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ABSTRACT

This report summarizes (1) data and informatiou collected to facil-
tate che development of criteria for the evaluation cof the efficiency and
effectiveneas of Aray Technical Libraries; (2) the findings on the miasion
and objectives of Army Technical Libraries; (3) the areas in which adequate
standards for performance are feasible, and (4) presents the fentative
(candidate) criteria and proposed management techniques useful in implement-
ing them,

The criteria apply to 4 general aspects of library pevformance:

(1) Philosophical - criteria which relate to the eauncistisa
of the reasons for the existence of the library.

(2} Management - criteria which ~elate to the influence exerted
on the efficiency and effectiveness of the library by
BRENARRIWLCIILL pralbives,

(3) Services and products - criteria which relate to the outputs
of the library and measure  of service cor nroduct effectiveness.

(4) Operations - criteria which are potentially useful ss a basis
for developing adequate standards for performance evaluaticn
of the staff's professional actions,.




PREFACE

It 1s the end purpose of Contract DA-28017-AMC-2483(A) to establish
criteria for evaluating Army Technical Library operations and services.
The criteris are intended to cover the evaiuation of all aspects of tech-~
nical library operations and services, including but not limited to:

Service effectiveness
Operations efficlency

e. Library staff

b. Personnel utilization
¢, Placemeat of library in Budget allocation
organization it serves Procurement and
Space and equipment requirements maintenance

e, Cnllections

= I rh

.

hecause the criteria must be concepts usable for achlieving the obiec-
tives of the study a-d will be applied pragmatically, the study must:

a. define each objective;
b. provide a method of testing the criterion with the purpose of
determining library effectfveness.

The study is divided into three phases:

Prase I - State-of-the-arv.: conducting a literature search
reflecting the current state-of-the-art, covering:

a. library standards;

b. methods of evaluating libraries;

c. data and information relating to the
library performance evaluation,

Phase II - Data gathering and evaluation.
Phase IlI - Establishing criteria.

To introduce the resder to the work and findings of Phase II, a brief
review of Phase I may prove helpful. During Phase 1 a detal'*d search was
mude of the literature of library and managemernt “science' to assess the
"state-of-the-art" of criteria and methods of evaluating the efficiency and
affactiveness of Jibrary operations and services. More than one thousand
relerences were Jocated, and the documents were reviewed and evaluated.
Those judged as most pertinent and contributory to the study were abstracted
for inclusion in the Phase I report. Supplemental documents were included
as references. Definitions of such key terms as "effectiveness,” "efficiency,"
"criteria," "operations' and "services'" were given and a glossary of manape-
mewt sclence terms was provided, A matrix was constructed depicting the
pousible application of various management technigues to specific library
oparations and services. A discussion of the findings of the {investigation
wia presented. Generally, the existing criteria are deemed i.comp'ete; onlv
a few of them are useful as a basis for measuring librarv efficiency and




effectivenzss. The quantitative weasurement of the value of a library
service or product such ag a literature search, bibliography or current
avavenese service appears *~ be difficult to assess.

Selected suggestions were ade for possible approaches to develop-
meut of suitable criteria. Amon, chese wgs the suggeation that a
specific library criteria wight be developed by analyzing to what extent
the iibrary carries out its mission.

This report discusses the investigations and findings ot Phase II.
The contractor was charged to collect and evaluate the data on techaical
libraries asiready avsilable from asurveys conducted by DoD, Department cf
the Army and cthers. The contractor was directed to visit a selected
number of Army Technical Libraries to gather additional information on
performauce standards, vork measurement, standard cperating procedures and
related {tewe.

Although the contract states that it is the task of Phase III to
eatsblish, rest and evaluate the criteris, the dividing iine between Phase II
and (Il is neither fixed nor precise. The very nature of the work is such
that the¢ form and substance of the criteria begin to take shape in Phase II.
Thua, although this report will not actually state or recommend final
criteria, a task that will bs treated in Phase 111, the analysis and evalua-
tion ¢of the dsta und information identified in Thase I and II will suggest
to the readers the characteristics intended to describe these criteria.

Phase I1 is not intended te be instructional ir the application of tentative
criteria or methods of implementacion. Fhase I. will present and validate the
the criteria snd methods of implementration suj:ested in this phase and will
also present detai{’ed immtructions on how to ipply the tools. Phase IIX

will also pregent ranks for the criteria and tools according to their

relative usefylness at various types of libraries.
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I. CANDIDATE CRITERIA AND CONCLUSIONS

The statezents in this chapter represent the summarization of the
findings of Phase II work. One would normally expect to find them at
the end of the report. They are being presented at this point, hcwever,
80 that the reader may better understand the developments in later chapters.

In reviewing the work of Phase II it became apparent that the can-
didate criteria fall into four general categories, depending upon the
particular parazeter or aspect of the library to be evaluated. These
classes of criteria are:

(1) Philosophical - criteria which relate to the enunciation of
the reasons for the existence of the library and the purposes
it serves. The criterion here might be "the adequacy and
clarity of the library mission statement is a criterion of
the effectiveness of the library,” for on it hinges the
ability of the library staff to fulfill the purposes of the
organization. It is not claimed that this class of criteria
would lead to standards by which to "measure” in the usual
physical sense of the term,

(2) Mansgement - criteria which relate to the influence exerted
on the effectiveness of the library by the management practices.
Here we are suggesting that the effectiveness of the library is
a function of how expertly the librarian (and other library
supervisory staff in the larger library) chooses his staff,
organizes them and directs their efforts towards producing
the services which are essential to fulfilling the goals and

objectivee of the library.

{3) Servicee and Productas - criteria which relate to the outputs
of the library, that is, the actual services performed for a
client or the products produced for the client's use. 7This
class of criteria would relate to id=ntification and measure-
wment of the characteristics of the services and products and
also the value of these outputs to the clients. These criteria
would strive towards evaluating the effectiveness of services
and products in fulfilling either individu~l client's needs,
or statistically fulfilling the needs of populations of clients.

{4) Operations -~ criteria which relate to the more or less routine,
but nonetheless professional actions which are carried out
daily by the staff in operating a library, but which actually
determine the quality, quantity, usefulness and cost of the
services and products.

Preceding Page Blank
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PHILOSPHICAL

Arey Technical Library is

e function of the closeness
cf fts affiliation with the
sdminisirative level re~
spongible for the organ-
izational divisions served
by the library. The mission
of the Army Technical Library
is aprvoved at this admin-
istrative level and {m-
plemented by the library
adeinintrator.

Criteria Metnod of Implementation
1. The effectiveness of an 1. Organization analysis - study
Aray Technical Library is a of the purpose for the existence
function of the extent to of an organization, its primary
which it supports the mission and secondary functions and the
of the parent organization. extent to which it accomplishes
its functions (see XXVI in
{a¥ The mission of the | glossary).
Aray Technical Librazv is & f
derivative of the mission of 2. Research ~ study of alssicors
the parent organization. statements at other libraries
with similar types of clientele
{b) The effectiveness of an {see XXVII in plossary).
Aray Technical Library is a
function cf the adequacy and 3., Human 'zlations - studies in
clarity of its missicn state~ customer oriented planning and
went in enumerating concrete control {see XVII in glossary).
goela and objectives, as well
as specific library services 4, P.P.B.S. - Planning - Program-
and products, aing -~ Budgeting System aids
program directors im planning,
delineating objectives and
analvzing costs and benefits and
in budgeting to maximize bemefits
{see V in glcaesary).
2. The effectiveness of an 1, Organization analysis-utilizing

organlzation charts to identify
relationships between line and
staff units within a» organiza-~
tion and to delineate areas of
responsibility of each unit.
Alsc provides a view of the dis-
tribution of responsibilities
naking reccgnition of role in-
consistencles with organizational
goals easier (see XXVI and IX in
glossary).
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MANAGEMENT

Method of Implementation

The effectiveness of an
Army Technical Librarv is
function of the extent to
which the librarv admin-
igtracor manages his resocu
to provide the combination

of services and products which

give optimum support to th
iibrary mission, gzoals an
objectives.

(a) The effectiveness of
Army Technical Library is
“unction of the extent to
which the librarian meets
requirements for products
gervices.

(b) The effectiveness of
Army Technical Library is
function of the ext.nt to
which the librarian meets
requirements for services
products.

-]

rces

e
d

an
-}
quantity
and
an

a

quality
and

Cogt-effectiveness analysis

and P.P.B.5. - utiiizes a
"systems approach” to quantify
costs and effectiveness through
system simulation models. The
system model facilitates math-
ematical modeling which can be
the basis for planning, program-
ming and budgeting decisions
{see 11 and V 1in glossary).

Utility analysis - utilizee
managers’ judgments as te the
value of services and operations
in supporting the library mis-
sion. Basic judgments of the
relative values of each sexvice
and operation are recorded in
such a way that mathematical
equations can be used to unify
these basic judgments and to
resolve the balance betwszen
operaticns which gives optimum
support tc the library wmissior,
goalz a.d objectives (see IV

in glossary).

SERVICES AND PRODUCTS

Criteria

Method of Implementation

The effectiveness of a giv
type of service or product
is a fuaction of the prob-
abilities of occurrence of
all events essential to th
service or product.

en

at

This can be determined by measur-
ing, for a population of needs,
the percentage of needs which
pass each event required to ac-
complish objectives of the
services or to accomplish the
production of the products.

The effectiveness of a giw
service or product 1is a
function of the collective
e‘fectiveness values of al
individual operations in
accomplishing events re-
quired to produce {it.

en

1
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6. The effsctiveness of a given 1. This can be determined by
library service or product subjective analysis of the
is relative to the collective value or utility of each
indifference (of potential service or product ia sup-
users, librarians sad theilr norting the miasion of the
supervisors) betveen that iibrary and the mission of the
service or product and other parent organization.
services or products needed
to meet the'r respective
objectives.
OPEKATIONS
Criteria Method of Implementation
7. The efficiency of a given 1. Where high correlations exist
library operation is a between operational cosii and
function of unit cost snd outputs within and among Avmy
qualicy (effectiveness) Technical Libraries it is
of operation outpuis. possible to develop attainsble
steadavde of efficiency f-r
glven ra~ges of effactiveness,
2. Efficiency of routine opera-
tions can be measured agalanst
standard data when standard units
of work are produced. Time
standards for routine oprra-
tions which are performed ¢o
accomplish essential ev.n'8 in
library services can be developed
for each routine oneration
through G.A.P. or other work
sampl. ~ studies. Group ef-
ficiency can be measured against
the standard ¢ * expressed s
an index of staff utilization,.
8. The effectiveness cf - 1. This can be de¢termined by the
glven operaticon 18 s func- relationships or correlations
tion of the probabilities between certain event probabil-
that essential events occur ities and the outputs of
due to the outp 3 of that operations.

operation.
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9. The effectiveness of a given 1. This can be determined by

operation is a function of its subjective analysis of the
output contribution to the total value or utility of each
value of library services or operationa output in adding
products. utility to various services

- and products.

Criteria for the evaluation of library efficiency and effectiveness,
methods of implementation and potential methods for developing efficiency-
effectiveness standards are anticipated as the end product of this study
in Phase III. It ias anticipated that some of the final criteria which
are presented in Phase III will obviously be easily supported, some will
be sound, but difficult to demonstrate and still others will be of the
nature of hypotheses.

A number of limits should be considered at this time in order that the
contractor's intent will not be misinterpreted.

Limits:

1. The criteria are not intended to be all inclusive as a basis
for management decisions concerning overall library efficiency
or effectiveness.

2. The methods of implementation of these criteria are not, at
this stage of the state-of-the-art of library evaluation,
proposed as being purely scientific. Many areas concerning
efficiency of library operations and effectiveness of library
operations and services continue to elude scientific measure-
ment or evaluation. For example: The findings of this report
do not include criteria for the measurement of (a) the value
of information in a collection, (b) the value of books, doec-
uments, etc., (c) the effectiveness of the library in mzeting
individual client needs, (d) the efficiency of nonroutine
administrative operations such as staff and users training.
However, the best scientific methods available {n the state-
of-the-art of "scientific" management have been selected by
the coordinated judgments of 3 management consultants cn the
contractor's staff. After these methods have been testad for’
validity during Phase III of this effort, the feasibility of
their application at various types of libraries will be determined,
These validated criteria and methods of implementatfon are ex-
pected to be only one link in the evolution from "artistic and
subjective" library evaluation to "scientific and objective"
library evaluation.

BT iz - .. - - . et RS caen s o 5
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Standards developed by weanes of validated criteria and methods

uf iuplementation should not be regarded as being standards which
should at once be strictly enforced. Extensive testing and
further development is necessery before standards of sufficient
precision can be develcped to control library efficiency and
effectiveness within confidence limits significantly tight to
jJustify rigid policiea. However, the crireria and methods will
serve as a basis for establishing adequate standards for perform-
ance evaluation.

The usefulness of the criteria and methods vaiidated during this
study will relate, in the f‘wal analysis, to the ability, available
tiwe, and inclination of library administrators or Army management
officials to adapt and implemer: them. Therefore, it is recom-
mended that a seminar and/or a training progrem be started to
encourage further development and use of the validated criteria tor
measurement of efficlency and efrectiveness.
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II. THE NATURE OF CRITERIA

It is necessary to strive for some intellectual precision when think-
ing of the concepts connoted by the words ''criterion" and ''standard." Further-
more, there is an ever-present danger of concept confusion when we attempt
to represent degrees of meeting standards in terms of "effectiveness,” and
then quantify this somehow in terms of "efficiency" when the factors of
time and cost are introduced.

For these reasons, it is appropriate to discuss the nature of "criteria."
Prom this, concepts of the nature of "standards’ should develop, as well as
ideas of how measures of "effectiveness' emerge from degree of ability to
meet standards; "efficiency"” values involving time and cost should then
become obvious.

"Criterion" is defined in Webster's Seventh New Collegiate Dictionary
as '""a standard on vwhich a judgment or decision may be based." The word
"standard” as a synonym for criterion is ''something set up and established
by authority as a rule for the measure of quantity, weight, extent, value,
or quality.” '"Standard,"” "criterion," '"gauge," "yardstick,' ''touchstone"
denote a means of determining what a thing should be. ''Standard” applies to
any definite rule, principle or measure established by authority. 'Criterion”
may apply to anything used as a test of quality whether or not formulated
as a rule or principle.

It would be adventageous to the progress of the work of this contract
to construct a model showing the relationships between the concepts of
"eriterion," "standard,” "effectiveness'' and "efficiency.” The model will
be fundamental to the authors' thinking and, although some rezders may
disagree with it, 1t will be defended as the basis of the system of criteria
eventually to be proposed. The model is as follows:

CRITERION - a requirement on which a judgment or decision may be based.

STANDARD - something set up or established by authority as a rule

for the measure of quantity, extent, value or quality. In the seunse
used here, a standard is a criterion with qualification, quantification
or dimensions added.

EPFECTIVENESS -~ the extent or degree to which a particular thing
fulfills the mission, goal or objective for which it was performed,
that is, the degree tc which it meets the atandard set by authority.

EFFICIENCY -~ effective operstion as measured by comparing pro-
duction with cost (as in energy, time and money). Efficiency
is a measure of the number of units produced per unit of energy,
per unit of time, per unit of money, etc.

Mt Lt e s . S Rk i e e AT T
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This concept of "efficiency" assumes that the units produced are
"effective” units, that is, they meet the "standard” which authority has
establishod from the original "criterion."”

To drav a general conclusion from the criterion-standard-effectiveness-
efficiency model, it 1is not possible to establish specific levels such as
efficiency without first establishing more generic levels such as zffec-
tiveness. In turn, measures of "effectiveness' camnot be established
without first establishing "standards' and, more generic than standards,

criteria.

Although analogies are not always satisfactory methods for proving a
hypothesis, they sometimes serve as helpful examples. In this sense,
consider this exsmple. Suppose criteria are to be established for military
"commandos." "By studying what commandos are expected to do, it 1s noted
that they must often jump over fences to get to the site of their intended
cperation., One criterion for determining the effectiveness of commandos,
therefore, could be the ability to jump fences.

In order to understand more sbout the importance of the fence-jumping
raquirerent, it is necessary to study this aspect of commando tactics.
Suppose a study shows that, to reduce fence-jumping to the status of a
constant, it is necessary to jump the highest fences found -~ say a height
of 20 feet. However, it is known that no man unaided can jump 20 feet
high. Thus, to set a standard of ability to jump 20 feet high for ccmmando
cendidates is unrealistic and would rule out all candidates. Therefore,

2 further study is performed vhere the total population of fences to be
jumped 1is sampled and their distribution analyzed. Suppose further that
this distribution curve shows that the ability to jump 6 foot fences will
permit surmounting 95X of all fences encountered. An "authority" can then
decide that commando candidates must be able to jump 6 foot fences and
this becomes the "standard" for that requirement.

Let it be supposed that in the field we measure the actuesl performance
cf completely trained, experienced, practicing commandos with reference
to jumping fences. If all commandos jump over 6 foot fences with no ex-
ception, their group effectiveness is 100X of the standard requirement,
and at leaat 95X of the operational fence-jumping requirement. If some
of the men jump fences higher than 6 feet, their operational effectiveness

ia higher than 95X, but less than 100X.

The analogy has been chosen from an area remote from librarianship
80 that the more coumplex characteristica of librarianship will no:
complicate the issues being developed.



The efficiency of the process can then be determined in ter:s of the
time and cost of jumping fences (costs include probable loss in :asualties,
energies, equipment, etc.).

The model might be stated as:

o

CRITERION - one of the criteria for determining the effectivenes: of the
commandos is the ability to jump fences.

STANDARD - in the theater of commando operations where fence heights
up to six feet include 95 of all fences which are encounter=d, all
commandos must be able to jump over ferces up to six feet hig'.

EFFECTIVENESS MEASURE - in actual operation every commando jumped

all fences up to six feet high. Some juaped higher fences. None
jumped all fences more than six feet high. As a group their opera-
tional effectiveness rating for this particular criterion :s at least
0.95 but less than 1.00. Effectiveness with regard to the standard

is 1.00.

EFFICIENCY

Efficiency = a coat function of jumping the fences in a parti{cular
operational case.

Fence-jumping would, of course, be only one of a series {C), C2, C3...Cq)
of commando criteria. As in the determination of effectiveness of electronic
or other equipment,vhere overall relfability (R) is a function of the
reliability of all essential component parts (assuming no shunts):

R=r] xr2 xrj...x rg, 80 the overzll effectiveness of the commando would
be a function of all criteria which affect commando performance:

Eq = E; x E2 x E3...Eq,
wvhere:
Eo = overall effectiveness of commandos in accomplishing the
goals and objectives of their mission;
E] = effectiveness at jumping fences;
E2 = effectiveness at demolition;
E3,4,5 etc,= effectiveness at other essential operational tasks.

Depending upon the standards set, the ability to meet the individual standa:r s
determines the nminimum effectiveness values. The actual effectiveness value-
will usually be higher, but not significantly so if the standard:s are tight.

In relating this approach to a library situation, the question may be
asked: "Why do libraries exist’'? The answer could te 'To provide services
to clients." The effectiveness of libraries would be a measure of how well
the libraries provide these services to the clients. In order ‘o be more



analytical and meaningful 4{n discussing the effectiveness of services,

the various kinds of services provided by libraries must be identified,
such as, for example, (1) circulation services, (2) reference search
services, (3) translation services, etc. Even this breakdown does not
permit the determination of effectiveness at a meaningful level. Levels

of greater definition must be sought and each individual item at that

level must then be studied. Using reference search services as an example,
by analysis one can identify four kinds of searchea, the kind depending
upon how the client requests the service:

I. Unequivocal expression of an unequivocal need.

Exaxple: A client requeats a copy of "Annual Review of
Information Science and Technology,' Volume I, 1946,
American Documentation Institute, Carlos A. Cuadra.Editor,
pub. by Interscience Div. of John Wiley & Sons, New York.

I1. Equivocal expression of an unequivocal need.

Example: The client wants the particular book described
in Case I, but does not know the precise title or the editor's
name, publisher, etc., and has to describe his need ambiguously.

I11. Equivocal expression of an equivocal need.

Example: A client does not know the identity of specific
books or documents. Furthermore, he does not know rrecisely
what he is seeking. He may, for example, request information
on the effect of contaminants on the properties of ruby lasers.

IV. Unequivocal expression of an equivocal need.

Example: A client knows what he is seeking, but does nct know
the publications which are relevant. He may, for example,
request a list of all books published in Great Britain on
plastics in 1965.

Type III questions are those which most require expert subject index-~ .
1ng.* although Type 1I and Typ2 IV also require them.

In studying the effectivenesa of the library in responding to Type I1I
search questions, what are the factors involved? Among others are: (1)

completeness of library collection or "data bank,” (2) subject indexing of
books, documents, etc., (3) skill and knowledge of reference librarians.

* Cataloging and indexing are used interchangeably in this text.
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Assuming that the library collection is a constant and that the
reference librarian possesses sufficient knowledge and skill to be able
to locate all pertinent documents which are adequately indexed within a
limiting time, indexing will be considered the only significant variable.
Since i{ndexing is the major method used to label the things stored so
that they can be retrieved upon demand by library users, it is a candidate
criterion of the ability to regain documents by search and thus of the
effectiveness in gerving client needs.

To hypothesize, let one criterion of effectiveness of search be in-
dexing. Furthermore, assume that the only concern is with subject index

terms.

Unlike the commando example, it is difficult to determine real maximum
number of index terms. It cannot even be established that the maximum
number corresponds, for a given document, to the number of different words
in that document. Synonymy could make the maximum larger. However, it can
be assumed from experience that the desired number of index terms should
be in a certain range. Then it is possible by authority to specify a
number of index terms and declare this to be the standard. In order for
an authority to specify this number, it is necessary to perform a study of,
say, the increasing probability of locating documents as a function of the
number of index terms per document, as well as a function of the number of
documents of that class (e.g., mathematics, L.C. Class QA; chemistry, L.C.

Class QD). This probsbility is, of course, a function of several other
factors such as time permitted for search (cost) and the skill of the
searcher. The first two are significant factovs and will suffice for ex-
perimental development at this point. The effect of indexing and the number
of documents for the Type 1II questions discussed earlier - where there is
an equivocal expression of an equivocal need ~ may be indicated by con-
structing a three-dimensional graph (Figure 1), utilizing data from actual
searches to determine Pj3, X;; and Y,, vhere:

Pl3 is the ptobability of finding three or more documents relevant
to the client's equivocal expression of an equivocal need at a

j library;

is the total number of documents in all subject classes searched,
e.g., mathematics or chemistry, at library j for query i ;

Yij 1is average number of index terms per candidate document in the
relevant subject classes at library | for query i .

1



FIGURE i

It now becomes possible to gather data based on document-finding
results foi 2 population of Type III queries, st a number of different
libraries, whevre the m+~an number of index terms used on documents re-
called g8 well as the aumber of relevant documents in the given subject
clasges can de determined. :rom these data equations for the probability
of finding some number of documents can be censtructed. For example, the
pro§9bility of findlng three or more documen:is may ve sume function of
X;i Xi-,lmd ?"J s 1 2.,

ijif[(xij),(\'ij},(fi} ) ]

Here the time factor ''t" has bsen added as the third member of the equation
and additional factors can be inserted. The variable of search ability
will be cunisidered constant for qualificd refersice librarians. However,

a proficiency test could be administered to level this factor. The sub-
scripte i and | refer Lo 8 particular query in the i Family of queries

at a particul - .ibrary in the | family of libraries. In a group of ten
libragies, | = 1,2,3...10 and an individual library, sav, has 100G queries
with X 'vi) and {,; known; thess queries are | = £!2Y3...1000 The first
quary at the first aigrury will have specific Xip s Yij *ndfu values of, say
Xy w 1200 documents,Y |, ~ 3 terms andt,, = 1 hr.

Having developed this probability situvation the foilowing proposition
can be pnsed to the library administrator:
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If a standard is set which requires a probability value P (perhaps
95%) that you will be able to retrieve three or more documents in response
to client needs in specified suhiecct fields, when your collection size in
that subject field is a certain number of documents, and time ''c¢" can be
spent searching, it 18 necegsary that these documents in your collection
be indexed to an average depth Y. If the document collection size is

altered, or if "t" is altered, Y will change.

It will be possible to prepare families of giraphs for Pj values for
retrieving increasing numbers of documents: 1 or more; 2 or more; 3 or
more; etc.

Having determined the depth of number of index terms for & set of
constants, the library authority can now set a ''standard" for indexing
depth. While these "standard' conditions exist, meeting them w{ll insure
that the library's effectiveness in responding to client search needs of
that type has the probability value chosen with a certain predetermined
risk of error. Once this number of index terms is determined end set by
authority as the standard number of index terms for that subject classifica-
tion in that collection, adherence to that standard should achieve the
probability of effectiveness indicated by the study.

In this discussion 1t is assumed that the index terms are selected
by trained and experienced indexers on the bagis of a carefullv prepared
thesaurus.

It must be emphasized at this point that for the most rractical ap-
plication of these criteria-standards~effectiveness-efficiency concepts,
each situation should be regarded as dynamic, If indexing, for example,
should prove to be one of the criteria of effectivenass of technical
libraries, there may be different standards for varicus subject fields
to provide tighter and more reliable standards, and it is quite possible
that the standards carefully determined for today's situation in a
particular subject field could be quite different at a later time. The
depth of indexing suitable, say, for archeology, might not equslly serve
solid-atate phyaics or oxidative enzymes and, within these fields, what
holds true today might not be true later. It is likely, in an overall
dynamic situation, that enforcing standards nonetheless would maintain
atable effectiveness for a short run period. Periodic measurements of the
effectiveness probabilities should be taken to determine {f the enforcement
of standards realizes the level of required (or predicted) effectiveness.

At this stage of the discussion, it should also be brought out that
the criteria-standards-effectiveness-efficiency concepts are mcat applic-
able for overall library service effectiveness, Theae mathods will measure
the effectiveness of a library in responding to a population of questions,
service requests or clients. The study of such populations wi!l give data
for quantifying that concept of effectiveness.

13
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These considerations do not, however, give data for quantifying
the effectiveness of & librarv's response to an individual client's
request. The latter is a different kind of response effectiveness and
the distinction between the two should be recognized., For clarity, there-
fore, let us distinguish:

Eg171 = overall search service effectiveness in responding to
populations of Type 111 search needs,

Ejg = effectiveness in responding to the particular Type III
search needs of ind{vidual clients.

Qur study will provide dats for obtaining values for Egrrpe It does
not appear, howvever, that this study will give objective ana quantitative
valuea for Ey¢c. To obtain values for this measure of effectiveness it is
necesssry to have 2 more meaningful kaowledge of user feedback, user
satisfaction, user project progress, user project importance or something
along these iines. To develop this knowledge we must study feedback--
wvhat is {t, how it can be identified asnd hew it can be quantified.

Some attempt, however, should be made to identify certain types of
questions wh. 'h would reduce the eguivocal nature of needs, for example,
questions which would establish (1) the time deadline for receipt of in-
formation, (2) the estimated number of relevant documents published,
and (3) the percentage of relevant dcocuments whichsheuld satisfy the need.”

The remaining -uivocal areas of needs may Le measured by subjective
and qualitative criteria or empirical criteria in the judgment of an
expert who would attempt to level the effectiveness of search strategy,
retvieval strategy, etc., after exposure to the library operations per-
formed and user feedback.

*
Personal communication with Cyril Cleverdon.




II1. DATA AND INFORMATION COLLECTION AND CRGANIZATION

As the work ¢f this contract deveioped, it btecame apparent that
there are severa. appreaches to developing criteria for evaluating the
efficiency and effectiveness of librarv operations and services. The
various aoproaches lend therseives in different ways to the numercus
asvects of library operations and the nrodv-~ts or services arising out
of these operations., There are undoubtedlvy additional approcaches other
than those we utilized, but attention will be directed chiefly to 5
approaches.

These 5 gpproaches involved the utilization of both data and informa-
tiou. It is the purpose of this chapter to separate these data and in-
f. mation intc the 5 classes. Fo- each approach™ the authers refer to the
data or information 2s a4 'tvpe' co-responding to the approach under discus-
sion. Although the types are discussed separctely, there will be some
inevitzitle cencept overlaps. These will be minimized as far as possible.

The word ''data' is used in this report in the broadest sense. Actually,
in this work the contractor is interested in gathering any type of knowl-
edge wilch might be useful in recognizing and establishing criteria for
evaluating effectiveness of librarv operations and services. It is not
our purpose to launch inte a lengthy discussion of the distinction between
"data" and "information.”' Rather, for simplicitv, the word "data" is used
as connoting chieflv numerical, mathematical or statistical symbolic
values, and the word "information' as conncting chiefly descriptive facts
expressed in words.

The "data" or more properly the "information' required for approach
No. 1 is simply a set of statements concerning existing criteria gathered
eithe: from the literature {dentified in Phase I or from statements made
by librar ans visited during Phase Ii.

The data or information for approach No., 2 compnrise the existing
aission statements for the libraries of the Army Technical Librarv complex.
Shortly afrer the beginning of the contract, the Chief of the Scientific
and Technical Information Branch of Picatinnv Arsenal, Department of the
Army, send a request for mission statements to 88 Armv Technical Libraries.
These were reviewed by that office, and & votal of 72 mission statements
was forwarded to us for analysis and evaluvation.

The data for approach No. } are statistical in nature. Obtaining
them was simpiy a matter of examining several existing reports and studies
on Army Techntical Libraries and extracting the data. The analvsis of
these deta is presented in another separate section.

The pathering of ''data’ for approac 4 and 5 became one of the
tasks to be accomplished during the library . .ts of Phase 1I. 1t was not
the intention of the contract to visit all Army Technical Libraries, but




rather a sample of the population representing selected aspects required
for study. The Army Technical Librarv complex is made up of approximately
107 libraries. These are widely separated geographical’, and differ much
in character, scope, collections, staff size, locatien in supervisory
organizations, missions, services and operations and many other charater-
istics. Some serve research organizations, both basic and applied. Some
are fer the use of developmental scientific and technical groups. Some
are for test and cvaluation groups. The subject cont:iats vary widely,
covering the majority of scientific and engineering disciplines and sub-
fields. In order to make an organized and fairly logiczl approach to the
selection of 10 libraries for visits, it was considered necessary to estab-
lish a set of requirements bv which to evaluate the population of the 72
libraries. The sample chosen is based uson ten criteria and is not a
completely random statistical semple. This method was used in order to
accomplish the coblectives of this contract with a minimal savrle size.

The ten criteria for sample member aslectiom a&re as follows:

1. The organization should have responded to an earlier Department
of the Army in-house request for a statement of {ts mission.
This request had been made to iibraries, information analysis
centers aad [echrical information centers,

2. The organization should be a technical library within the im-
plied definition nf ATLIS Report No. 1, September, 1966,
“TECHNICAL AND MEDICAL RESEARCH LIBRARIES AND INFORMATION
CENTERS OF THE DEPARTMENT OF THE ARMY,' and should be included
in that study.

3. The library should be in the group for which data were presented
in the STINFO REPORT No. 1, U.S. ARMY ON-"ITE SCIENTIFIC AND
TECHNICAL TNFORMATION SURVEY, September, 1564.

4. The library should have been included in the Army Library
Career Program Survev (except Corps of Engineer Libraries;.

5. The libraries should include at least one which utilizes auto-
matic data processing equipment for its operations or services
as per "STUDY OF MECHANIZATION IN DOD LIBRARIES AND INFORMATION
CENTERS," Booz~Allen Applied Research Inc., September, 1966,
AD 640, 100,

£, The libraries should not be limited to those in the Washington,
D.C. metropolitan area, but Army Tecnnical Libraries in the
geographical area should be utilized if they fulfill other
requirements adequately.

7. The population of libraries should, if possible, represent the
various Army Commands, such as CDC, AMC, CONARC, Corps of
Engineers and Surgeon General's Office.
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8. The libraries should inciude not only those serving research
and development groups. but also test and evaluation groups.

9. The libraries should represent as wide a scope of collection
and staff sizes as possible. i

10. The libraries should represent as wide a variety ct scientific
and technical subject matter in their collections as possible,

All librariers chosen for visits were notified by letter by the Caief,
Scientific and Technical Information Branch, Picatinny Arsenal, Depariment
of the Army. This notification requested permission for the visits,
specified the* the visits would be for 1 to 2 days, named an approximate
date and explained the purpose of the visit. As the scheduled date for
epch vigit drew near, the head librarian of each chosen library was
contacted to confirm the date and was gent a packet of background informa-
tion to provide the library staff with some of the ideas of our research
team. The packet contained a statement outlining the various criteria
which we visualized for development, and a sample interview guide which
the research team expected to use for obtaining the data. The interview
guide was revised as a result of experience gained in the first few visits.
The length of stays varied from one-half to two days. The length depended
upon the extent to which the staff had prepared itself as a result of
studying the literature packet, reviewing the nature of the data requested,
and reviewing the data available at the library. In all visits, a tour
of the library was made, and conversations held with several members of
the library staff to obtain some idea of attitude toward management,
clientele and fellow staff members. The major part of the visit time,
however, was utilized to obtain the requested data.

In general the data sought were available or easily derived from
records kept at the Army Technical Libraries or from past studies on Army
Technical Libraries. However, certain classes of data were more difficult
to obtain, such as user statistics (number of actual and notential usars,
extent of in-house use, types of users), use and extent of reference
services, extent of bibliographic service, weights of library operations
as they contribute to each service, and weights of each service as they
contribute to the library mission and objectives. In order to get these
data, ranges or estimates were accepted. The mean was estima:ed frc - the
range and estimates of other parameters such as the mode and niedian Using
thege parameters the mean was estimated and was given confidence lim:zs
wvhich were within + 152, 90Z of the time for the data rc -ordel. All cther
data sought had in general been derived from the statistics kept in each
library or from statistics obtained from CEIR studies, p-evioas ATLIS
studies, library fact sheets znd other previous studies., The accuracy
of these data cannot be estimated by comparison, since the data represent
changing situations over a period of years. However, due to the acces-
eibility of these data, they are expected tc be accurate within + 15
90Z of the time or better.

Further investigation on the reliabilicy of data is r:prescented in
the statistical analysis in the following chapters.
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IV, TYPE 1 APPROACH EVALUATION AND ANALYSIS .fo;

S The idea behind this approach 1s the rather obvious one of simply
f‘“‘ determining what criteria already exist, either in Army Techuical

B Libraries, other techi'cal libraries or other libraries. This approach
vas to identify these 'criteria” either from the literature, (see Phase I - '
abstracts), or from questions asked during visits to the selected Army L
Technical Libraries. Not all criteria may be plainly labeled "criteria”; T
they may also go under such other labels as "standards' or “'policies' or
"instructions'" or a variety of other terms.

Since it is not the ~urpose of the present contract aecessarily to
invent criteris, but rather to identify or recognize as well as to orig-
inate such concepts, simply to locate such as already exist would serve
the purpose equally well. [If suitable criteria already exist, it will
gerve the task adequately, therefore, 1if the contracter simply identifies
them and validates them, C(riteria are not par se independent and adequate
in & practical sense for determining effectiveness of libraries or, for
that matter, cf any other organization. It is nccessary t at they be v
supported by additional and sore specific concepts such a. ire found in e
"standards.” Effectiveness’" can then be determined by measuring the -
degree tc which the item under consideration meets the standard. If we
wigh to sttach time and cost parameters, '"efficiency” can be established,
Purthermoxa, criteria should not be vague or ambiguous, but clearcut and
capable of deve.opment into easily understood and enforceable standards.

It was the experience of the coantractor, in searching the ‘iterature,
that statements of criteria of .en did not have any organized concept in
aind and were difficult to apply in a practical way. However, there are
many ugseful staudards for which there are no criteris statements. In
some cases, it is not necessarv to state these criteria explicitly,
because they are implicit to any ~nes knowledgeable snd experienced in the
field. In some cases, however, it would be helpful to everv one {involved,
especially nonlibrarian adeministrators with if{brary administration
reasponsibilities, 1{ the coordinastion of the criteria, the standards,
and the measurement of effactiveness were made more clearly visible and
understsndable,

The following discussion of existing criteria is not exhaustive.
Since it is fairly obvious that not all criteria are plainly labeled as
such, and that some criteria amev be enunciated in reporte or cther pub- Ve
lications not included i{n the literature ;esrch, it is quite possible that coLe
existing important ones may have been missed. Furthermore, it {s quite
possible that some important criteris are so much taken for granted as to
have been overlooked. 1t is hoped, however, that the most {mportant ones T
will be taken into consideration.
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The criteria gathered from the literature appear to fall into four
general categories:

(1) library mission and organization-related criteria;
(2) administrative, management and general criteria;
(3) operations criteria; Y

(4) service criteria.

The criteria associated with the mission of the library usually are
gozl-related. For example, some existing criteria state: (1) the library
should support the total organizational program and goal (378)*; (2) the
library goals should support the goals of the parent organization (455);
(3) the library goals must be explicit as to extent of service and priority
requirements (455); (4) the role of the library is determined largely by
requirements for library services of the laboratory served (207). In one
case a criterion was subject-related: a scientific librarv's mission is

to prcvide scientific information (248).

Some of the criteria statements for management personnel discuss
inter-organizational expectations and some discuss more functionally what
an administrator should do. This can be advantageous, when the administrator
of the library is fully aware of the criterfa. These statements are: (1) a
college library should be directly responsible to the college president
(182); (2) a library should publicize its services so that the users know
they exist (345), (24); and (3) library goals must be agreed upon by
management, library and users (455).

Very few criteria exist for a library budget. Both of the criteria
found were In the 1964 SLA Objectives and Standards for Special Libraries(770).
These were: (1) a budget for a special library should be based on recom-
mendations of the library administrator; (2) the library administrator has
the responsibility and authority for the expenditure of his budgeted funds.

The criteria for determining staff personnel were more difficult to
locate precisely. These dealt mostly with professional requirements,
These were for example: (1) The criterion of a profession is the existence
of a systematic body of knowledge of substantial intellectual content. A
member of the profession should have personal skill in the application of
this knowledge to specific cases (109). (2) An adequate professional
library staff i{s an essential component of basic research facilities (176).
{3) The library staff should include persons trained in the users’ fields
and be familiar with their problems (225). (4) The librarians should
have knovledge of sources of information and library training (381). (5)
The library staff is responsible for the efficient organization of materials
and for making available the catalogs and indexes for prompt access to the
materials and the {nformation by the patrons (770).

*
Numbers in parentheses refer tc references in Phase I report ¢ the
supplemental references in this report.
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Other criteria are more specific, and might even be considered
etandards, as far as staffing is concerned. These are: (1) A job
degcription should include a statement in detail of actual activities,
indicating importance of each activity, the conditions under which the
job is perforn.cd, and the materials needed to carry out the job (428);
(2) 1In order to determine grade level in a government library, the
knowledge requirements, scope of assignment and level of responsibility
should be factors (94); and (3) To qualify as a librarian, a person
should have five years cof formal education beyond secondary school in-

cluding graduation from library schooi (11).

' Many more criteria statements exist for the operations or technical
processes which are carried out in the library. In fact, the criteria
for the acquisitions program of a library determines the nature, size
and complexity of the collection. A criterion for cataloging is the
comparative ease with which items can be located.

Some or the criteria statements pertinent to acquisitions are:
(1) A special library should acquire materials and information for the
organization’s current and future needs (77C) ; (2) The selection criteria
should inform the library staff as to the identity of the material to
be processed and also indicate to the clients what they can expect from
the library (424); (3) The organization's information requirements should
provide an accurate selection of all forms of information to fulfill the
needs of research projects and the scientific and technical interests of
group members (258); (4) Subject coverage of the collection should be
intensive and extensive enough to meet the current and anticipated in-
formation requirements of the library clientele (770) ; (5) The size of the
collection should depend upon the amount of material pertinent to the
organization’s needs (770) ; (6) The library should have as much of the
needed material on hand as feasible to anticipate needs (206); and (7) The
collection can be compared with published lists of key literature (261).

Much has been written about the use of relevance and recall ratios
as measure3 of effectiveness. There i3 considerable controversy as to
the validity of recall and relevance ratios as being measures of indexing
systems effectiveness. Although criteria of this nature were not con-
sidered at this time for cataloging and classification,their validity will
be discussed in Phase 111 of this contract. Others found to pertain to
cataloging and classification were: (1) The catalog should be in encugh
detail for the users to be able to utilize {t efficiently (211); (2) The
catalog and classification should be done in such a manner as to assure
the highest possible accuracy and consistency for the user (218); (3)
Some criteris for a qualitative catalog listed by Oliver Lilley (244) were:
cost; physical size: time to construct, maintain, search; scope by topic;
ease in determining relevance; nuuber of access points as main entry;
universality of information; rate of growth per new entry; obsolescence
rate; simplicity of apparatus; adaptability to reproduction and dissemina-
tion; adequacy in supplementing similar tools.
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There do not seem to be as many criteria existing for library
gservices. Criteria for circulation services include: (1) Ease in ac-
cesgibility 1is the most desired characteristic of a system (236); (2)

The phvsical location of the materials should be determined by the amount
of use (143); (3) Success in locating library material is morc signif-~
icant than the number of volumes in the collection (456); (4) The ease

of access or obtaining the materials is the most desired characteristic
of a system (456, 236); and (5) The use of the collection by students in
a college library is the ultimate test of the collection and tha library

(292).

The fewest criteria exist for the reference, search and bibliographic
types of services. Some examples are: (1) Technical information service
should be provided as a background for specific or individual projects
(207); (2) The special library should provide successful reference service
varying from answering miscellaneous questions to providing literature
surveys and comprehenaive bibliographic reports (235); and (3) The library
staff should locate librarv materials and information promptly upon re-

quest (770) .

The library visits by the research team were not fruitful sources of
criteria statements or concepts. However, the subjects discussed and the
data gathered during the visits have a direct or indirect relation to the
effectiveness or the efficiency of the library in performing its operations
or providing its services or products. Therefore, it is judged necessary
to include in this report some of the observations made during the visits
over and above the actual numerical data. These observations pertain for
the most part to library methodology or procedural matters rather than to
the more generic concepts usually thought of as constituting effectiveness
criteria. Nonetheless, some of these procedural matters might constitute
focal points from which to develop criteria.

Some interesting points arise with reference to management matters
which have considerable bearing on both effectiveness and efficiency. One
of these has to do with accountability records. 1t appears for the most
part that accountability records are kept only for acquisitioms which
must be purchased. This is, of course, understandable because it is neces~
sary to account for direct expenditure of funds. There is a tendency,
however, to view '"free" acquisitions as not costing anything. But there
are the costs of ordering, following-up, receiving, processing, storing
and retrieving these "free" documents which most often represent a larger
investment in documents than the purchase price.

A second point of interest noted on the visits which would have
direct bearing on library efficiency, although it would not be immediately
obvious because the costs are hidden, 13 the necessity to respond to Army-
wide or higher echelon regulations which may have little or no bearing on
library operation. Thac is to say, in a puristic sense, there are certain
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regulations which technical librariea must ahide oy for purpeses of higher
sznagement, vhich du not make a2 positive contribution to liorary effective~
ness but do have u negative influence on library efficiency by requiring
staff time. Certain procuresent r 7uirements are cvsmmples. For i{ns:iance,
accountability requirements consume labor man-hours which mav be utilized
more effectively on othe: tasks. Utility Analysis, a method discussed {n
chapter VIII, is a tool fur determiniug the most effective and efficient
allocation of man-hours to operationas. After Urility Analysis of the

valua of accountaiility ope stions as op osed to the value of other opera-
tions, it may be discovered that ‘ccouniabilitv requirements have a negative
influence upon library efficiency and poss?.lv upon lit-ary effectiveness.

The follewing ooservations sumisarize some of the findings with respect
to librery methocs and procedures.

Activities which are a part of acquisiticns and accessions:

Library contents seluction - Not all libraries consider selection of
nev books by the user staff tc be & part of acquisitions. In most libraries,
the librarian selects the materizl with sugpestions from the users and
library staff. About half of the libraries can order any books and doc-
uments that they wish without further approval, as long as the materials
acquired ars within the scope and budget of the 'ihrarv. In most cases,
howevar, there was no firm policy. The dcxree of librarian professionaliss
deterzined wvhere selection of new materials “or the library was initiated.

Checking - Most libraries check to see if they have the publication
requested before placing the crder for i{ts acquisition.

Ordering - The biggest delay in acquisitions is in ordering. Depending
upon the installat.on, or th- overall coxmand of the library, there are
varving smounts of paper work {invoived.

Receint - Gcod receipt records are kept st all places, in manv cases
in the fors of the shelf Jist which is a matter of complving with Arwv
regulations on accountabil.ctv.

Documents - Almost all documents are received free. No accountability
records are required f-r free doc.uments.

Computerization - Unly one librarv visited was using a computer for
providing a record of {tems on order and received.

Activities performed as part of classifying and cataloging

Clesstficstion - The libraries, zil techinical i{n nature, dc not sll
use LIbrary of Congress Classification numbere. Some use the Dewev Decimal
Classification Svystem. No other classification svstems were found to "e
uned for books.
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Cataloging - Cataloging was generallvy interpreted to mean using
authority listings to check correct autkor entries, using ALA rules for
subject headings, or Library of Congress subject headings. About one-
half of the libraries did their own cataloging and classifying, and about
one-~half bought their cards from the Library of Congress. Even those
which purchased cards from the Library of Congress either altered the
cards or had to catalog and classify some,K books themselves. Collection
size was not the determinant of whether the cataloging and classification
was done in-house or depended on Library of Congress cards. However, the
size of the staff did reflect whether or not in-house cataloging was done
since additional staff were needed to perform this operation. One library
was in the midst of converting from Dewey Decimal Classification to Library

of Congress Classification.

Verifying - Checking to determine if books are classified the same
way every time was performed in all libraries, using either authority
files or the National Union Catalog.

Shelf listing - This function was performed in all libraries and pro-
vided the data for material accountability.

Catalog maintenance - All libraries attempted to keep their catalog
current in order to reflect weeding and new acquisitions.

Document Indexing - A variety of documents is acquired by the various
libraries. Of these documents, a large percentage originates in federal

government agencies and may be acquired via government announcement bulletins,

Even though such bulletins provide indexing entries, most of the libraries
vieited do their own indexing of the documents.

It is not common for the libraries to index journal articles, even
though they mav be per*inent to the particular librarv's collection. The
one library visited which does index journal articles pertinent to its col-
lection consequently spends a greater proporcion of time on indexing than
do the other libraries.

Preparation and maintenance of library materials:

This was considered to include book marking, book pocketing, weeding
and card catalog maintenance. This library operation, although not obvious
to the library user, takes about 5% to 10Z of the library's time, accord-
ing to the data gathered from these libraries. Most of the policies or
standards in this area are written, but are out cf date; therefore, saving
that wost of these standards are tradition would be more correct.

Circulation:

Circulation was considered in two ways: one, as pertaining to materisl
circulating from a circulation desk, upon request by a user; the other,
a predetermined circulation or routing of journals, reports and documents.
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The tetal amount of time spent on both tvypes of circulation varied from
ebout 10 to 30Z of staff time. Since the actual activities for thesc
two types of circulation varv, questions were asked separately about each.

Circulation upon request - Some libraries required the patron to be
registered. This simplified having to check lists when the user wanted
some classified materials, so that he did not have to wait. Most libraries
permitted browsing in the stacks. All libraries required that the doc-
uments and books be signed out. Although a staff member was located near
the entrance of the library to take care of these circulation activities,
this person's time was not totallv taken up by signing books out. In
some cases thev aided in returning the books to the shelves, received the
mail, answered some reference questions and scanned journmals for arti:cles
of (interest to other perscnnel. The number of units circulated per day
related quite closely to the amount of time spent on this activity. All
libraries had active circulation of their materials.

The policies and standards for circulation of items on request zre
both written and traditional. Those libraries with significant amounts
of such circulation have written policies.

Charging ~ All books and documents should be signed out. In sore
cases, books are charged out without having been cataloged if there is

an immediate need for them,

Overdues - The libraries generallv were not very strict on overdues.
Most loan p. neriods are 30 davs. When loan periods are exceeded, notices
are sent out. There was no wav of determining {f this loan period 1i-

adequate, because renewal statistics are not kept.

Jor the most part, the Armv Technical Libraries did rot

Reserves -
thev do have collections which do not circulate.

provide reserves. However,

In:erlggxprv loans - All libraries practiced interlibrary loans.

Depending upon the librarv's location and the subject field, some lihraries
were more involved in {nterlibrarv loans than others.

Photocopving - The patrons are generallv free to have anv material
copled as long as thev adhere to the new copvright laws. Almost all of
the libraries have photocopving equipment themselves, or cquipment nearby

for their use.

Routing of journals or predetermined ci{rculation - All but one of
the libraries provide extensive clrculation of magazines This library

service was found to be one most usuallv automated, 1f the library is
using anv automatic cr electronic data nrocessing equipment.,
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Reference:

Reference questions can be either short, askine for an answer or a
fact or even an article or pertinent item, or thev can be more extensive
asking for several references, a bibliographv, rr an analvsis of informa-
tion contained in the published literature, In some rare instances, the
short reference questions can take longer to answer than is required for
the compilatfon of a short bibliographv. It was observed that the short
reference questions are not asked to be defined bv the patron nearly as
cften as are requests for a bibliopranhic tvpe of reference search. The
compilation of a bibliographv almost always implies extensive work. How-
ever, if the short reference questions were defined better, nrobablv less
time could be spent responding to them., Reference {s one of the few
library services which brings the staff in direct contact with both the
user and with librarv materials, books, catalopgs and other librarv tools.
Even so, it appears as though this activity takes no more than 307 of
the staff time; the usual amount of time is about 20%.

Bibliographic services varv greatlvy from librarv to librarv because
of differences in staff capabilities, extent of the collections and staff
sizes. In some cases detailed bibliographic work is done within the in-
formation center or by subject specialists closelv related to the library
activities. Most libraries which provide bibliographies take advantage
of the bibliographic services of the Defense Documentation Center, the
National Librarv of Medicine and the National Aeronautics and Space
Administration, Scientific and Technical Aerospace Report Facility.
Libraries do not show partiality as to how requests for information come
in, as by phone, by mail or during personal visits. The preference is

determined by the person making the request.

Only two of the libraries have equipment on which thev can perform
reference searches automaticallvy or index their collections. Because the
most frequent bibliographic searching areas are government reports or
documents, the Defense Documentation Center has automated this service
and made it available. The libraries have made use of this service.

No set policies appear to exist for preparing bibliographies. When
they are requested, they are prepared, if the capabilitv exists within
the library.

Translation:

Only one library prepares translations, The libraries usually accept
the requests for translations and attempt to have them supplicd, either
by arranging for the translation or ascertaining that they already exist

, elsewhere. All translations requested are usually supplied since their

acquisition has already been okayed.

25

DT A RAR AT W e ot T T T S U, e e M - - - ke - R R R e



Library Publications:

Librarv publications vhich are in the form of published accessiens
lists are prepared Iin everv librarv. Some lists contaln abstracts or
annotations of selected articles. This form of publication takes little
time to prepare, since it {3 made up from catalog cards. In some czses
the document accessions are also listed. These lists are usually arranged
by subject, but in some cases bv the issuing agencv., Document lists ave
net frequent, since most of the documents are classified.

These listy are civrculated tc the iibrarv's natrons and, to some
mincr extent, outslde the grour ~f immediate library users. The publica-
tiong are thought to be well received, since there are always requests for
the {tems lieted.

Public Relations:

Public relations are considered &5 those activities which inform
the usaers about the library either by orientation tours, pr.paration of
brochures, reports to management or preparing various librarv exhibits,
All libraries perform these activities; they took less than 5% of the
total time,

Budget:

The libraries were tound to have no set budget, for the moat part,
The chitef librarian and the division chief, if the library {s .n an
infermation center, usually prepared the budget. There was no set policy
or standard evident for determining the budget, but the amount of funds
avallable to the librarv depends upon the amount of monev authorized for
the installation or command.

Orher administration activities:

Preparation of library standards - These are performed by the head
librarian or by mansgement personnal cutside the library. 1In order to
measure efficlency or effectiveness of the librarv, several libraries
use work measurement time-standards developed by personnel cutside the
Hbrary,

Library committee role - About half of the libraries ave library
comittees. The committees appear to have limited power in most cases,
but pruvide functional review and advice to the libraries. In one case,
the library committee rung the library.

Statfing policies - In some cases the head librarian is abie to
specify to management the job to be done and the personnel needed to do
the job. The usual policy 1s for the comptroller's office or the manpower
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office to determine the nu—-ber of positions and the types of persons
needed to fill them. QOther libraries use patron reactions or immediate
supervigor reviecw to rate the librarvy and staff needs.

Library space and size - In general space made avallable to the

libraiy is effectively used. This is usuallyv determined by mans&,2ment

outside the library.

Other library functions:

0f the miscellaneocus remaining functions and tasks which might be

performed in a technical
do not perform any other
quives more than a total
amounts of time allotted
that total time added up
istrators did nor always

iibrary, the librarians queried replied that they
operation cr produce any other service which re-
of 5% of their time, However, after examining the
to each activity by administrators it was noted

to onlv about 75%, 1t appears that the admin-~
include themselves in the accounts of time spent

on various service-producing activities and also did not appear to realize
the true magnitude of time required for administrative duties. The time
cf the other librarv staff employvees was well accounted for.

27




V. TYPE 2 APPROACH EVALUATION AND ANALYSIS

This effort was aimed at gathering the mission statements of the
Army Technical Libraries as they exist at the present time in official
records. It was then the purpose te examine these to determine {f out
of this analysis common denominators would emerge which would constitute
the basis for criteria statements

Mission statements vwere requested of Army Technical Libraries by
the Chief of the Scientific and Technical Information Branch cf Picatinny
Arsenal., Desartment of the Army. This was done early in the contract
oeri~d to permit sufficient time to receive the maxiwum number of state-
ments for the analysis. The litraries were instructed to send the
statements as they existed at that ti{ime, and not to prepare statements
specifically in response to the request. The requests were couched in
terms azking for mission statements and organization charts of the or-
ganizational group administrativelv responsible for the library's
operations and services, and of the {nstallation where the library is
located. Out of the total ropulation of approximately 120 libraries
identified as Aymy Technical Libraries. requests wers seni *~ 88 and 72
respenses were received. Three of thecte were eliminated because they
were atypical; the analysis was performed on the remaining 69 statements.

Although this discussion of Type 2 data is closely related to that
of the Tyne 5 data, we wish to make a distinctien. In this section (Type 2)
we ave discussing the analysis of data or information representing library
situations as they existed at the time of the statement requests, Tu the
Type S situation we discuss conditions which the librarian should recognize
and recommendations related to these conditions.

It appears fairly common tn establish for anv organizational unit
certalin statements which give [t form and purpose. They are often presented
in a more or less hierarchical arrangement, expressing first the generic
concepts and progressing to more and more specific statements. These
statements exnrcss the policies to be followed by the organization and
of ten the exact f:nctions, procedures or operations of the unit. One such
model of statements, which we judge provides the necessary framework for
an organization, can be shown as follows:

presses the reason for existence of the organizational unit. It is the
unit’'s raison d'etre,

COALS AND OBJECTIVES -~ these statements tend to give form and substance

to the mission statements. They classify major functions the unit {is
charged to acccaplish.

ACTIVITIES - these statements define the actions which will convert
the more generic goals and objectives, often rather static concepts
at best, into dvnamic and meaningful outputs.
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OPERATIONS - these statements specify the fairly repetitive,

Zifﬂough often highlv pronfessional processes which mu . be
performed to produce the activity or service output.

It is theoureticallv possible to develop such a "rackage' of state-
ments for any organizational unit, regardless of which echelon it oc-
cupies in an organizational management universe. In an industrial world,
it can be applied to the highest corporate ieveis to esiablish corporation
policies and to implement these Iin various subcompany products or services.
In a government situation it can be applied to the executive branch, to
departments, subdepartments, commands, and so on. More often than not,
the more specific statements of higher level organizational units express
the more generic aspects of the organizational units beneath them.

In the overall task of collecting library mission statements and
analyzing them to determine their characteristics, their -ommon denomina-
tors as well as their points of difference, their orienta.ions and their
obviously divergent interpretations of vhat the mission composers thought
libraries are suprosed to do, a fundamental rationale predominates. This
basic reasoning 1s to tne point that "effectiveness' of library services
is undoubtedly some function of how well the library accomplishes the
purpogse for which it was established. This in turn will depend upon how
well the purposes are spellied out and explained and how attainable thevy
are in reality,.

This does not mean that the missions, goals and objectives, activities
or services, and operations of all libraries, or cf all technical libraries,
or even of all Army Technical Libraries, will be identical. But it does
suggest that, for a given subpopulation of libraries sucih as Army Technical
Libraries, there will be a common essence to mission statements as well as
to the substatements under missions. The variations in the statements
should be a function of the mission of the parent organization. The
missions anc their subordinate statements could constitute a basis for
judging effectiveness,

The impression should not be gained tiat the contract investigators
expected to find complete uniformity throughout the Armv lechnical Librarv
system with regard to the location of the librarv in the organization it
serves or with regard to the mode of expression of its mission and sub-
ordinate services and cperations. 1t i4 recognized that there is much
variation in size, scope, purpose, funding and other characteristics of
Army Technical Libraries, due to their role in supporting the mission
of their respective parent organizations. The purpose of the analysis is
to seek identification of elements from which to distill principles for
the egtablishment of the most desirable conditions by which to provide
criteria for measuring effectiveness independent of the librarv size, scope,
funding and purpose.
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A few words on what are considered to be some important aspects »f

Army Technical Libraries will provide a little background on the author'’s
concepts of these organizations. These can then be areas of agreement or
controversy in ensuing discussions. Army Technical Libraries are ''support"
organizations. They are ~-t oddities, existing simply for Zhe sake of

existence.

They are meant to support the Army organizations or commands

of which they are a part. The libraries are intrarelated with other
activities of their own command and interrelated with other ilbraries in
other Army commands. They are a part of an informal netwerk and have
similar reasons for existence.

Considering the Army c.:mand levels alone, each command has 1its own
resson for existence, and each i{s different from its fellow commands. Thus,
within Army commands, Technical Libraries should indicate obvious points
of similaritv, whereas the Technical Litraries of different Army commands
might be expected to differ somewhat because of difference in command

missicons,

For these ieasons we might expect that an analysis of 69 Army

Techiiical Library missions should reveal that the organizations are in
many respects quite similar and in manv respects uniquely different,

In order to perform an analvsis of the missions statements received
from these various Army Technical Libraries, and to examine the rela in-
ships of these libraries to the Army organizational groups with which
they are associated, it was decided that one approach would be teo adopt
what might be termed a '"standard” model, depicting how mission statements
sand their subordinate clauses might be presented and to determine how well
the actus)]l mission sticements received "fit" the mcdel. The model selected
is that presented on pages 32 and 21,

By way of explanation of what might be expected for tiie statements
of mission, goals and objectives, activities o services and operations,
we assumed beforehand such examples as:

MISSION - Serve as a principal source of published and controlled

information in support of the research and devel_ pment programs

(name of organization) and of the separate commands located at the
installation.

GOALS AND OBJECTIVES

(1)
(2)
(3)
(4)

(5)

(6)
n

Collect all appifcable published informazion.

Maintain it under bibliographic control,.

Disveminate it, or products resulting from processing it.
Conduct studies to determine needs of clients and

develop rians for meeting the needs.

Conduct research in new or advanced methods of librarianship
and information handling. Deveiop plans for introduction of
such methods which would be more efficient or cost-erfective,

Maintain liaison with related library or information organizations.

Others.
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ACTIVITIES (SERVICES)

(1) Provide circulation services.

(2) Provide subject matter search services.
(3) Prepare bibliograpiieas.

(4) Provide "current awareness' service.

(5) Provide question-answering service.

(6) Provide translation service.

(7) Provide abstracting service.

(8) Provide reference services.

(9) Provide interlibrary loan service.
(10) Others.

OPERATIONS

(1) Acquisition of books, documents, etc.

(2) Catalog books, documents, etc.

{3) Prepare materials for shelving.

(4) Perform weeding.

(5) Store and retrieve books, documents, etc.
(6) Maintain shelf list.

(7) Maintain property accountability records.
(8) Maintain records of journal subscriptions, holdings, etc.
(9) Maintain binding operations.

(10) Others.

As we study this model, it becomes quite obvious that the ruspoansibility
and, for that matter, the capability for establishment of statements at the
different levels of specificity shift considerably.
generic level the responsibility for preparation and establishment of the
migsion statement quite possibly belongs one or more level above the library
Thus, if the library is situated in the Research and Development
Directorate of an organization, the library mission statement responsibility
quite properly belongs to the head of this directorate. The goals and
objectives statements can quite properly and adequately be prepared by the
directorate with the cooperation of the head librarian. The activities
statements, however, are the direct responsibility of the head librarian.

The operations statements are functions of librarianship andthe responsibility
of the librarian or lower echelon professional personnzl on his staff,

itself.

For example, at the

We may say then, as shown on page 32, that responsibility for prepara-
tion of the various levels of statements should be consonant with levels of

policy-making, and with levels of library "know-how."
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MISSION

Order of increasing libra.y
know.how

GOALS AND OBJECTIVES

ACTIVITIES ({SERVICES)

Order of increasing
policy making

OPERATIONS

These matters appear to be rather obvious and cheir {mportance mav
tend to be overlooked. They play an important part in the overall concept
of library effectiveness and efficiencv, however, in that misplacemeut

of responsibility for establishment and carrving out what these statements
connote can result in striving for misunderstood ends and thus a low order
of effectiveness., It aav not be at all sensible for the head librarian

to establish his own librarv's wission, for he mav not have a complete or
sufficiently deep understanding of the higher echelon purposes. Yet, it
{8 not sensible for the higher echelon authorities to tell the librarian
what operations he should carrv out to accomplish the production of
certain services, for in doing so thev are weakening his abilitv to carrv
out fullv the expert librarianship capabilisies for which he was engaged.

This aspect of librarv effectiveness is also tied irn intimatelv to
the placement of the Techrical Librarv in {tas parent organization. It is
essential that the library be located such that the next higher echelon
of authoritv has the capabilitv of appreciating and understanding com-
pletely the technical aspects of the librarv's work and {s not i{n such
s position that he has conflicts of intereat between the groups served bv
the librarv. Otherwvise, there should be a willingness to delezate tech-
nical authority either impartially to the technical grcups the librarv
serves, or even to the library itself. 1If certain groupa, indisiduals
or projects are to have priority, the mission stai-ment should reflect
the degres of pricoritv. Technical understanding and cooperation 2oes far
to lubricate the discuasion bv which to deteruine kinds and degrees of
services to be provided o each group served, J‘rections to take, and
budgets required. All these considerstione are criteria for evaluating
the effectivenesas 0f the technical library.
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An examination of the mission statements returned by the libraries,
with reference to location or placement of the library within the parent
organization it serves, gave evidence of considerable variation. The re-
sponsgses indicated, a3 would be expected, that the installations differ
considerably. The mission statements of the parent organizations reflected
the differences, and thus the supporting elements for the installations, as
for example, the libraries, showed considerable difference in missions.
Perhaps as a consequence of this the level within which the libraries are
situated varied. Although this was most noticeable between commands, it
was evident even within the same command. The technical libraries associated
with the Army schools of CONARC exhibited uniformity of placenent, being
administered by the school secretary. This offfice ir usually charged with
administrative services, personal services, security end the library.

In the Army Materiel Command there appears to be no set pattern. Even
in those cases where the effort is concerned with basic and applied research
on assigned materiel, the libraries do not appear to be uniformly placed.
The most common locations were in the Technical Services Directorate, the
Administrative Services and the Research and Development Command. The
Administrative Services Division or office is usually concerned with mail,
records, records management, reproduction and publishing. In very few in-
stances arz the technical libraries directly under the administraticn of the

regearch laborstory organization.

Most of the technical libraries in the Surgeon Ceneral's Office are
hospital libraries, serving the general staff as well as hospital research.
These libraries are most often placed in the Administrative Services Divisicn
of the organization. Several of the Surgeon General libraries not at
hospitals are those in the Research and Development Command. These are
located in the Support Division.

The technical libraries of the Corps of Engineers are commonly found
in the Offi{ce of Administrative Services. 1If, however, the library is in
a research facility, it appecars to be directed by the research center or

facility management.

The Combat Development Command, like others studied, appeared most
commoniy to assign its technical libraries to the Administrative Services
Division. The examination of the other commandz revealed that there appear:
to be no set pattern as to where the technical libraries are located in
relation to the groups they serve most closely.

The mission statement packages returned by the 69 librarie: were ex-
enined to determine {f the statements contain the elements set : it in the
"model" previously devised for comparison. Of the packages ret- med, 13
Army Technical Libraries provided statements containirg all 4 e -ments of
the "model." Thirty-nine libraries set forth "mission' statemer s. It
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appeared that these statements for the library were provided not only in
the library statements, but occasionally in the statement of the organiza-

tional group administratively responsible for the iibrar-.

The statements most commonly found for the libraries might be termed
more appropriately "activity” or "service” statements, rather than '"m{ssion’
statements. It may be that this i{s explainable by the fact that the mission
statement exists elsevhere and that the libraries are concerned solely with
the services they are charged with providing. There may, of course, be some
misinterpretation of what a library mission statement should be. Forty-five
of the libraries provided activities statements. Of these, 11 were mentioned
outside of the library statements., Thirty-four of the libraries showed
"gozls and objectives” tvpe statemecnts. Of these, 7 appesved outside the
library statements. The "operations" the library is expected to perform
were found in statements for 33 libraries. In 6 cases these statements of
library operations were found outside the library statemenzs. This location
of "operaticns" statements {s unusual, bacause it would appear that the
library staff would be most aware of the best operational techniques for
accoaplishing activities or services and that these statements would ap-

propriately appear in statements by the library.

From the data provided, it {s diff{cult to determine if there {s any
difference from command to command in insuring that the technical lib:raries
concermed have mission statements, and if the mission statements and their
corollaries provide all elements necessary to give adequate and clear

guidance for library management.
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VI. TYPE 3 APPROACH EVALUATION AND ANALYSIS

The approach visualized here is to examine data which may show possible
relationships between library statistics and efficiencr and effectiveness
either (1) already available in government-sponsored contract or in-house
reports,® and (2) data which may be collected to respond tec questions in
greater depth.

In the case of (1), one of the purposes of the library visits by the
research team was to validate some of the data in such reports. For example,
som2 of the questions asked in one of these studies “‘ncluded queries on
whether or nnt the Army Technical Libraries provide services such as loens,
selective dissemination of {nformation, shelving/filing/reshelving, circula-
tion, inventory control, abstracting, translatfons, ete. The validation of
such "yes or no" data could make it possible to develop criteria for Army
Technical Libraries pertinent to 3elected services or operations.

With respect to (2), the research team wished to collect additional
numerical data, cost data, '"yes or no" data, or other qualitative or
quantitative data. For example, depending upon the development of the sub-
Jject, it becomes desirable to seek information or data on such items as the

following:

(A) Number of items in the library collection

(1) Books
(2) Journals
(3) Reports
(4) etc.

(B) Number of items in

(1) Chemistry
(2) Physics
(3) Bioloyy
(4) etc.

(C) Clientele
(1) Chemist

(2) Physicist
{(3) Biologist

(4) etc.
(5) PhD
(6) MsS
(7) BS
(8) etc.

* REPORT NUMBER STINFO 1, U.S. ARMY, ON-SITE SCIENTIFIC AND T CHNICAL

INFORMATION SURVEY, September, 1964, Contract Ne. Di 49-0G:. ARO-23,
CEIR, or ATLIS Report No. 1, TECHNICAL AND MEDICAL RESEARCH LIBRARIES
AND INFORMATION CENTERS OF THE DEPARTMENT OF THE ARMY, Sept: nber, 1966.
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; (U; Programs or projects of pareat organizatinn

[

(i) Chemistry
{2}y rhvsics
(3) Biologv
(4} Materials
{5) Missiles
(b} etec.

From these data a sufficientlv detailed picture of librarv missiens,
staff size, collection =ize, number of users, services use, operations
outputs, operaticv.s costs and other parameters cnuld be obtained from which
to draw some conclusions adout relationships of eff.:iency and effectiveness
in developing criteria for Arav Technical Libraries.

The surveys and reports examincd include:

1. "FEDERAL DEP/RTMENTAL LIBRARIES: A SIMMARY REPCORT OF A SURVEY
AND A CONFERENCE,” Luther H. Evans et al., Washington: Brookings Institute,
1963, The datr for this survey, the first federal library survey made
since 1376, were initiallv collected in 1959-196C and included all federal
librarias, both general and special. The survey was performed with a three-
part cuextionnaice. Part A was filled out by the administrative officer of
*he depariment or agency or by a re-ressntative designated by him. It dealt
with overall policy and administrative problems involved in the cperation
of the librarv or librarvizcs by the agencies. The quesi.ons included the
general subjects: I, aicn of the agency; Il. Agencies' libraries; III.
Functions performed b .gency headquarters for the field libraries; IV.
Budgetr of the agency: V. Future devel-~oment,

Part B was iilled out by anv library designated as reference and tech-
nical. The questions for rhis part were presented under the following head-
ings: 1. Purpose, scope and coverage of the library; II. Organization of tne
iiveary., i1, Size and nature of present collection; IV. Acquisivions policies
gnd procedures; V. Binding: VI. Cataloging and classification; VII, Reference
and bibliographic service; VIII, Lending service; IX. Library space; X.
Budget: Xi. Fersonnel; XII. Reporting of statistics; XIII. Cooperative ar-
rangement with other litraries: XIV. Service on Committee and reiations
with asso. ations; XV, Future development; XVI., Mechanical and electronic
devices; X 11, Miscellane~us. Part C was intended for general libraries
and the questions fell in the same areaz as Part B,

Ot the libraries designated as Army Technical Libraries, about half
had been included in the Brookings survey. For the purposes of the present
John I. Thompson & Company contract, the Breookings survey data were com-
pared, therefore, with present mission statements for libraries included
in library visits in our research to deiermine if any major changes had
taken place or if their missions had changed since 19%9. In the interveiing
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time, however, the DoD has undergone several reorganizations. Some
libraries are no longer in the same command or have the same administration.
However, the primary subject missions apyear to have stayed the same. This
was determined by examining the datz supplied concerning the major subject
areas of the collection and thz tvpe of usmsge.

2. "U.S. ARMY ON-SITE SCIENTIFIC AND TECHNICAL INFORMATION SURVEY"
Report Number STINFC 1, performed by CEIR, Inc., Arlington, Virginia, for
the Director of Armv Technical Information, Department of the Army, Contract
DA 49-092-AR0-~23, Final Report September, 1964, AD 445-800. The purpose
of this study was to identifv by means of an on-site survey the personnel,
fe~ilities snd funding {for ¥Y 1964) involved in the oerformance of scientific
and technicel information funr 'ons. The obiective was to determine wvhat
was being done in the areas of originsting, processing, storing and dis-
gseminating scientific &nd technizal information. Yre~28sing includes ail
functions, processes and activities to which this information is subjected,
except for the origination of rough draft and the use made of the informa-
rion after the uitimate user has received it. In addition te inventorying
the sctivities to which the Army subjects itg scientific and technical in-
formation, the survey aimed at lccating significant depositories oy collen-
tions of items containing data or inf:rmation aboult n.merous scientific anid
technical subjects of interest to the Army.

The objective of our research team in analvzing the data of the CEIR
sEport was to determine what trends could be detected in certain selected
functions, It was judged that the establishment of trends by a statistically
supported population of librariss rmight in {tself provide 2 bavis for cen-
sideration as criteria. The activities, services, functions and oiLler
librar, - or information-center-related items included in the CEIR survey
are reflected in the following listing.

ITEMS IN CEIR SURVEY

Code Activity Name Group

gl Managin; S>TINFO activities STINFG Administ.ation

02% Education of S1.NFC users STINFO Administration

03 Coordinating STINFO activities STINFO Adnaurstration

04 R&D in Information Sciences STINFO Administration

05% Planned technical visits STINFO Administracion

06 Analyzing results of meetings STINFO Administration

07% Selection of items Acquisition of STINFO (tems
Q8% Dollar procurement Acquisition of STIKFO Items




0g®

10%

11*

12

13

14

19

20

21

22

23

0%

31*

32%

33

34%

Exchang: agreement

Loans

Nen-dollar procurement
Tachnical writing
Technical editing
Technical review
Preparation of format
Printing

"Dummy'' master preparation
Folding/collating
Binding/stitching

Still photography

Motion picture photoxraphy
Illiuszrating/chartirg
Drafting
Model/sculpting/exhibic-makiag
Mippiog

So.ung recording
Photographic copving
Miciophotography
Yerography

Disgeminating new STINFO
Disgeminating info io: STINFD
Selective dissemination
Use of displays

Secondary distribution

38

Acquisition of
Acquisition of
Acquisition of
Primary Report
Primary Report
Primary Report

Primarv Report

STINFO Items
STINFO Items
STINFO Items
Preparation
Preparation
Preparation

Prevaration

Report Production

Report Production

Report Production

Report Production

Visual and Audic Aris

Visual and Audis

STLE

Vizuugs wnd Avdio Aris

Visual and Audio Arts

Visual and Audio Arts

Visual and Audio Arts

Visual and Audioc Arts

Reproduction
Reproduction
Reproductton
Disgemination
Dissemination
Dissemination
Dissemination

Disseminaction




36%

37x

38%

g%

40%

48%

49%

50

51

52

53

54

Prep. for storing/hkandling
Shelving/filing/reshalving
Circulation

Inventory control

Weeding

Descriptive cataloging
Sublect classification/indexing
Indicative abstracting
Informative abstracting
Translation

"Ready reference'
Moncritical searches
Zritical searches
Noncritical summaries
State-of-the-art

Card/tape punching

EDPM Systems design

EDPM programming

Plugboard layout/wiring

EAM/EDPM operation

Storing Handling of STINFO Items
Storing Handling of STINFO Itemsa
Storing Handling of STINFO Items
Storing Handling of STINFO Items
Storing Handling of STINFC Items
Cataloging

Cataioging

Abstracting Translating
Abstracting Transliating
Abstracting Translating
Reference

Reference

Reference

Reference

State-of-the Art Review

Puach Card and EDPM Processing
Punch Card and EDPM Processing
Punch Card and EDPM Processing
Punch Card and EDPM Processing

Punch Card and EDPM Processing

0f these items, 29 were selected as appesring to be common to technical

libraries.

These are: 02, 03, 04, 05, 07, 08, 09, 10, 11, 3¢, 31, 32, 33,

34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 4B and 49 (Bee
asterisks ).
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Some difficulty was encountered in extrecting the desired dats. The
survey often deslt with entire information centers or other information
organizations and not only with libraries. It was, ti.refore, necessarv
to decermine which of the chosen activitiez were being performed in the
library wvhen the desired library was part of an information center, (Ome
ohservation made with reference to the survey was that, although it very
directiy concerned libraries, library personnel often had only a minor part
in supplying the data.; In order to obtain the desired informastion regard-
ing the aselected functions, it was necessary to examine carefully the data
presented in CEIR Table 1 (Urganizaticnal Flements by Code), Table 2
{Organization by Installation Directory) and Table 7 (Elements within
Organizations performing Activities). These tables are presented in Ap-~
pendix A of the Final CEIR Report.

Gf the &9 Army Technical Libraries which replied to the requests for
information concerning thelr missions, organization and staffing, 42 had
also been a part of the CEIR study. Our investigators, therefore, ex-
tracted from the survey information on the 25 “uwn~"'>ns listed by their
CEIR code numbers, as they had been raplied to by the 42 libraries. The
resulting data are displayed in the bar chart in Figure 2. The height
of the bars depicts the number of libraries in the total population of
42 which perform the activity or sunction listed.

3. "STi'DY OF MECHANIZATION IN Dol LIBRARIES AND INFORMATION CENTERS."
Boogz~Allen applied Research, Inc., Contrace DSA-7-1548%, performed for
Defense Supply Agency, Department of the Army, 3ethesda, Maryland, 1966.
The report summarizes an cn-site survev of mechanization as it appeared to
be in 1966. Presentations are included on theszurus building, file struc-
ture, input processing, serial control, selectiva dissemination of in-
foymation, circulation control, equipment, recommendations on information
retrieval syatems, observations on nrganization, operation and application,
and summaries on uwechanization status, s~ope snd size of collections, and
COSATI subject area breakdowi.s. The survey covered 76 facilities and
individual reporta were prepared for 35. Among other uses, this survey
could be used to show some relationships hetween the mission of t organ-
izations, the number of persons required to carry out the services and
oparatiouns performed, and whether an important service or operation had
been mechanized to provide more efficient service and reduce the required
aumber of manhours.

Although the Boor-Allen atudy contained an insufficient number of
the Army Technical Libraries to make the itnformation adequately comparable,
many interesting data on collections of books, periodicals and reports,
classgified according to particlar subject categories, were presented.

4. "TECHNICAL AND MEDICAL RESEARCH LIBRARIES AND INFGRMATION CENTERS
OF THE DEPARTMENT OF THE ARMY," Army Technical Library Improvement Studies
(ATLIS) Report No. 1, Washington, 1966, collected information on the size
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and makeup of Army Technical Library staffs, as well as the composition
and size of the collections at each installation. As will be discussed
later, the data from this survev were examined in our study to note any
changes in size from the more recentlv collected data as well as that
collected during the 10 library visits.

S. "ARMY CIVILIAN CAREER PROGRAM FOR LIBRARIANS. LIBRARY FACT SHEET,"
Office of the Adjutant General, Departuent of the Armv, Washington, 1966,
provides the following information regarding Army libraries: number and
type cf resources, number and type of full time personnel, and the library
services made available. Because the libraries of the Armv Corps of
Fngineers were not included, it was not possible tc make comparisons of
this important facet. As will be discussed later, the data included in
this fact sheet were employed in s-me of the correlation studies as part
of the present study.

6. '"SURVEY OF SPECIAL LIBRARIFS SERVING THE FEDERAL GOVERNMENT, 1965,"
Frank Schick, Federal Library Committee, Washington, 1967, Contrac: No., OEG-
4-7-001913-1913, 1967, presents detailed data on the special libraries
gerving the Federal Government. Included are data concerning organiza-
ticnal patterns, library clientele and activities, resources of library
materials and staff and expenditures. Data are also given for the primary
subject areas of the collections and the primary occupations of thelr
ugers. Librarv functions performed traditionally and by automated means
were tabulated. The information sought in this survey were quite similar
to that of our librarv visit interview puide. For the purposes of the
correlations made in our study, the Schick data were included.

Tables 1 through 6 summsrize some of the data extracted from several
of these referenced survevs, as well as some of the data collected by our
iavestigators on the 10 library visi*s. Although the ident’'ties of the
10 libraries surveved in all 5 studlies are not revealel, the data are, of
courge, directly connarable. Data are shown for staff, analvzed according
to professional, library assistants, clerical and total. Data are also
shown for collections, classified according to whether or not the items
are books, volumes, pamphlets, reports and so on, according to t} : word
usage in the various survev reports. Because it was judged that the weecd-
ing policies of the various libraries would have an {nfluence on th d-ta
presented on collecticn size, Table 7 {s included, tabulating whether or
not a weeding step is performed. Table 8 notes the observations taken
from the CEIR report regarding whether or not the various coded items arve
inclded in the same population cf the 10 libraries, as well a. ohserva-
tions made by our investigators.

Before discussing the treatment of some of the data used for study-~
ing correlations, ft is thought eppropriate to make a few observations
concerning the data in gene:.al. Wwhen we »xamine the data from the past
studies, as well as tiose gathered during the present study, the lack of
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Toble 2 ~ Volumes (Excliding bound serials)

f LIBRA7Y NO |BROOKINGS|  ATLIS | FLC FACTSHEET VISIT
| 1959 1964 1965 1966 1947
1 3,450
g 2 2,190 10,000 13,000 12,115
% 3 18,550 26,150 26,765
é 4 40, 369 85,000 80, 000 85, 593
5 48,000 47,000 50,000
ﬂ 6 5,000 50,000 45,000 21,000
7 21,146 30, 000 37,200 45,000
8 2,000 2,500 2,500
9 20,000 20,716 2¢,000
10 1,300 1,500 1,000
Table 3 - Volumes (Bound serials)
LIBRARY NO.|BROOKINGS ATLIS | FLC FACTSHEET VisIT
1959 1964 1965 1966 15457
1 5,900
1] titles
2 n 10,000
3 120,000
4 10,70C 26,000 26,000 28,025
5 25,000 20, 000
6 15,000 25,000 25,000
7 7,190 13,000 2, A00 titles
8 500 35 titles
9 18,000
10

ot e et



Table 4 - Serial Subscri~*ions

LIBRARY NOC.|BROOKINGS ATLIS | FLC FACTSHEET VISIT
1959 1964 1965 1966 1967
1
471 titles
2 Y 375 726
3 1,071
4 4,559 4,150
5 1,000 b 1,000
6 1,100 5 1,000
7 1,200 | 1,200
8 95 : 105
9 156 : ;;g titles
10 100 | 125 titles
Table 5 - Pamphlets, Reports and/or Documents
LIBRARY NO.|BROOKINGS| ATLISI FLC FACTSHEET VISIT
1959 1964 1965 1966 ; 1967
1
2 7,000 8,000 10,000 11,000
3 12,650 608, 800 660, 000
4 120, 000 740,000 700, 000 303,742 311,782
5 300, 000 330, 000 360,000
6 30,000 50, 000 46,000 46,000
7 67,000 40,000 30, 000
8 6,100 6,200 6,200
9 58,000 20,000
10 7,000 8,000 12, 500

45
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Toble 6 - Microforms

LIBRARY NO.|BROOKINGS ATUS | FLC FACTSHEET ViSIT
1959 1964 1965 1966 1967
1 8,252
2 | 34,323
3 27,303
4 440, 000 507,344 571,963
5 10,000 15,000
6 500 500
7 10, 000 10,0C) 2,350
8
4
10
46
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TABLE 1

Summary of Observations on Weeding Policies*

Library
Number Brookings CEIR Visit
1 X X
2 X X X
3 X X X
4 X X X
5 X
) 6 X X X
7 X X X
8 X
9 X X
10 X

* X's indicate performance of weeding

47
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v

constancy becomes apparent. This probabiv should have been expected

in view of the fact that as far aa staff size and composition and col-
lection size and composition are concerned, the situation i{s dynanic.

The figures are marked by change rather than stability. Thus, {t is
difficult to judge the accuracy of the data,even with on-site inspection.
The dates of collection and the manner of collecting, reporting and
interpreting the data can cause variatiocns. The values shown in the tables
bear out this observation.

The effort to validate the data presented in the CEIR report during
our visits was difficult. Most of the people interviewed were vazue about
what they had reported in the prior survey. Even when the data r:ported
for them were shown again to them, there was considerable ambiguity and
few were either willing or able to provide revisions. It was also noted
that, although one of the libraries had completely related activi:-ies 1t
was performing, the study did not show this. ’

One of the anomalies interesting to note was that some of tho smzller
libyvaries, with less professional staff and less complete collect:ions
and facilities, checked more activities as being performed by their library
than some of the larger, much more complete and professionally staffed
organizations. This would suggest that there was considerable laiitude
in interpreting questions as to function definition and performan-e. It
wag also found that even on-site visits could not validate all th> claimed
activities and functions. However, it is reasonable to state that it was
easier to validate the iuformation on libraries which had claimed fewer
activities and functions than those which had claimed a higher number.

As a check on validating some of the policy statements, the example
of "'weeding'' was chosen. As can be seen in Figure 2, almost all libraries
profess to be performing weeding. The investigators could not, however,
determine how extengive the weeding performed actually is. Furthermore,
this particular policy matter, as with most others, was not a formal,
written matter, but rather was informal and unwritten.

Data Correlation Considerations

In discussing the analysis of the data to determine the presence or
absence of correlations between such factors as staff size, document
collections, number of searches and similar elements, the investigators
wish to develop the situation in two steps: A. Determination of rhe
population and a.pects for which correlations will be developed; and B.
llapfyulnesg ~€ . vrr¥-~iong in develnniro criteria for measursment of ef-
ficlency anu ..:i-:l.veness. The followiny sections deveion .” - concepts
for sample cases, It should be noted that the details are not ircluded
in. this report for all the correlations attempted, but are available if
required. Should the mcthods used prove valuable in criteria devclopment,
the details for given cases can then be utilized in later stages not in-
cluded in the present contract work, but more properly to be done under
a separate arrangement by a contractor or performed by an Army in-house

effort.
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A. Determination ol the population and aspects for which correla-
tions will be developed.

The population under study for the development of tentative criteria
‘include Army Technical Libraries which have submitted data and information
which will permit computations and determinations of certain librarv para-
meters in regards tn staff size and posfitions; and the number of books,
documents and technical reports, subscriptions and microforms in the col-
lection. The data were statistically interpreted to determine the distribu-
tion of the population, Sixty-one libraries constitute the population in
this aspect of the study. The population identified is not homogeneous.
This implies that subpopulations can be identified.

A histogram was used to show the distritction of the various parameters.
Five histograms are represented in Flgures 3, 4, 5, 6 and 8. There are 61
blocks on each histogram, one for each library. The blocks filled in with
cross-hatching are those libraries which were visited by our team. Although
10 libraries were visited, not all of the data needed was provided by each
likrary. Therefore, some of the charts and tables will present data for
fewer than 10 libraries. The data from these libraries will be statistically
manipulated to draw inferences about the whole population of Army Technical

Libraries.

The distribution of staff size among the population studied is shown
in Figure 3. This histogram identifies 15 classes of libraries according

to staff size. The classes are:

Class 1 -- libraries having 1 to 4 staff members;
Class 2 -- libraries having 4 to 7 staff members, etc.

The histogram shows a skewed dictribution In terms of staff size, vhich
is characteristic of crowding at one end and a gradual taper to the op-
posite end of a scale.

The distribution in Figure 3 shows crowding of libraries in the smailest
staff size class and a sharp drop over the next two classes. There is a
gradual drop over the next 12 classes. This population distribution shows
a trend which is reflected by the sample.

Skewed distributions were also found for the number of documents
and technical reports in library collections, Figure 4, and the number of
documents, technical reports and books in the collection, Figure 5. There
does not appear to be any trend in the population in terms of the percen:
‘of books in library coliections as shown in Figure 6. In all cases the
sample reflected the population trends. However, Figures 3 through 6 in-
dicate that the sample means do not always closely estimate the population
means. The fact that population means are usually lower than sample means
shows that the sample {8 biased in that the larger libraries had more than
an equal chance of being represented in the sample. This bias occurs du: to
criteria 5, 9 and 10 p.16 and p. 17. The conclusions drawn in this anal-sis

will take the bias into account,
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When data classes with similar trends such as number of staff and
number of documents, technical reports and books in the collection are
correlated, we may see a relationship between the two. Figure 7 is a plot
of the libraries in the population in terms of staff size vs. the number
of documents, technical reports and books in the collectlions. The libraries
visited are identified by the circled points. The circled numbers refer
to the library numbers in Tables 1 through 7. A liine estimated best to fit

the 9 circled points is shown on the chart (Figure 7). The libraries are
expected to be scattered about this line in normal distribution. This mecns

that 68 of the libraries are expected to lie within one standard deviation
from this line and 952 of the libraries are e¢xpected to lie within two
standard deviations from this line. Standard deviations are both plus and
minus values from the line of best fit.

One standard deviation (1 S.D.) for the sample li{hraries was computed
to be 39.6 units from the line of best fit, on an arbitrary scale. The
one standard deviation lines are represented by the dashed lines, called 68%
confidence limits. The two standard deviations are represented by the
dashed lines, called 95 confidence limits. The sample statistically pre-
dicts that 682 of all libraries will fall with + 1 S.D. and that 95X of the
libreries fall with + 2 S.D., assuming that the population is normal and

that the sample is representative,

A histogram was made of the deviations from the estimated line of best
fit of the sample. This histogram (Figure 8) shows that the total population
approaches a normal population. A normal population is recognized by a
characteristic bell shaped curve similar to the dashed curve in Figure 8.
The actual mean deviation of the population from the line of best fit was
computed to be 0.5 below the line of best fit. This calculation used the
same arbitrary scale as was used for the sample deviations. Figure § shows
the sample mean and the actual population mean. It can be observed that

the error in the estimate was negligible.

The sampie predicts that 68% of the libraries in the population fall
within + 1 S.D. A count of the libraries within + 1 S.D. shows that actually
77% of the points fall within this range. The error in the estimate is 13.3X.
The sample also predicts that 95% of the libraries in the population fall
within # 2 S.D. A count of the libraries within + 2 S.D. shows that actually
90,2 of the libraries fall within this .. Ti~ error in the estimate

‘s 5.3X.

' Therefure, reliable (less than 15 error) correlations can be drawn
between the data classes collected from the sample of libraries. These
correlations can be assigned confidence limits and each library can be
classified according to its deviation from the norm. Any library within
+ 1 S.D. can be clagssified as a group C library. Any library between +1 S.D.

and + 2 5.D. can be classified as a group D library. Any of the libraries

55



L L Frtnd o i 5 P

At

§
?f

g

higher than +2 S.D, can be classified as group E libraries. Any library
between -1 S.D. and -2 S.D, can be classified as a group B library. Any
1{brary lower than -2 S.D. can be classified as a group A library.

Since there may be errors in the sample's predictions of the parameters
of the population, those libraries which are close to the margin between
groups cannot be classified with high confidence.

Correlation analyses were conducted between a variety of data classes
where correlations may be meaningful. The line of best fit method was
used for these analyses.

Signi{icant positive correlations were found between the following
classes of data by visual inspection of scatter diagrams,

a. The number of items acquired per week and

. Cost of acquisitions per week.
. Number of titles cataloged and classified per week.

1

2

3. Cost of cataloging and cleasifying per week.

4, Cost of preparation and maintenance of materials per week.

b. The number of documents and periodicals acquired per user per
week and items circulated upon request per user per week,

¢. The number of titles cataloged and classified per week and tha
cost of cataloging and classifying per week.

s

d. The circulation of items upon request per week and

1, Cost of circulation upon request per week.
2. Number of documents, reports, theses and bound volumes

per user.

2. The circulation of items upon request per user per week and the
number of items circulated by predetermined routing per user
per week.

f. The number of items circulated by predetermined routing per week
and

1. Coat of predetermi.ied routing per veek.
2. The number of subscriptions in the collection per user.

g. Total circulation of items per user per week and the number of
documents, reports, theses, bound volumes and subacriptions
per user.

h. The number of reference searches per week and the zout »f
reference searches per week.




1. The number of bibliographic citations compiled per wce: and
the cust to compile these references per week.

J. The number of documents, technizal reports and Looks (r the
collection and the staff size,

Correlations we—-e tried between the following classes of data ard no
significant or meaningful correlations were found:

a.  The number of items acquired per week and

1. The number of items circulated upou request per uscr per week.
2. The total number of irems cirzulated per user per veek.

b. The number of items circulated upon request pcr week ard the
total number of actual users.*

¢. The number of items circulated upon request por user per week and

1. Percent of B.S., degrees amcng users.
2, Percent of M.S. degrees among users.
3. Percent of Ph.D. degrees among users.

*

d. The total number of actual users”™ and

1. The staff size.

2. The number of documents, repcrts and thescs in the collection.
3. The number of volumes in the collection.

4, The number of titles in the collection.

5. The number of periodical titles in the collection.

6. The number of bo''nd journals in the collection.

7. The number of journals in the collection.

8. The number of subscriptions in the collection.

9. The number of microforms in the collection.
10. The total number nf items in the collection.

e. The number of documents, reports, theses& bound volumes per user and

1. The number of items circulated by interlibrary loar to the

library per week,
2. The number of items circulated by interlibrary loa: from the

library per week.

8. Usefulness of correlations in developing criteria for r-easurement
of efficiency and effectiveness.

Note: The tots2l number of actual users does not seem to isrrelate highly
with any of the parameters teated. This can be partially accounted
for by the high variability in the average frequencvy o/ use by
identified users of variant libraries.



The data classes identified in Section A which had meaningful cor-
relations with other Jata classes are potential areas for development of
standards (4,310). These standards, if developed after Phase III
of this contract, could be used for measuring efficiency of library
cperations. For example, if there is a close linear correlation between
cost cf cataloging and classifying and the number “of titles cataloged and
classified, a standard unit cost may be derived (20, 125, 11, 51, 74, 118,
382). 1If there is a close curvilinear correlation between cost and number
of titles cataloged, then a conditional standard can be derived. This can
be in the form of cost ~ some function of the number of titles cataloged and
classified. Such standards could be used to indicate relative efficiency

among libraries.

If unit cost of cataloging and classifying are above the standard cost,
we would expect effectiveness to be higher or would expect some other just-
ificaticn for higher costs such as higher wage rates. If it cannot be shown
that effectiveness {a higher, or that wage rates, etc. extenuate deviation
from the standard, the extra cost cannot be justified. If reliable effective-
ness measures can be determined, deviations from the norm may be justified
when additional effectiveness is realized from higher unit costs.

In order to have useful and enforceable standards, not only must the
standards be realistic and attainable, but also we must be able to justify
- or reject any costly deviations frcz the standard.

Thic report later discusses effectiveness measures in Type 4 and 5
approaches. After some of these measures are taken in Phase III of this
contract, correlarions between effectiveness and unit costs may be determined.
If high correlations exist, criteria can be developed which relate operation
output or unit costs of operations to effectiveness (141, 157). Correlz-
tions siich as that'described in Figure 1 p.12 were intended for considera-
tion under Type 3 approach. However, some criteria developed in Type 4
approach must first be validated. Therefore, these correlations and furcther
enalysis will be performed in Phase III,

Standards developed by correlations are potentially useful. The data
so far gathered reflect that the standards would be "loose.' That is to
say, such standards would be based on averages and may in some cases be
standards of mediocrity. However they would, nonetheless,be points from
which to measure. This looseness is due to a number of possible factors,

including:

1. Lack of standard operational procedures among the Army Techniecsal

Libraries.

2. Lack of congideration of quality and effectiveness of the work

units produced.

3. Lack of clearly defined operations and services,

4. Variability of wage rates for similar operations among and
within the Army Technical Libraries.

5. Variability of efficiency in operstional procedures among
and within the Army Technical Libraries.

6. Errors in estimates of work performed, costs, number of users,
nunber of volumes, etc.
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In order to develop "tighter" and more .oseful standards, it wiil be
necessar; to quantify or elimiiate sowe or &!. cf these facters.

In an effort tc demonstrate that these factors can be quantified or
eliminated by the use of selected management terhniques, Phase I1I of
this contract will be dedicated primarily to deveioping Group Attainment
Program, cost effectiveness analvsis and utiiity analysis. The choice of
these t. -hnilques 1s discussed in Chapter VII, Type 4 approach.

Factors 1, 2 and 3 can be quantified or eliminated ir utility analysis
or cost-effectiveness analysis utilizing a "systems' apprcach through
modeiing to define boundaries of operations and services and to identify
the activities, costs, obiectives and effectiveness of services (768).

Factors 4, 5 and 6 can be taken into account tarcugh Group Attain-
ment Program utilizing work-sampling studies con some routine operations.

After standards of efficiencv and measures of effecriveness are
established by these management techniques, criteria may be developed from
correlations which relate standard unit costs of operations to effectiveness.

tandard unit costs are total unit cost: minus avoldable costs per unit.
Avoidable coets inc ude costs due to slow work pace and costs due tc work
delays in excess of allowances,
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VII. TY?E & APPROACH EVALUATION AND ANALYSIS

This sppreach explores the possibilitv of developing criteria
from varicus "Management Techniques.” These techniques were presented
in ATLIS REPORT NO. 1C, CRITERIA FOR EVALUATING THE EFFECTIVENESS OF
LIBRARY UrtRATIONS AND SERVICES. FHASS 1: LITETLATUDRS SFARCH AND STATE
OF THE ART, AD-649 468. These techniques were presented in the form of
a watrix. The defin{t{ons were z{ver in an appendix and discussed through-
out the text. For example, reference to the wmairix shows that "cost
effectiveness” was judged applicsble for studyine "bi* 'iographic services.'
The data c¢ollected for a cos. effectiveness assessment of this service may
permit the develonment of crireria statements. The kind of data reguired
for this approach included {a) statistics on library work mrasurement
rrograms; (L) operating cost data such as weekly costs of acquisitions and
accessions, cataloging aad clessifying and circelstisn sccivities: {¢)
cperztions cutpnt data such as the weekly number =¥ titles cstaloged snd
zlaggifizd, number of units (books, documents, reports) acquired; (d)
budget data; (&} lavout zharta: (f) cochev statfstics on the library such
&8 number of items (bocks, documents, repoite), staff size and gradss,
number of actual and potentlal users ani (g) standard data, Cther in-
formagion of this tvpe concermed: {g) arganizzliional facts such as missions,
structure, aund distribution of functions, responeibilities and contrel:
(b) methods of library performance svajluation; i1¢) value of user surveys;
«d} veligity of variocus nessures of effectivensss; and (e} methods and
equipment fo perforwm ovevrations and services.

Sacause there are sc many technigues available, it was thought
reasonable to reduce the number t¢ a few for avtesl conzideration. The
techniques listed in the matrix of the Phase I Report wera, therefore,
analyzed fur their usefulpness in indicating efficiency and/or effeciivenesa
or for controlliing performance of certalwn library cperations and services.
Before tuls was done, however, the library functions were classifled ac-
cording to the contracter's concepts of high and lew priority.

The analytical method employed fcr selecting management techuiques
for further conaideration in the contract i{s the "paired comparison' method.
Three censultants on the comtractor’a staff, trained and experienced in
management techniques, performed analyses independently. Fach was suppiied
with definitions of the library functions snd the glossary of the manage~
ment techniques presented In the TPhase I Report with some reviaiovs and new
considerations., The three consultants were instructed identically az to
the methods they were to use in making the comparisons. They were not
informed about the priority ratings assigned to the functioms.

In actual use, the palred comparison methed employed & t¢ype chart
for each individual library function. Figure 9 illustrates the method,
in this particular case used for selecting management techniques for
evaluating circulation service. All management techuiques identified
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either irn Phase Report or sdded during the Phase Il woerk, for the
likrary functicn under consideration, were reviewed. Those chosen as
potentialiy useful for c.rculation service evaluation or control are

listed in both rhe left-~hand vertical column and the horizontal top row

of the chart. Although the ticle of the techrnique is provided »nly in

the left—-hand vertical columwn, the Roman numerals used in bnth columns

and rows indicate {dentical techniques. The referznces shown in the right~
hand vertical column vepresent abstracts in the Phase I Report, or pub-
lications identiiled in the Supplemental Management Science References in
the present report.

In the second left-hand vertical column, 3 comparison faciors are
repeated for eacn technique compared:

1. Indicator of efficiency;
2. 1Indicator of effectiveness;
3. Controller of performance.

Each: management technigue can thus be compar.d with all other tech-
niques .isted for that particular library function. The judgmenta of the
management consultants who performed the comparisons were indicated by 'yes”
or "no" notations in the spaces provided on the charts. A "ves” notation
indicates that the technique in the vertical column is = better indicater
or contruller than the technique with which it is being compared in the
top horizontel row for the particular library function. An arrow indicates
thet the technique in the vertical column is or can be a subtechnique of
the more generic technique represented in the top horizontal row.

After all judgments were performed, the 'yes'" notations were totaled
to obtain a rating figure for each technique. These ratings were then
converted to ranks for each technique on each comparison factor. The ranks
among the 3 judges were averaged to determine the final rank for each tech-
nique. The highest ranked techniques for each ilhrary function on each
comparison factor are summarized in Figures 10 and 11.

As will be recalled from thc Phase I Report, cerfain management tech-
niques are referred to usually as "analytical" and others as 'operative.,”
Thus, those techniques or tools assigned the letter "A" in the bottom rows b
of Figures 10 and 11 are analytical, and can be used *o study, develop and ,'f:,
justify criteria. Those tocls assigned the letter "0' are regarded as il
operative techniques which, 1if applicable, can be used to implement criteria
or develcp standards of effectiveness or efficiency of library functions.

Due to time limitations on this particular data type effort, cnly 3
techniques will be used as examples to develop criteria. These are GAP
(Group Attainment Program), Cost-Effectiveness Analvsis and P.P.B.S.
{Planning-"rogramming-Budgeting System). These techniques are to be uned
formally in developing criteria as discussed in subsequent sectjons. 1t
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should be kept in mind, however, that elements of several other manage-
ment techniques are used in other sections of this work and report, but
in a more informal sense. For zxample, systems analysis and utility
analysis techniques are used freely, protability x-thods are involved,
correlations are made, and elements of cost-acccunting, models, charting
techniques, personnel administration, management analysis and several
others are touched upon. GAP and Cost-Effectiveness techniques will,
however, be discussed in scme Jetail.

METHOD OF DEVELOPING CRITERIA WITH OPERATIVE TECHNIQUES

Group Attainment Program (see GAP XVI in Figure 10) was judged the
most useful tool for indicating efficiency of routine library operations,
such as cataloging and classifying, abstracting, indexing, acquisitions,
preparation and malntenance of library materials, and overall staff utiliza-
tion. Using proven measurement technigques such as work sampling, standard
data and motion and time study, GAP objectively determines attainment
factors for the jobs inm a group. These attainment factors represent the
time that it should take a competent emplovee, using prescribed methods
and working at a normal pace, to perform one operation successfully and
compietely. iaving determined the 'should take' time for all opcratioms,
it is aoplied to present or planned volumes of opevations to determine
total labor requir:ments for the entire volume of work. Attainment factcrs
or ''should take’ times are recorded as specific standard data (Standard
Data, XIII in Appendix A).

GAP indicates efficlency of gioups bv comparing actual time spent
to "should take'" time. The measure of efficiency is expressed as the
index of productivity. This index Is computed bv dividing ''should take"
time by actual time. An index of productivity can he computed for each
group performing given operations or for the whole staff giving an over-
all measure of staff utilizat 1, The operative criterion of GAP 1is {ts
end product--unit cost or unit time standards for each significant
operation,

METHODS OF DEVELOPING CRITERIA WITH ANALYTICAL TECHNIQUES

Cost-Effectiveness Analysis (Cost Effectiveness, 11, Figure 10), has
been judged the best technique for indicating efficieacy and effectiveness
of typical library services, such as circulation service, information
retrieval service, translation service, bibliographic service and reference
service. Cost-Effectiveness Analysis measures cost and efiectiveness of
each service to provide a means of judging overall performance of each
service or for all services. For example, let us make the assumption that
there are 3 possihle methods for providing predetermined circulation,
methods #1, #2 and #3. Hypothetically, the costs are $51.00, $1.50 and
$2.00, respectively, per item circulated, and the effectiveness measures
of meeting the objectives of the service are 501, 40 and 70X, respectively.
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A plot «f the methods represents a cost-effectiveness diagram (Figure 12)

and shows the relative cost-effectiveness of each methad. The cholces

of methods which appear most practical are circled. Hetiiod #2 i{s im-
practical because it {s more costly and less effective than method #1.

The two choices left are evaluated in terms of tha librarian’s prefer-nce:
being 20X more effective or spending only $1.00 per item circulated.

The library should have a well developed mission statement and budget to
facilitate deciding the most practical choice between methods.

In order to make a Cost-Effectiveness Analysis of services possible,
it is necessary to: (1) define each significant service, (2) define all
significant activities and operations, (3) provide meaningful cost data
_ for each activity and operation, (4) provide meaningful effectiveness data
o for each operation and service. After this has been accomplished, criteria
' for effectiveness of operations and services can be derived. For example,
the extent and efficiency of cataloging and classifying may show a cor-
relation witih effeciiveness of certain services. Such critariz can be drawn
from real world situations at each li“rary. The task at hand, therefore,
is to simulate real world situations as closely as possible. In doing so,
the criteria are expected to become apparent (Phase I Report, References
&, 14, 23, 46, 51, 55, 310, 410, 415; this report, References 766, 767).

Such a simulation has been attempted by a generalized model of services
and cperations in a ty {cal A my Technical Library. This has been done
by representing real world situations in chains of events joined by
activities performed to actuate each progressive event. The simulation of
4 typical services is shown in Figures 13, 14, i5 and 16.

Each service chain has one or more entry points. All entries from
event 1 are origins of library service needs. All entries from other
events are conti~uations of needs which have required previous library
services, In test cases in Phase 111, or in actual use, event blocks
critical to service effectiveness will be assigned probabilities that the
event will occur. These probabilities will be based upon past experience
using s:atistical and/or subjective analysis or by statistical sampling.
Each activity is represented by the connecting line between events. Ac-
tivities which accrue significant costs will be aasigned standard cost data.
These standard cost data will be derived from past experien-e or can be
generzted by work sampling, motion and time study, GAP and cost accounting
techniques. The standard cost data will be expressed as average unit cost
per need or as expected cost per 100 needs or some similar representation
of cost standardization.

Measures of efficiency may He the standard cost data from which an
index of productivity can be calculated for given work periods. Measures
of effectiveness mav be der{ved from factors which influence the probabil-
ities that events will occur when a number ot needs are processed.

>
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Certain event blocks separate and identify factors which influence
effectiveness. For example, in Figure 13 event 3 (the librarian begins
a setarch), two possible reasons which could explain way a reference
librarian would not process a need further are (a) the -~ed {s not within
the scope cf the library's mission and (b) the priority of other rasks.
Indicators of the percent cause of failure to accomplish the event
represented by subprobabilities will help identify the reason for low
probabilities of effectiveness. These causal identifiers can indicate
criteria for effectiveness, Effectiveness causal factors may be any
identifiers which retlect a respcnsiveness of effectiveness to the extent
of the factor present. (Reference 768, p.13)

Another effectiveness causal factor i1s tte direct labor operation
preceding each event block. For example, in i'igure 13, event 4 (some
candidate documents are identified) 1s preceded by the activity of the
librarian conducting a reference search., This activity lving between event
3 and event 4 will be referred tc as activity 3-4. The effectiveness
probability of event &4 depends upon the pertormance of activity 3-4,
Mathematically expressed, event 4 = f (activitv 2-4), {.e., event 4 Is a
function of activity 3-4. The effectiveness of activity 3-4 can be neasured
to some extent bv the preobabilitvy of event 4 occurring. Conversely, the
occurrence of event 4 is partially dependent upon the time, effort and
facilities allocated in activity 3-4, Therefore, performance of activity
3-4 may be recognized as a causal factor influencing the effectiveness
probability of event 4. The unfit cost rer nced of activity 3-4 may show
a correlation with the effectiveness probability of event 4, Where high
correlation is found to exist, the unit cost of activities becomes a
causal factor of effectiveness.

Ancther effectiveneass causal factor {s the cost of indirect library
functions. These functicny may contribute to effectivenesa in the same
manner as direct cost activities. Iadirect costs to services are those which
contribute to long range effectiveneas, such as costs of scquisitions and
sccessions, preparation and maintenance of librarv meterial, cataloging,
classifying, {ndexing, and setting up of systems for {nformation retrieval
and for selectives dissesination of information. These (osts must be pro-
rated over their effective use period. The costs sssigned in the indirect
factors blocks (Figure i3) mavy be based on costs prorated per user, per
100 users, ver unit time or othe- units. As in the case of direct sctivitvy
performance &nd uni® costs, ind! rect function performance and unit costs
msay shov a correlarion with effectiveness probabilities. Where high cor-
reiations are found to exist, unit cost or extent of indirect functions
can hecome a criterion of effoctiveness.

The total cost of a service can be computed by summing the di{rect
and indirect unit costs. The total effectiveness of a service can be
deteruined bv the number of needs which meet the cbjectives of the service
relative to the number of needs entering the service. Along any chain of
events and activities, effect{venees E can be computed by the product of
the effectiveness prodbabilities or by the formula:

I
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E = No. of needs processed through services' final objective x 100X
No. of entry needs

The intrinsic effectiveness of ¢ service to a user may not neces-
sarily be represented by event probabilities. The probabilities are,
however, indicators of the effectiveness of library expenditures in actu-~
atiug essential events. The effactiveness .of search service, for exemple,
depends on the objectives of the service. The objectives can be represented
generally by the possible events in a service chain. For example, one
objective of reference service or search service may be only to identify
some candidate documents for an informational need. The effectiveness of
this service in meeting this objective can be measured by the product of
probabilities of communication of needs, of the librarian beginning a search
and of the librarian identifying some candidate documents., Another objective
of search service may be to determine, perhaps by examination, the doc-~
uments relevant to a given informational need. The effectiveness of the
service in meeting this objective can be measured by the product of the
probabilities of communication of needs, of the librarian beginning a search,
of the librarian identifying some candidate documents, of these documents
being retrieved and of the documents containing some relevant information.
The effectiveness of the library in meeting client needs is precdicated upon
the goals and objectives of each service and ultimately upon the library
mission, Before a meaningful measure of effectiveness to the user can be
derived, it is necessary to determine the service or services needed by
the user. For example, one class of users may communicate a need for in-
formation on a given subject., To meet this need it mavy be nececsary to
provide search service (Figure 13) through events 1, 2, 3, 4, 6 and 7, and
then circulation service (Figure 16) through events 8, 10 and 11, After
event 11 has occurred, the services are completed. The completion of each
event represents progressing in steps to a final objective. The final
objective in the chain of events 1, 2, 2, 4, 6, 7, 8, 10 and 11 is svent
1l--user gains possession of relevant material. The overall effectiveness
probability of meeting this objective for a population of users is the
product of the probabilities of events® 2, 3, 4, 6, 7, 8, 10 and 11, Other
measures of effectiveness of the service in meeting the mission of the
library or the client needs can be determined from user feedback (Figure 17).
If the ugser reads the documents, event 16 occurs, so that the next activity
would be user feedback. The feedbuack would permit: (1) evaluating the
adequacy of the source(s) in meeting the mission of thc library (activity
17-18), (2) evaluating the adequacy of the source(s) in meeting the clients
needs (activity 18-19). (3)*%evaluating the effect of recall, retrieval,
and relevance upon meeting the mission and/or meeting the users informaticnal
need. The probability of meeting the mission of the library can be deter-
mined by the percent of needs which are considered satisfied relative to
the conditions of the mission statement. The mission-related effective-~
ness (EM) of the service is the product of the probabilities of events 2,
3b, 4, 6, 7, 8, 10, 11, 16 and 18. The effectiveness c¢f the service to
the users 1s the product of probabilities 2, 3, 4, 6, 7, 8, 10, 11, 16,

18 and 19.
* The probability of event 1 occurrence will not be included in the dig-
cussions of effectiveness measures 1in Phase II.

** The effect of recall, retrieval and relevance and the use of recall and
relevance ratios as measurements of effectiveness will bLe dis:ussed in
Phase IIT1 of this contracc.
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The measure of mission.related effectiveness is not necescarily
2 measure of the totali effectiveness to the user of the services or to
the parent crganization. The neasure of missione.related effect.veness
will more clersely approximate . ne measure of effectiveness to the usar
or - rent organization as the goals, objectives and mission of the library
ap, ach the goals and objectives of the user and support the mission of
the parent organization. Therefore, the importance of veli-formulated
‘ibrary missions, goals and objectives in deriving a weaningful measure
of effectiveness of the library cannot be overemphasized.

In order to explain further, the applicability of this technigque to
real world situations, an attempt to organize various cases of search
service into type categories, has led to the following breakdown of 4
service typez and 12 service cases:

Type I. Unequivocally expressed, unequivocal need.

Case I(a). Search conducted by 'ibrarian.

Case I(b). Search conducted by vser with assistance
from a librarian or librarv assistance,

Case I(c). Search conducted by user.

Type 1I. Equivocally expressed, unequivocal need.

Cage II{a). Search conducted by librarian.

Case 1I(b}, Search conducted by user with asaistance
from a librarian.

Case II1(c¢). Search conducted by user.

Type II1. Equivocally expressed, equivocal nezd.

Case III(a). Search conducted by 1librarian.

Case I1I(b). Search conducted by user with assistance
from a librarian.

Case III(c). Search conducted by user.

Type 1V. Unequivocally expressed, equivocal need.

Case IV(a). Search conducted by !‘brarian,

Case IV(b). Search conducted by user with assistance
from a librarian,

Case IV(c). Search conducted by user,

E a of the 12 cases will be hardied differently in computing costs
and effectiveness. Tie probable paths taken in cases I(a) throngh III(c)*
are marked in Figure 13. An exemple of au equivocally expressed, equivocal
need, case I1la foliows:

* The paths of cases IV(a,, IV(b), and IV{(c) are not marked in figure 13
because of the rarity of their occurrence.

et
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Case 1IIa. Client contacts a reference Librarian seeking some information
on a glven subject. This case will be referred to as an
equivocally expressed, equivocal need. The following activities

and events ensue (Figure 18):

Activity 1-2. The client communicates his need for information on the
effect of contaminants on rubvy lasers.

Event 2. The need is adequately communicated (understood) by the librarian
to process the need further.

Activity 2-3. The reference librarian reviews “he need in order to determine
1f service will be given.

Event 3. The reference librarian considers the need as within the mission
of the library and as having significant priority to begin a

search.
Activity 3~4. The librarian conducts a search.

Event 4. Some candidate documents are identified by the librarian. At this
point (event 4), a requczt for a bibliography may begin activity
4-5, However, the client may not require a bibliography, but
instead may ask for some of the candidate documents. If this is
the case, activity 4-6 begins,

Activity 4-5 (alternate). A bibliography is prepared.

Event 5 (alternate). A bibliography is provided and the user reviews the
listings.

Activity 5-6 (alternate). The user orders and the librarian retrieves
gsome of the documents listed in the bibliography.

Activity 4-6 (alternate). The librarian retrieves some of the candidate
documents.

Event 6. Some of the candidate deccuments are retrieved within the re-
quired time.

Activity 6-7. The client reviews the documents to determire relevance.
Event 7. Some of the documents are relevant. Event 7 - nds the siarch

service. At this point the client may reques  circulation
gservice and exit to event 8 (Figure 16).
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if 100 similar needs were processed and al' necds were met, the ef-
fectiveness probabilities of all events would e 1007, If only 70 needs
have passed event 3 out of 100 which passed event 2, the effectiveness
probability of event 3 would be 70X, This may indicate that the mission
statement should be revised to encompass move of the needs or that additional
reference librarians are needed because many needs cculd not be met due to
priority of other taskm, Such needs should be met if costs are not prohibitive.

Contamination 5f tne measurements of effectiveness may arise from (1)
poorly developed library missions statements which are not clear or com-
patibie with the uaers' departemental missisns, (2) poor interpretation of
ueer feedback, and (3) inadequacy of feadback to express the true utility
of the information {n meeting the chiectives of the user.

in gusmary, and in spite of the errors inherent in the measurements
of effectiveness, this systematic approach is potentially useful in resclv-
ing the probabilicies that the services will meet the needs of its users
19 the extent that criteria of cost-effectiveness can be established
sbiactively,

Planning-Programming-Budgeting Systems (3See P.P.B.S., V in Figure 10)
was judged che most useful tool for controlling performance of budget
zllocations for aervices and operations.

From the models developed by Cost-Effectiveness Analysis expressing
effectiveness as a function of event probabilities, It is expected that
esch probabllity can be expressed ag a function of the amount of certain
factors present. For example, the probability that some candidate doc-
unenis ave icdentified by searching a card catalog may be a function of
seveyal independent variables, such as amount of time {t), the depth of
indexing (I), and the number of documents (D) in the relevant subject
clasves. The relationghip between the dapendent variable P (the prob-
ability of {inding some candidates) and the independent variables t, I and
D zay be found to fit some general equation, where P = §{t,I,0) . The
gen¢éral equation (mathematical model) which best represents the real world
relationships may be logarithmic, for example: P=c+b int+tc inI+d!n D
uay be the general equation which best describes the relationships between
P,¢, I&D, where<, b, ¢ and d are some given constants and 1In t, 1In I and
In D are the natural logarithms of t, I and D, respectively.

With such general equations it is possible to determine the change in
P with the chaange in any independent variable.

For exgmple: 6P/61 = ¢/ 1

72




that is,the change in P with respect tc the change in I 1s equal to c/I.

Cost parameters can be added to derive the change in P with the change in
the cost of 1,

For example:
Let: cost of I = Cjp
since: Cy = f(I), say Cy = gfi{l)
where: g{T) is the exact function

/ : 7
therefcre: 6P . _S_E\\ f/bI \ \ {-61 i c _
(1) [9” (T}]

fc\
sc; \sl/\ecy/ \T/ [Jeqin
where & g(I})/ 61 = g’ (I)
6P _ c
8§Cy (I) [o'iI}]
allocated to indexing in increasing the probability of finding some candidate
documents.

can be used to measure the effect of {unds

The equation

Equations of this tpe mzy prove to be usefvl criteria for budgeting
funds. Since resources should be added to operations to maximize the
probabiiity of essential event occurrence, then funds should be added
where.%%%,A is the largest, where Cj = cost of I, cost of t, or cost of

|
D, etc., in a "§" family of independent variables any one of which would
affact event probability.

In real library situations it msy be Jdesirable *o maximize other
values such as the satisfaction of executive officers served or other s:uch
values based upon subjectivity. If values other than maximization of total
within-mission needs met extenuate, then general formulas based upon these
services models are not necessarily valid as tools for budgeting criteria,
Further discussion on subjective effectiveness values to be measured and
maximized is discussed in Chapter VIII under the utilitv analysis approach.
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USER'S FEEDBACK CYCLE

Represented below is the chain of
events and octivities which leod
to, include, and evaluate effec-
tiveness of information in meeting
the mission of the library or the
needs of the client.
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VIIi. TYPE 5 APPROACH EVALUATION AND ANALYSIS

Appreoach 5 is explained in pary in the Phace I report of this
coniract, (ATLIS Repert No, 10), beginning on p. € &nd illustrated by
Figure 1 on p. 9. The purpose is to formalize in the mind of the librarian
that all operations periormed in his library and all services the library
praduces gerve the geals and obisctives which eitner he or his superiovs
have set as implementing the overall mission of his likrary. This nission
iz subservient to the higher mission of *he organization within which
the library operates.

Thi: approach, therefore, provides the format and precedures which
the 1itvarian mav use in formaiizing (1) hig iibrary mission statem=nt,
(2) the goala and oblectives which give form and substance to that mission,
{3) the par:ziculsr activities or services kf:s library should produce to
i-,lement those gouls =3nd objectives, and fina.ly (4) those cperations
which he and his staff must perform.

On the basis of training and experlence, it then beccmes possible,
using the matrix provided, for the librarian to assign weights to the
various services which degcribe their relative importance in achieving
the misaion, goals and nbjectives. The librarian can then estimate how
much of each operation is necessary to produce the gctivities and services
required. It is then pcasible for him to compare this situation with the
real-11ife situvation in the library and assess the effectiveuess of overall
operations.

This approach would be expected to produce a "wanagement'' criterion.
That is, the effectiveness cf & given library is a functlon of the
organization snd man-gement ability of the head 'ibrarian. It is highly
judgmental and proximate. Ia the hands of a well-orgarized head librarisa
it 18 a tosl which assesaes his own effectiveness and demoustrates te
superiors that by organizing activities snd services to optimize mission
fulfiliment he is effectively fulfilling his management responsibilities.

This approach, or perhaps the methods and procedures involved, permit
periodic adjustment to changing situvations. That is. vith assignments
of new tasks, or alteration in services, or other changes, the librarien
is able to re-assess his situation and to make the management decisions
required to meet the new set of requirements. In that sense this approach
recognizes that library sitvations are dynamic.

This approach wmakes a number of assumptions. The maior eassumpticn
ig tiiat & v~*' delineated misgion statement is available for the library
orgsnization and that this statement supports the h™ ° lon orguniza-
tion (command, department, division, research group, au. on) that the
library serves. The subsequent assumptions are based on that mejor asswaption.
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For exmmple, the move apecific goals snd objectives provide definition

of generalizad entities which must be prowvided to fuliri: the mission.

The aczual services or products to be produced by the library are determined
from the goals and chjectives statements. The operations statementa define

the actions the library staff performs to produce the services or products.

In applying this method the mission statement must be provided fivst.
It can, for example, be prepared by the director cf the research laboratory.
It is desirable, however, for the librarian to review the statement to in-
gure it is in terms he can understand. The goals and objectives statement,
however, should be prepared joiritly by the higher authority and the iibrarism,
Identification of the particular services and products should be performed
by the librarian who by training and experience is beat fitted to determine
which services und products of the library fill the specifications of the
goals aund cixjecrives. When these 3 levels cof statements have beeu decided
upon, *th:z jiorarian is ready to test this particular approach.

The librarian, from the background of his knowledge of the overall
situation, must then assign weighte or values to the variocus services and
products his organization produces. Tizse ~an be arbitrary numbers which
have little or no meaning per se, but which by comparison, each with the
others, give the relative importance cf the services and products as they
support the goals and objectives. For purposes of simplicity in this
exercise, the totsl sum of these arbitrary values is egquated to the total
"utils"® of the library, as will be discussed later. The librarian would
then also assign values for each operation according to 1ts effect in adding
value to sexrvice~ or products.

Type 5 data were sought from some of the libraries visited during the
Phase 1I data gathering survey, This dats type is expectec to reflect
the relative values of operational ouiputs toward providiang given services
and the relative values of services in supporting the mission of the
libraries. As discussed in the Fhase I report. 2 matrix was developed to
fscilitate a test of the )*bhrerfans’' abllity to assign relative values for
operations and services (see pp. 6-10, Phase I Report).

Some of the librarians ssked to provide these data were not responsive.
This indicates that: (1) the values sought vere not clearly communicated
or understoud, (2) the librarians are often not sable to quantify the values
of operations in supporting services™® or values of services in supperting
missions.

From the data submitted it was apparent that all librarians do not
agsign the same values to given operations and services. However, there
was some general agreement in the rank order of values assigned, This rank

* Utils, an arbitrary unit which represents the amount of utility or value.

** In this discussion the term "services’ includes "products."”




order is from higheast to lowest of 5 services: refereance search, cir~ula-
tion, bibliographic, publications, translations. Tihe data indicated that
even though libraries have different missions, goals and objectives, the
relative values of operations and services do not diverge completely,
although values can be expected to be affected by missions and the kinds
and degrees of operationa performed.

In evaluatica of the re- onses received during the data collection
effort it was deduced that some librarians do have the ability to assess
the comparative values of their services and operations. However, it is
considered necessary to develop the concept further in order that more
meaningful and complete value dats may be collected to determine and validate
criteria from Type 4 data, With this objective in mind, the test described
in the following section will be conducted in Phase III of this contract
to collect additionel and more com; rehensive Type 5 data.

Test procedure for developing and validating criteria by utiliry analysis
(see Utility Analysis ian the Glossary, p. 97)

The procedures outiined here investigate the epplicability of utility
criteria for measuring the value of services and products, and for making
determinations of equilibrium conditions which maximize utility within
given budget constraints. The application of utility analysis used here
is nct based upon the users judgments of utiiity as in the classical ap-
proach, The measurements of utility applied here are based upon the judg-
ments of a librarian as to the utility of the services and opcrations in
meeting the mission of his library. For each library tested, it will be
necessary to have statements prepared by the librarian and/or the next
nigher echelon which define:

(1) The 1ibrary mission.

(2) The library goals and objectives supporting the mission.

{(3) The particular services and products of the library which
implement the goals and objec*{ives.

In the course of Lhe tests 1 number of determinations must be made.
These will be:

(1) Determination of inputs and outputs of each service and the
relationships between inputs and outputs,

(2) Determination of the ictors to be maximiz:d for each
service relative to the purpose of the library. For example,
most private industries have a central purpose of maximizing
profits. A library may also have a central purpose which may
be to maximize the percentage of within-mission needs met or
to maximize tte value of litrary services and products in
supporting research und development activities of the users.

(3) Determination of a means of measuring the utility of the
factors to be raximized.




Determinstion of the operations to be performed in the effort
to maximize utility of each service or product,

Determination of standard output* units per man-hour for each
operation.

Deterwination of the change in uvtility{(A U, ) Of esch service

(1) with respect to the change in each operational output unit
(a0;) | where AUnG; = marginal utility of service (i) with
respect to operation (|) . 7o determine the marginal utility of

a given operational output, 1~ i necessary to describe a utility
curve such as shown in Figure 19. This curve is described by
plotting points on utility-cutput coordinates. Various operational
output quantities are plotted sgainst their utility. The out-

put quantities may be arbitrarily chosen to deviate from existing
outputs. In Table 9 the existing o. »ur is 80 standard man-hours
of work. The deviationte arz in 10 man~hour increments above and
below th2 existin: output. Judgments are then made of the utility
of each service derived from the various outputs. The marginal
utility of the existing output can be represented by the average
slope of the utility curve between points 3 and 4 (P2 & Py) or
AU,3/480)3 = 3(/10 = 3.0, (or ideally at P3).

Determination of the total change of utility ATU; of operation
(j} with respect to the change in operational outrut AQ, where
ATLUHBOJ- MU; = marginal utility of respective operations

outputs,

Determination of the cost per man-hour at 1007 utilization for
each operstion.

(8)

1f these determinations can be madz, it will be possible to establish
criteria ‘' r sllocation of man-hours in such a way that ove-all utility of
operstious and services may be maximized. The equilibrium condition for
maxisnua utility exists when total budge* for operations (1); amount of each e
operational output (A,B,C,...N); price of each operational unit (P4, Py, g
Pc,. o Pp) »ad marginal utility of each operational unit MUa, MUb, MUc,..,
MUn satisfy the following equations:

(1) I = AP, + BPp + CP¢ +...+NPy;

(2)

MUa = MUb = MUc = ... = MiUn.
Pa Py Pe P,

* The tem "output” has different meaninge, depending on the part of the
syster .0 which 1t refers. In this chapter, unless otherwise stated,
the term mseans 2 weasure of cperational actions, not a measure of nuwder

or quality of services or products. In this sense operational outputs
are inputs toward producing services or products.
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FIGURE 19

%0 100 ¢d, Mon Hrs.

of Work

Point Operational Utility of Service Marginal Utility
Output Derived From Operation o /6 oj
1 60 man hrs. 100 Utils 160-100 _ 60 _, 4
70%0 10
2 70 man hrs. 160 Utils 200-160 . 40 a0
3 80 man hrs. 200 Utils 875~ 10
— - 230-200 _ 30 _. 0
4 90 man hrs., 230 Utils 80 10
250-230 _ 20 _, 0
5 100 man hrs. 250 Utils 100-50 10 -°
TABLE ¢
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I. these equations cannot bhe satisfied, it mav be possible to
optiwlze manpower allccation to approach utilitv maximization. If there
are coustraints other than budget coistraints, such as manpower constraints,
it way not be prasible to maximize :t{litv., Regardless cf constraints and
barriers to utility maximization at the point of 2quilibrium, criteria may
be developed to indicate the optimum bslance between budget allocation and
utilicy.

The following example will serve to demonstrate the utility analysis
asproach.

Example:

Figure 20 is a hypothecical total and marginal utility schedule for .
estimates of long run utility of operations and services. Only 8 services .
and 11 operations are considered ss the aignificant operatio:: and services .
at a hypothet.cal library. The wvalue to be maximized is the utility of '
the services in ceeting the within-mission needs of the users. The outputs
units being measui«d as contriouting to utility are standard work units
expressed in terms of standard man-hours of work (Figure 20, third column
from right).

The numbers underlined in the 3schedule are existing output (standard
man-hours of work) and utility (utils) measures for each operation. The
standard man-hours of work produced (in the output column) is the same
number =3 the man-hours worked {in the operaticn input cclumn). wher the
operator ias working at 100Y utilizstion. Th:s concept and the criteria for
standards will be discussed further in the Phase 11l development of the
Group Attaimment Program. For cur present example we will assume that all
operators are working at 1003 utilizgtion. The other numbers ‘n the
schedule represent utility and marginal tilitv changes at various ocutput
changes.

If the library is operating at s point of maximum utility within
bud~et constraints, the following conditions must be satisfied:
{1} 1 = APs + BPh + (Pc + DPd + EPe + FPPf + (Pg + HPh + IP{
+ JPY + KPk;
say: Pa = $3.00, Pb = $5.0Q, Pc = $4.00, Pd = $3.00,
Pe = $3.00, P{f = $2.00, Pg = $5.0G, Ph = $4.00,
P{ = $4.00, Pt « $2.50, Pk = $6.00.

(2) MUa = MUb = MUc = MUd = HUs = MUf = MU = MUh

Pa Pb e PFd Pe Ff Pg Ph

- MUL o MUJ o MUK :
Pi Py Pk

. e RS ¢ e .
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Estimates of Long Run Utility

SERVICE OR PRODUCT > s.o.0. TRANSLATIONS BIBLIOGRAPHIES & CIRCULATION CIRCULATION ABSTRACTS
1 REFERENCE SEARCH UPON REQUEST PREDSTERMINED
Existing Utility of Each Service
or Product in Meating within - ? 100 50 500 500 50 30
Mission Needs of the Users.
H k: §
B £4 Operation B Urility Wility Utility Utiliry Unitiry Wity
53 & 583
S URRpE—— SR e v N v A v A v v
60 65 100
Catologing 70 80 %
A Classifying & 80 90
Indexing Actios | %0 xS =
100 95 250
o) y.1]
Performance 30 40
B of 40 50
Seorches L5) ]
80 70
10 10
Bibliographic 20 2
[ Listing 30 =)
Actions o k)
50 k]
50 56
Cireulation 75 a5
D Upon Request %) 100
Actions IF53 176
159 ns
3 13
Circulotion by W 20
E Predetermined 20 z
Listings Actions | B x
40 0
5 3 3 24
Preparation & 10 5 5 40
[ Mointencnce of 20 10 10 80
Collection k) 2 17 R
40 13 13 100
0 3
Trarslating 15 40
G Sotions 20 50
i z
k) 60
5 1l 1]
Usen' 10 12 12
H Edvcarion 20 15 13
Actiors k] b2 i)
R 40 30 30
~ To 15
Absiracting 20 20
1 Actiors 30 25
o] %
50 3
10 !
Reproduction 2 3
) Actions k] 5
o) S
50 7
50 100 75 11 20
Acquisitions 75 159 200 15 n
K Actions 100 200 300 3 25
™= bl s o 23
150 300 400 2 27
Stoff Training
L Actiors
Inter Librory
M Loon

FIGURL 7. TOTAL & MARGINAL UTILITY SCHEDU:E
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» Utilizing the output data in the 3rd column from the right, when the

total budget for operations is $2200/week, condition (1) requires that:

$2200.00 = (80) ($3.00) + (40) ($5.00) + (30) ($4.00)
+ (100) ($3.00) + (100) (53.00) + (20) ($2.00)
+ (20) (55.00) + (20) (54.00)
+ (30) ($4.00) + (30) ($2.50) + (100) ($6.00)-

This reduces to:

$2200.00 = $2175.00.

It can be seen that the library does closely approximate the first
cordition.

Utilizing the marginal utility data in the lst column from the right
and the prices of respective output units condition (2) requires that:

8.3 =10 = .5 = .4 = .3 = 2.0
3.00 5.00 4,00 3.00 3.00 2.00

= 1.2 =7,
5.00 4.

0 = 1.5
00 4.00
This reduces to:

2,80 = 20 = ,13 = .13 = ,]J0 = 1.00 = ,24 = 1.75 = .38 = .44 = 1.55,

It can be seen that the library does not closely approximate the
second condition. Therefore, in order to maximize utility it will be
necessary to add output to operaiions wherehﬂq/ﬁ- the largest positive anuwmber.

Since‘M%L- 2.80 and 2.80 is the largest MU;/ Pj, we should add output (A)
to cataloging, classifying and indexing and reduce output from operations
where MUj/Pj = the smallest number. Since MUge = the smallest number = .10,

P
we shall remove 10 units of E (10 man-houts)eand allocate the cost of
10 man-hours of E (10 x $3.00 = $30.00) to A. If we add $30.00 to A we will
add 10 man-hours to A, since the Pa = $3.00/man-hour,

The change in allocation of funds causes a change in total utiliecy,
The sum of the numbers in the total utility column which are underlined
represent the total utility of operations before the change. The sum of
the numbers in the total utility columm which are in parenthesi: represent
the total utility after the change. Because of the reallocatior of f.nds
the utility of E drops 5 utils, and the utility of A increases t.v 83 utils.
Therefore, a net long run gain of 78 utils is anticipated by spending $30.00
less on predetermined circulation and $30.00 more on cataloging, cla:sifying

and indexing.
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At this point, before the change is made, the purpose for the
change and the effe.. of the change must be reviewed. The purpose is
to maximize utility of total operarions in mecting the within-mission
needs of users.

The effect would be decrezsed predetermined circulation and increszsed
cataloging, classifying and indexing. 1If there are ro obvious constraints
upon red:cing predetermined circulacfon or increasing cataloging, classify-
ing and indexing, the change should bc recommended, reviewed by top
mansgement and implemented 1f approved. Disappreval would constitute a
constrain: an+. therefore, may be a barrier to max mizing utility of the
operations in meeting the within-mission needs of the users. On the cther
hand, disapproval may indicate poor value judgments in the analysis which
sho:z1d be revised to improvc the measure of utility., Tf there are barrviers
such &8 (1) no additional qualiried catalog.rs are asvailable or (2) top
executives ingist that predetermined circuletion should not be reduced
regardless of a lower predicted bemefit per dollar invested, then it will
be necessary tu optimize service utility ‘v seeking oti.ar changes which will
resolve greater total utility. Perhaps adding man-hours te H and raducling
man-hours of C oy D may be accomplished.

Operation D is circulation actions, Assuring that the personnel per-
forming circulation actions are fully utilized in serving clients, the man-
hours reduced must be sccomplished by improving methods of circulation
operatione, otherwise reduction in man-hours could cause a bottleneck which
reduces user satisfactiom.

The utilivy approach, therefore, is useful in pointing out the epera-
tions whic. ichould be concentrated upon first to improve methods and effis
ciency in order to free labor for more effective and utility maximizing
oparations.

in the case of incyreased total wanpower for operaticns the aduiticnal

mnan-hours should be added wharehAUyWﬁ i3 largest. In rhe case of staff
cuts the man-ncurs should pe reduced whereMuj/F is smallest.
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APPENDIX A

GLCSSARY OF MANAGEHENT SCIENCE TECHNIQUES

Although & glossary of management sclence termz was presented as
Appendix E of the Phase I Report, 2 revision of several of the glosses
is required. This revised versiun, therefcie, provides wcdified ex-
planations of several of thc management tachniques of the criginal giossary.
However, it doea not present or define terms which do not represent formal-
ized sanagement techniquas per ge, such as the word "budgetr."

The purpose here is to reorgenize the major tzchniques considered in
Phase I, to add some new considerations and to provide reference numbers
tc selected articles which discusa the techniquea. Reference numbers through
758 represent either abstracts or simply references to articles as shown
in the Phase I Report. Numbers sbove 738 represent references included
in Appendix B to this Phaae II Report.

The refervences refer to publications which relate to the techniques
In one or more of the following respects:

(1) Methodology.

(2) Possible application o industry, government snd/cr libraries.
(3) Previocus applicaticn in industry, government end/or libraries,
{4) General discussion--cdvancages, disadvantages, philosophy, 2te.

Pollowing the references are parameters explaining what each technique
indicates or controls,

The statements and parametars are not intended to be criteria for
neasurement bul ar: presented here as hypothetical tools for mweasuremert.
These hypothelicsel toola which have been salected as teutative tocls (see
paired comparison experiment page 60 ) are identified in the tentative
tools chares, Figures 10 and 11. In <hese charts each tool (techniquej
is identified with the library operation or service which it measures or
controls.

Each of thase teatailve tools is potentially useful for developing
criteria for measuring or controlling the efficlency and effectiveness of
library servicee aud operations. In light of the data gathered and the
obeervations made during the Phasze II library survey, certain of these
tentstive tools will be selerted tc develop criteria in Phase 1II of this
contract.

I. Systems Analysis

Systems Analysis is & functional process responsible for the develon.
ment of policies and obiectives for the planning, acquisition and
utilisetions of library resources snd requirements as affected by
the operators, users and designers of library information systems
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at various levels sid migsion assignments considering poiitical,
social and economic factors. This basic approach could be useful

to segregate and delineate the individual functions of the library.
Systeme anslysis will show the interfaces between functions and
their reletionship to the overall objectives and goals of the
library. This concept has been expanded to include the relationship
of the library to the users and to the parent organization and the
misgion of that organization. In this sense the system is "a set
of crganized operations to satisfy a defi.able user requirement,"
{References: 38, 46, 49, 126, 155, 157, 146, 282, 327, 410, 416.)

Indicates efficiencv of individual operations of the library by
detevaination of the ability of the warious operations to work
together. The total efficiency of sn organization or a system is

a function ¢f the efficiencies of each operational unit and the
efficiency of the interactions between the operational units. Systems
analysis can be used to facilitate measuring the efficiency of and
between operational units by models, charts, etc., which simulate an
on-going system. This simulation may be used in cost-effectivenesse
analysis, P.P.E.S, or other systems techniques which inadicate, weasure
or predict paraneters of a system.

Indicates effectiveness by identifying the individual functiomal

units of the library and delineating the roles and goals of each with
regard to the overall mission of the library. After this role and
goal assigning has been accomplished, simulations which identify
probabilistic and deterministic variables can be made. Tha simulations
facilitate judgments as to each unit's sffectiveness in attaining
goals. Ewven though all functional units are effective in their roles,
organizational effectiveness is not insured. The outputs of each unit
must merge into the svstem in an effective manner. Systems analysis
should also determine the effectiveness of the coordination between
goal directed roles and user needs through user feedback.

Cost-Effectiveness Analysis

This i3 an economic analysis applied to rescurce allocation. It
relates tangible costs to meaningful and utility-maximizing missions
or programs, instead of to the cost of individual segments. In
economic analysis, the concern is with objectives rather than objects.
Cost-effectiveness can be determined by identifying the performance
or accomplishments of a program needed to achieve objectives, and
evaluating all resources associated with the program in relation

to the benefits anticipated from the program. (References: 14, 20,

53, 86, 112, 115, 125, 130, 14}, 155, 232, 260, 303, 3?5, 429.)
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Indicates efficency-effectiveness (Performance) level by correlaring
efficiency (expressed in terms of coet) and effectiveness (expresmed

in terms of probabilities of meeting objectives or in terms of
qualitative judgments of effectiveness). Cost-effectiveness anaiyzis
helps resolve the optimum cost-effective system and thereby helps

to maximize performance. Optimum cost-effectiveness can be indicated
after assigning weights to cost by .cst accounting (s2e Coat Accounting,
111) and effectiveness by qualitative or guantitative measures. Graphs,
computer programs (Linear Programming, VII) or mcdels (Models, XIX)

can be used to indicate the relative cost-effective level of zlternate
rathods or systems.

Cost Accounting

Cost accounting is an excellen: control device, commonly used in
industry, which allocates the various costs of doing business to the
vnits produced or scld. Cost accounting serves a need for communication
and control between sources of money and management concerning the use
of capital invested. As used in the iibrary. cont a2ccounting could
develop a .ost figure for each npervation performed and each product or
service given by utilizing cost date deri{ved from accounting reccvds,
standard data (Standard Data, XiII) or tailored techniques such as

the systems generalized models which have been developed in this study
for each library service. (Reference: 62, &3, 1il, 226, 231, 311, 367,
760.)

Indicates efficiency by identifying costs of each service or operation
in terms of dollars. Efficleacy of 8 service or operation can be
measured in terms of dollars when the outputs are constant in terms

of quality or effectiveness., If outputs vary, the c« 3 must be pro~
rated to indicate efficiency.

Controls Performance by perindic checking of expenditures with budget
allocations and automatic feedback control when costs become inconsiatent
with budgets (Budgeting, XXXI).

Utility Analysis

‘w1]1¥ty analysis depends upon the concept that the consumer not only
ows that hc prefers A to B, but he cas pive auserical expression to

his desires which permits him to say he prefers A, say, wice as much

as B, giving A twice the utility of B. (References: 102, 183, 184, 303,

361, 362, 372, 763.)

Indicates effectiveness by evaluating a product or service in terms of

how much one is willing to sacrifice in order to get that product or

service. This sacrifice may be manifested as a trad- ~ff of money, time,

ef fort or other products or services. The cardinal utility of the desired
product or service can be measured by dollars or time units and by other com-
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parative units such as weights o. the rvelative preference for one
product or service over another. Care must be taken not to assume
utility can be measured by any absolute value of what uie is willing
to sacrifice. Ordinal utility of a commodity for ome individual can
be mesasured by his relative indifference between having various
commodities. If a population of sclentiats has tne same indifference
between having Chemical Abstracts or Current Coulents, the utility of
the two is conatant for the group. However, {f 40X of the scientists
prefer one and 60X prefer the other, the utility of each depends on
the user indifference., Utility of various items in a collection can
be rated by comparison wiih each other. For instance, rating or rank-
ing techniques, sy.h as palred comparisons (Figure 9), can be made
betweas a number of journals to determine the utility rank of each
journal for each scientist. The ratings or ranks given to each journal
can be averaged to give a mean utility rank for each,

P.P.B.S.: Planning-Programming-Budgeting System

P.P.B.S. is a et of proceduras receiving increasing use and importance
in the preparation of government agency budgets, which specify program
objectives In quantitative terms, measure benefits and seek least cost
sclutions of meeting objectives and which impeose controls by a budgeting
process. The Planning-Programming-Budgeting System requires management
to think and plan further into the future, toc delineate objectives,
analyze costs and benefits of existing programs (costs of activities,
equisment, etc.: benafits from probabilities of accomplishing gosl-
directed events and objectives); and find better and cheaper waye to
accomplish objectives. P.P,.B.S. is founded on 3 major concepts:

1, Each agency possesses in-house analytical capability for
determining the objectives and progrums which they should
aupport.

2. A multiyear planning and programming process incorporating
and using a systems approach which classifies and presents
egsential data requir.d for decision-making (such essential
data can be utilized in Mathematical & Ecconometric Models,
XIX, or Systems Mcdels).

3. A budgeting process which can refine broad program decisions
for subsequent review and action (Budgeting, XXXI).

(References: 6437, 317.)

Controls performance by budgeting. Budget allocations are determined

by: (1) planning, (2) programming essential data about resources

required for decision-making and (3) processing these data to develop

base lines of resocurce limits as criteria for budgeting. This tech-

nique was primarily designed for long-run control by budgeting, re=-

quiring periodic review and analysis of programs and budgets, and )
revising resource allocation where necessary. -
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Statistical Sampling

oAb

A method of selecting a sample from a population to insure its
being random and consequently representative of the entire
population. The sample reflects inferences about the parameters
of the whole population according to statistical theories.

Statistics 18 a general term for a large group of mathematical
tools based on laws of probability, used to collect, analyze and
interpret numerfcal data. The purpose of statistical analysis is
to provide methods of treating data so that the maximum information
can be obtained with a predetermined risk of drawing false conclusions.
No method of analysis can extract more information from a set of data
than is contained therein, and no method, statistical or otherwise,
can draw conclusions from experimental data with zero risk of error.
(References: &, 386, 759.)

Indicates efficiency and effectiveness by presupposing that information

about effectiveness, efficiency or performance can be extracted frcm
critical data, It further assumes that it is no*" necessary to study
all data, but it is possible to exsmine a representative sample of

the data to make inferences about efficiency, effectiveness, perform-
ance or eny other parameter of the population reflected by the sample.

-y

Linear Programming

Any problen concerned with minimizing or maximizing linear objective
functions, such as total costs or net profit, and subject to a set

of linear equations or inequalities in the form of constraints due to
limitaticns of men, materials, capital or other resources, is a linear
programming problem. The two most common types of linear programming
are the graphic and simplex methods. The analytical procedure in all

instances consists of 4 parts:

1. Arranging the alternative possible goals to be sought,

2. Defining the assumptions to be employed.

3. Determining the balance of net advantageas and dizadvantages
in selecting the optimumm solution.

4. Modifying selection by relating the alternatives to the
organization's overall objectives.

(References: 220, 538; also pp. 53 and 54, Phase I Report.)

Indicates efficiency and effectiveness by resolving optimm efficiency -
effectiveness from dats containing many interrelated factors which can
be expressed in linear equations or inequalities. Actual efficiency,
effectiveness and/or performance values can be compared to the optimum
values to indicate the differential between actusl and optimum
"sttainable" accomplishments.
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YIII.

IX.

X.

Correlation Anslysis

The ccefficient of correlation provides a measure of the degree
of relationship between variables. Linear correlations have g
possible range of -1.00 to +1.00., Curvilinear ccrrelations have
2 range of 0 to +1,00. If one varisble increases while the other
decreases, the result will be a negative coefficient in linear
correlations. If there is no relaticnship between the variables,
the coefficient will be zero. 1In general, the closer the coef-
ficient of correlation comes to ecualing + 1, the better the
reiationship is for furecasting purposes. Correlation analysis
has been extended in this definition to include regression analysig—-
a method for computing iines of best fit or formulss chowing re-
lationghips between variables. (References: 4, 16, 23, 212, 310,
768.)

Indicates factors contributing to efficiency and effectiveness by
disclosiag relationships between variable factors and efficiency,
effectiveness or performance. For example, i{f high correlation
exists between effectiveness and the number of books in a library
collection, it can be assumed that effectiveness is a function of
the a2xtent of the collection. Furthermore, if linear relation-
ships exist between effectiveness and extent of collection within
a range, effectiveness can be predicted by the number of volumes
within that range. However, the number of volumes must be taken

as only one component of a measure of total effectiveness. 1If it
were possible to establish all variables which determine effective-
nest and all correlations between these variables, total ~ffective-
ness could be predicted by weighting the correlation vaiues of

the variables, according to their power to contribute, and summing
the weighted values.

Organization Chart

Graphicaliy identifies bureaucratic relationships between functional
a.a staff units within an organization and delineates areas of
responsibilit, of each unit. (References: 79, 537.)

Indicates efficiency by providing a view of the distribution of
responsibilities making recognition of role inconsistencies with
organizational goals easier.

Controls performance by providing a means to communicaie proper
relationships between and proper rolea of the line and staff units.

Layout Chart
Usually a floor plan of a facility locating the items in the physical

layout. Three types of layout charts are plant iayout, department
lay 't and workplace diagrams. (Reference: 761.)
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XIII.

Methods Study

Method study is a systematic analycis of work to:

1. Eliminate unneacessary work.

2, Arrange the remaining work in the best possible order.
3. Standardize usage of proper work methods.

4, Establish accurate time standards for the work,

(References: 32, 255, 315, 761.)

Indicates efficiency relati-re to standardized methods and times
for elements of work such as basic motions or operations. These
stendards are developed by coordination of motion studies and time
studies. The standardizad methods and times are compiled and
presented in various forms such as general standard data (basic
motion times) and specific standard data (basic operativa times)
(Standard Data, XIII). Standard data are time values and the end
product of motion and time studies.

Standardization

An authority or rule for the measure of quantity, extent, value or
quality, denoting the establishment of practices, policies and rules.
Also connotes simplification (reduction of diversification) and
denotes establishment of standard equipment and standard methods.
(References: 11, 51, 58, 74, 81, 83, 94, 118, 135, 170, 171, 183,
185, 196, 224, 233, 242, 269, 296, 382, 355, 400, 481.)

Controls performance by establishment of rractices, policies,
rules, standard equipment and standard methods.

Standard Data

Standard data are predetermined time values, tabularized or reduced
to simplest terms, and compiled to largest time values consistent
with accuracy, flexibility and speed required for the establishment
of time standards for operations. The work factor system divides
standard data into 2 classes, general and specific. General standard
data are time values developed for a relatively small work segment,
such as basic motions and usually aprlicable to several

classes of work. Specific standard dats are usually developed for
larger work segments occurring in specific operations or classes of
operations. The time values in specific standard data are often
developed from combinations of values selected from a general system.
(References: 32, 41, 315, 449, 761.)

Indicates efficiency by relative comparison of actual time ¢o standard
time to indicate the index of productivity or percent utilization.

Controls performance by setting an attainsble, expected and en-
forceable standard of efficiency.
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Performance Fvaluation

Gathering of perfotrzance information (such as qualitative
and quantitative measures of efficiency and effectiveness)
and appraisal ol this information and managerial philosophy.
(References: 80, 120, 132, 162, 166, 289, 324, 462.)

Indicates efficiency and effectiveness by subjective appraisal
of qualifying factors of behavior and abilities of individuals,
supported by objective appraisal of quantitative statistics such
as index of utilization, job description analysis data (Job
Deacription Analysis, XVIII) and degree of effectiveness of the
individuals in meeting organizational goals. Appraisals shouid
be made by trained evaluators.

Work Sampling

A method for analyzing work to find delay allowances applicable

to a given job, to determine percentages of machine and operator
utilization and to establish production standards (Standard Data,
XIII and Standardization, XII). It utilizes random observation of
operators to determine statistically the amount of time spent on
each activity (work or non-work) and the pace at which the operators
work. (References: 32, 315, 465, 587, 761.)

Indicates efficiency by determining the utilization of the operators
studied. This utilization can be measured in terms of perzent time

spent working at 1002 pace. Work time is defined as the time on the
job minus non-work time, avoidable rework time and unnecessary work

time. During work time the operator is rired according to pace.

The operator's percent utilization will be his work time multiplied

by his average pace rating divided by the total time on the {ob.

NOTE: All work sampling techniques do not require pace measurements;
however, utilirzation percentage figured without pace cousideration
cannot be expected to be as good a weasure of efficiency as utiliza-
tion percentage including pace leveling.

Group Attainment Program (GAP)

using proven measurament techrigues (such a8 Work Ssmpling, XIV and
Standard Data, XIII), GAP objectivelvy determines attainment factors
for the jobs in a group., These attainment factors represent the
time, including allowances, that it should take a reasonablv com-
petent emplovee using prescribed methods, and working at & normal
pace, to perform one operation successfully and fullv. Having
determined the "should tak<" time for all operations, it ’s applied

=)
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to the pregent or planned volume of cperations to determine

the totel labor requirements for the entire volume of services

or for any given type of service., Attainwent factors or ''shoulo
take' times are recorded 2s specific standard data (Standard Data,
XIII). (Reference: 251.)

Indicates efficiency of groups by comparison of actual time spent
to "should take” time. The measure of efficiencv is expressed in
terms of an index of productivity which i{s computed by dividing
"should take' time by actual time.

XVII. Human Relations

The study of the kinds and degrees of interactions, and reactions
between people and their orientation to groups and insti{itutions

and the reasons for such {nteractions, reactions and orie~tations.
Studies ere baged on the social sciences, psvchology and economics.
Human relations is primarily an analvtical technique; however,
public relations will be considered an application of human
relations as an operative techni-ue which applies knowledge of
thuman relaticns to control intersctions, reactions and orientations.
(References: 24, <7, 80, 108, 551.)

Indicates effectiveness by determination of how well staff members
ave suited for their roles and how well clients orient to library
resources. For example: Observations betore and after clientele
and staff training or public relations prozrams can ind‘cate how
effective the programs or th2 library services were relative to
{ncreased intarest and apility to utilize liLrarv resources.

Controls performance by crezting conditions conducive to etficient

and effective interaction between clients and staff. Also controls
performance by determination of client and staf{ needs and the

means to meet these. For example: By accommodating staff and
clientele needs by iaproving library facilities and working conditions,
by reducing boredom and fatigu., end by crestiang interest and other
Juch incentives conducive to efficient snd effective work in and

use of the library.

XVII1. Job Description Analysis

An analyeis of each job in terms of tue duties of the job, amount

of skill, effort and responsibilitv required and .he working
conditions, leading L. decisions in selection, placement and
assignments, training, transfer, upgrading and promotion, and in
mak .5 wage surveys and adiustments. {(References: 264, 344, 428, 467,)
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indicates efficiency and effectiveness bv identifying the

requirements of each job such that staff abilities, training,
education, experience and other jcb Factors cen be weighted and
utilized to the greatest advantage. This advan-age is realized
by optimum usage of staff qualifications in matching people with
jobs. After optimum matc..'ng is accomplished, jobs with under-
qualified workers mav be . ec. v fzed, indicating a need for training
programs to increase performance. Jobs with overgq: 1ified and
high-salaried workers performing routine tasks may aiso be rec-
ognirzed, {ndicating a need to assign them to more strategic
operations. Job description analvsis indicates efficiency of al-
location and utilization of staff qualificat!ons and wages

Models - Mathemstical and Econcmetric

Hathenaticll - 1n wathematical analvsis, the word ''model’ is

used to mean a mathematical description of an cperation which
represents the relationships among various elements with sufticient
accuracy to predict the actual outcome under anv expected set of
circumstances. 7T ¢ advantage of a mcdel is that 1t, instead of the
oreanization it simulate=, can he manipulated in a variety of ways
until the best solution {s found. Tne disadvantage is that no
model can duplicate reality completely.

Econoaecric - A "model’ based on the idea that changes {n economic
lctivitv can be explained by a set of relationships among economic
variables. It explains the past and predicts future economic
activity by mathematical equations that express the most profitable
{in-errelaticnships within a set of economic variables. The best
mathesatical arrangerent is a modcl which takes the form of an
cquation or avstem 2f equations that best describes the pasc set

of velationshins according to economic theory and statistic.! analysis.

The model, in othetr words, i{s a simplified abstraction of a real
situation expressel in equation form and applied as a svstea which
will yield numerical data reflecting the probable cutcomes of & real
economic situstinn when certsin inputs are varied. (References: l4&,
23, 46, 51, 95, 64, 83, 237, 410, 415, 76t T767.)

Indicates eiticlencv and effectiveness bv manipulating variables
within the wodel to resolve the efficiency naximizing, effective-
ness naximizing, or effi{ciencv-effectiveness optimizing cond{tions
and bv comparing the maximume or optimum crnditions to the actual.

Budgeting

Developing of a budget by considering organizational needs and most
efficient and etfective allocation of resources. A budgei {a =a

plan for authorization of resources, which can be exnressed in teras
of pecople or aorev. Generally a budget converts resouices intc
monev. Authorizetion bv mesns of the budget mav be made to a
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function , « division or the total organization. The budget
should be correlated to planning for efficient and effective
accomplishment of objectives. It shouid represent a decision

on the utilization of resources after alternative courses of
action are evaluated. The budget gives management a quantitative
base for measurement and evaluation. It represents delegation
and delineation of responsibility and promotes organizational
stability and continuity. (Refevences: 20, 63, 77, 111, 136, 226,
231, 274, 338.)

Controls performance by allocating resources in such & way as to
limit waste while allowing enough resource for each function

to maintain optimuam cost-effectiveness - the services and
operations.

PERT (Program Evaluation and Review Technique)

PERT is a development. planning and control concept designed to
focus managerial attention on key program parts, point up

potential probiem areas which could disrupt program goals, evaluate
progres, toward the attainment of program objectives, give manage-
medt & pronpt mechanical revor.i{ng device, and facilitate decision-
making, In thc accomplishment of these cbjectives, PERT uses ! 'me
units as a common Jenominator to reflect 3 categories of fact-rs
which influence suc.ess--progress, resource applications and re-
quired perfurmance specifications. Some of the important . o.RT
terms a2re given below.

Activity -~ An activity {s & time-consuming phvsical and/or mental
process. It {s the work in process between 2 points or eveats in

time. An activity {s represented bv an arrow in PERT network systeme.

Activity time - Estimate of the time required to complete an asctiviey
in & specified manner. There are 2 tynes of estimate=:

i. Single estimates.

(23
.

Three time estimates: Expected time = a + 4b + ¢,
5
wvhere
a = Optimistic time = the uhorteat tisme in
which an activity can be completed {f there
are no problems.

b= most  kely tims = the estimated time to complete
the activitv under normal working conditions.
This {8 the model estimate of time that wculd
occur most often if the activity were repeated
undet exactly the same conditicns manvy times.
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¢ = pessimistic time = the longest time an activity
would take if major changes in approach or design
were required; for example, if the preoduct were
more difficult than it first appeared.

Event - A specific accomplishment recognizable by a particular
instant in time.

Network or flow plan - A diacram or topological representation of a
project made up cof one or more series of sequential events joined by
activity lines to show the time and relationships among events.

Siack - The difference between the latest allow ble date and the

expected date (TL minus Tp), Slack may be positive, zerc or nersative.

Milestones ~ The significant events or selectad points on which
progress information is needed in order to evaluate performance with
regard to meeting final proiect objective.

Critical path - the path wi*hin the PERT network t-at contains the
algebraicaliy least amount of slack. (References: 163, 294, 371,
436, 439, 432.)

Indicates efficiency by providine +view of key program development
parts and their labor and time 1 «rements with bench marks to
measure prograss.

Controls performance by providing a schedule representing ranges

of time within which each event is expected to be satisfactorily
completed and by providing mechanisms te “acilitate decisionmaking
when milestons~ arc not falling in chronological sequence as planned.

Dats Pracessing Techniques Evaluation

Evaluation of methods of storing and retrieving information and
performing operation~ to ohtain a desired ocutput.

Indicates efficiency of data processing by objective analysis of
existing systems. Evaluation of data processing tachniques should
be conducted by persons familiar with the sciences of data process-
ing and familiar with various systematic approaches to evaluation
of data processing techniques, (1, 23, 46, 48, 49, 52, 54, 5%, 56,
85, 112, 1e0, 173, 181, 195, 200, 267, 376, 180, 415, 434.)

Controls performance by objective evaluation of existing systems,
recognition of potential areas for improvement and by rcvstematic
develovment of proposals for change, (1, 45, 48, 49, 54, 56, 72, 1464,
160, 173, 181, 194, 195, 200, 201, 230, 267, 312, 376, 391, 425,

434.)
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Cybernetics

Cybernetics is the study of contrel principles applicable te
mechanical, electrical, blological, eorganizational and economic
aystems and the similarities among ali of these systems. Efficlent
control normally works with a low expenditure of energy, exerting
just enough influence to effect the degree or kind of output
desired. (References: 518, 521, 755.}

Controls performance by the study of 4n implementation of sound
control princirles. Cybernetics can plav an important part in
increasing efficiency and effectiveness on all systems levels from
coordination of inputs £5 quality conzrol of outputs. Cybernetic
principles can be used in controlling performance of automated
systems. For our purpose in this phase it is not feasible to
propose how cybernetics should be utilized te control library
automated systema. It is, however, reascnable to hypothesize that
the use of feedback mechanisms will facilitate control to the extent
that automated cperations can monitor themsslves or provide check
poinis for management follow-up and evaluation cf performance.

Quality Control

Control of quality by inspection and rejecticn, repair, correction
or acceptance according to a predetermined standard. (Referencea:
583, S588.)

Indicates effectiveness by statistical computations which reflect
the effectiveness of & volume of work according tc findings made

while inspecting, either by sample inspection or 100% inspection

(Statistical Sampling, VI) of that work.

Controls performance by inspection of a volume of work (either
sample inspection or 1002 inspection) and rejection, repair, cor-
rection or acceptance according to a predetermined standard.

Plant Layout Analysis

Plant laycut analysis deals with the study of the arrangement of
facilities. Effective layou: calls for a minimum of movement of
both materials and person.el, and effective placement of lighting,
veating and other environmental control aevices. Plant layout
analysis may slso be defined as planning and integrating the path
of the component parts or activities of a product or service to
obtain the most effective and economical relationship between man
aud equip .ent. Principles to be considered in planning a layout
are:
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1. Overall integration. 7. Aesthetics.
2. Minimum distance moved. 8, Lighting.
3. Flow. 9. Heating and Air
4. Cubic space utilization. ‘ conditioning.
5. Safety 10. Noise
6. Flexibility. 11. Comfort.

(References: 19, 263.)

Indicates efficiency and effectiveness relative to the amount of

{mprovenents which can be made to obtain more effective and economical
relationships between people (working with or using the facilities)
and the plant's physical facilities. Layout charts can be utilized

to judge feasibility of alternate arrangements (Layout Chart, X).

Organizational Analysis

Study of the purpose for the existence of an organization, its
functions and the extent to which it accomplishes its functiona. Uses
organization charts to delineate functional areas of organization
(Organization Chart, IX). (References: 96, 126, 146, 204, 205,

206, 227, 265, 394.)

Indicates efficiency and effectiveness of an organization by one or

more of a variety of systematic approaches (for example, abstracts 96,
126, 146, 204, 206, 227, 394, Phase 1). These studies measure efficiency,
effectiveness and performance by considering the completeness of and

the degree of consistency between missions, goals, roles and outputs

of each unit and stratum within the bureaucracy.

Research

Methods of gathering information by interviews, questionnaires,
observation and surveys and utilizing this information to draw ob-
jective conclusions. This technique is intended to include a wide
variety of methods of gathering information not included elsewhere

in the glossary cf techniques, but represented in the following
abstracts: 6, 24, 25, 27, 31, 42, 68, 71, 80, 92, 183, 211, 240, 386,
396, 397, 421, 432, Phase I,

Indicates efficiency and effectiveness by a wide variety of techniques
incorporating questionnaires, observations and surveys to gather
performance data and by incorporating various techniques to process
these data in order to draw conclusions about efficiency, effectiveness
and performance.
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APPENLIX B

SUPPLEMEHTAL MANAGEMENT
SCIENCE REFERENCES

{Shasge II)

Li, Jerome, C.E. STATISTICAL INFERENCE I. Ann Arbuor:
Edwerdas Brothirs, Inc., 1966,

Dougherty, Richard M., and Heinritz, Fred J. SCIENTIFIC
MANAGEMENT OF LIBRARY OPERATIONS. New York: The
Scarecrow Presz, Inc., 1964,

Nadler, Gerald. MOTION AND TIME STUDY. New Yerk:
McGraw-Hill, 1935

Murrell, K.F.H, HUMAN PERFORMANCE IN IXDUSTRY.
New York: Reinhold Publishing Corp., 1965,

Levenson, Atbert M., and Solon, Babette S. OQUTLINE OF
PRICE THEORY. UNew York: Holt, Rinshart and
¥inston, Inc., 1964.

Avery, Michael F. HETHODS ENCGINEERING, London:
Mechonsgld & Co,, 1982,

Scott, Willfam (. HUMAN RELATIONS IN MANAGEMENT,
Homewcod, Ill.: Irwina, 1962.

Blunt, Charles, Duguet, Robert, and Luckie, Peter.
Simulation of information svstems-—gome advantages,
limitations and an example of 2 general information
systems gimulator. In: PROCEEDINGS OF THE AMERICAN
BOCUMENTATYION INSTITUTE. V., 4. Washington:
Thompson, 1967, p. 75-79,

Cohen, Irving K, and VanHorn, Richard L. & laboratory
exercise for information systes evalustion.
SECOND CONGRESS ON THE INFORMATION SYSTEM SCIENCE.
Bedford, Mass.: Mitre Corporation, 1966.
p. 321-347. (AD-632 587)

Heckman, Ralph Paul, A METHOD FOR INVESTIGATING THE BEHAVIOK
U, ATTRIBUTES WHICH BELONG TQ INFORMATION STORAGE AND
RETRIEVAL SYSTEMS., A master's thesis, Georgla Inmtitute
of Technology, 1965. {AD-624 658)

Wheeler, Joseph L., PRACTICAL ADMINISTRATION OF PUBLIC
LIBRARIES. Mew York: Harper & Row, 1962,

Special Libraries Association. OBJECTIVES AND STANDARDS ¥OR
SPECTAL LIBRARIES. New York: SLaA, 1964,
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