is to

~

select- a unit which can be. consistently applied to a given product or service.

The. ynit of service is especially 1
focus is on expanding or cqntractin

mportant in pr
g output via p

icing studies where the
ric#é changes to customers.

Thus, the unit of service must be unambiguously defined so that the price

per unit of service can be readily

measured at di

fferent price levels.

A
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UNIT OF SERVICE (continued): g L

The units of service defined below for particular pro ucts and services axe
typical. These units of service are based on the asfumption that the quantity
of information contained s approximately the same from issue to issue (e. g.,
newsletters) or editipn edition (e g., handbooks)

Inquiry Response Se ce —-for computer based literature searches, one
*search of a data base Yor a giVEn set of descriptors is one unit of
service; for personnel_tiie, one’ man—-hour is one unit of service

<
Handbooks ‘and State—of-th

—Art Reviews - one volume distributed to a
user is one unit of servic :

oy
&

News%etter - one copy-sent to a subscriber is one unit of "service.

23

VALUE THEORY: That branch of economics which deals with explaining and- L

predicting the values of goods, as such values are revealed in economic
transactions. Value theory is associated with supply-demand analys1s and

i marginalism.*

« VARIABLE COSTS: Costs which vary directly with volume, direct labor is an
example (Anthony, 1970). L ) -

WELFARE ECONOMICS: That branch of economics concerned with measuring and

improving individual and social well-being. It is based on explicitly stated -

value Judgements, or criteria, by which economic states may be compared.- The
Pareto criterion is a widely used value judgement in welfare economics.

WILLINGNESS-TO-PAY: The widely accepted measure of the value o£ somg good to

" some individual. It is used for estimating the value of certain types of

benefits, especially wher» market prices are not available.

-~

)
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o . APPENDIX C
VERNHENT SUPPORT OF (OTHERWISE PRIVATE)
SﬁCTORs IN ‘TEE. ECONOMY A Cw
1:1?3: nacxsnounn stcnssxou |

i §

Iurﬁonuc*iou.........,;.,......;f.ﬁltlffl.,;};;..;;..,,
ECONOMIC CONCEPTS. « « oo ee/ineees ;..4§...... ..... ereeenees
" PRIVATE AND. SOCIAL COSTS AND BENEFITS |
N EXTERNALITIES c A <§\
AN ECONOMIC MODEL TLLUSTRATION
. CLASSES OF EXTERNALITIES
D S, :
MLICATIONS FOR IAC SQ-A-‘ ooooo .o-o-o....-o..'--o.---o.-
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oAUt ST e TNIRODUCTION: . ety
: f_q o ) f%’fhis appendi;Vprovides/a bachéround discussion?of theiconditions‘ :
- o and. rationale for government support.or subsidy of what otherwise might
‘be private sectors of the economy. The rationale for government support,_f-
-;i'-; .such as government support of information analysis centers (IAC 8), 1

';based on the existence of externalities,‘i e., cases in which socia} and _;qps-”-

private costs or. social and private benefits diverge. The discussion in '

this appendix is iniinded to explain and illustrate general situations

. that may help concep ualize the economic issues facing IAC's.

& The discussion proceeds in four ‘steps. ‘The next chapter includes ‘an

1

introduction~of the basic concepts of sociaD and private costs and exter- .

nalities Next, this chapter discusses and illustrates the relationship -

of. these basic concepts to the central idea of "externality The chapter

- ) concludes with a "laundry list” of externality—inducing situations. .This
" list includes interdependencies between consumption and production, insti-

— , ;tutionalized rules and procedures, risk, balance of payments, public goods,
' unemployment, scale effects, noncompetitive markets, and national security.
. The final chapter summarizes implications for IAp's,of these discussions of"

. government support for sectors of the economy.
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Private and Social Casts: and Benefits

RA private cost is what the individual (person, househﬁﬂd, or firm)

must give up to receive. some good or service A social cost is whac»society )
?as a whole must give up 80O that the good or serv1c% will" be received by

some individual For most goods and services, the social and private costs .

‘are identical  For example, the individual who purchases a suit of clothes

for $100 gives up $100 worth of other goods’ and services he. could have pur-

‘chased. Likewisa§ society as- whole (under fairly general assumptions)

;sity has- given up $500 worth of other goods and services hekmight have/pur—~

gave up $100 worth of other gngs and services in order that that $100 suit

could be made. - Sometimes, however, social and prigate costs diverge.“ The -

°'individual who pays $500 for one year's worth of courses at a state univer—:'

chased. However, the year's worth of courses has cost society much more

(on average) than $500, since the state university is Subsidized The

. social cost of a state university education exceeds‘%h”private costs

Similar statements can be made about private and - social benefits. For most
goods and services they coincide, but for many they do not. While the
measure, OT yardstick, for costs is what must be given up, thé‘measure of

benefits is willingness-—to: o—p y. Thus," while some individuals might be

willing to pay $500 for a year of state university education, society as a _

whole might be willing to pay, SaY, $1,000 for a year 's education for: ‘that -
person. The $1,000 would include the $500 the individual’ would be willing

K to pay plus very many small amounts other persons would be willing to pay -

toward ‘that person' s education because they feel, for. any number. of reasons, ‘

personally better off if that person becomes educated. They might feel, for

example, that that person s education may make him less 1ike1y to-become a
criminal or to wind up on welfare rolls, ‘or simply that his education will

make him & more pleasant potential neighbor Thus the socigl/ﬁ'nefits of

- educatidn,.as measured by society 8 willingness-to—pay, exceed the private

‘benefits. T - ' . . _ I oL
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Externalities _j AR - L ':; N _ -.‘_ ;,.,;_}- -~ A

;:), When social and privatea%osts, or. social an@;private benefits diverge,, .

we say that an externality,exists.'-Externalities may arise from numerous, —S‘

f,; | ;"; : and latgely differentiated . circumstances. When* an.externaliay exists; and .
- o is judged siga&ficant, there is good reason to suspect that the private . ﬁ'fz_
sector of the e economy is not providing the socialIy optimal amounts of some ' b

. ‘goods or servides.. ‘In this _casey it is considered .ta be in the best
s f33 interests of society that an appropriate corregtion of pr}vate act1v1ty be

;4'- R effected’by the - public sector Typically, the correction can take two forms.- :
. - e . ' .:\_.Y

direct public intervention or indirect public intervention.‘ Ihe former
might be characterized by actual public~provision of‘the good or service, or
of regulation of private producers, while the lattér by various financial
S 1 ucements by government to tbé:privang sector Eo encourage a modification
o ~of its production plans. With regard to education, the public sector's
— -;;J intervention” has been o¥ the direct\variety- publlc education is produced"
. direccly by local and state governments. A good ‘example. of the indirect
approach by government is the cggse of indig;dual home ownership Society
- “"has decided that the. social benefits oﬁ ifdividual home ownership exceed the
| private benefit (for reasons too lengthy ‘to get into here). To appropriately
- modify private sector behavior, the federal government allows interest pay—
‘ " ments to be deducted from gross income for tax purposes. This reduces the’
real cost (to the individual) of borrowing and thus reduces the real cost of
home ownership. Some individuals who would not. have otherwise purchased a
home are now induced tofdo so. * . » L N
For the mathematically inclined and for those unconvinced by the fore— .
going litérary argument (the argument being that when social®or private costs

P .Tor benefits diverge, public intervention can . improve overall welfare), a more

i
P e
-

rigorous argument is developed below. S - _P - »
L ]

By. soclally opzimal is meant that collectlon of goods 4nd services whlch
maximize the welfare of society,‘subject to - ‘the _overall availabllity of
resources. A : : . : SN
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,vAEQESonomic Model Ilfastraggon e R ‘4 o _ _ﬁ" i

s

'clpsions, the reader will find are generalizable ‘to’ more complex situation%. .

-

- . . “

K p

For sdmplicity, let us focus .on a very simple ecqnomic model._ Qur con-

The conclusions “re simply this: first, An the presence of externalities,_ 7
v

the pursuit of individual self—interest does not result in-the best interests .

of society being. observed (vis' a vis Adam Smith 's famous "invisible hand" .

doctrine which states that usually individuals in pursuit of their own self—"

™
1sh interests, are ‘led, as if by an invisible hand to do what is best fort_f

. everyone)‘ Second,” it is possible for government action, directly or in—

- X

directly, to appropriately modify individual behavior to be im accord with '

- -

social objectives." . ' : > _ e

Our model -posits two individuals, A and B, each of whom consumes only : */{)

two goods, Xl and Xz However, person A recelves satisfaction, or utility,

not only from his own conSUmption of Xl and XZ’ oyt from B's conSumption of

1 Far example Xl may be 1andscaping and B's front yard dominates the view
from A's front porch. _ o s T -
We represent A's utility function by . Y S R
) AP R T)

. U = (xuﬂ XZA, 1(3) : T .

”Where X,, is the;amount-of X _consumed. by A and €o on.

lA ‘ -
B's utility function-is

0% = Uflxens) L @

-

Ve, assune both A and B experience diminishing marginal utility in their con-

" of utility.'_More concisely,

sumption of Xl “and X2 - That is;- the-more units of a good consumed (per time

period) -the less satisfaction is gained from the marglnal unit. Nonetheless,.

‘we also. assume that an additional unit always confers some positlve amounf‘\gl;"

__Q_—(—/——-— Po)j:A)[S J. ¢ = I)Z_ R 3)
Qch . R .
{ - k\g.' .

5 (QW_ ‘ : . ﬂ
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) incrqnent decreases with increasing consumption.

Fig- ¢-1 1llustrates the relevant concepts. * Note. the uPper figure illus~

trates- -that more consumption always yields»more utility, but at a d inishing .

rate. The lower figure, derived from the .upper, show that extra (o “mar< s

ginal) utility from another ‘unit of con5umption~is . ys positive,A.but»‘the_',t

ce (C-1a and C-1b) .

reflects conditions (3)

~ Economic theory posits ‘that each individual allocates his given income

-.among the alternative goods available to him so that he maximizes his utility._,_
Letting I .and I

B represent the money incomes of A and B, El and P2 the unit

prices of X and Xz, the problem faced by A is

7MAX U (X"‘ qu Xus) A
Xm) Xz,g - w ‘ - B | I. | 9)

. Cow
—

S. T PX ac T P, )(24 = —LrA -

Note that A's control variables (written under "MAX") exclude XlB: A has no .

'Acontrol over the amount of Xl that B purchasgs,. even though A's welfare de—

pends on it. Necessary conditions for the solution of (4) aze derived from"

the associated Lagrangian expression. ’J ' - -'f."f*f'“-. |

AL o v

2= ' H

C-f UA(X:A qu XIGS + .A(IA - P X:A P XzA) -

These cquitions are:

2f . _ avf —’-):'P,l

*5_;;14 N Qxlq S : ) L S \‘ ¢
24 BYt P, = 0 -- &
S SR :-
; j 3 - -,’ -
e ?x —F Xpa =70 7
;7} 1A Z\R k o
QUA ’ ‘ ) ‘,. ~
Kia, . N L @)
30~ o o
3Kz g g . "
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to '(4),‘ A's self-interest _prob:lem. Assume the solution to N and (8) is

xlA and X,,« ; ‘ - L Lo
) ‘In. 1ike manner," B' s self i-nterest solution can be computed.' It would
‘be some values xlB EZB satisfying, in particular' ‘
YL “ '
X 8 _ P RO

Now let us consider the ‘problem from a social welfare point of view. ;

We definé the social welfare, function’ w = \,\/L UR J
That is, society s lével of well—being depends on the well-being of its *
Let us investiﬁage whether the solution to the overall soc1a1 prohlem

is consis tentL/ith\/;i

»

@ - . [ Xm) | 2.4) .er) ng:]

The social welfare problem is/

Dividing (5) by (6), the. Lagrangian multiplier, R » may be eliminated-'
" as is don_e in _(8). Conditions (7) and (&)’ characterize the optimal solution

N

OmMAX wgwcxm z,\)x,g) v (x.s,ng)]

/ . X:A X XI&, XZB i

e N
S'T Pc (Xm*xm‘) +P<qu+ xzﬁ) 17‘+I3

0
In words, find the amounts of xlA’ 24 lB’: ZB’ )

and which\ yield the greatest overall level of welfare. T‘ne first order con

‘. N - .
. . 5o
L 4

- are . o - ; ¢ 3 -....,.‘ . N

- Lo .
.- 8 .- . - . . M v
: . N : » hd

T 2w VT P, o
L

| el
Q.

! which soC'J.ety can afford '

tions
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Now let us investigate whether X is consistent with X*, in particular
focusing on xlB’ the externality- 1nducing consumption of Xl by person B.
First to eliminate the Lagrangian multiplier, divide (10) by (11), yielding.

R W A avf o

W 2U° - 2 US P o an
QU& szs ' axzs +. . -

Now, in comparing (12) with (9), the RHS (right hand side) cf .each 1is

JUa 2Xe T o, 2Xe P,

w

identical which means the solution to—(9) must make the LHSof(Q)identical
‘to ﬁhe LHS of (12) That is, )
%\-‘. AU . .-
N ) X8 . :
2U° -

M-
437(213 x

_———éU_” - éo”’-
QU";X.s + QXg

b e - .o, t i -
N .
. . N * = . P
In order for (12) to hold, some reflection indicates that

Sw U8 auﬁ- 1 a3

XIB - XIS (14)

k _ o > < O
This is because, as stipulated in- (3), ' QXL, axw _

Thus, to reduce the numerators on the RHS, X*lB must be 1ncreased beyond Xl-

-

) This is clear from Figure Gdb The interpretation of (14) is simply that the

socially optimal amount of Xl for person B to consume is in excess of what
his personal self- 1nterest dictates This is intuitively quite reasonable:

since B does not consider the benefit that A derives from XIB he provides
’

less than ‘would be prov1ded if A's benefit were considered. The social welfare ‘

~

pgroach considers both A's and B's consumption or xlB; whereas, ‘the self.
interest approach of B does not. : - EE
The conclusion we must draw is that if B were. directly or 1nd1rectly .
1nduced to increase his consumption of Xl from Xl to XlB , the ‘overall level
of social well-bejng would be: impr ved. SR

-

This example, then, illustrates the general nature of an externality one

‘party is affected by the decisious of anéther party, yet the latter party does
not take the former. into account in making his decision If the latter is

somehow.induced to take proper account of the former, the externality is said’

to be internalized. Internalizing an externality leadS'to ‘an overall increase -

in social well- being It is generally recognized (at. least among economists)

that it is government s respon51bility to see that significant externalities

R
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. become internalized. This is the economic basis for those instances of

AT

desirable government intervention in private decision-making.

.

T

Classes of Extermalities

As mentloned previously, externalities may arise in a number of ways:}

°

+ Following is a listing and discussion of some of the major occasions for"ii

. * “
externalities. - ~ : : : i

I - ?

. Public Goods. A public good is any good (or service) with both

these characteristics:
_f(a.) Non—Rivalry in Consumption. (This means that some ¢
person's consumption of the good does not decrease
;s availability to anyone else. In oxrder words,
- ) "1t is physically possible for more than one person

to slmultaneously get the full benefits of the good. ‘/}’/

(b.) Non—Excludab1l1ty. This term means;that once- .the
good is provided, it is dlff1cult,or 1mp0551ble to/
exclude any from freely consuming it.h___ _ ‘ '

The classiciexample of public good is national defenseu"lt is-Clearly .
non-rlval since my consumption of national defense does not in” any way dimlnlsh
the amount of natlonal defense available for others. Other examples of publlc
goods are:. llgnthouses, clean air, some large parks or recreation areas, and

. . -

spolice services:

" Public -goods permit explicit recognltion of thé fact that some goods may

at once be greatly demanded by consumers and yet not Supplied by prpfit— .

oriented firms. This follows from non—excludabillty, 51nce the firm whlch .

provided the good would have no way “of exactlng payment for its consumption.

-~

. Fut another way;, the. behefits of provid1ng a public good are non—approprlable

'iethevfirm producing the good cannot reap the benefits. ".This is in stark

¢

c0ntrast to.the provision of a private good, 'such as-bread. The’firm may

.easily withhold the rights to a loaf of bread pending payment to-the flnm

. . &" v(}.’/
by the,demander of a specified sum of money. i TRy

Ihstitutlonalized Rules and Procedures. Pr}ncipally with respectfto_accepted

accounting procedures and the tax system, externalities are built directly

into some circumstances. Several examples will illustrate the point. Suppose

3
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that ten years ago a firm Signed an agreement leaSing office space for

i, .$1,000 for 20 years. Suppose the - firm is free to. Sublease, if it desires

,a/

Suppose the curreat market value of the office space is $5 OOO per year,

~ and finally, suppose the firm s profits excluding the lease payments are

_ $3, 000 per ‘year. The final profit figure based on accounting procedures
- would be $2,000; $3 000 less out- f-pocket costs ‘of ‘$1, OOO for rent._ The

current value of the space would never. be considered. ~The true final profit

[ —— . - -

figure as determined from economics,:is —$2 000., This 1is beoause the firm " -
can shut down, sublease the space for $5 000 and earn a profit of $4 000~
A By choosing to ear: ¢2 000 instead of $& 000 the firm is really losing *;;
- the difference. $2 000 per/year. Thus profit is —$2 000. A decisioﬁ to ’
- - - stay in business based on the accounting profit results in a misallocatioﬁ
of resourceS' the office -space is not being used by the firm to: which it is
of greatest value, i.e.,’ the firm willing—to-pay $5, OOO,per year. .i _”TZ
‘ ~ As another example, consider excise baxesnlevied.on the. producers of* o
certain goods. This directly ca\ses privatehcosts to ‘diverge from social ~ -
costs, and causes a less than Optimal amount of the good to be pfbduted and Tl

conSumed In the absence of the tax costs, costs. to the, firm and society

- . v

‘are presumably identical land,_labor,*capital., With. the tax, the firm pays j'f

.— .

\ an,additional charge, yet social costs ars -changed... This leads to a cut s
T ) in.production. . o . , o , A ,, 5@{.
— ) Interdependent Production or Consumption. This, along with public‘goods, N

- is perhaps the most significantfclass of- extérnalities. Our initial
discussion of externalities drew on a consumption interdependence‘ person ER
b ~ A's utility depended on B's consumption of Xl ” For completeness, we now: .‘

briefly present a case of production interdependence based on poliution.

Assume ' two firms located along a fiver, the upstream firm discharges an
effluent into the river as a.byproduct . of its production process, and

* the downstream firm draws water ‘from the river for use in its production.

. .

The downstream firm must treat .the water, at ‘some cost to remove impurities.

y

—_ . The more impurities, the greater the. cost. Each firm's goal is the maxi-

-

- ) mization of its own profit. The overall social goal is the maXimization

5“
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‘of the value of production ‘Let firm A ‘be upstream_and/B;downstream. It

'_will be convenient to introduce some notation. - : ‘_‘-:' Y <~

o~

Q. Output of Firm i

i | )
t Ci'.Total Costs:of Production for Firm 1 ‘
s - f* . - . [_ hd

: P Selling'Price of the Output of Firm i -
) T N s : . _ . /
T 1 Profit ‘of Firm i N ‘ L &

s Ei.thfluent of Firm 1 T D ;'J S ST ‘?

. . - B .

- - ¢
“Y¥"  Net Social Value (a market oriented measure of social weiiare) §

) Firm A seeks to max1mize o TTTA F% CQA

I )CA-‘ ’ 2 .‘;;C’*
C T =C (&q) 3 On 7_.0,)' _QQH(QQA)\ £y

l

The latter conditions state that marginal cost is pos1t1ve and 1ncrea31ng

over the releﬁgnt range. ‘Finally, for firm A,
)

E “(@A) ‘32: > 0

-

', i.e., its level of effluent depends p031t1vely on its level of outpnt.

o Letting Q be A's profit—maximi21ng level of. output QA is such that
._; | F%; - ;)C:n- . :‘A - | .A‘ ) , .,,'
I | | 3 QA , _:- - 4 ‘ (15) .

C el
<

which is simply the first order ‘necessary condition for a max1mum for//A

. similarly, QB is'such that ' [P, = 2C8 *. However, Cy=C (Q E,). “That.
Qg ' -
is, B's costs depend on A' s effluent, which B takes as-given. The social

objective is to maximize

V=] PaRatPuQu |~ [CA+Cs]

i.e., the tetal willingness to pay for output less the total costs-of producing ic.

i

™




. Expanding V, we have v = PAQA'+ P QB -t (Q ) - CB[-Q , EA (QA)']
- A relevant first order. condition which the socially optimal production of
QA’ QA must satisfy is . _ . _ '

] NG t .

B QA : QQA | S

Now let us examine the difference between QA (the self interest production
level of firm A) as given by (15) and Q *, the socially .optimal productiOn -
level given by (16) ‘Figure c-2 1llustrates the key aspects. " The intersection ,
of . PA and 3CR/Q\QA at X determines qQ accordi‘ng to as). Likewise the 1nter-'

- B
section of P and_ég—- ;C SER at Y determines Q * according to (16).
. Qs JEP 3@a ¢ ,
Note .that Q; *4 QA as long as acer QER >O And this, of course, i_s
o TE* 2Ra :

-

"

L indeed the case. .
V Thus, a production 1nterdependence - one firm s cost ‘.funct;iqn dependent -
on the output of another - gives rise to ‘an externality. J.nat is,_it results .
-/\\ - social and private costs diverging, leading to a. non—optimal J:esource allo— :

: cation: " too much QA' tends ‘to be produced.’
‘1 . ‘{ . ’ \ » . .
-] g S .o - N . L
Risk. Many, if mot most, 4:ormnercial and’ industriafl. undertakings involve .
_some degree of -xrisk: the possibility that. the eventn.al returns will differ
. from- the 'planned returns. Most analysts agree that, faced with risk, soc1ety s
best int’erests are served when projects and their magnitudes are chosen to

maximize expected returns+ Rll_..,R'N and total financial resources of

~

L-l -

+Let R ‘,.;.-,R .be the possibie returns on ProJect 1, and let PM""P]_M

o be the probabilities with which those returns are. anticipated then o

< ne . » : . s

ERIC > 0 19y
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the socially optimal set of projects is that set which 'maximizes

_Net Soctal Benefit = CP (K C ) : ' : S
LY ’ - ) b
~

subject to Z ¢ Cc_ = where d) is a 0,1 variable:

1 if the project is chosen, O otherwise. The underlying rational ‘is straight-

-

forward. If a large number of. projects are to be chosen, those yielding less
than the expected return will be balanced out by those ygeldigg-more. ‘Over
“a large number of projects, the "expected" net social benefit is.likely a
very good predictor of the actual benefits. Thus, the maximization of~
"exbected" benefits is the best guide to maximizing acthal (but yet unknown)
benefits. )
' Leaving aside the issue of whether net social benefits equal net'private
benefits (for that issue is addressed in other sections of this discussion), -
the question remains as to wbether firms are -motivated ta adopt the expected
profitS(géanting*for the moment that profit equals Benefit) ggiterion. As
can be readily appreciated, there are important situations in which the
e.pectations rule 1s likely to be violated That is, there are situvations
when it is_in the.firm s best 1nterests to not maximize eXpected profit. These
51tuations occur when only a limited number of projects are to be selected and
an adverse payoff on_any one may spell d1saster fqr/the firm. As an extreme
’.example, conslder Table G~I. A firm has %2, 000 to commit" to prOJects.- The table
details the costs, possible returns, probabilities of those returns, and expected

profit, E (77), for each project. An example of E (77D illustrates the approach'

e

- .
Y
TABLE C-I -
Example of the Influence of Risk on Private Detision—Making
: . {
' PROBABILITY OF POSSIBLE RETURNS i’/ '
qusible Returns . COST E (m
PROJECT ¢ =100,000 -10,000 20,000 200,000 | ($) ($)
R N - 0 0 .5 |2,000 48,000
2 > . 0 - .5 . .5 "0 |1,000 4,000
3 0 -4 .6 ~. 0 |1,000 7,000

s
<4
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?roject(s)’
. .
‘2
. 3.
2 &3

None

[y

g

Q2

.

E (T

48,000
4,000
7,000

11,000%*

;

C]

-

~
i

With $2,000 available; the firm can.choose to initiate one of the foffowing: \

' Unutilized Capital )

0
1,000 |
1,000

0
2,000

'It'is clear that the-expected value rule gives rise to selection of project 1.

Yet, Table C-II shows that if 1 is chosen, there is a 50% chance of a return o§)

- $100,000. A firm,. particularly a small firm wherein a major loss

its existence, would reasonably refuse £o

that projects 2 and 3 would be adopted.

accept such risk.? We would expect

The example demonstrates that when -risks are #igh, the socially optimal

decision rule of maximizing expectations is not 1likel

the cause is divergence of social and private values.

would threaten

y to be followed. " Basicelly,

The private firm values

" a 50% chance of a $100,000 loss different than a trillion dollar ecd/omy values

it. Society can easily bear the loss of-$100,000 in goods and serv1ces, the

¢

_typical individual cannot.

International Value of the Dollar.

The international value of U.S. cuirrency 1is

determined by the forces: of supply and demand in_the market for dollars. When

a firm in another country desires to purchase goods from a domestic firm, it

must pay the Amgrican firm in dollars.

American dollars and offer to trade its own

That is, it must find someone with

currency for dollars at some rate

of exchange. Qge more foreign firms desiring to\,ng_ﬂ S. goods, the greater—

the demand forjhollars, and the more must be paid (in foreign currency) to get’

them. Thus, a higher worl

for dollars increases.

to pay for those goods in the ap
given amount of foreign currenc
puréhase more foreign currency fo

on an increased demand for dollars, in te

*We assume thp'projects are independen

_may be added.

U.

dwide price ‘of dollars is established when the demand

S. firms wishing to purchase foreign goods and having

propriate foreign currency can now purchase a
y for less U.S. dollars (or equally, can now
r the same amount of dollars). The real effect

rms of the flow of goods between foreign

Cl

t of each other, so the expectéd values

Y
.
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and domestic firms, in that we are now able to trade less of our goods for‘ !
more of theirs. To that extent competition forces these benefits (in the )
form of lower prices) to be passed on to U.S. consumers, social welfare is
improved by the increased foreign demand for dollars. -

It happens, however, that there is a divergence of private and social )
benefits in this process. The firm which succeeds in developing a new product
with substantial foreign demand does not reap all the benefits associated with
the more favorable trade balance and thus is not motivated to pursue foreign
sales to the extent socially desirable. For the firm, by stimulating foreign
demand for a U.S. product, makes the terms of trade (number of dollars per
unit of foreign currency) more favorable for all domestic firms. All firms,
dealing in international trade receive a benefit (lower foreign prices) due

to the one innovative firm. Since the latter cannot charge other domestic

firms for this benefit, it pursues its foreign sales only to the point where

. marginal private benefits = -marginal costs, not -the greater quantity where

narginal social benefitd = marginal costs. It appears, then, that government
has a leéitimate role in’furthering U.S. exports. fhere is a caveat in this,
however. Higher values for U.S. currency will tend to diminish foreign demand
for U.S. products, 51nce their price will have risen. This will be a cost to
some domestic firms. This, then i a balance to strike in the price -of B.S.

“

currency: too high can be as damaging as too low.

< l:'o- -

L

Unemployment. This is a classic case of the divergence of\brivate and social

cost, and has_far reaching consequences for national economic policy. The ba51c
eonsideration is simply stated: when a firm hires an unemployed person, that
person represents a_real'cost to the firxm: so many dollars per month.. None-
theless, that person's enployment costs society nothing. since that individual
was producing nothing in/his unemp)koyed -state, society gives up nothing to have
him employed by the firm. This tontrasts sharply with thevcase in which the firm
hires a person away from another firm .Society then gives up his production in
one employment in return®for his production in anothe%; Society gains only if

the value of his production noo exceeds what it was prei}dosly. It follows that
it;is in society' s+beSt interests for gévernment (\-stﬂbulate the employment 2£;-’

v

unemployed persons.

4

Economies.of?Scale (Natural Monopolies). Increasing returns to scale (or dimin-

ishing average cost) presents a situation in which the free market fails to provide

the socially optimal amounts of the goods“invol;ed, and generally fails to organize
s by} N
- . .

- LS
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produ¢tiqn in the most- efficient mannerf From)elementary economic ‘reagoning,
it is evident that the socially optimal\production of a good s that agount : -
such that the social willingness—to-pay for the last item Just equals the -
socfal cost of producing it, as 1llustrated.in Figure C-3. o
To'see the seuse of this proposition, suppose it is not adhered to, and
the quantity’ produced is less than Q* in the figure. Then there is some indi-
vidual willing to pay, say, 10 for another unit while the- cost of producing '
it is, say,55. Clearly, to produce the unit and sell it to the demander (for
"a price = 5 and < 10) make him better off Since he is better off, and no
one worse off, society as a whole is better off. A similar argument applies
to outputs in excess of" Q* : when the quantity produced differs from Q*, society

can be made better off by mov1ng toward Q*,_ and society is best off at Q*.

-
Economies of . scalecggé said to occur.when the cost of producing successlve
units declines. That is, over the entite range of production, average cost
declines. -In consequence of this, average cost always exceeds marginal cost
(see ‘curves AC and MC in Figure C-4. 8 ’ :

'Employing the principle illustrated in Figure C -3 (and assuming marginal
_ cost = marginal social cost), Q* is identified in Figure C-4 by the intersection
of 'MC and D. The firm, it may ‘reasonably be assumed has little interest in

maximizing social welfare. Rather, its,principal concern- must be profit' and

profit is maximized where marginal revenue just equaISJmarginal cost, at Q.
Note that at Q, —
Profit = Total Revenue = Tota¥ Cost

(Price x Quantity Sold) .- (Average Cost X Quantity'Sold)

§-x'6 -Cx0Q

.= RectanglecP:i X C .
However, if the firm produced Q*, ) e
Profit = P* Q* - C¥*. Q* . l -

Negative of Rectangle C* Y Z p*x.

That is, the firm would actually incur a loss if it.produced the socially optimai ‘
quantity. 'The situation gets worse, however. So far we have been assuming that
the entire market is served by a single firm. Suppose, instead, that two identical
firms share the market. In this case it can be shown that each will now produce
s less than half of what the\sdngle firm would produce. In other wordS, competition
actually worsens the si ituation. The more firms there are, the less is produced;

and even one firm alone only produces Q Z Q*. The example applies to a number

~ Pt
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Figure C—3; Socially Optimal Production Level
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Figure C-4. Profit Maximizing and Socially Optimal Outputs
Under Scale Economics
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of real situations, particularly the production of utility-type services. In v

most cases,’ ‘the government has stepped in, franchised a single firm to provide ‘ »
the good, and has regulated its price and ohtput so that something better than'
e, Q) ocurs.’ ’ v

>

+

Non-Competitive Markets. The existence of monopoly power in a market obstructs

'Adam Smith's "invisible hand” from térning the forces of private greed to serve

the social welfare. This case differs from tne previdus~one in that, here; more

competitien improves rather than detracts from, social welfare. Otherwise the

analysis ‘is "quite similar. The indication of -monopoly power is that the firn‘has . -
in¥luence over the market price of the good in question. the firm“s’ﬁarket share

is substantial enough that, by increasing or decreasing output, it can cause the

—

market prlce‘tcrdecre&semor.incrgas;:>,?hc_fzrmsnped not be the only firm ih a

market for it to exercise mohopoly power, it is only necessary that it have se@ie — .~ = —

influence over market price. Figure C—Sillustrates “the case. Note that it is N

~

_the_slopes of AC and MC which diagrammatically distinguish Fig C-4 from Fig. Qf
The profit maximizing output is Q (where MREEC)» but the welfare max1mizing output
vist*‘(where Marginal Social Benefit = Marginal Willingness to- pay = Demand = MC).
When monopoly-.power of this sort (decreasing returns to scale) .persists, a likely
lcause is the existence of barriers to the entry of other firms. In the interests R -

of social welfare., the effect of various federal laws is to make such barriexs
- ~

illegar. Nonetheless, the laws are effective only in the most blatant cases.
Much monopoly power persists, and it is-in the apparent best interests of society
that it, or at least itsgeffects, be mitigated. ) -

\ . ’

National Securitx_ a great deal of federal:actiVity proceeds under, the aegis

. of national security. The rationale for government 1ntervention in the economy -~ |
in the name of national security is straightforward a//B;ch is not to.say, however,
that it cannot be abused. 8asically, there appear te’be two types of situations

of Anfezser. | | - :

~In the first, society has dire, though very infrequent*ﬁgeﬁand~for some

perishable good or service. - For example, the services of many experienced coee
military goods firms are required during wartime. It is not prudent to wait

—
for such firms to form when war occurs. However, 'the peacetime demand for such -

goods would preclude the economic viability of such firms during peacetime.

Y ; ) . // -
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Thus; it would appear to be in society's best incerests for some such firms -
' to be supported by government during peacetime so that they may be _available
in the event of war. There~is no doubt that much actual defense expenditure
is for precisely this reason. The "best" number of firms, or the "best"

level of support are important questions underlying the analysis of each

-year's defense budget. It is obvious there are no e€asy answers to such
questions. . o .

The second case 1nvolves U.s. dependence on foreign sources for vital raw

paterials. The well-known economic argument in favor of trade (namely that by

"eéch country s Speclalization in producing the, goods for which it has a com-

petitive advantage, and by trading its goods for those of other countries, the

“world community becomes as well off. as possible) breaks down when political

“
k'S

factors begin influencing economic decisions. [is appears to be the case

ES

in ‘much of U.S..~ Third World trade. 0il is a prime example, but other materials

are involved as well. Recent events suggest Ehat in the long run, society-

_might be better off paying somewhat higher prices to domestic producers, and

thus susta1n1ng their pmoduction capabilities, rather than relying on unstable '

" foreign supplies. This argument does not preclgde trade ih vital materials,

only complete dependence on foreign sources.

- M y:
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.The above discussions suggest several relevant issues which should

.be of concern to IAC managers agd policy makers. These issues include;.

L

1. Information, i some situations, has the characteristics of a'£
public good in terms of non-rivalry 1n consumption and non-excluda-
~bility. -In many cases, however, the condition of_ non—exdludability
is " not applicable because ﬁhe information can be excluded from: .
users and payment can. be exacted for this infermation,

2. Sevexal of the\situations described in Chapter 2, one can con-

Jecture, could}:easonably apply to JIAC's, thus externalities o

~ V /. \

could arise.

-~

. . , -
3 The magnitude of the externalities of interest are not well " ‘\\\“- T

defined- and deserve further investfgation. ' o .
4. To the - extent that these externalities apply and are significant,-
the amdunt’ of information supplied by private firms is likely to
be less than the socially optimum, and government support of T
IAC s would be Justified economically..
5. The’ sgrongest externality—inducing situation may be the result
" of the probable decreasing average cost incurred by information <

L . T
dissemination activities such: as IAC s. Ef this is a decreasing k]

e

f average cOSt industry, then private firms operating under .a profit

or revenue maximization strategy would not supply the socially

optimum quantity of information. As discussed in' Chapter 2, if two .

firms were competing, then the total quantity Supplied-would be 4 o

less than that supplied by a single firm.' Thus,'to the extent JIAC' s,
Ancur’ decreasing average costs’' over their range of production, society
as a whole w0uld be better off with government supported IAC s rather

»._ . A T

than with privately funded IAC's. t; e

6. Another important externality inducing coudition involves the per-

‘ceived risk of establishing and operating an IAC. A small firm

may not follow the socially optimal decision rule of maximizing

° -
/.

LI - N 4



Thus private firms might

‘exﬁettations because the risk of loss is too high for it to accept..

not provide z of the 1nfdrmation diss-

emination activities that are provided by the governmment.

National defense was the original justification for the establish-

ment and operation of many of the federally supported IAC's. As

evidenced'by the institution of cost recovery programs within the

Department of Defense IAC s, however, national defense no longer

’ appears to be a sufficient sole reason for the continued support

of tﬁese IAC's. This may stem from = 1ack of quantifiable benefits

" to the national defense

' in order .to demonstraté

’ . ) s

kY

2N

‘the benefits of these. IAC S..

that result from the-existence of the IAC' s.

I1f these benefits could be quantified in a believable manner, then

e
'

%3
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decision makers within- DoD might not require cost recovery programs )

&
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Introduction and_ nghlights S , . o

L% 4
‘

) = This appendlxreports on the projectjactivities in a narr&tive,
‘generally chronological format. It presents the-project efforts

- -and results as 'shey evolved thus illustrating the changes inzresearch

?Jemphasis, "blind alleys“ explored, and the influence of. the Overview

. Committee in the project's .development:; - ‘ L,.i ,
e . R :

_highlights'include:.

- The progect utilized an active, knowledgeable Overview Committee.
~ The effort required an analysis of IAC functions and an emphasis

;on concepts and methodology_ R o 4 .

-

- There were no conceptual problems’ with«cost data, but benefit

data were limited and dlfficult to utilize

i

= Interactions among services required the development of concepts
that would permit aﬂalyses of comblnations of. IAC services.

- Project resubts include (A) benefit and cost models based on
economic concepts and cost accounting principles and (B) sensi-

L3

t1vities of the costs and benefits to changes in parameter

values and technology. R

¥ The research effort originally was proposed to be a twelve month

effort consisting of.six tasks:
. 1. Project Initiation ' . - . N
¢ 2 o - X
2y Analyses of IAC Costs = ' _

B 3. Iﬁvesqigation of User Demand Characteristics’

4.. Example Applications of Results'
,5.; Generalization of the Results to. Other IAC s
6;f Documentation~and Dissemination of Results
- The intent of the approach was to select an information area, pick L
a particular IAC. in this area and develop an- acceptable'model and method-
ology, and finally to generalize the results to other IAC' S.. Data-on ‘
benefita were to be "obtained through interviews with end users df the

IAC services, and the benefit model ‘was to be’ based on these data.
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_'~ The proposed approach and schedule were modified considerably
early in' the project.’ An unanticipated long delay in receiv1ng initial
notification of the award made impossible the effort planned during the -
'summer (1975) by professorsat Emory University. Consequently, the -
first change in the project was to reschedhle the effort over approxi-
mately -18 months. Although the actual approach generally followed the
initially defined six tasks, . the comments and suggestions of the ProJectv
Overview Committee substantially modified details of the procedure and
the relative emphases on- the different task activities. Figure D-1 il-,

lustrates the,study_flow during the project.

.
. . [N . .
< . . . '
- . . .
, .
. N

-

o

ProJect InitiatiOn _ -

Notification of the award was received 'in June,.lQ75. Travel

* schedules and other .commitments, of the project team delayed significant

effort until early August. Based on a literature investigation of
federally sponsored IAC' s ’ several IAC s at Oak Ridge, Tennessee, .k
appeared to. cover a wide range~of subject areas and collectively to
offer a wide range of services? After telephone conversations w1th a

.-

previous contact at ‘the Energy Information Center in Oak Ridge, ‘the

: project team arranged a visit to the Oak Ridge Information Center Com-

plex -(ICC) in August. This visit included tatks with Dr. Gerry Ulrikson,
ICC director, and with staff members of the Toxicology Information
Center- (TIRC), the Radiation Shielding Information Centeftjahd the Energy
Information Center. ‘ﬁg .

- An evaluation of the findings of the visit was revealing._ The wide
»range of services offered by the groups within the ICC and the breadth Y
.of’ technical areas they covered indicated that the ICC-would be a good
-focus for the study. The project téam blanned a second trip to the ICC
- for data collection in Cctober. -~ '

. During- August and September .the project. team solicited and evaluated

-‘suggestions for members of the Overview Committee. Also during this

period, the Principal Investigator attended the Defense Supply Agency
(DSA) meeting of the managers Df DSA—administered Department of Defense
(DoD) IAC's at the Johns Hopkins Applied Physics Laboratory. This
meeting verified the importance of the project: financing of IAC's.and

IAC services was® an important topic at the'meeting, Information on. the

‘. 185 ‘ . .
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EROS Data Center, representative of an IAC which primarily distributes

- data, was obtained during this period on a previously planned visit to

' the Sioux Falls, South Dakota, remote Sensing data center. The Principgl

Investigator during this period execuoed an agreement with the subcon-
> - . ‘

_tractor, FE« recasting International. - -

for its first meeting. Members ofbthe project team also

'made a second Visit to the Oak Ridge ICC, attended the American Socfety ~
’; of. Information Science (ASIS)ameeting in Boston, and visited two DSA-
’ administered‘IAC s. Also during October, the project team completed a. “
report on ‘the efforts to date -("Task 1 Report"), Submitted it to NSF,
and distributed it to members of the Overview Committee. ’

0verView Committee. The individuals invited to be membgrs of the

- Overview Committee included:

Dr. E. L. Brady . National Buneau of Standards

. Mr. Richard G. Bruner ° Defense Logistics Agency

: gg Dr.

2N Yale Braunstein Brandeis University (formerly with New York Univ.)
'.Mr.'Davis McCarn . National Library of Medicine &
Dr. Gerald Ulrikson Oak Ridge National Laboratory, \

Each of thesé individuals agreed to serve o* the committee. In addition,
Dr. Y.S. Touloukian and Dr. Vladimir Slamecka, prOJect consultants, agreed
to attend and participate in the_meetings. The ' first meeting was set for
November 25, 1975. 2 - ‘

ICCA(ORNL),, Second Visit. The second visit to the ICC produced

!

-

-detailedzinformation on avai le cost data andeuser demand information.
In identifying and attemptingato collect.these data, several issues be-
. came evident. These issues included (1) ‘the privacy question and the
' apparent conflict between privacy and freedom of information, and (2)
the perceived reluctance of users to discuss the benefits.of the informa-
tion services provided. ' )

‘The project team proposed thaf‘all user data (and, where desired, )
cost data) would be aggregated, summarized in statistical form, and not IKQ.
identified by -organizational name in any eventual report. This. procedure
seemed to be acceptable .and tq;adequately address concerns'about priyac§.

-~
<




. ASIS 1875. .Attendance at the Boston ASIS meeting had significant ? v e
indirect impacts, but only on later phases of the project; +particularly
it . created a formal opportunity for disseminating results of the research
effort. Informal discussions with other attendees at the meeting revealed
wide%pread and apparently growing interest  in the economics and management
of information centeps and servxces. These discussions eventuated in an ) . .

Engineering Foundation Conference on the Economics, Management, and- P

N

“Technology of Information Centers and Services.

This Engineering Foundation Conference was held at, the Tidewater Inn,
Easton, Maryland August. 29-September 3, 1976 Dr’ Mason cochaired (with
John Creps) the conference, and. members of the prosect team presented _
results of the research effort in. ‘three péberS' Dr. Peter G. Sassone pre- N _ %:>
sented a paper on the cost Qenefit methodology, Mr. é! William Spann
presented a paper on cost accounting for 1nformation services, and Ms.' rad

, Audrey Clayton ‘and Ms. Ethelyn Bishop presented ‘a paper ofi the impacts of .
technological innovations of information services. ’ . ‘ , \

MCIC and MDC Visits. Members of the progect team v1sited the Metals

and Ceramics'Information Center (MCIC) at Battelle in Qolumbus, Ohio, and
the Machinability Data Center (MDC) at Metcut Research Associates in

“ e

\«lCincinnati Ohio. Each of these organizations is a Department of Defense- 4

fﬁ"sponsored DSA-administered TAC. Both MCIC and MDC provide several

E services, including inquiry ‘response and handbooks and other publications. '//;fj7
However, the project team came away with impressions of distinct differ- 4 féf/

ences. The MCIC has a relatively small full-time staff butxutilizes the ==
entire Battelle staff as needed for responding to ipquiries and preparing
Teports; its outputs are predominantly responses to inquiries and state- ;
of the-art monographs. - The MDC also has a relatively small full-time
staff and makes use of ‘the Metcut staff; its output ‘consists of a compre- i
hensive handbook educational seminars, responses to inquiries, and state-
of the-art review papers. Compared with the centers at Oak Ridge;, both
the MCIC and the MDC emphasize the critical evaluation of data and

research results.

Pask 1 Report - A

. The Task 1 Report completed and summarized the results of the project
. initiation Phase I. It provided a background for the Overview Committee
. N | . . .
. : _ . - 188 : :
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and a suggested framework for conducting the remainder of the study. The
report was- mailed to the members of the Overv1ew Committee with a note .
- ‘ . stating that the report was & working document and that their Comments
were desired. | ) ! -
Scope. The report. incldded an - introduction and back#FEound to
‘the project and the d%cisions made during Phase I on the project's - ‘-
scope focus, ‘and IAC's selected for Study, and a revised project
schedule. The report also included a literature overview and annotated
bibliography, a general discussion of the economics of government Inter-
vention in what otherwise might be private sectors of the econc!é? a
glossary of.terms used in cost benefit analysis, and an interview format

and summary information sheet.

Phase I Decisions. Duriné'Phase I, the project team selected
IAC's on which to focus in developing the methodology. The choice was
to work with the Oak Ridge National Laboratory Information Center Complex
(ICC) and at least one DLA-administered IAC. These were chosen because;
of their wide range of technical areas, wide rangerof services, and

. ‘ . apparent availability of data on users and costs. ‘
- Typically, IAC services may be gréuped into eight categories 2

1. Handbooks/Databooks ] ‘ . -
2. State of the Art. Reviews (SOARS).
‘3. Symposia Proceedings ‘
o : . 4. Critical Reviews and Teébnology Assessments

5. Current Awareness Periodicals/Newsletters

6. Responses to Inquiries *
7. Bibliographies

N

8. Workshops/Seminars AR
The jproject team selected two categories for detailed study‘in,developing "
t cost benefit methodology: 1) handbooks/databooks, as representative
.of‘a "mass market" service, and 2) inquirygresponse service, as repre- -
sentative of a custom, individualized service.

Cost benefit analyses are intended to aid in making decisions and
formulating policies. Consequently, the project required a decision
or policy issue on which to focus the methodology development. The

study team, ected government funding of IAC's as the focus for the

research effort. This choice was influenced by observations-on the

s
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! .
continuing debate about cost recovery “through user charges and the .
role of federal government financing of new and existing IAC's. The
particular aspects of this issue included two sets of alternatives:
1. The govermment continues funding of currently existing
IAC's versus discontinuation of governmment funding, and

2. The government Sponsors new IAC's versus a laissez ‘faire

attitude \assuming spontaneous development of desired IAC's).

Literature 0verv1ew and Background Material. The Task 1 Report

provided an overview of the relevant literature, 2 glossary of terms,
and a background paper on the economics and rationale for.government.
financing in what otherwise might be private sectors of the economy.
These parts of the Task 1 Report, in revised forms; are included in

this report as Appendixes A, B, and C, respectively.

]

First Overview Committée Meeting . )

The first .Overview Committee meeting was held November 11, 1975.
The meeting served (1) to acquaint the members of the committee with
the project's. purpose and focus, (2) to provide the committee with an
overview of the schedule and approach, (3) to furnlsh details on the
anticipated daté'collection efforts and modeling approaches, and (&)

to initiate a dialog between the committee and the project team The

attendees included, in addition to members of the project team and the

members of the Overview Committee themselves, Dr. Joel Goldhar and

Ms. .Helene Ebenfield of the National Science Foundation and Mr. Joe Blue
of thé\Befense,Supply Agency. The following paragraphs summarize the
discussions on the major issues. ' : /

Research Purpose and Scope. The meeting_participants agreed on

the purpose of the research: to develop a methodology for analyzing
the benefits and costs of information services. The‘participants also
agreed that the research should emphasize IAC's and not be a study of
information centers in general.

Decision/Policy Focus. The participants discussed the appropriate—

ness of government funding as "the policy focus for the cost benefit

study, and the general issue of what should be the appropriate level of

)

(35
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government funding seemed to cover the common interests. The relatively

new policy of charging for services was an issue of considerable concern

to the particzpants, the traditional concept of information (and the
service necessary to mhke the information available) being freely avail-
able, vith no direct cost to the user, stiil lingers.

The participants discussed the scenarios appropriate for evaluating
the effect of government policy; For the alternative of “no_government
_Eunding", resulting.in no IAC being availabie, the participants suggested
two possibilities_for subseouent impaéts: (A) the users themselves will
perform (probably at a greater cost) the services which the IAC performs,
“or (B) anotﬁer center ﬁight arise to fulfill the functions of ‘the TAG.

Data Collection and IAC Functions. Several participants expressed

concern about using the inquiry response data collected thus,farz(from
-ORNL) as a basis for establishing cost and demand models. The concern
éeemgé to be that these data might not be representative of an TAC.
which provides substantial data analysis and synthesis (as OpposedQﬂS*
what many perceived as primarily a bibliographic search service). '’
Dr. Touloukian offered data from his centers as an alternat1ve* SQ
Mr. Bruner promised .DLA cooperation in .data collecting, pointing oub
the conflicting considerations of freedom of information and privacy._s
It was generally,agreed that the researcﬂ tgam could protect privacy:§§§
by aggregating data and not identifying the user in disclosing data to
NSF or others. . ‘ )

Dr. Touloukian suggested that a useful categorization of IAC's is

that of mission-oriented centers and discipline-oriented centers. The

mission-oriented center serves a particular set of users and typically
will address problems which cut across several disciplines. The dis-
:cipline—oriented center emphasizes review, analysis, assessmenr“‘and
.synthesis of information within a particular discipline. The lat er
center is at the forefront of a technical area and, as & result is
likely to be aware of problems in the téchnical area even before a

. demand arises for solutions to these problems.

’ Dr. Braunstein suggeste; that all information services may be
_viewed as some mixture of §S£5'23§Ejand research. A possible third

diatinctive function’was discussed: data oase_building and maintenance.

. . 191



Acadenmic IAC s. The participants discussed the definition of- an

academic IAC. The discussion resulted in no readily identifiable unique
characteristics of an academic JAC and no consensus on a definition.w
Several participants suggested that such centers, given the-difficulty

" _ of definition, probably deserved no special attention.

Social Factors. The participants mentioned several factors which

are judged to influence’ utilization of IAC services, particularly services
for which there are fees. Many articipantScexpressed the view that
Sucﬁ social factors outweighed economic factors in determining the
demand for IAC services. '

- An engineer may fear to reveal his ignorance through
requesting money for an IAC service or through a care-
ful:documentation of Savingszwhich resulted from using

. an IAC service; . » _ ' .
\‘_ - IAC personnel may resent the fact that they must charge for

a service which appears similar to free services offered by

other operations- . } '

- The gatekeeper concept (expressed by Tom Allén and others)
~raises the issue ‘of how information is transferred when the
gatekeeper is not thef;ibrarian In other words, an IAC- : o
N may not be used. if thefinformal gatekeeper does not have

‘ j§> the authority to pur@ﬁjse information services.

At the end of the meeting, the participants agreed that the research -
effort at best co@ld only identify such factors and discuss them brieﬁly.
A detailed discussionA@r investigation is outside the scope of t %g?oject.

Technologgcal Innovations. The plan for ‘identifying and assesggég

the impacts of technological- -innovations on the economics-of IAC ser—
vices was discussed. Several of the participants expressed the opinion
that technological changes will have a second order impact on costs_and
that the primary/most important'impact will be on benefits thrghgh

easier use of (access to) the 'services and, consequently, an increased
market for the services. The .IAC might be ablé to serve a larger fraction
of its potential market with the implementation of technological innova-

tionsL
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) Factors Affecting Users' Willlnéness—to—pay An important considera—

. tion in/cost benefit analysis is will&ngness—to—pay (WTP). WIP ‘is evi—

denced: by demand curves for particular services. The discussions at the
meeting included considerations of WTP, and the rollowing¢i§~a‘list of
factors synthesized from these discussions: o < v
- Mbney available to.the potential user; . T
- Particular proble%/need of current interest; - ,
- State of knowieégstof the user; . R _ -
- Perception of theluser as to the nature of‘the cost: h |
investment (capital) versus a problem-solving expense; and
- Captive versus non-captibé‘nature of‘the market.lugln
a captive market, one cannot assume that the market price
r\\‘t>‘reflects willingness-to—pay )

Unresolved Pssues.. The participants raised and discussed but did

not resolve, the following issues: : v
- What 1is the pact of time and cfgcumstances on demand curves? . s
How does one treat theidynamic nature of demand cutves?
:{.— How does one handle "actual demand versus potentlal demand°
. - Do commercial data bases depend on existing IAC's? Do
existing IAC' s subsidize commercial data base servides?
~ What is the value of building and enlarging a data base7
How is this value affected by data base size?
~ What 1is the nature of the expected discontinuity in a cost
X versus price curve for a service7 That 1is, what is “the cost‘
of performing*ehe accounting and other functions necessitated
by instituting a nonzero charge for prev1ously free services? -«

Mid-Project Overview Committee Meetiug Members of the Overview

_Committee generally agreed that a mid—project meeting (possibly around
February) would be productive_and_was desirable. The meeting w0uld
review the method or methods.for collecting and analyzing data and the
preliminany findings‘onjdeVeloping the cost benefitumethodology. |

Summarz;x‘Result%'of the Meeting. The participation of the members

of the Overview Committee resulted in the project team having a greater 2

. appreciation for the. concerns of the eventual users of the research and

in the committee members having an exceptional und orrstanding of the aims

- o s 215
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and approach of fhe'project. To further assure shared concepts of the
project, the princlpal investigator prepared a summary of the meeting .

discussions, and mailed it to, the partlclpants with the request for

S

‘further comments if they wished Based on the discussions at the

-

meeting and the subsequent comments, the project team made the following

.changes in emphasis and approach: ,
- Terminated the planned intensive 1nvest1gation of data from

the Toxicology Information Response Center (TIRC) because.
the compittee believed that the analysis function it TIRC was
limited and not representative of IAC'sgl

- Decided to col}ect and analyze data,‘available from‘DhA and the °
Center for Information and Numerical Data Analyses and Synthesis
(CINDAS), which.the committee believed to be more apprgpriate
because of the.DLA center'§ emphasis on evaluation, analyses,

-~ =

and synthes1s functions; : \

.

.Changed the technical approach from economic analyses of single

: .services of IAC's to a multi-service economic analysis approach

‘because of possible interactions among costs and demands (there—

e

by benefits) of services; and -
- Began’an investigation of IAC service demand based on uncertainty

ieubjective uncertainty of the potential IAC user).

Interim Research Effort
) :
During the time “from December, 1975, through April, 1976, the

project team collected and evaluated data, developed concepts, designed
cost and benefit models and calculation procedures, and performed initial
“analyses ut11121ng the models. The reasults of this period s effort.were
documented in an interfm report and sent to members'of the Overview Com-—
mittee. “The second (and as it developed, the final) meeting of the
Overﬁiew Committee was set for April 29, 1976. ' ‘ -
During this periodA the project team received and reviewed user data
from DLA and from ClNDAS: These data provided additional insight into
the ndture of benefits but confirmed the difficulty of collecting statis-
tically significant. benefit data: the CINDAS data included few examples
of services for which there had been a user charge and the DSA informa-

)

tion provided episodical/anecdotal examples of cost savings or problem‘\\;

1

<
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‘ solutions resulting from someone using an IAC's service. These illus- .fx
< trated the value of IAC serv1ces but provided no statistical data nor )
' “\i\ata which could be aggregated meaningfully.

During this period the subcontractor deve10peﬁ a list of techno-

-
.

logical innovations suggested for inclusion in the scenarios to be )
analyzed in the later phases of the- project. This list represented -
a range of communications technology innovations wgich cpuld impact | ‘
IAC services and activities. The 1list was mailed to members of the ~
Overview Committee for their judgments on'the relative importance of
! ) the various innovations.to TAC decisions and policies.
o The project team completed the initial formulation and documentation
| of generalized cost and benefit models. These models and the underlying
conceptual framework were described in the interim report and distributed
- to the members of the Overview Committee for their revie& prior to the
April 29 meeting. The report and the results of the meeting are sum—.
marized in the following paragraphs. .
)

™ <
[
L

\‘Interim epor.t

The interim report ‘'was completed and distributed in April 1926.
It reviewed the research effort's purpose, scope, . approach and status,
' described the conceptual‘approach, summarized the cost and benefit models,

and outlined proposed future project effort.

Introduction. The introduction to the interim report rev1ewed t .
purpose, scope, approach, and status of the research effort. It em— h
chasized.the changes in direction and emphases which reflected the com— -
aents from the first Overview_Committee,meeting. These changes, generally

. resulting in increased effort on Tasks 2fand Bg(AnaI§Sis.of IAC Costs and
Investigation of'User Demand Characteristics) and reduced efforts on
Tasks 4 and 5 (Example Applications and Generalizationm of Results); in-
cluded the following: : N

~ Increased emphasis on the- unique capabilities and functions of

fo

“IAC' 53 e

- Refinement of a functional model of IAC operations°
- Recognition of the critical nature of social factors in deter— '

-mining actual demand (versua,potential demand) for IAC services;)

) Q . . ' - ) T ‘I-v E
we o e R2p
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Increased awareness of the possible advantage of viewing the po-

tential user's purchase decision from a probabilistic perspective;

~ An awareness of what appears to be high demand-price elasticity
for IAC services; and , &

- An awareness of a desire for measures of benefit other than

3
c"

users' "willingnesseto—pay .’

Conceptual Approach. The conceptual’ approach provided a framework

for examining the relevant parameters of IAC ‘operation and user behaviorc

-

The emphasis in the adopted approach is a model framework that is con—- -

sistent with the stated observations, namely:

- +~ Low "willingness-to-pay" by actual and potential )
| users of IAC services; E
- High apparent‘elasticity of demand for. TAC services;
— Small quantities of IAC services demanded; °
- The existence of individuals who are knowledgeable and
informed about IAC s but who are nonusers or underusers.of
JAC- services;
'~ High "real" value of IAC services; and
- Interactions among the demands for different services° in
particular, reduced demand for other services with increased
handbook sales. -
The adopted framework described the demand for IAC services as a,
, residual, risk averse /demand and the models of the demand ‘were de-
cribed by graphical representations of supply .and demand. The complete
description of the conceptual framework is included in Chapter 4 of this

report. z

-

Cost and Benefit Models. The interim report described basic mpdels

of costs and benefits that were based on discounted projections ‘of bene-

fits and costs to society resulting from the utilization of IAC services.

The model utilized benefit estimates based on the ‘value of "time saved"”

by an IAC user. Cost estimates were based on cost parameters obtained {

from various IAC's. The report used the inquiry response service and

- the handbook service as exdmples. - . - e R

The project team recognized a priori ‘the inadequacy of the value"

of "time saved" estimates as a measure of total benefits._-(The Overview

v
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Cotmittee suhsequently affirmed this recognition of inadequacy.) How-
ever, this benefit measure_provided an indicator of tangible benefits,
was useful for communicating the model ‘structure, and could be viewed
“as a lower bound on IAC benefi_s; | ‘ »
' . The adopted cost‘model utilized a "fixed cost plus variable cost”
structure. The total fixed cost'for an IAC was calculated by, summing
 the unallocated fixed costs (costs which could not be associated with
, any particular service) and the fixed costs asssciated with each in- |
’ * dividual 'IAC service. The variable costs were the marginal costs as- :
sociated.with supplying an additional unit for each particular service,
~ holding all other variables constant. o ' ;'
The interim report illustrated §he utility of the models by assum—
ing parameter values and illustrating the results of.sensitivity~analy—.
ses of the models. The sensitivity of "a model.to a change in a parameter’
_ value -is defined as the ratio” of the percentage change in outcome (e:g.,.
benefits or costs) to the percentage change in the parameter value
thch causes the changefin outcome. In more concise terms;.sensitivity

to parameter P, Sp, is.defined by;

s_ = (ac/c) :'(av_/V_), where . :
p 5 (8C/0) + (Y /YD), | 3
Vp = original value of parameter P
'AVP = change in value of parameter P
. € = value of outcome at:Vp

L . 5 7
~ AC = change in outcome resulting from AVP.

~}he‘inqui£y/:e§ponse';ost-model proved to be relatively insensitive: L

‘to changes in/parameter values (all sensitivities were less than unity),

but it showed the most sensitivity to changes in values of the assumed

time horizon .7), professional  time ‘spent in responding<to inquiries
(.54), the prof

factor (.46). The handbook benefit model showed the same sensitivity to

sional salary rates (.41), and the fixed cost allocation

2

time -horizon (.7) but- much greater sensitivity to other parameters:
assumed annual user benefit" (3. 0), price charged by IAC (-2.0), and

assumed number of users per year (1.0).

Q
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Research Emphasﬁs Ooptions. The interim report outlined options,

"for emphasis in the remaining research effort.and requested coments

from the Overview Committee. The options, 'which were not matually
3 ! i

exclusive, included. ' - . i} §\“;,

o

Applications of the models to different scenarios;
lmproved‘estlmates of parameter values; .

Expansion of the conceptual approach to include the

time dimension from the perspective of the-state of . .
'technological development and the stage of development j

of the IAC; : ' o o L
Expansion of the conceptual approach to include an
econometric model of rndustrial s en's (aimed tovard
a compagison of var1ables such as industry growth rates.

in,segéents similar except for the existence of an IAC), and

' Documentation and further explanatlons/deScriptions of the

-

napproach, rationale, models, etc.

The interlm report was mailed to the members of the Overview

Committee with a cover letter requesting that they rev1ew it before.

the meetlng. The letter 1nc1uded questlons to ‘guide their rev1ew'

T

. On the basis of your experience, should the: ‘conceptual model

explain observations about user behavior other ‘than those
accounted for? _ ' - P

. Are the procedures outlined'in_the Eostfaﬁd benefit models

simple enough to be utilized‘routinely?

3. Recognizing ‘the inevitable incompleteness of any routinely

5. What other’ research issues are suggeifed by: the conceptual

applicable economic analysis, would you have confidence in
'using ‘the outlined analytdc procedures to as51st you in

making decisions and formulating pclicy7 o - v-':,;;

. Are there issues other than’those outlined in Section \' which

should be addressed by our- "research effort’ S .

model? ‘ . e

-

¢ . g ) . . . oy
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Second Overview Committee Meeting

Theﬁsecond meeting of the Overview Committee was held as scheduled
on April 29, 1976. In addition to those participating in the first
meeting,:Dr. Joseph Talavage (Purdue University), who was performing
related economic research on IAC's, attended and participated in
this meeting." This meeting, as did the first; proved to be useful; the
participants freely exchanged viewpoints, suggestions, and their
reactions to the research approach and model concepts. A synthesis

of notes on the major discussion points at the meeting was mailed to

| the participants for further comment. The following paragraphs sum-—

marize the discussion issues.

~ Overall Model/Conceptual Framework. There was no strong disagree—

ment with the conceptual framework. However,.the participants believed

that there were exceptions to the generalized criteria (“"'stylized facts")
used to construct the model and that these exceptions and considerations
should be noted. Discussions included the notion that interrelationships

among IAC services might be- affected by types of handbook users, excep-

‘tions to the low wLIlingness—to—pay of IAC users, and the fact that

there are different types of IAC's (e.g., research focussed vs service/

response focus).

. Data Collection. he participants discussed the difficulty (and,

to'Some the apparent impossibility) of collecting benefit data. The

_consensus ‘was that d%ta currently do not exist for a credible cost
_benefit analysis' some individuals -believed that past attempts to deter— -:

' mine values of such parameters as "time saved” did not. yield credible

1

";results. A reIated issue is 'that of the credibility of - such’ .an analy51s to .

decisiOn makers (e.g-., Congressional Committees), who would require

additional explanations and perhaps additional economic analysis pro-

-

.cedures.

User Behavior. "Costs"cin the model should be interpreted as

"perceived costs to the user . The cost curve, according to those
expressing an opinion at the meeting, should exhibit a discontinuity
when . .the service is obtained Outside the user's own organization. Also,

users"‘is too generic a term, there needs to be a description of .
& -r . b
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different categories of users, differentiated accordin

information resources and information needs.

g to their own’

"'-

IAC Functions and Benefits. The participants pointed out "the- N

-importance of the JAC's functions of providing high quality data,

recognizing that the naive user may not realize the dangers of using

old or obsolete data. . . .

However, there appeared to be a general agreement

with Dr. Touloukianfs

iate effect would

statement that if all the IAC's were closed, the immed

/ .
be hardly more than a ripple: a few heavy users would

notice and would

'have to change how they obtain information, but there would be no, im—

mediate, widespread effect on individual organizations

" and technical community. The significant impact would

in the scientific

~

be diffuse and

-

cumulative over a few years' time: ' lowered research productivity and

lagging technical innovations would eventually have su

impacts both on domestic industry growth and on the fo

bstantial economic

reign trade balance.

The participants frequently mixed discussions 'about the valuevof the

information provided by the IAC with discussions about

services provided by the IAC. The project team iterat

jective of the research is concerned with the value of
]

the value of“the;
N

ed that the ob-

the lAC service.

However, as the discussion focused on IAC benefits, it was tempting to

discuss the need for, and benefits of, ‘the information itself rather L°.

than the mechanism for providing the information.

Dr. Slamecka suggested that identifying and communicating benefits

would be aided by differentiating private/organization benefits from P

societal benefits. Examples of the former include time/effort savings

from alternative ways of obtaining IAC—type serv1ces,

data ‘quality

"(accuracy and precision), data reliability (low-risk to use), uniqueness

of the data/service, and the - (relative) intrinsic value of the informa—'

tion. Examples of societal benefits are the codif ation of knowledge'

and second order benefits resulting from utilization of the knowledge

,produced/synthesized by the IAC. The part&cipants agreed that the

‘ principal focus of this project should be on defining

and to the extent

possible, measuring the private/organizational benefits of IAC operations.

N 1,; -
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Meeting Results. The participants agreed that the estimation of

‘benefits was far from simple and that the overall magnitude of the prob-

) cult and that this project coﬁld not complete the needed research. .
- » o ' ; The henefit'estimation model-and procedure, as‘it had been developed,
“was judged to be inadequate for satisfying all the requirements of justi-
fying IAC‘s'before Congressional Committees and- OMB. . The model,.althqugh
,': providing a lower bound on benefits, provides a bound that is inadequape
_for'mahing-decisions and budget preséntations with confidence. 1In P3 ic-
<L ular, the model and procedures should more expligitly account for the
m--‘ value of the data quality, timeliness, and reliability (characteristics 1L~
g - ‘which seem closely related to the unique, distinguishing aspects of an

IAC v1s-a—vi? other information centers).

- . _ Although naug~ial defense and other issues of national iriterst are
: o
#%{cipants believe that IAC's could not be justified ~

important, the pa¥
_— : ) solely on these igsues and that more explicit identification and estima-.
» tion of the benefits 1listed above are desirable. |
‘ The participants agreed that the emphasis in the remainder of the
Ty project: should be on improving the benefit estimating procedure and on
| ~document1ng the research results in a report. which would be "free of
v jargon and easily read'. Dr. Touloukian offered summary documentation
. | ,of case studies/which might be. useful in determining the value of IAC
«services to .user Org nizations. In addition Mr. McCarn offered data:
Zfrom the National/Linary of Medicine on’ service demand curves. However
;* '_l PO thefconcensus of the participants was that” “such d?ta would not bé repre-
- - 'sentative of IAQ services involving analysis and synthesis. The partici—
pants also encouraged the investigation, through further literature
searching and possibly direct contact with users, the feasibility'of
quantifying the users' decision processes: 1i.e., determining what factors
.

" are used in making decisions on using an IAC service. T s

(— .

;. L e
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Final Project Effort and Conclusions

Based on the results of the second Overview Committee meeting,"

the project team emphasized the userxaspects of benefit calculation

and. bEgan

documenting the concepts and research results. This final

phase resulted in this report.

7 The projecf team examined .the cases provided by CINDAS. These

" cases illustrated the organizational issues and d1fficulties associated

' with reducing funding for internal library-related information serv1ces,

but they did not proJﬁde economically meanlngful parameter values.

The project team also examlned available research results on .

character
members o

fits of t

istics of users of IAC and related serv1ces. The subcontractor
f the project team analyzed the impacts on IAC costs and bene-

echnological innovatiomns. This effort examined the effects of

two particular innovatioms - (1) the introduction and widespread adop-

tion of a
within th
terminal
the IAC.

The project team documented these and other resedrch results 1n a

series of

team memb

Overv1ew

these working papers avd the rsiulting comments pfoved a useful step. ‘ ;‘f

nderstandlngs,of concepts, es

. enhanced

The
at the En

September

portable, acceptable microfiche reader and (2) the development
e STI community of a substantial network permitting terminal—-to-

conferencing ~ by comparing alternative future scenarios for

°

working papers which were then circulated among the proJect
ers themselves, the project consultants, the members of the

Committee, and the sponsor for comment. The distribution of

; ,% ‘-‘.Q :

. %,
results “of the project were further disseminated by presentations
gineerlng Foundation Conference in Easton, Maryland (August 29 -

3, 1976) and by a summary project report in_the ASIS IG-IAC

newsletter3. Each of these resulted in informal feedback on the clarity

of the concepts, mode of presentation, and (usually) requests for ad-

ditiomal

dissemina

information. ~Consequ‘ehtly, the research results have been
) .

ted and dlscussed informally prior to the formal completion of

this_final.report.
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INTRODUCTION

Information Analysis Centers

Information Analysis Centers (IAC's) provide different, products
and services which depend on common resources: perSonnel, data bases
and documents and facilitiesa Because normal current policy, especial-

ly for the federally supported IAC's,. emphasizes cost’ recovery, it is

" desirable to base product and service prices.pn the cost of providing
.the product or service. However, the utilization of common Tresources
. makes an Analytic determination of the true costs of providing a partic-

" ular output difficult or impossible. The problem then becomes one of

allocating total costs among -the different IAC outputs in a manner that’
is consistent with and that will facilitate the socially optimum levels

?
of production and consumption.

The Joint Cost Problem

The General Problem. The problem of joint costs arises when there

does not exist & unique relationship between the marginal costs of pro—l
ducing some output and the level of ‘that output - Two outputs, X and Y,

share the 'joint costing problem if the cost of producing an:extra unit

.of X (the marginal cost of X, MC(X)) is not indeperdent of Y. For

example, if the: total cost, TC, of producing X and Y is given by
TC = 3g + 31X + 82Y , there is no joint cost problem since MC(X) = 3,
and MC(Y) = 23§Y neither marginal cost depends on the level of the
other output. However if TC = a + 33X +3,Y2 + 33XY, then MC(X) =
3 + 3sY, and MC(Y) = 235Y + 93X The marginal cost of one product is
not uniquely related to the level of that output, and yﬁ\s there is a.
problem of joint costs.

A classic example of the joint cdsting problem'is the cdst of pro-
ducing beef and leather from a steer. There is no apparently meaningful

method to differentiate the costs of leather from the costs of beef

rd
-,
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and ecoromists have failed to provide a general solution to this problem
and to the general problem of joint costs. ' '

The IAC- Problem. There is one key difference between the general

" joint costing problem: and the TAC problem. In the general problem (as

in the beef and’ leather from cattle), the outputs are produced in fixed
proportions. An IAC is not limited to producing services and products

in any fixed proportions, however, and this fact permits the development
of an operational, relatively simple solution to the problem of allocating
costs to the different .TAC outputs.

Criteria for Selecting a Cost Allocation Method. There are numerous

methods’ for allocating costs, but the desire for an operational method
(i.et, the assigned costs should be meanidgful for control and pricing)
suggests three criteria/vhich the cost location should satisfyi ‘

1. Assuming that the unit costs will prov1de the basis for Prlclng
the output, the costs (and thus the pr1ces) should induce an
optimal mix of the outputs, as gauged by traditlonal measures
of $ocial welfare; ' ' (

2. Assumlng the unit costs w1ll be used in production control
decisions, the costs should induce the most efficient use of
'resources . . ' o '

3. Assuming the unit costs will provide the basis for pricing the
output and‘assuming a regulatory mandate that the iacility earn
only a nOrmal return on investment, the assigned unit costs,-'
should cover the total costs of prgduction and ng excess profits
In other words, if the outputs are pr1ced at unit costs, the

resultlng revenue should yield only a normal rate of ‘return

above total productlon costs.

k4

OQverview of Paper

The remaidper of the paper consists of four major sectionms. The '

'\section following the introduction presents a basic conceptual model

for an IAC with two outputs,_the derivation of unit costs based on the

assumption of an optimum production level, and a discussion of the model
7

T
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-and derivatic‘:n'. Chapter 3 ‘extends*>the p’resentation to include the
‘condition of non-optimum levels of production and describes anm iterative
_procedure to determine optimum levels. This chapter also extends the ’
approach to situations of decreasing marginal costs. ' |
“The f:[na.l chapter is a brief summary of ‘the significance of the
e} and its application. The paper/concludes with a 1ist of refer— )

~

- -~

ences. . oo ~ . . . - -
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_shown in Figure E-1. '3.,_ , - F

2

ALLOCATION OF COSTS AT THE OPTIMUM PRODUCTION LEVEL. _

/ ) o .

‘Basic Model - L AN

- . i
~

Assume that an IAC' produces two services: an inquiry response,
se;vice and a handbook. . (Two serv1ces are used to keep the model _; “
formulation and discussion concise, ‘the extension to more than two
services 1s straightforward. ) The generalized inputs to produc1ng
these outputs, in keeping with economic tradition, may be taken as

land (nOnrenewable resources), labor (internal staff and external per-

ii_sonnel), and capital (equipment ‘building, computers) ~ Let

\ -
I-= Number of units of.1nquiry.response service provided (e.g.,

numher of . pages of documentation -or number_of hog;s spent in
answering inquiries) i

H = Number of handbooks produced

L é’Number of.units of '"land" used

‘N = Number of, units of "lﬁbor" used

K-i’Number of units of "capital" used

The - production function ‘can be represented by the 1mplicit function.
CF(I,H,L,N,K) = 0. . L @

In words, the Specification of the inputs (L,N, and- K) allows certain

_maxmmum Joint outputs 1 and H. Graphically, the function can be repre-

sented by .a- set of product transformation ‘curves (PTC s) such as those .

fon
.; - .
In Figure E—l(L N K) represents a\particular level for'hach input,

and the lower PTC represents all possible combinations of I and H, which
this particular input combination can produce.‘ For example, (L N K) can .

/-
be used to. produce either (1',RH') or. (I" H"). The set “of particular in-

A Ta A

. put levels represented by (L,N,K) is higher than (L N,K), thus the

corresponding PTC is higher in the portheast quadrant than the first’

; PTC;‘_The\slope-of the PTC is the marginal rate of product transforma-

tion, or MRPT. &

cw . o

4
N
N
U
b
o



-0
L : ) . ¥id o : . - . ._‘ . - C
Figurg'E—l; 'Pfdduc; Transformation Curves for an IAC e

AR

-« o ) -

s
.
. - )
. ) v
i
\Y

1l

N -

-
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Note-that different proportions pf outputs can be represented

by lines of different slope, edch passing through the origin. For

- example, Fig. E—Z illustrates ‘output “proportions of R (one handbook

for each unit/of inquiry response service) R, (two handbooks for- each

unit of inquiry rbsponse service), and R (one handbook for each two

e

units of inquiry response service). \;ﬁ;

/

SR | - i
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Derivation of Unit Costs . - o i

This sesfion derives unit. costs by determining the 1mplications of

each of . the criteria presented in Chapter 1.0 Initially, assume the op-

timal production decision has already been ‘made and the only task is to,
assign unit costs.. This restrictive assumption later is droppedf

The first criterion presented in Chapter 1 demands that unit costs

‘(and by implication, prices) be con51stent,nith optimizxng soc1al wel—

fare. Social welfare is optimized when the value of the consumed goods

- most exceeds the cost of production. T ' E Ti' .

t

Ihus MAAIMIZE JP(H)dH + SP(I)dI - C(L N K) R

SUBJECT TO F(H,I, L, N, K)'—'Q'

“where P(H) and P(I) are the ordinary demand curves for H and I, JP(H)dH

ﬂ+ fP(I)dI measures the gross benefits of consumption (area under the

frespective demand curves),_C(L N, X) is the cost of inputs, and F the .

=_.produCtlon function relating out%uts to 1nputs._ Using the Lagrangian

“‘approach to. characterize an optimum, we, have IS N

whose first order conditions imply that - - :
Py, aram o L @y
. s Py ?F/aT T ] _ N _

IP(H)dH JP(1)4T - C(L N,K) + A]F(H I, L N, K)[

Aand; by assumption,‘the price of H will be its unit cost;‘and.the price

“"of I will be its unit cost. 'Lettfﬁg C4 and CI_be the unit costs, we

and * o L e

P. =C _ ) : R (D)
: q o - ’

have -

v s THT R
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. dundance in the equations. In particular,vusing (3) and (A), one ob- -
. serveéjthat (2) and (5).are equivalent and that - (6) may be expressed as.“

Lo, ) : ~ -.?_ ; . .

// . o y o j_”] - _'//’

The second criterion’presented in Chapter 1 demands that the. }
assigned unit costs induce efficiency.f That is, for any given quanti- .R.
ties of H and I which are produced, the minimum cost of that production

;must be achieved. The objective therefore is to ' \‘
| . . "y
MINIHIZE CH H + CI . I /
SUBJECT TO'F(H,I,L,N,K) =0
f . . - . - - . N y .
The ‘Lagrangian first order™conditions imply
Sp __aF/em P sy
C EY DS — :
: .. 3 I . .
Finally, the third criterion demands that the TAC just break even,
-i.e., - - - ' | N
| Py - H+ P11 --g\} N K) ) i - (6)
or, total revenue must equal total costs. '_-' : .'

Conditions 2) through (6) summarize the requirements that a goo

‘measure of unit costs should satisfy. Fortunately, there is ‘gome re-

- \l' - h.. . [ ) ’ ) V -
CH,- H+cI =Cc@,&R) o -

Thus the issue reduces to finding (or assigning) unit costs so that __f
both.(5) and (7) are satisfied simultaneously. The optimum production

~ -

decision determines ‘the production levels (e.g., H* and I*) and the

lowest cost, c*(L,N,K). Equations (5) -and (7) then become two inde-

pendent equations in two variables CH -and CI’ and a unique solution

always exists. This is easily shqwn»,
3F/3H.
3F/3I 7 Ca
this value be K. Equation (%) may be rewritten as - ¢ = -'K, or Cy =

- K CI, or CH + K C; = 0. Likewfse C(L,N K) at (H* I*) is a particular,
constant TC. The system comprised of (5) and (7) may be written as

Note that evaluated at (H* I*) has a particular value, let

— N — —_— C— — —— L@

1 x| | €. b oo

"

H* I* c : TC

e -k 29»-.211 SRR /



The system has a unique’ solution as long as the 2 x 2 matrix has an '

' _.inverse, and an inverse exists as- long as the matrix is non—singular._

Its determinant is D= I* - K H*. '~ Both H* and I* are positive, while

-

K is negative. It follows that D is necessarily positive. For later

' reference, the solution to the system is . -
RIS TF P S R |
H I- KH "1 I -KH _ - v : ?

In order to make the approach operational, we need to show that et

"' the right hand side (RHS) of (5) is a meaningful expre;sion. In fact,

it is easy to show that the RHS is (5) corresponds to the slope of the

- Asoquant in Figure 'E-1. That 1is, it is the rate at which the handbook S
. and inquiry response services must be traded off when 1nputs are kept

constant. To ‘see this, start with ‘the production function, 1),

. F(H, 1, L,N,K) =-0

and take the total differential o : - ' ;
"3F dH , OF 41  3F 4L , IF GN  BF &K _ o |
8 Ter Te TN . K 0

Note that along\a PTC, L,N,K are constant so dL;dN,dK each,eg%al 0.
Using that result, and rearranging, we find \
e . dI _ _ 3F/8H ‘

aH T T 3F/eI- | SRR s
That. is,_the slope of the PTC (the marginal rate of product transforma-'.
tion) is the,negative of the RHS of (5)
A simple example will’ show how the .above approach, summarized by

¢(5) and’ (7), can determine meaningful unit costs.

Suppose oRe has determined production levels of I= 200.and H = '. _' .

.400, and the minimum total cost is 100 Suppose the: marginal rate of.

. product transformation is 1. 2 i.e., to produce one more unit of in-

'quiry response while keeping all inputs. constant, 1. 2 fewer units of

r .
T

[}

lNote that in the’ case of joint production with outputs in fixed- propor— ‘ x\%
tions F/as

> aFlaE
-Ience, as mentioned above, this approach will not solve the general

is not defined since " output substitution is not possible -

problem of costing joint fixed proportion outputs.
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_ handbookS’must be produced. From (5) we know that

7vservice process, even though far more information. presumably would be . -

. . Iz
”l->.". ' C_H= 1-2 )
S S .

and fromi(?),' _— . | ' - : S

i Cq-* 400 + c + 200 =100 T -

e

'These cangbe solved to determine that the unit cost of handbooks CH

is 176 and the unit cost of inquiry response, CI’ is .147.

These unit costs ' ' '
" 1) induce. an optimal consumption pattern' ' - o : )
2) induce efficiency in resOurce allocation" ' o

3) provide a fair return to the information center . °

Discussion.:

-

This approach to costing Joint information outputs leads to the-
somewhat surprising conclusion that. it is not necessary to dissect the
operations of the 1nformation center in order to determine the unit
costs of the various information products and services. This is not to

suggest, however, that the approach is completely divorced from the

~operational parameters of the system Rather, the approach identifies )
‘and- circumscribes the: minimum requisite operational infOrmation. ﬁthe

. trade—off rate between or among ‘the various information output forms in

the neighborhood of the desired output levels as inputs are held con-

stant. Although this trade-off rate rarely is readily apparent, it

'usually can be estimated by a combination of design and operating data. - -

Given our criteria for judging the "goodness" of. estimated unit costs,

the- unit costs derived: using the above approach must be judged superior

to unit costs which are‘%ased on a thorough analysis of the’ informa on

required, by the latter approach. The merits of our approach thus LA
include economy of information as well as improved unit costs. ‘
The model thus far has been concerned with the purel

lem of assigning unit costs in a joint product situation after the -

~ production decision has been made. " In particular, if the socially op—.
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timum prodﬁction 1evel has somehow been determined, then the unit costs
defiped by (3) and (7) have the three especially appealing properties
dis?ised in Chapter 1.’ > “ = T

| Now suppose the optimum production level must be determined. Can'
prices based on our unit costs aid in this determination’ Are candi=.
‘tions (5) and (7) consistent with the socially op;}mum production level?

The latter question is important because we have not yet established

vthat the quantities demanded of the various: energy faorms at the unit |,
prices defined by (5) and (7) will be consistent with the guantities
Vsupplied which gave rise to those prices. The réﬁainder of his paper
defines the concept of optlmum product}on 1eve1 examines dhe relation
between production levels and unit costs, constructs an iterative :
approach which drives production to its optimal level, and finally
demonstrates that the solution iteratively achieved is consistent with

the static costing conditions represented by equations (5) and (7).




- : 3 -~

DETERMINING THE OPTIMUM PRODUCTION LEVEL v

.fThe Optimum Level of Production

| " From society's viewpoint, the best -output level for anv good is
.that level at which its marginal Tevenue product (MRP) equals its
| marginal cost (MC). A good's HRP is the value added by the last unit
© produced of the subject good in the production of some other good. MC,
of course, is the cost of producing the last. unit of the subJect good.
To see that MRP = MC is the condition for optimality, assume it is
violated. Specifically, assume MRP > MC. This means that for example,
if the last copy of a handbook used in the. production of widgets adds
$50 to the value of widgets produced while the cost of the last is $20, -
then the production of omne more handbook yields a net benefit of '
$30 ($50 in gross benefits less $20 in cost) Equally clear 'is that the
' -initial production level of handbooks improves social welfare.- Only if '
: | MRP MC is no improvement possible, and thus the output 1eve1 at this-
 point is optimal. o . o
Figure E-3 illustratesthls argument. At low levels of H, MRP ex- _
) ceeds MC and benefits are derived by increasing H.' At'high levels; the
'converse is true. The MC curve ‘for H can be considered as being con-
structed in terms of the number-of units of inquiry response, I. The
MC of a unit of H is, indeed, the units of I sacrificed Thus the MC 4

~ turve ref1ects the values of the slope along a product transformation

curve of FigureEkJu Since more and more I must be sacrificed to succes-

sively increment handbook output, MC necessarily risés to the right.
-».MRP slopes downward to right due to ﬂhe law of diminishing marginal
productivity.v Extra coples of the handbook add less and 1ess to the

~value of widget production, ceteris paribus.

Unit Costs, MRP, and MC - . . .

Ry

in -~ The approach detailed in Chapter 2 is based on the premise that

output levels are used to determine_unit costs. These costs, Or prices,

>

o

3o
<2157 - .
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Figure E-3. The Optimal Level of Handbook Produccis‘r)x T, T
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are then used by production management to efficiently.channel resource

“.fuse and by customers as the basis for their - -purchase decisions. It 1s

- well knowm from economic theory that customers will purchase Hand I in

- amounts such ‘that

1 .
R o

. managers, reSpectively.

-~ . o .

MRPH ) ;E o . o i | | (8)
' 1 "I ' : : ; }
and that efficient production managers will produce H and I so that
M I I . kY

(8) and (9) are first order optimizing conditions for customers and
Before proceeding we add an additiOnal assumption to the model'

assume the total cost function for H and I is linear homogeneous._ That

is, if the total cost (TC) 1is
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xk.
|
e

. ' L & .

Ic = 8(36§10), theg a + TC = g(aH,,al, )
' S S (lO)'

for a>0

o

It must be stated that (10) is merely a simplifying assumption and will

‘ be discarded in later discussions. Nonetheless, there is a good deal of

evidence that - cost relations do tend to be linear homogeneous, and this -

assumption enables us temporarily to aveoid: .second-best problems

S
Suppose the current level of handbook output is H (handbooks sup-.

plied) and the current level of inquiry response’output is IS. At 4 -

. these output levels there is defined a Marginal Rate of Product ‘Trans-

- formation (MRPT) The HRPT determines the ratio of the unit’ costs CH

- to CI from (5). _Equation (7) determines their absolute level. The
solution to this set of . two simultaneous equations yields unit costs.

- =K.« TC - . ’ :

} 1-KH S L N (11)
: . dF/8H _ ' '
where K = aF/aI - MRPT between H and I =
From (3), (4), and (5), Swe-sfe that ST e .

K== P[P ‘ B

and from (9) and (12) we have
‘K= - MCH/MCI

Substituting.(l35 into (11) yields

-_(rch /HCI)_- TC
MC

g =

E+— H S o
Mo, . e

Multiplying the right hand side by EEL results in

- .
¢ - . .
3

. S t. c. -:_MCH - TC 5 , - ‘(14)
¥ o H MC - I+MC, * K - o

Now,fby aSsumption, the total cost functioni TC = g(H,1) is linear homo-

, geneous. By Euler's theorem we have

. aTC, 3TC _ . L ' _
=g "Bty "I EMw BAHC, -1 - as



. Suhstituting (15) into (14)_and simpiifying yields .

. approacb defined by (5) and (7) is nothing -more than assigning marginaltv :

| G MG - - ee
-and it is easily shown that .
| CI = MC; 17)

_ Thus if the.total ‘st function is linear homogeneous, the unit costing

costs as unit costs. Using these unit costs as prices thus is simply
marginal cost pricing.
* o

An Iterative Procedure to Determine the Optimum Level

_cost (price) defined by,HS (found on the MC

) on. At each ‘step, excess demand

Having shown that the unit costs are, in fact, marginal costs, an
algorithm to'find the optimal output 1eve1 is easily constructed. As
might be’expected the algorithm simulates a ccompetitive market At.

- the current (assumed non-optimal) output 1eve1s, Hs and IS, ‘the unit

costs defined by (5) and (7), CH ‘and CI’ are simply MC -and MCI “Con~

,sider MCy ana refer to Figure E-4, Since HS is less than H*, the ‘unit

q curve) elicits’ a quantity,

demanded in excess af -H*. An excess demand for the handbook is manage-
. o
ment's signal to increase HS, whﬂih defines a new CH’ a new h » and so

of changes needed in HS. Convergence toward H*)is assured.2; A similar

series of steps .is, of course carried out in the I market. It is

"onrth noting that the MC curves are not fixed. Rather, because H and * .

I are joint products, MCy shifts with changes in T and MC; shifts with

~~changes in H. e S /// L R

[N

Note also that each step in the dynamic process of moving toward

_ the optimum is consistent with (5) and (7). This unit costing approach

is appealing not only “at the optimum but at sub-optima as well. Applied

in an iterative fashion, the same unit costing rules which support an...

s

-A‘ZWe have not defined a rigorous convergence process since the literature

-

. -gential issue here.

abounds with examples.-. The. precise convergence process is only a tan-

or - excess suppiy) signals the direction
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Figure'E—A. Non-optimal Levels of Bandbook Produetion
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optimum can lead production decisions toward that optimum., The op-
timum and the unit costing rules thus. form a stable equilibrium, with
deviations from the optimumféignaling for~decisions which return the

’ .

levels to the optimum point.

ExtensionitoﬂDecreasing Marginal Costs . ' R

This section briefly indicate‘lo‘.; the above approach to deter-

.mining unit .costs in a joint production situation can be extended to the

—\
case of decreasing marginal costs. It is well known that marginal cost

pricing in the presence of decreasing«marginal cost results in negativen

-profits. Clearly then, marginal cost pricing cannot be adopted by an

- TAC which desires to break even. With the constraint to assure a viola—

tion of the social production optimality condition, the problem is to

find the ' second-best. conditions. The problem is to choose unit costs
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‘which 'satisfy (7) and yet yield the greatest social welfare."operai-'

;'ftionally, the produced quantities of H and 1 will be less than their*
socially optimal ("first—best") levels. How should the production Euts f

be distributed between H and 1?

The problem can be formulated as follows: maximize the net bene-
‘ fits from the consumption of Hand 1 while maintaining total revenues i

equal to total costs. < . . .

Net Benefits. Gross Benefits - Gross Costs -

- 'sq

where MRP_ = P(H) and MRP

Po = P(1). These, of cOurse, are. the ‘demand- |

/

I

curves for'H'and'I; respectively. The total cost function for H and I
- is g(H#,1). L S . E A B
| Total Revenues = C, - B+Cp+ Lo . . T e as
_uwhere CB and CI are the unit costs to be determined.
The appropriate Lagrangian expression “is, - using (18) and (19),,
- CHEA - I ' ‘ . '
L= .gp(u)au + S'P(I)dI - g(H, 1) + x(c - H+C; - If—‘ g(H‘,I";“) (20)
’ 0 : -0 . g ,
;'Observe that if C is the unit price of H and H units are demanded at
5 then the MRP, at H is Cy and < . o
; H o a i - ST cos
| —33‘—=c ..—MC-:!-.A(C +ﬁ'30-‘=‘-'_ MCL) . =o T 4(21)
“PH "R OR "R ¢ oH |
. | LY ac o '
A +_x(c1_+,1—ﬁl-m) e
Now recall-that.elasticity of1demand (for H) can be expreSSed‘
E; '=..-.E% 22 e T L@

-'Using (23) and the analogous expression for EI (21), expression (22)

may be rewritten as

(

_CH-MC +A(l %——MCH)‘-:O . | N
. Cy - | o .
. ) 220 ) M
) ' 245
» U
/'\ L '. k

LY

}, ‘

R : TR ir | B %jii:
Vo OgP(H)dn+f()<.P(I)dI-8(H;I) o O

-~ -

v



v
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"":-”." i . A' . . ~ : . (‘\
. . . 5, R . a ¢ . ‘;‘XQ-‘
i o ' 1 .MCI L - \V
. C -M.+2A(1l -=—==——")=0 © (25)
: : I, U C : :
o I B I . * Y\J:-_.
Solving each of (24) and .(25) fog A, equating, and rearranging terms
results in S . T

(c --Mcﬂ)/cH EL D
e . (c - MC )/c EH. L .‘ . S
The solutsion to this second—best problem is “that each unit cost must
t its percentage deviation from marginal cost is inversely -

_be - set so t
proportionil to that good's elasticity of MRP>. Thus, while retaining -

condition (7)? expression (5) must be reaifced by (26). The simultan—

eous solution of (7) and (26) define second-best unit costs under joint

production.  An iterative procedure may also be constructed on (7) and-

/
(26) to dgive production toward its second-best levels

bl 1

3Baumol and Bradford derived this result in [1]; however, our deriva-

tion seems somewhat ‘more straightforwag?‘
-
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©oe .. DISCUSSION

, e o ; |
Unit costs of production form the basis for crucial resource allo-

cation decisions. Especially in the case of joint products,'unit-costs

tend to\be computed from crude conceptual dissections of the engineer—'
ing. opera ional-production_system and arbitrary rules of thumb for allo-
cating joint costs. Using the example of an IAC, this. discussion has '
shown that even in the .cases, ,of nonseparable production of joint prod- .
ucts, meaningful unit costs may be constructed with a minimum of infor-
mation. The approach is to characterize "good" unit costs and ‘derive
the costing rules from these characterizations. . The paper demonstratesJ
that when total cost is a 1inear homogeneocus function, -the unit costs
are simply marginal costs. The unit costs assigned by conditions (5)
and (7) not only support an optimum production level, but ‘are the .
foundation>for a sequential decision process which drives u\tput Jdevels
toward the optimum Finally, in second-best cases, the unit costing

approach’ must be modified by substituting- expression (18) for (5.
A

- (N

A
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