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CHAPTER I

INTRODUCTION

A. Objectives. The objective of this study was to

develop a methodology for determining effectiveness of
special library operations. Principal ingredient for
evaluation measures consicted of subjective opinions of
users toward alternatives for changing influential aspects
of special library operations. Essential for effective-
ness measures determination was a future behavior estimation
by users and the library adainistration's knowledgeable
estimation of probabilities for alternative realization.

A probabilistic information processing technique was used

to derive inputs for decision points in a GERT network of

the user/library interface.

B. Problem Statement. Special libraries are often

considered by their parent organizations as expensive
elements in overhead cost estimates. Whether or not this
is as it should be, any company with a library, be it
large or small, will demand the efficient allocation of
resources within the library to produce optimum benefits

to the parent.

Benefits will be realized by the company from actual use
of the library by its personnel. Usage might be for

personal edification or directly job related, but in
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either case a benefit will accrue to the company. With
increased usage of the library, then, a concommitant
increased benefit will be realized by the company in

achieving its total objectives.

In order for the manager of a company library to make
intelligent decisions to benefit the company, he must

have some means to determine the influence of particular
aspects of library operation on the behavior of the

library users among company personnel. This will involve
identification of influential parameters of library
operations: determination of which alternatives from among
the feasible courses of action open will be most effective

in raising the probabilities.for uses of the library.

The essential problem was the need for some means to deter-
mine the effect of combinations of feasible alternatives
on probabilities that the population of users of a company

library would complete their library use processes.

Sub-problems considered in the determination included the
quantification of the influences of these combinations

of alternatives in some form which could be related to the
cost for the strategies suggested. A further problem
treated was that of insuring user-generated information
about the influential aspects as opposed to information

based on a "seat of the pants" or intuitive investigation
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by the library manager, and producing a methodology for a

"concert" investigation by user/librarian coc—~ration.

C. Basic Assumptions. It was assumed that a library

manager would be interested in increasing the use of
library service and facilities. One measure Ior an increase
in this usage could be an increase in the probability that

users would complete each use of the library.

It was further assumed that particular aspects of library
service and/or facilities would influence user behavior.
In this regard, users were considered as capable of esti-
mating the effect on their behavior when confronted with

alternatives in particular aspects.

Basically, then, it was assumed that user opinion could
provide a measure of effectiveness for the alternatives
offered, exclusive of public relations programs and orders

from higher-ups in the organization.

The study was restricted to aspects of librery cperation.
Information content of the materials in the collection
and the value to the user were outside the scope of this
investigation. Relevance, recall and turn arcund time as
specific entities in the retrieval process were also out-
side the scope except as they were inciuded in the
psychological sets in users' minds and influenced their

opinions.
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D. Definition of a Special Library. A special library

in a Research and Development Department or Division of

an industrial concern can be defined as serving a special-
ized clientele with a specialized body of information
(subject discipline). Although the Special Libraries

brochure,'Profiles of Special Libraries, "DEF Industrial

Corp., R & D Division" (69, p. 8), calls for a professional
staff and assistants, it is quite common for such libraries
to be manned by one person, often without the professional
education considered necessary for a personnel designation

"professional."”

Such a library encompasses a small, working collection of
materials. By this is meant that the materials retained
are used almost constantly and/or have a high demand for
reference on short notice. Little used materials are

less apt to be kept in the main area of the library
facility. Materials retained in the collection are usually
closely allied to the subject areas of interest to the
users in the light of the R & D mission served. Usually,
retention policies are designed to maintain currency and

relevance of information.

An industrial R & D library includes the various forms
found in any library: books, journals, report literature,
special papers, general reference works in the field of

interest, possibly microforms, and vertical file materials.
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The users of the facility regularly publish results of
their research either in journals of the field or in company
reports. They comprise an identifiable group of company

personnel.

The library is used generally for literature searching and
bibliography preparation related directly to research
programs and projects on which the users are currently
working. Use is made generally during regular business
hours, but the library is often available to special work-
ers during hours when no staff is available fcr assisting
users.* Open shelf policy allows users to browse the

collection at will or to call for assistance.

In many special libraries of this sort scme attempt is

made by the library staff to provide a current awareness
function. This means that new acquisitions, articles of
special note, service aspects available, and the like, are
described and drawn to the attention of users and potential
users on a regular basis. In scme there is also an effort

to provide selective dissemination of information (SDI)

*Dr. Paul Kruse, Director of the Samuel Roberts
Noble Foundation, Biomedical Division, Ardmore, Oklahoma,
insists on general access to the Division Library for all
research staff at any time. His is a common view among
research directors. (From a speech "What Management
Expects of Libraries and Librarians," Special Libraries
Association, Oklzhoma Chapter, Workshop, Bethany, Okla-
homa, September 10, 1971).



6

service to users. This includes the filing of user interest
profiles and the matching of these profiles with information
related to new developments in that field, and the like.
Periodical routing schemes and their control are included

in this SDI function in most special libraries.

Special research and development libraries usually have

some circulation control, but generally circulation policies
are made to facilitate the borrowing of materials by company
personnel. Long term loans are made to staff members of
particular materials relaﬁed directly to their immediate
research program needs. Records of locations of materials
are scrupulously maintained to allow others the access to

loaned materials.

Such a library is usually under the budgetary direction of
a larger unit of the company. Often the librarian has
little or no control over the size of the budget appropri-
ation made for the service, although is held responsible
for allocation cf the financial resources to the most
efféctive aspects of library operation. Constraints
growing from the parent organization objectives are ever

present.

Perhaps the most emphasized aspect of special library
operation is that cf personal service to users. Consider-

ing that industrial researchers are highly skilled and
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generally highly paid personnel, library staff have the
objective to release researchers from details of biblio-
graphic/informational activities to perform their prime

function for the organization.

E. Limits of User/Library Interface. Throughout this

study the user/library interface was limited to two alter-
natives for the user: to continue a particular search in

the library or to give up that search.

‘The user's decision to give up the search could be based on
several influences. For example, he could have made a
preliminary search of his personal library or communicated
orally with other scientists in the field and decided that
going to the library was unnecessary. Or perhaps, after
going to the library, he could have decided that the
information he sought was not there either because his
search was in error or-because he gave up too soon. It

was also considered possikle that the information was in
fact not available in the library and he should have given
up his search sooner. These alternatives were considered
and put together under the single alternative "give up that
search." For this study, the principal interest was to
determine the aspects of likrary operation which would
encourage his decision not to give up a search, rather than
the attractiveness or availability of other alternatives to

using the library or the possibility that there was no place



else to go.

The search continuum included the various loops, retracing
of steps, re-checking steps already taken and other details
of any search strategy. These steps were considered as a
part of that particular use of the library with which a
user was concerned, but only as individual decision points
within a larger context. For example, while looking for
citations to satisfy an information need, it is possible
that the user could return to the information desk at some
point. Or perhaps an unsuccessful search of indexing media
might send him to other sources of bibliographic information
related tc the library's holdings. All these were con-
sidered as included in the one activity "Look for material

citations." (See Figs. 1 and 2, pp. 37 and 39).

In the search continuum it is possible that a user might
have found a citatioa in his personal library, in other work
or from a colleague in the same field. 1In this case he
would have a strong encouragement to go to the library, but
woula skip the step in the process where he had to consult
bibliographic services to find the citation, and go directly
to the material locations. 1In the study this case was not
included because of the limitation to consider only aspects
of library operation related to the envi;onment in which

the total continuum was pursued by the user.
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As Fussler reported (36), a study of materials used by
chemists and physicists indicated that about 90% of the
materials useful to these scientists came from journals or
serial publications. This could mean that a knowledge-
able researcher would be more likely to use the indexing
services than the card catalog in the library. However,
in this study, the actual sources of information sought
and used by the library users were not considered. The
study was aimed at finding those overall aspects of library
operation having the most influence on a user's total
behavior during the search continuum. Some would have more
or less influence depending on the detailed element of the
search with which he was specifically engaged. The study
was intended to determine what influence a particular aspect
had on his total behavior during the search activity which
could make him decide to give up the search. Hence the
details of the search strategy were important only as they
produced a total effect and the actual sources used weré

considered only as elements of the search environment.

A further reason for including the total detail in a unit
activity was the reduction of complexity of the search
system during the user estimation phase of the method.
According to psychological studies (such as Streufert's,
122), to present a subject with too much informatiocn

contributes to environmental complexity and inhibits
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human ability in information processing. Details of search

strategy would fall into this category.



CHAPTER II

BACKGROUND

A. Literature Review. The literature related to the

study of effectiveness of library operations is extensive.
Librarians are constantly examining what they do with a
view to improvement. The great classification schemes of
Melvil Dewey and Ranganathan and the Universal Decimal
Classification and Library of Congress Classification
systems were developed with this view to improve service,
as much as means for handling library materials. Since
librarians, by their nature, trained or innate, are
sharers of information, the phenomenon of self exami-
nation has had an effect on the body of literature dealing

with library effectiveness.

For this study, the literature of most value was that

which dealt with user studies, statistical analyses, systems
analysis, cost-effectiveness, planning and management.
Information from outside the body of "library literature"
was valuable for its contribution to knowledge of user
behavior prediction, decision theory and the application

of utility theory.

Unfortunately, little was available within library-oriented
sources about these latter aspects. A query of the Defense

Documentation Center resulted in the following: "We have
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no resumes in the Data Bank pertinent to your request.”
The search was performed on the query statement:
What reports are available on research that has been
done in the past five years and what research is
being done on the application of Graphical Evaluation
and Review Technique (GERT) to analysis of decisions
and decision-making?
It used the following terms: "Decision Critical Path

Method; Decision making; Decision PERT analog; Decision

processing; Decision rules; Decision-making; GERT."

This response indicated that research report literature
held little related to decision making in libraries. How-

ever, a manual search of the U.S. Government Research and

Development Reports did result in several citations which

held promise. One in particular, for example, cited a

paper from the Naval Research Logistics Quarterly by M. E.

Nightengale entitled "The Value Statement" (89). This
raper offered a ranking procedure which will be described

and demonstrated later.

The study by the John I. Thompson and Co. (127), Phase I,
bore out the above response and went even deeper:
Where evaluations are sought, in which the entity
being evaluated is ambigucus cr does not lend
itself to expression as a precisely defined unit,
the literature has not produced any appreciable
number of usable concepts. (page 42).
Although the report dealt with materials available through

the year 1966, continuance of this search indicated the

situation had not improved markedly.
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B. User Studies. The definitive study of public library

users by Berelson (7) in 1949 was extended by Ennis (30,
31). Neither of these investigations made use of mathe-
matical modeling or future behavior estimation by the

users themselves. A recently inaugurated program by Beasley

(123) apparently does include subjective analysis by users.

The corresponding study to Berelson's which considered
scientists and engineers (special library users) was that
of the Auerbach Corporation (8) done in 1965. This study
was not applied, however, to planning alterations for
improvement in library operation. Rather, it was
directed toward discovery of which scientific information
sources were actually used. Hence, its chief value to
librarians was in its analysis of a user group not
necessarily in an interface situation with a special

library.

A classic study of scientific information sources was
performed by Fussler (36) in the late 1940s. His investi-
gation indicated material useful to physicists and chemists
came 90% from journals. Although this study was a defini-
tive investigation of science information usérs, it was
based on citation analysis of published papers in the
journals of the disciplines involved rather than on future

behavior estimation by the users themselves.
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Continuing interest in user needs was expressed in the
literature related to iibrary andlinformation center
administration. Coover (19) reviewed a number of these
studies performed between 1953 and 1966 and related their
effects on information center administration. Several
articles expressea arguments emphasizing the importance of
user consultation in information system development and
implementation. Swanson (125) and Pratt (98) articulated
these arguments in terms of evaluation and Pratt emphasized
subsequent user behavior as a parameter to measure system

effectiveness in providing him with his decision making

information.

Fussler and Simon (37) concentrated on the use of books in
large research libraries. Meyer and Rostvold (76) and
North (90) studied the use requirements'of industrial and
business concerns with information in their communities.
Becker and Hayes (5) testify to the value of user studies
in development of information storage and retrieval
systems, devoting a whole chapter (Chapter 7) in their

1964 text to the subject.

A further testimonial to user-oriented evaluation was found
in a recent (September 1971) report by Vincent (131) deal-
ing with analysis of information producing activities. It

can be applied to information handling activities:
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Planning for information [handling] yields a set of
requirements that are based in a planner's perception
of the needs of the intended user . . . these
quantified requirements will allow the performance
of the implementing activity to be measured and
corrected as necessary, thus assuring the user's
need is met at the minimum cost." (page 1)
The importance of knowledge about users was also demon-
strated in research performed by Baker and Nance (4) and
by Nance (85) in their studies of library/user/funder
system simulation. Individual user studies such as those
of Fearn and Melton (33), Scheffler (111) and Trueswell
(130) offered assistance by suggesting specific parameters
and exemples of such activities. Examples of systems
which have been based upon user needs were found in Holst's
(51) description of a Scandanivian system, and in the area

of management information systems from Sinclair's (117)

description of a hypothetical operation.

None of the studies made use of the user's ability to
estimate his own future behavior under alternative con-
ditions, an ability which could be useful in advance
plaﬁning of library operations. Even the most recent report

of Vincent (131) developed models based "in the planner's

perception of the needs of the intended user. . . .

(page 1, underscoring added.)

Slamecka (118) summed the state-of-art for information

_ system evaluation:
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The present day lick of satisfactory approaches to the
measurement of effectiveness and value of information
services is a partial consequence of the relative
fallacy of past user studies; it is obvious that

the assessment of effectiveness of any service is
objectively impossible without the knowledge of the
specific requirements which such service proffers to
meet. (page 567).

C. Statistical Analyses. The importance of statistics

to libraries was inferred from publication of such works

as Library Statistics: A Handbook of Concepts, Definitions

and Terminology by the American Library Association's

Statistics Coordinating Committee in 1966 (l). But the use
of comparative statistics for operational planning was
questioned. Bloomfield's article (10) attempted to show

the validity of cost/circulation statistics as a measure of
library effectiveness. The complexity of library operations,
however, according tc Sloane (119) makes the use of compara-
tive statistics for aspects of library service of little
value. Anderson (2) suggested that statistics could be
compared on an industry oc¢ "group-concern® basis to reduce
the problem of individuel 4ifference between special

libraries. (p. 697).

Statistical analyses have been used to develop standards of

operation against which a particular library could be jhdged
or toward which the designer of a special library could aim.
Such standards can be extremely valuable for literature

citation forms, cataloging and classification, thesauri
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and elements of information handling particularly for
purposes of interlibrary cooperation as Orne has argued

(93). Salverson emphasized this (110), as did Anderson (2).

-

The establishment of standards for sefvice aspects has
proved difficult if not impossible because of the array of
specific objectives related to the specialized subjects and
clientele referred to above, in Chapter I, page 4. Statisti-
cal analyses have contributed, however, to establishment of
methodologies for individual library evaluations. Steven-
son (121) provided a checklist and the Special Libraries
Association study of library objectives and development of
iles (68, 69) afforded models for the use of statistics
on an individual library basis. Pizer and Alexander (96)
offered this approach as a basis for an objective testing

of elements of library operations.

The real value cf statistics in special ;ibraries can be
seen in the application to various models for particular
aspects of operation. Morse (82) has made valuable contri-
butions to the state-of-the-art as has Leimkuhler (66) and
their associated researchers. Their use of statistics takes
the form of input for mathematical models of particular
library operations, and the two citations above are over-
views of these applications. However, even this work did
not use a future behavior approach to statistical data

gathering.
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It could be argued that librarians are not statisticians,
but literature is readily available to help them in an
understanding of this tool. Library literature had an
abundant supply of examples where statistics were applied to
individual situations to determine use characteristics for
operations. But in almost ever& case the information was
based upon historical data, that is, past usage, and made
no effort to forecasting, although there were suggestions
of this application such as Dillehay's (22), Kramer's (62),
and Lazorick's (65). Even in such suggestions there was an
apparent reticence toward asking users to estimate their

own probable future behavior under alternative conditions.

D. Systems Analysis. Most writing in library literature

about the possible use of systems analysis was hortatory in
tone. Librarians were urged to make use of this tool, but
little was offered to help them do it. Although a relatively
new discipline, systems analysis as a management tool has
been recognized as valuable for librarians (94, 97, 115,
129) and much needed. Lamkin (64), Moore (79) and Simms
(115) provided strong arguments and solid reasons for the

systems approach.

Techniques of systems analysis as applied to libraries were
described in several excellent publications. Robinson
(108), Hayes (46), Herner (50}, Morse (82), and Raphael

(106) all provided general overviews of the values and
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methodologies of systems analysis within libraries. Examples
of techniques and applications were given by Bolles (11),
Burkhalter (13), Chamis (14), Chapman (15), Dougherty and
Beinritz (24), Fazar (32), Gull (43), Jestes (54), Kozumplik
(61), Libaw (70), Meise (75), a Johns Hopkins University
study (92), and Raffel and Shishko (103). Applications,
however, dea.t mainly with academic libraries and did not
particularly take into account special library type uses of
these research libraries., Other assistance for librarians
in using systems analysis was found in the literature of
other fields such as management science, industrial engineer-
ing, and the closely allied field of computers and auto-

mation.

The techniques of systems analysis in determination of
library operations have particular value when considering
planning of possible alternatives. Until a system is under-
stood in all its elementary detail, change cannot be
properly effected to improve that system. It is in this
aspect where systems analysis can make its greatest contri-

bution to library management.

Cost-effectiveness and cost-benefit analysis as elements

of systems analysis and operations research have received
attention from those who would help librarians in their
attempts to improve operati~ns. The writing on the subject

could be divided into twc csoups: that which dealt with
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information systems and that which dealt with libraries.
Within the first group general information and examples were
provided by Cohen (18), Day (21), Freeman (35), Hall (44),
Heaps and Thiel (49), Keith (56), Kent (57), King and
Lancaster (58), Korfhage and DeLutis (60), Lister (72),
Lutz (74), Norton (91) and Wills and Christopher (134). 1In
the second group, dealing with libraries, were Newhouse

(87), Randall (105), Wessel (127, 132) and Williams (133).

Some of the problems associated with this aspect of analysis
seemed to stem from the difficulty of assigning dollar
value to information. The citations above would afford
much help in determining costs of specific aspects of
library operations. The determination of a dollar value
for information provided by a system to its users has been
a deterrant to the application of cost figures in a cost-
benefit analysis. 1In a classic article on the subject,
Prest and Turvey (99) suggested other avenues of approach
to value determination in operations of more intangible

or less dollar-measurable benefit to society. Definition
of such values in terms of effectiveness offered promise

for library evaluation. Operational Research Quarterly,

Special Conference Issue (20) identified a difference

between cost-benefit and cost-effectiveness in terms of
using dollar value for the former and other measures for

the latter (p. 37). Fields (34) had suggested this at an
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earlier date.

None of the literature suggested the use of user estimates
as measures for effectiveness of particular aspects of
librafy operations. This technique, being studied in.fhé
fields of psychology and decision theory, held great promise
in overcoming the problems associated with application of
cost-effectiveness to library systems. It afforded the
opportunity to make the most valuable use of the techniques
of systems analysis in planning and management of Ilibrary
operations, particularly within the special library context.
It made it possible to treat the criticism that too many
user studies included library operator bias. It provided
a means for gathering information directly from the users
themselves and avoiding much of the bias generating this

criticism,

E. A Suggested Approach.

1. The User as Decision Maker. Much has been written about

the manager as a decision maker. In the context of the
special library, this is particularly important since the
library manager is a part of the staff of a larger, parent
organization in most cases. But in the context of the

special library it is equally important to consider that

the user is a decision maker. When considering the effective-
ness of library operations it becomes particularly important

to consider the decision processes whereby the user makes up
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his mind to come to the library, perform his information
search, and complete his finding task. The library is not
as effective as it might bé if the user decides to give up
on a particular search of the library resources because

some aspect of library operation affects him adversely.

Admittedly, the user's decisir:ns are based in most instances
on qualitative rather than guantitative data. His decision
is largely subjective rather thar objective. Greiner,
Leitch and Barnes (41) made this point (p. 59) about
managers as decision makers and implied that much of the
effort in management information system design was super-
fluous. But the fact remains, whether based on qualitative
information, on emotions, psychological sets of the mind,
bigotry, or serendipity, decisions are made by library users
which can indicate effectiveness of library operations.
Decision theory offered possibilities to understand and

analyze these decisions.

An approach to determination of effectiveness utilizing an
appiication of decision theory to user behavior needed to
identify the steps in the user/library interface. At

each step in the process of using the library there is a
corresponding decision tree for each user. Quantitative
decomposition of this tree is possible with established
procedures as described by Schlaifer (112, pp. 30-69) and

Raiffa and Schlaifer (104, Part I). But more information
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would be needed by the investigator before such a decision

tree could be constructed.

Preliminary information had to include what the steps were
and the various aspects of library Qperaﬁion involved in
each of them, from the user's viewpoint. Exactly what

the elements of a library or information system might be
was a source of confusion (See, for examplé; R. V. Head -
47, 48). But from the standpoint of user objective, the

primary aspects appeared to be materials and their access.

Jestes (54) identified three essential steps related to
these aspects of library operations as he considered the
user interface: Enter the library, search for material
citations, find material locations (p. 724). In the
suggested approach, this would mean that at each of these
three steps each user would make a decision either to
continue a particular use the library or to give up that
search. This decision would be influenced by information
input related to his past and/or present experience. That
is,.the decision is made under certain conditions which can
be considered the state of the environment in which the
user finds himself; a state controllable to some degree

by library management.

The model suggested by Jestes was concerned with user

activities related directly to the library. It did not take
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into consideration the alternatives to library use. For
example, the researcher might not have any second or
alternative choices to the use of the library, in which
case there would be a strong encouragement for him to make
use of the library available to him, in spite of adverse
conditions of library operation. On the other hand he might
have other choices available for performance of his infor-
mation searching. 4Ora1 communications with others active
in the same area of research, special search services such
as the Science Information Exchange, Defense Documentation
Center, and the like might satisfy his information needs
without reference to the library available to him locally.
The model does not consider the case where the information
needed is in fact unavailable in the local library in
which case the user ought to give up, nor does it include
the situation where the researcher performs an imperfect

search and gives up too soon.

Considering the limitations for tﬁis study (page 7), the
model suggested by Jestes had a high potential for showing
the search continuum and user behavior during a particular
use of the library. Minor modification of the Jestes model
made it possible to include the concept of user decisions
during a particular interface with the library. (See

Figures 1 and 2, pages 37 and 39.)
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2. Decision Trees. Decision making is a complex process.

The weighing of alternatives with their possible outcomes

to decide which alternative action to take in a particular
Situation can engage the decision maker in a myriad of

paths and branches. Modern decision theory provided a way
to model the activity and decompose the problem into com-
ponent parts related to each other in a single diagram.

The decision tree (or network) can show the various alter-

- natives and their influence on each other as information

is gathered about the state of the environment which affects

possible outcomes.

Robert Schlaifer (112) and the same author with Howard
Raiffa (104) have provided definitive texts about decision
theory and the use of decision networks when the environ-
ment includes uncertainty. Their methodology offered
distinct advantages for a study of library user decision

processes.

The library user makes his decision to continue his use of
the library or to give it up on the basis of information
which impinges upon him from the library. 1In the process
of making this decision he could face the uncertainty of
finding the needed information which prompted the use of
the library. Various aspects of library operation might
influence this decision making function by increasing or

decreasing uncertainty, and the influence would be the
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information input to the decision network which modeled

the preocess.

As these aspects change, alternatives will be presented to
him which complicate the process and necessitate some

means of decomposition to facilitate understanding of the
effects of the influences. Particularly when considering
the interface with the library from the library manager's
point of view, the influence of alternatives in the various
influential aspects would help in the planning of library
operations :in the future. Here again an element of uncer-
tainty could enter which the decision network mﬁdel might

help to dispell.

A further advantage of network modelling was the require-
ment of systems analysis to include the individual detailed
alternatives leading to particular outcomes. The necessity
forAdetailed understanding of all elements of a particular
decision could force the modeller to consider each possible
step in the process and not overlook any possible outcome.
It would provide him, too, with a means of quantifying the
probabilities associated with each path of the network and
aggregating them into final outcomes for every strategy in
the network. Where paths are dependent upon each other the
network diagram will indicate the interrelationships and
dependencies. It also would allow for these interrelétion-

ships and dependencies to be associated and produce their
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effects objectively upon the outcomes.

3. Graphical Evaluatior and Review Technique {GERT). The

Graphical Evaluation and Review Technique (GERT) was
éeveloped by A. A. B. Pritsker (100) to provide a soiution
to stochastic network problems. GERT is a tool which
allows solution of a probabilistic network of activities
where several alternatives are possible, all of which will

not be realized. The relationship of GERT to decision

networks has been developed by Knight (59).

Critical Path Method (CPM) and Program Evaluation and
Review Techniques (PERT) have been used for scheduling

and planning of operational programs. The logical networks
of these techniques provide clear, generally chronological
models of detailed steps in the operations being con-
sidered. Using deterministic nodes (points at which sub-
sidiary parts or activities center) to designate the
beginning and ending points of specific activities shown
by directed paths, FERT and CPM can provide the planner
with logical estimates of completion times, costs, and

the like. They also indicate those activities which are
critical to the completion of a program or project. They
have proved to be valuable tools in project planning and

management.

These forms of network analysis are additive in their
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aggregation procedures; that is, time and cost of activities
are summed through the networks to give the total time or
cost on the critical paths. The difference between these
paths and the other paths through the networks is considered
as the "slack" in the other paths, a value useful in
scheduling starting times for subsequent, associated
activities. A problem arises when some of the parameters

on which completion of activities and the realization of
ending nodes depend are probabilistic in nature, that is,
when these parameters are in the form of probabilities. In
such cases probabilities are multiplicativé, a functional

relationship which PERT and CPM are unable to accommodate.

Pritsker turned to the theory of signal flow graphs and
particularly to the work of Elmaghraby and others to
develop GERT. Applying the signal flow graph algorithms
and concepts to the logical network concepts of PERT and
CPM, GERT was developed to handle networks with probabilis-
tic characteristics, i.e., where there was a probability
associated with the branches (paths) of a network being
actually realized, and where, in such instances, a
probability was associated with the elapsed time for the
activity represented by the branch (path). GERT allowed
for these probabilities to be multiplied to determine the
realization parameters for the final node and others within

the network. It also accommodated differing branch
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probability distributions.

Considering the user/library interface, each decision

point is the process of using the library had a probability
associated with it for each user based upon his preference
for some aspect of library operation. For the population
of users there would be a distribution of preferences for
particular alternatives open to the library manager for
specific aspects of operation, These alternatives had
assotiated with them probabilities for their. being put into
effect. Therefore, if a model were developed showing the
user decision points, the paths leading from those

decision points would represent all alternatives for all
aspects of library operation affecting the decisions, The
probability for realization of a path would bg the pro-
bability that that alternative would be effected or instit-
uted, The distribution of user preferences for that
alternative would indicate the effectiveness of that alier-
native, A particular path through the network would be a
strategy open to the library manager which would affect

the user in completing his particular library use.

Prior to solving the user decision network problem with
the GERT technique, other operations research techniques
were investigated. However, it became evident that these

techniques were not appropriate to this problem because
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of the probabilistic nature of the problem and the actual
quantities which must be carried through the network.
Cohsequently, the GERT solution proved most suitable,
Optimization techniques did not provide the solutions
which would help in the decision process since maXimum
values for effectiveness and for probability of realiza-
tion were sought, and the relationship between the two

wz.8 not determined,

To solve this network problem, then, and find those paths
(strategies) which have the highest effectiveness (pre-
ference) potential and the best probability to be insti-
tuted, a computer program was available to solve a GERT
network in which the inputs were these two characteristics

(Appendix III,4,d, page 215).

This program produced as output the appropriate problem
identification headings, paths of the network, probability
of realizing any node from any starting point, and the
mean and variance for realization. Appendix III,4,d,

page 215 shows the input for the program.

The computer program for GERT offered an opportunity to
have a display of the various strategies for library

alteration. This display showed the e¢ffectiveness in terms
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of user preference plus library-administration-generated

probabilities for realization of those strategies.

4, Probabilistic Information Processing. As input to the

GERT network analysis it was necessary to determine the
influence of the various alternatives possible in each of
the aspects of library operation being considered. At the
same time it was desirable to utilize data provided by
users in this procedure. There was no literature available
which described a way to satisfy these two requirements,

particularly in the field of library planning.

Experiments by psychologists in the field of decision
theory offered potential for overcoming this lack. (25,
26, 28, 39, 52, 95, 113, 120, 122). These decision theory
experiments were based upon the information processing
abilities of human beings, which suggested that users

actually could provide the data needed.

As suggested earlier, the user's decision to continue
through the library search processes or not is made on the
basis of information gained from his experience with the
library. The decision is generally not a black and white
one but has some probabilistic elements associated with
its branches. These probabilities could be the measure of
the effects or influences of the suggested alternatives.

The array of these probabilities over the population of
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users provided the input to the GERT network in the form
of distributions of effectiveness measures. for particular

alternatives.

The particular experimentation in the field of psychology
referred to above dealt with information processing. Any
decision involves processing of information which affects
choices between alternatives. The decision maker himself
evaluates th;q input and adjusts the probabilities attached

to the N s accordingly. (606, 104). -

yed that humans can estimate

llite well. (25, page 66). How-
'Tndicated that relative estimation
ct magnitude estimation. There-
fore,' 2 user was asked to estimate the
probabiliticowerer his continuance in some other form than

by direct probability estimation.

As pointed out earlier, Susan Streufert (22) studied the
problems associated with environmental complexity, including
information load (the amount of information coming per unit
of time). The greatest problem which this offered to the
method was that it could increase possible error generated
by conservatism. Streufert's work suggested that complexity

could make users underestimate more than normal. But her
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users provided the input to the GERT network in the form
of distributions of effectiveness measures for particular

alternatives.

-

The particular experimentation in the field of psychology
referred to above dealt with information processing. Any
decision involves processing of information which affects
choices between alternatives. The decision maker himself
evaluates this input and adjusts the probabilities attached

to the initial hypotheses accordingly. (60, 104).

It has been well established that humans can estimate
probabilities and do it quite well. (25, page 66). How-
ever, some studies (120) indicated that relative estimation
would be better than direct magnitude estimation. There-
fore, in this study the user was asked to estimate the
probabilities for his continuance in some other form than

by direct probability estimation.

As pointed out earlier, Susan Streufert (22) studied the
problems associated with environmental complexity, including
information load (the amount of information coming per unit
of time). The greatest problem which this offered to the
method was *that it could increase possible error generatcc
by conservatism. Streufert's work suggested that complexity

could make users underestimate more than normal. But hexr
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recent studies,* however, indicated that effects of this
phenomencn on a methodology such as the one proposed here

would be minimal.

-

Many studies have been devoted to the use of Ba?es Theorem -
(80) as a tool for reducing = decision network and eliminat-
ing the necessity of a complex network diagram. Notably
the work at Ohio State University (Schum, Howell, Gold-
stein, Gettys, et al - 52, 113) and at the University of
Michigan (Edwards, Phillips, et al - 28, 95) provided
Bayesian models for network reduction as odds estimates for
alternative hypotheses have been revised. These models
also provided for input of additional information on which
probability or odds estimates can be revised. Such models
designated as PIP (Probabilistic Information Processing)
and Semi-PIP held promise for decision analysis where

there was either conditional independence (PIP) or whare
dependent data elements could be collected intc independent

groups (Semi-PIP).

In the case of the library user it is guite possibkle that
the issue of dependeince or independence cannot be resolved.
The work of Gettys and Steiger (39), which used what they

term "Quasi-PIP," allowed for direct probability estimation

*According to Dr. Charles Gettys, in a personal
interviaw, September 2¢, 1971.
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where there is a dependence relationship between data ele-
ments. Indications from recent investigations by Streufert*
implied that the depend=nce or independence of diagnostic
parameters would be of little significance to human pro-
cessing of information. She found insignificant difference
between human estimates using dependent diagnostics and

Bayesian reductions assuming independence in her experiments.

Another assistance for the method was found in the field of
experimental psychology. L. L. Thurstone (128) developed

his Law of Comparative Judgment in 1927 (described in Chapter
3 of the reference). This concept was extended by Nighten-
gale (89) using a development described by Guilford (42,
Chapters 2 and 3). The value of this development was
utilized in the present method to analyze the user's ranking

of significantly influential aspects of library operation.

By using the various results of the above studies, it was
possible to generate inputs for the nodes of the GERT network
and at the same time avoid many of the bkiases of the library
manager and the library user in the evaluation of library
operations. And it was possible to avoid many of the pro-
blems associated with the intangibles which make quantifi-

cation so difficult in studies of library effectiveness.

*Ibid.



CHAPTER III

A METHOD TO DETERMINE EFFECTIVENESS OF LIBRARY OPERATIONS

X. Introduction.

The example of applicaticn in Chapter IV using the Physics
Department Library at the University of Oklahoma demonstrates
that the method will help to find those aspects of library
operation which are most influential on the decisions of
ﬁéer;wto use the library, continue a particular use of the
iibrary and successfully complete that use. Within each

of these influential aspects, the most effective alter-
natives can be determined. From this determination a

library administrator could make a decision about which

strategy to apply, from several available to him, to improve

the effectiveness of his library operation.

No single method will solve all problems. ™“he method
developed here and applied as in Chapter IV zan provide

a means to evaluate alternatives in library operations.

No two applications will be identical. Direct relationship
to reality in.every situation is tenuous at best. Modifi-
cations of the method can accommodate individual local
circumstances. Some of these have been anticipated in
Chapter V and suggestions for changes in the method are

made.
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B. The Method Design.

1. State the Objectives. In any systems study it

is necessary to define objectives, both philosophical and
6berational. Following this it is necessary to limit the

scope and define constraints on the study.

In the development, the objective for the method was deter-
mination of an effectiveness measure for various alter-
native strategies for changing library operations. A
further aim was the combination of user opinion with the
attitudes of the library administrators in a "concert"

effort.

An inherent constraint oh the method, then, was that it
was limited to users of the library, giving no attention to
occasional users or to non-users. A further limitation was
applied in that specific aspects of library operation were
to be considered by the method rather than all facets of

service, or other alternatives to using the library.

2., Select Asvects for Study. Identifying specifi-

cally those aspects to be included in the study, it was

necessary to postulate what user behavior might be.

The flow chart shown in Figure 1 approximates the gross
activity of using the library (52, p. 724). At each of the
boxes shown, some elements of the library influence the

decision of the user to continue his use of the library or
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to give up that search. In the context of limitations on
this user/library interface, activities associated with
each of the boxes shown included all possible alternatives
being exhausted before giving up that search. A more
detailed model of this total process is shown in Figure 2

(54, p. 725).

This general model (Figure 1) was developed to show three
phases of an individual use of the library. The decision
made by the user in Phase I is to go to the library or not.
In Phase II his decision is to continue searching for materi-
al citations related to his particular information need or

to give up. Decision in Phase III is made on whether to
actually find the materials, citations for which have been
found in Phase II. In each of the latter two phases it is
assumed that the decision to continue has been made in the

previous phase.

In each phase various elements of the library operation
influence the user in making his decision. For example,
in Phase I if the library is located in an inconvenient
place, the user could decide not to go there. In Phase
ITI the user's decision could be affected by the attitude
of the staff or by the way the library is arranged or

some other aspects of operation. In Phase III the user
could base his decision to continue the search on the

collection itself as he experiences it either ia this
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search or in previous searches he has performed. The same
influences might well be important in all three phases for
particular users, or it might be that different users are
influenced in varying degrees by different aspects. These
possibilities were considered when making the initial

selection of aspects of operation for the study.

Criteria for selection included feasibility for change as
well as fhe potential influence each aspect could have upon
user decision processes. Considering feasibility, for
example, it could be infeasible to double the size of the
library facility, but feasible to increase the size of the
collection within the confines of space available. A change
in hours of service could be feasible but have little affect
on the users, whereas the currency or age of the materials
in the collection could feasibly be changed and influence

the users greatly.

3. Select sample of users for the study. Since

one of the chief objectives of the investigation was to
include user opinion, the selection of library users to be
part of the process was an important step. The size of
the sample depended on the number of people who actually
used the library, and on the particular, individual

objectives for the study.
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Since a later element in the study performed a goodness=-of-
fit test to determine the actual probability distribution
from which the sample was chosen, the size of the sample
was not considered to be as important at this stage in the
method, as long as it was generally representative of the
user group. However, a random selection of a large group
should insure this representation. 1In the case of a small
group the selection might include most of the total popu-

lation, or perhaps the total population of library users.

Criteria for selection were as follows:
a. To be selected the person must be:
i. A user of the library, and
ii. Willing to cooperate in the study.

b. Since the method required the expenditure of
time, consideration was given to the amount of time
required for personal interviews, both for the users and
the investigator, particularly relative to sample size.

c. While the subject area used for development
of the method was only Physics, the areas included in the
library collection could have been numerous. In this
case, either a restricted subject area could have been
chosen and the sample drawn from the users with specific
interest in this subject area, or a random sample of users

for each subject area could have been selected.
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In other libraries randomization could be based on employee
numbers; or in a public library situation where borrowers
are registered, the registry could be used. If a total
cdommunity were inciuded in the investigation,.randqmization

could be based on street addresses of library users.

4. Design of the first questionnaire. The purpose

of this questionnaire was to obtain a measure of the rela-
tive significance of the various aspects of library
operation in the opinion of the users. The aspects of
operation selected for consideration could have differing
significance on individual users in the three phases of the
user/library interface. This questionnaire aimed to pro-
vide a means to determine what influence, if any, each
aspect might have upon a user at each decision point in

the gross model flow chart of Figure 1.

The various aspects of library operation were grouped under
larger headings, such as physical facilities, collection,
services, staff, and the like. This identified larger
areas for the person completing the questionnaire. A
further aid to respondents' understanding was included by
defining each aspect during the questionnaire administra-

tion.

5. Administration of the First Questionnaire. The

questionnaire was administered by interview. It was
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necessary to contact each user in the selected sample to
arrange a time for the interview, since the pressure of
time upon the user could inflict the study with an undue
bias if the questionnaire were administered inopportunely.
It was also necessary to provide enough time to insure
complete understanding of each aspect and what was expected
of the respondent in applying a value to the significance

of the influence of each.

The user was asked to study the complete list of aspects
and to add others not found there which he considered
influential in his decision-making during any particular
interface experience. Having been satisfied that the 1list
was complete enocugh, he was then asked to choose the
aspect(s) having the least influence on his use of the
library, considering Phase I. The value given to this
aspect was 0. He was then asked to rate the rest of the
list upon this base to a highest value of 100. He could
study the values given for Phase I influences to be sure
they reflected as closely as possible his own significance

measures. (See Figure-l.)

When the relative values for Phase I were established, he
was asked to move to Phase II. Having decided to seek
satisfaction for his information need in the library, he
was to consider himself in the library performing a

literature search for citations to materials to satisfy
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his information need. Once again the least significant
aspect was given a value of 0 and the process of ranking,
as performed for Phase I, repeated. The same procedure
was followed for Phase III. For each phase the user was
given the opportunity to compare values for various alter-
natives with each other and with those already assigned in

the earlier phase or phases.

6. Data Reduction. The data gathered by administer-

ing the questionnaire was tabuldted in a matrix for each
Phase showing the list of users (rows) and the list of
aspects of operation considered (columns). Since they
were all gathered on the same scale of 0 to 100, the
values were ranked for each user's response to all aspects.
To reduce the values to single columns of relative signifi-
cance coefficients for the list of aspects in each phase,
the method for comparative judgment developed by Thurstone
(128) and amplified by Guilford (42) and Nightengale (89)

was used for the development as follows.

The matrix below was used as a form for data tabulation.

In the matrix the judges are the library users in the
sample and the parameters are the aspects of library
operation being considered. Before tabulating data in this
form, each returned questionnaire was studied and the rank
value determined for each aspect in the list from 1 for the

first rank to n for the nth. If more than one aspect had
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the same value applied by a user, the same rank was given to
each; but the next value was then ranked with a number
equal to the former plus the number of aspects having that
éélue. For example, if three aspects had the wvalue of 100
eacn was ranked as 1. The next highest aspect with a value
of, say 95, was then ranked as 1+3 or 4. These rank values
were entered as Xij in the matrix, where i represented the

user {(judge) and j the aspects of library operation (para-

meter) .
JUDGES PARAMETERS
l 2 3 e j A. "0 e 6 & n

l xll xl2 Xl3 Xl4 . & & & 0 Xln
2 X1 X92 Xy3 Xo4 Xon
3 %31 %32 X33
4 X41 X492
m Xml an

Matrix A, below, 1is constructed from the data tabulation,
above, by setting aij=Number of times parameter i was
judged more significant (had a lower value for X) than
parameter j. That is, for each parameter, the values in
the column were compared with the values in each other

column and the times the X value was lower than another was
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totalled for entry as aij' This computation was done with
the computer program included in Appendix II, Program l..
page 151.

Matrix A: Numbér of Times Parameter i Judged More

Significant than Parameter j.

Parameter i Parameter j

1 2 3 4 5.'. j.'. n
1 0 315 | 213 | 214 | %15 | 215 | 21n
2 ay |9 ay3 | 224 |25 |25 | 22n
3 ay | azy [0 434 |235 |235 | 3n

i a, a. a. a, a, a, . a,
il i2 i3 i4 i5 ij in
n a a a a a a_ . 0
nl n2 n3 né ns nj
a..= number of times parameter i is judged to be more

o significant than parameter j, i#j. (Parameter is

not judged against itself.)
Matrix P is constructed from Matrix A to show the percen-
tile of times one parameter is judged more significant
than another. Elements pij = aij/c, where c is the number
of judges (users), pij + pji = 1, and Pij =0 for i = 3.

The following is the corresponding matrix P for the above

Matrix A:



47

_ Parameter j Row
iZEZr i Totals
. : l 2 3 4 5--- j.-. n
-1 0 P12 | P13| Pig| Pis | P13 | Pin| Py
2 Py | © Pp3| Paga| Pa5 | Paj | Pan Py
3 P3p | P3p | O P32| P35 | P35 | P3p P3
1 Pi1 | Pio | Piz| Pia| Pis | Piy | Pin P
n Pnl | Pno | Pn3| Pna| Pns | Ppy | O P

The final matrix in the process was Matrix Z which converted
Matrix P into standard measurements of separation in terms
of equal standard deviations of the discriminal dispersion
scale (42, p. 27). It was constructed by making the p to

z transform using a table or mathematical approximation and
an algorithm as used in the computer program in Appendix

II, page 151.

Two extra columns were added to this matrix to show totals
and means for each row. Elements zij = separation between
parameter i and parameter j in terms of standard devi-
ations, i # j. The element zij is positive for pij>0'50

i .-<. ; . . = i = J: e = =2 ..
and negative for plj 0.50 zlJ 0 for i J: zlj zJl

The following is the corresponding Matrix Z for the above
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Matrix P:
ﬁgi:; i Parameter ] Total Mean
1 21314 {5.05..0n

1 0 1215|213 %14 | %15 {215 |%n 2y Zy
2 25119 | 223 | 224 | %25 { 225 { %2n Zy Zy
3 231 | %232 |0 | 234|235 %35 | %3n Zq Z3
. 231 | %232 | %33 | %i4 | %35 | %i5 | %in Z; 2y
n Zn1 | ®?n2 | ®n3 | %n4 | *n5 znj 0 Zn Zn

The final calculation from Matrix Z determined the relative

significance of the parameters in the study.
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Normalized
_ _ Relative
Parameter Z G(Z) Significance
7 = G(Z,)
2 z, G(2,) » i
3 z, G (%) LG(Z,)
i1

=
)
(9}
~
S

o}
N}
(7]
N

n -—
2G(z;)

i1

Nightengale suggested a test for consistency among the
judges (users) (89). From the values of (Ei - Zj) for all
i and j a value of pij was computed for each combination.
Subtracting the corresponding pij of Matrix P from these
values, a deviation was computed to show the difference
between the percentage or the time that parameter i
theoretically should have been judged more significant
than parameter j and the percentage of judges (users) who
estimated i to be more significant than j. The largest
discrepancy, according to Nightengale, should be less than
three average deviations for a judgment of reliable con-

sistency, i.e., Max A,. < 3L|A..| , where A . is the
ij ij ij
N
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deviation between theoretical and estimated superior
significance; and N is the total number of combinations
of 1 and j, i # j. Computer program 1 of Appendix II, page

iSi, includes this feature.

This procedure was followed for each of the three decision
points (phases) in tﬁe flow chart of Figure 1. For each

of these points the method indicated which were the most
important aspects of library operation influencing the user
to continue his use of the library or to give up and go

elsewhere.

The normalized relative significance values were ranked,
cumulated and normalized, using a computer program (Appendix
II, page 155). When normalized and the corresponding
parameters identified, a satisficing (sufficient satis-
faction, 85) level was selected to indicate those aspects

of library operation which on the basis of signifiéance to
users would be most influential. This, too, was done for

each phase independently.

Satisficing level meant that percentage of the cumulation
below which parameters could be ignored for the balance of
the study. For example, taking the upper 75% (a cutoff at
.25 in the cumulation series), implies that‘the lower 25%,
those parameters falling below this level, could be ignored.
This suggests that the judges are affected 75% of the time

by attention to the parameters included.
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Since the study was based on user opinion and aimed at user
satisfaction, a majority of the users being satisfied could
be acceptable as a satisficing level. By taking a much
higher percentage, the majority effect was assured. If

the level for these parameters was, say, 1%,.5%, 90% and
95% respectively, it could be said that only 1% and 5% of
the time the former two parameters would be significant

to users of the library and that 90% and 95% of the time

the latter two would be influential.

7. Select Alternatives for Change. It should be

noted that by this point in the method, although the most
influential aspects were determined, the kind of influence
was not established. The ranking of the various aspects so
far was based only on whether or not they were influential.
It was necessary to discover whether that influence was
positive or negative, that is, whether a particular change
would produce a decision on the part of a user to continue
use of the library (positive) or to give up and go else-

where (negative).

Representative of each aspect of library operation deter-
mined as influential in the previous step of the method
were the various alternatives or strategies considered as
potentials for change. Selection of these alternatives
would depend in large degree upon tﬁeir feasibility. For

the purposes-of this step, feasibility was defined as the
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probability that the alternatives suggested would actually
be instituted. If there was no probability for effecting a
particular alternative, it should not be included. Each
éyplication of the method would have to define feasibility
for alternative strategies in the light of its particular
situation. In selecting alternatives, experience from £he

interviews also proved invaluable.

The advantages and disadvantages for both the user and the
library staff and administration were considered when‘mak—
ing the selection of the alternatives for each influential
aspect of operation. This element of the method
necessitated intimate involvement of library administrators
and provided an opportunity for their input to the evalu-

ation.

The alternatives used for final solution of the user
decision network were included with the probability that
each could be instituted as a change in library operations.
It was necessary for this probability to be determined by
the investigator with the administrators of the library
itself and those responsiblg for its funding. Essentially
this probability was a measure of feasibility for the

various alternatives.

As an example, if currency of materials and the avail-

ability of the collection are two influential aspects of
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library operation, perhaps it would be feasible to increase
the materials budget to provide for more newer materials
by adding journals not currently received. An alternative
related to availability of materials could be the issuance
of keys to regular users so that they could use the library
at any time convenient to them. Other alternatives could
be: reducing book purchases to increase journal purchases;
routing of journals to users; freer circulation policies;
and so forth. These would each have different feasibility
values and different ad&antages and disadvantages which

could be identified.

8. Determine Effectiveness for Alternatives. When

the alternatives had been chosen, it was necessary to design
a questionnaire to enable the users to provide a quantified
value for the effect of each on his decision to continue a
particular use of the library or to give up that search.
This was presented to him in a ballot type of question-
naire on which to record his opinion of a prospective

change in library operation described by the particular
alternative. He was asked to "vote" both "yes" and "no" by
signifying the percentage "yes" and percentage "no" (summing
to 100 for each alternétive). This was done with each
alternative for the phase or phases in which it had been
established as influential. (Some alternatives were

influential in all phases. Others were influential in only
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one, or perhaps two.)

The form of the'questionnaire did not give any indication
of the actual influence established in the earlier steps

of the method. As in the case of the first questionnaire,
the list was grouped into larger categories for easier
interpretation and understanding by the users. This
questionnaire was administered without an interview. A
sample questionnaire is shown in Appendix I, Exhibit 5,
pages 141—144, together with the instructions and state-

ments accompanying it to the users.

9, Establish Probabilities for Alternative Realiza-

tion. As suggested above, there was a probability
associated with each alternative to indicate what chance
that alternative had of being effected. These probabilities
were established before final analysis of data obtained

from the second questionnaire was performed. This step in
the method afforded an important opportunity for input from
library management. The method sought to provide for a
"concert" evaluation of library operations utilizing input

from both the users and the library managers.

It was felt best not to attempt too close or detailed
procedures for establishing the required probabilities.
The reports from experimental psychologists active in the

study of probabilistic information processing and its
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associated element of odds or probability estimation
suggested that this be done quickly. (See Chapter IT,

pages 31-34, for references.)

-

10. Data Reduction. The information gathered

through the second questionnaire was tabulated in matrix.
form (see Appendix I, Exhibits 2-4, pages 138-140). &
mean value of "yes" and "no" values for each grouping of
alternatives for each user was helpful, particularly since
the number of alternatives being considered was large and
there were several groupings. This will become clearer as

the network development progresses.

As the data were being collected, it was possible to
construct a decision network for the "average” user making
use of the alternatives being considered. Figure 3
illustrates a decision tree for a user for one phase of
his interface with the library. In this illustration,
only "yes" values are shown. Construction of such a
decision tree facilitated the form for tabulating the
results. In the figure, five alternatives are considered
for the illustrated phase. Figure 4 illustrates the tree
if five alternatives are considered for each of three
phases throughout the total process of an individual use

of the‘library.
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From Figure 4 it can be seen that the tree has become
quite "bushy." Making use of the Graphical Evaluation
and Review Technique (GERT) developed by Pritsker (100)
this tree was reduced to a network as shown in Figure 5.
The application of GERT to a problem involving contingent
decisions has been demonstrated by Knight (59). In Figure
5 the paths through the network represent individual
strategies for the library manager in planning alterations
using the various alternatives suggested in the method
being developed here. Each path through the network included
an alternative from each phase of the user/library inter-

face.

Input for the GERT computer program is described in
Appendix III, 4,d, page 215. It required the measure of
effectiveness for each alternative plus the probability
that it woulé be-effected. In addition it was necessary
to have the probability distribution designation for the
sample used to determine the measures of effectiveness.
Already described are determinations of the effectiveness
measures and the probabilities. The designations for
probability distribution functicns were determined in the

following manner.

The Kolmogorov-Smirnov Goodness-of-Fit Test was performed
with the date tabulatea for each alternative and for the

groupings of alternatives within each phase. Using an
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approximation function for the normal and the uniform
distribution functions, the values given by the users were
plotted with the aid of the computer program given in

Appendix II, Program 3, page 157.

A justification for using a uniform distribution function
was that it would permit the use of this function in the
GEKT model rather than the complex discrete function for
which GERT only allowed four values (users) for each branch.
Thurstone (128) and Guilford (42) and others working in

the field of experimental psychology suggest that the

normal distribution function is the most logical to use when
an opinion sample is drawn at randcm from a population of
human beings. Hence the curve fit was also checked against
the normal distribution function. (An example of this is

provided in Appendix IIX, 3,a, page 182.)

The positive ("yes") measures of effectiveness for alter-
native groupings found to be influential, the mean values
for the probabilities of alternative grouping realization,
and the justified probability distribution of effective-
ness measures for the grouping wefe input first to the
GERT computer program. In this case, GERT was used for
total enumeration of all paths or strategies through the
network. Output from the program showed the probability
and effectiveness measure for each strategy. The strategy

having the highest effectiveness measure would be the one
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most seriously considered. The elements of the strategy
indicated in the output showed the specific alternative

groupings making up that strategy.

-~

Knowing the most effective groupings for each phase,
individual alternatives for these groupings were input
to the GERT program. The same parameters were required
for input:‘ probability, effectiveness measure, and
distribution function for each alternative. The network
for this was similar to that shown in Figure 5, page 59.
GERT allowed selection of the strategy through all phases
with the highest measure cf effectiveness and indicated

which alternatives should be considered to produce this

strategy.

The method was tested in the Physics Library, a branch
agency of the University of Oklahoma Libraries. The
following chapter describes the experimental study begin-
ning with a detailed description of the environment chosen
for the test, and its similarities to a special library

in an industrial R&D situation.



CHAPTER IV
THE METHOD APPLIED

A. The Physics and Astronomy Library °

The experiment to demonstrate the methodology described
earlier waé conducted in the library of the Physics Depart-
ment at the University of Okliahoma. Although this library
was an academic library associated with the educational
objectives of a University department, it had a usage
similar to the library in a research and development
division of an industrial corporation. For example, faculty
members of the Physics department were engaged in both basic
and applied research. Differences in economic motivations
between industrial researchers and academic researchers
would have little effect upon the usage of library facili-
ties. If anything, the academic researcher might have had

a different committment to library service than his
industrial counterpart, but this shoulid not have affected

results of this demonstration in a marked fashion.

Other important parallels and similarities of library
operations could be identified. The following description
of this library indica*es these parallels and similarities
with a special library as defined in Chapter I. Figure 6

shows the layout for this library.



FIGURE 6:

Layout of Physics Library, University of Oklahoma
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1. Availability. The Physics library was readily

available to faculty members. All faculty and those gradu-
ate students who had successfully completed their qualify-
ing examinations were provided with free access to the
library at any time through the distribution of keys for

the library doors.

2. Users. As noted above;vthere was a specialized
group of users, namely the faculty of the department. They
were engaged in research and development programs and pro-
jects and had identifiable inforﬁation needs. These
researchers published results of their work regularly in
reports and professional papers. Faculty use of the library

closely duplicated industrial researcher library use (36).

3. Subject Area. The subject area was specialized,

comprising the discipline of physics primarily, with some
other disciplines (notably Chemistry and Mathematics)
impinging upon it, as would be the case in an industrial

R&D situation.

4. Usage. The library was used by faculty princi-
pally for bibliographic research related to particular
research programs within the department. Literature
searchiﬁg and bibliography preparation were done sometimes
by faculty members themselves or by their assistants,

secretaries or the library staff.



65
5. Staff. The library staff consisted of one
library assistant with student help. Although the library
assistant in charge did noﬁ hold the professional library
degree, special course work and ten years experience afforded
some opportunity to approach the usual special library
level of service to the users, and a practicum for the

study.

In many special libraries serving R&D personnel, the staff
have some subject specialty, or at least knowledgeable
acquaintance with the subject materials, which is not the
case with the Physics Department library. However, in many
industrial situations, the responsibility for library ser-
vice is given to an employee with little professional
library training. Therefore, the Physics Library is not
too different from many special. liﬁraries regarding

staff capabilities and training.

6. Service. The Physics library is open during
regular working hours plus evenings and weekend days
(Saturdays). As noted above, faculty have access to the
facilities by using their own keys at times when the
library is not scheduled open. The library has open
shelves allowing free access to materials for browsing and
personal literature searching. Arrangement places journals,
books, reference works and foreign materials in their own

respective locations. Periodicals, not usually circulated,



66
may be set aside within the library for personal use, but
allowing access to others as well. Library staff protect
materials so designated for personal use from disturbance
by other users. The library staff feel the impulse to
serve the faculty as special librarians in R&D concerns
serve their clientele. At present little in the way of
current awareness or selective dissemination of information
is practiced in the library, although some attempt is made
to assist users in keeping current with developments in
their fields of interest. These elements of service also
present a similarity to many special libraries in an R&D

environment.

7. Size. The colléction is not large (13,000) but
comparable to that of the DEF Industrial Corporation’'s
Research and Development Division library (69). This is
a working collection with limitations of time placed upon
retention of periodical literature: holdings are main-
tained for many periodicals for 10 to 15 years with some
of the more important, "classical"” journals being main-

tained from their initial volumes,

8. Policies. Circulation, as noted earlier is not
a restrictive policy, but careful atteﬁtion is given to
maintenance of circulation control. Individual hand
charging is performed to identify users and locations of

materials not on library shelves. Generally, periodicals
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do not circulate, particularly current issues, but a Xerox
copier is provided which makes copies at 5¢ per page. After
hours use is on the honor system. Losses of materials last
year amounted to "40 to 50 books"* which is minimal. Bind-"
ing is performed on a regular schedule for all periodicals
in use, but no microforms are included in the collection
since equipment does not include readers. Few reference

works of a general nature are included (Dissertation

Abstracts, for example) because of the proximity of the
general University Library which extends the special library
correlation. Many special libraries depend on a nearby

local public or academic library for similar extension.

9. Autonomy. The Physics Department Library is
under the direct supervision of the University Libraries'
Associate Director for Public Service. Budgetary matters
are handled by the central administration as are process-
ing, bindery, acquisitions, and personnel actions relating
to the librarian. The Physics Librarian is able to
recommend policies and the hiring of student assistants,
and has responsibility for the physical aspects of library
operations and provision of service. A member of the
faculty is designated as library liaison and serves as

moderator of library service to the department. Policy

*Estimate provided by the librarian in personal
convarsation.
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of the University Libraries' Administration includes the
placing of all materials directly related to the discipline
of physics in this library. If duplicate materials from
other disciplines are required in the Physics Library some
are purchased and located there, but in general this is not

practiced.

The Physics Library was used as the experimental laboratory
principally because of its similarities to an industrial
R&D library as indicated in the foregoing. The Director
and Associate Director of the University Libraries, the
Physics librarian and the Chairman of the Physics Depart-
ment approved its use as site for this analysis. Faculty

approval was also received in a regular faculty meeting.

The sizé of the user population made it possible to obtain
a sample of reliable size for user analysis and yet not
too large to prevent full query. It was possible to
eliminate class required usage by restricting the user
sampie to those members of the department who perform

research programs.

Consideration was being given to expected growth of the
collection with potential need for expansion of facili-
ties in the future. This aspect provided a practicum for
the study. In addition, the lack of special services,

such as current awareness, as formal activities afforded
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another potential practicum for the analysis.

B. The Method Application

- 1. Objectives of This Study. The specific objec-

tives for the study were:
a. To determine those aspects of library
operation which have the most influence
on users;

b. To evaluate user response to suggested
changes in the most influential aspects;

c. To determine the strategy for change which
will produce the most. positive response of
the user; and

-d. To test the method detailed in Chapter III.

2, Selection of Aspects of Operation. The selection

of those aspects of operation to be considered in the
study was made in coasultation with the librarian, the
department chairman, the department faculty/library
liaison person, literature and the investigator's per-
sonal, professional experience. The following list of
31 aspects was developed for inclusicn and grouped under
several larger headings to indicate general categories
of operation:
Physical facilities
Acoustics
; Arrangement of furniture

Atmosphere (heating, air conditioning, etc.)

Clutter/cleanliness

Decor

Furniture

Lighting
Location
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Collection
Arrangement of collection
Bibliography and indexing services provided
Classification Schemes
Currency of materials
Microforms provided
Retention policies

Staff
Age and maturity
Attitudes
Dress and deportment
Length of service
Number
Qualifications
Sex
Work schedules

Policies
Circulation
Open stack/closed stack
User personal habits
Reproduction facilities
Services
Current awareness
File maintenance
Periodical routing
Searching, bibliography preparation
These aspects of operation were selected on the basis of
their potential for change and the means to effect a
change in them. To provide for possible omissions in
the list, a category labelled "Other" was added to give
each user opportunity to add to the list. During the
initial interviews two more aspects were added: Size,

under physical facilities, and, Availability of materials

(bindery), under collection.

3. Development of the User Questionnaire. To

provide the measure of relative significance for the
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various aspects in the list, a questionnaire was devised.
To allow consideration for each of the three decision
points of Figure 1 (page 37), each was labelled as a
Separate phase in the user/library interface. Also
reflected in the questionnaire was the difference of
influence for each aspect of library operation for the
three phases. The questionnaire is shown in Appendix I,

Exhibit 1, page 137.

4, Questionnaire Administration. To facilitate

user understanding and completion of the questionnaire,

it was administered by interview. This gave opportunity
for the "give and take" of discussion and allowed personal
explanation in a dialogue with each user. It provided a
common ground of understanding among all users queried

and the investigator.

The sample of users selected for the study consisted of
faculty members. As suggested above (Part A of this
Chapter, page 62, faculty usage closely approximated
use of library resources in an industrial R&D situation.
Appointments were made for individual meetings with each

faculty member.

The interview included a brief statement of the problem
and explanation of the project. The questionnaire form

and its contents were discussed, particularly the flow
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chart of the user/library interface. Terminology,
necessarily abbreviated on the form, was defined as the

interview progressed.

Each person interviewéd was asked to consider the total
list and at first to restrict it to Phase I. He was
asked to imagine himself in the position of making a
decision to go to the library for some information need,
to study the list and make any additions for aspects of
operation influential on him which were not on the list.
He was then to rate the various aspects of operation'bn
the basis of their influence on his decision in this
phase. The aspect(s) having the least influence were to
be rated zero. The rest were then to be rated from this

base up to a maximum of 100.

Having completed the first column of the questionnaire,
his attention was directed to the second column, repre-
senting Phase II of his interface with the library. He
was asked to consider himself as having made the decision
to go to the library, having entered it and performing
his search for citations to the information he was seek-
ing. In comparison with the ratings already given in the
first column, he rated the same aspects on the basis of
their influence on him as he performed this search task.
Beginning again with the least influential aspect(s) and

applying a rating of zero, the rest cf the list each
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received a higher rating depending on its influence on him
at this phase of the interface. In this instance the
rating for any aspect could be higher or lower than the

rYating given in column one.

Direéting the attention to the third column, Phase III,
the interviewer asked the respondent to consider himself
actually looking for the location in the library where

he would find the material cited in Phase II. Again the
same rating procedure was employed as described for the
first ﬁwo columns of the questionnaire. And again the
rating could be higher or lower than either of the former

two ratings for any particular aspect.

5. Mathematical Analysis of Data. The aim of this

element of the method was to determine the relative signifi-
cance of the various aspects to each other in the opinions
of the users studied. Data was tabulated for each phase
separately (see Appendix 1, Exhibits 2-4, pages 138-140).

A data matrix was developed to record for each user the
ranked significance of each aspect being considered in

the study.

As described in Chapter III (page 45), the users included
in the study were treated as judges and the aspects as para-
meters. The mathematical manipulation of the data was

performed for each phase and a normalized relative
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significance measure developed for each aspect. This was
performed with the use of the computer program developed
for this investigation. (See Appendix II, Program 1, page
151.) Output from this program is provided in Appendix J
III, 1, pages 158-178. A further computer calculation was
done in a terminal, time share mode, to rank these normalized
relative significance measures, and to generate a cumulated,
normalized list of them. (See Appendix II, Program 2,
page 155, for the computer program and Appendix III, 2,

pages 179-181, for outputs.)

Appendix III, 2 shows those aspects considered most
influential, that is, above the 25% point. This was
chosen as indicative that alteration in these aspects
would influence users 75% of the time. In other words
this was the same as selecting a 75% satisficing level

for users. Results of this indicated that 18 aspects were
influential in Phase I across the user population, 12 in
Phase II, and 9 in Phase III. These aspects are shown in

Table I, following.
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Table I
Significant Aspects Ranked

Rank
Aspects of Library Operation Phase I Phase II Phase III

A. Physical Facilities

Acoustics 18 - —_—
Arrangement of space 17 - —_
Atmosphere 14 - -
Lighting 13 12 -
Location 4 - —_—
Size (added by 12 - .
respondents) ‘

B. Collection

Arrangement of collection 4 4
Bibliography and index- 1 3
ing services
Currency of materials 1 3 2
Retention policies 11 7 6
Availability of 5 5
materials (bindery)
- added by respondents
C. Staff
Attitudes 7 6 7
Qualifications ‘ 15 9 9
D. Policies
Circulation 8 10 8
Open stack/closed stack 2 2 1
Personal user habits 16 - --
Reproduction facilities 6 11 -
E. Service
Current awareness 10 8 --

In the above table, those aspects which fell below the

75% satisfying level have been ommitted.
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6. Alternative Selection. When the célculations

had been performed and the most influential aspects of
library operation determined, alternatives related to
the various aspects were selected. The Director and
Associate Director of the University Libraries were
consulted. The following list of possible changes was
developed for the influential aspects as shown. The
groupings were slightly altered for this listing. Since
"Services" had only one influential aspect associated
with it as a larger group, it was combined with the
group labelled "Collection" into one group labelled
"Collection and Services." The arrangement of the list
was changed, too, to place "Physical Facilities" last
because of the.suspected emotional import that users
might attach to it. If an emotional bias were present
it was felt that this group would focus it. Hence, plac-
ing it last would help in relieving whatever effect it
might have on the results.
Alternatives for Change
A. Collection and Serxvices
(Current awareness)

1. Provide a current awareness service for
new materials received in the 1library,
giving a list to faculty each week.

(Currency of materials)

2. Shorten processing time by reducing the
amount of cataloging, marking, subject
entry cards, etc.

(Bibliography and indexing services)
3. Add more indexing and abstracting services.

4. Combine all index services in one place in
the general library.
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(Arrangement of collection)

5. Shelve materials by size (using three
size categories)

6. Intershelve books and journals.
(Retention policies & availability of materials-
Bindery)

7. Retain unbound journals for a maximum of

5 years, then bind and store in the
general library.

8. Buy journals on microfilm, hold unbound
issues until microfilm received, then
discard hard copies.

9. Buy duplicate issues of journals and keep
one in mint condition for binding.

B. Staff
(Qualifications)
1. Hire only professional librarian and
technicians for assistants.

(Attitudes)
2. Maintain an ongoing training program for
staff.

C. Policies
(Circulation)

1. Stricter circulation policies restrict-
ing use to library room only, except in
special cases.

(Open stack/closed stack)

2. Closed stacks except for special permit

holders.
(Personal user habits)

3. Stricter policies on user behavior: no
smoking, eating, drinking, or talking in
the library. (Also applies for Atmosphere)

(Reproduction facilities)

4, Free Xeroxing for any user, with no

restrictions on use of the machine.

D. Physical Facilities
(Acoustics)
1. Reduce noise levels with acoustical
materials to absorb sound.
(Arrangement of space)
2. Rearrange furniture and space allocated
for office, shelves and study tables.
(Atmosphere)
-- See C. 3, above.
(Lighting)
3. Add more lighting.
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(Location)
4., Move the library to the Physical Sciences
Building and combine with Mathematics
and Chemistry.
5. Move the Physics collection to the general
library and combine with Science materials.
(Size)
6. Increase size of the library.
7. Decrease size of the library.
In the selection of these alternatives, an attempt was
made to select possible alterations that could be made,
that would be practical, acceptable in some degree to
both administration and users, and having at least a remote
potential for being made. Wording was chosen to be as
meaningful as possible to users, but further explanation
of advantages and disadvantages of each alternative was

also to be included as shown by the questionnaire in

Appendix I, Exhibit 5, pages 141-144.

7. The Second Questionnaire. In accordance with

the method described in Chapter III, the second question-
naire was designed to be a sort of ballot on which the

user could "vote." As shown in Appendix I, Exhibit 5,

pages 141-144, the user was asked to allot a percentage

yes" and a percentage "no" summing to 100% for each alter-
native on the list. He was asked to consider each phase of
the user/library interface separately as done with the
first questionnaire. Instructions and the advantages and

disadvantages of alternatives were also provided. With

these features, and depending on experience of the users
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with the first questionnaire, it was decided to administer

this one without a personal interview.

?he questionnaire could be completed by users at their

own convenience. However, a follow-up telephoﬁe call was
made to each soliciting his help and encouraging completion
of the form by a particular time. This call also gave
opportunity to discuss the questionnaire and clear any

possible misunderstandings.

Of the 20 faculty members in the department,.ls returned
the qﬁestionnaire before the due date. Two more were
received too late to be included in results. The 75%
return, however, was deemed valid as a sample of the total
faculty size. Justification for validity of this return is
supperted by Kerlinger (57a). He points to the drawback

of poor returns to mail questionnaires such as the one used
in this study. According to Kerlinger 50% to 60% can be
considered the best return a researcher could expect.

Since return of this questionnaire was higher, use of the

data collected was considered acceptable.

8. Establishing Probabilities for Alternative

Realization. While the faculty members were completing

the questionnaires, the Director and Associate Director
of the University Libraries were interviewed. They were

asked to assign probabilities to alternatives reflecting
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the feasibility that the changes would be realized. The

following list (with short form labels) shows the assigned

probabilities:
- A. Collection and Services
1. Current awareness 80%
2. Shorten processing 20
3. More indexing and abstracting
services 25
4. Combine indexes in main library 10
5. Shelve materials by size 5
6. Intershelve journals and books 90
7. Journal retention and binding 60
8. Microfilm for journals 75
9. Duplicate issues of journals for 10
binding
B. Staff
1. Hire professionals 60
if moved
5
if not moved
2. Ongoing training program 10

C. Policies

1. Stricter circulation 3
2. Closed stacks 10
3. Stricter user behavior 2
4, Free Xeroxing 0.5

D. Physical Facilities

1. Reduce noise levels 15
2. Rearrange furniture and space 50
3. Add more lighting 30
4. Move to Physical Sciences Building 85
5. Move to main library 5
6. Increase size of library 1
7. Decrease size of library 0.5

During the interview it became evident that a conditional
probability existed for the alternatives related to staff
and to physical facilities. If the library were moved to
the Physical Sciences Building and combined with Mathe-

matics and Chemistry (Alternative D. 4), the probability
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of hiring a professional librarian and technicians for
assistants {&iternative B. 1) increased from 5% to 60%.
Therefore if the results of the second guestionnaire
indicated that both of these alternatives were influential
in a particular phase (D. 4 was only included for Phase I),
the joint probability would have to be used, or the network

designed to consider the dependence.

These probabilities are very subjective. They were pro-
vided by the Associate Director on the basis of his
experience and knowledge of the library system, including
the possible effects on other branch libraries resultant
from institution of any of these alternatives. It must
also be kept in mind that these were established with
little regard for the actual cost of their institution,
at least from the standpoint of availability of fundin§

to pay for them.

9. Data Analysis. When the second questionnaire

was returned, the responses were tabulated showing the
reaction of each user, positively and negatively, to the
various alternatives presented to them. A separate
tabulation was made for each phase of the library/user
interface (See Appendix I, Exhibits 6 to 11, pages 145-
150). The grouped alternatives were collected into averages

for each respondent. In addition, fbr the groups, a
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Kolmogorov-Smirnov goodness-of-fit test was performed (See
Appendix II, Program 3, page 157), to establish whether a
uniform or normal distribution could be used when the GERT
network analysis was run. A sample of the results of the-
Kolmogorov-Smirnov tests is‘included in Appendix III, 3,

pages 182-184.

It was decided to use only the positive reaction values
as effectivness measures, since the users had been asked
to respond to each alternative with a percentage "yes"
and a percentage "no" for each, totalling to 100%. Thus
the values used as effectiveness measures (Rho) would be
lower for higher "no" wvalues and reflect the user's

preference for a particular alternative.

The Kolmogorov-Smirnov goodness-of-fit test was made for
both uniform and normal distributions and good fits were
achieved for both,. (Tabulation of maximum differences

is shown in Appendix III, 3, page 183.) However, it was
decided that the distribution having the better fit would
be the one used despite the fact that either could be used
in eveiy case, the difference being less than that required

for a significance level of 80% (114, p. 251).

The GERT network for positive reaction to alternatives in
each phase became exceedingly complicated. There were 22

different alternatives in Phase I, 15 in Phase II, and 12
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in Phase III. Using all. of them would produce 3,960
strategies (22x15x12). To simplify the network a general
grouping network was designed and designated GENl. This
is shown in Figure 7. In the calculations, P represents
the probability that an alternative will be realized and
Rho represents the measure of effectiveness on the users
of that alternative, that is, the mean of the "yes"

responses.

Solution of this network indicated the most important
aspect grouings through the network, as follows (See
Appendix III, 4, a, page 185.):
Highest value for Rho= 1.562: Path 1-4-9-12~15-18-21
or Staff-Staff-staff.
P=.00042 Var. Rho=0.0
Highest value for P=.074: Path 1-2-9-10-15-16-21 or

Collection & Services-Collection & Services-Collection
& Services

Rho=1.018, Var. Rho=.0331
These paths were selected on the basis of inspection. The
network solution was brief enough to allow this method for
selection of the best path; Choosing the path with highest
value for Rho selects the best path from the standpoint
of effectiveness. Choosing the path with the highest value
for P selects the path with the best probability for
being effectéd. Both paths were investigated in subse-

quent analysis of individual alternatives.
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PHASE T PUASE IT PHASE I

Legend:
Branch 1-2: Collection & Services

P=.420, Rho=.356, Uniform Distribution

Branch 1-4: Staff -~ P=.075, Rho=.452, Uniform Dist.
Branch 1-6: Policies - P=.039, Rho=.381, Uniform Dist.
Branch 1-8: Physical Facilities

P=.266, Rho=.309, Uniform Distribution
Branch 9-10: Collection & Services

P=.420, Rho=.362, Uniform Distribution
Branch 9-12: Staff - P=.075, Rho=.567, Uniform Dist.
Branch 9-14: Policies - P=,039, Rho=.291, Normal Dist.
Branch 15-16: Collection & Services

P=.420, Rho=,300, Normal Distribution

Branch 15-18: Staff - P=.075, Rho=.543, Uniform Dist.
Branch 15-20: Policies - P=.039, Rho=.283, Normal Dist.
All other branches are dummies with P=1.0, Rho=0.0
and all uniform distributions. Values for P and Rho
are the mean values for all alternatives and all users.

FIGURE 7: Network GENI
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If the path for Rhomax is used, the network for subsequent
solution to determine the best strategy for change in
library operations will be as shown in Figure 8 using
staff alternatives in all three phases, designated RHO2.
Solution of this network indicated the best strategy as
follows (See Appendix III, 4,b, pages 189-190):

Highest value for Rho=1.65: Path 1-3-5-7 which is
"Provide ongoing training program fer staff" in
all phases. P=.001.

Highest value for P=.132651: Path 1-2-8-3-4~9-5-6-10-7
which is "Move the Library and hire professional
librarian and technicians for assistants" in all
phases. Rho=1.47 (the lowest value).

If the path for Pmax through Network GEN1l is used, the
network to determine the best strategy will be as shown in
Figure 9, using alternatives for collection and services
in all three phases, and designated C&S. Solution of

this network indicated the best strategy is as follows
(See Appendix III, 4,c, pages 191-214.):

Highest value for Rho=1l.764 (Variance-0.0): Path 1-2-
10-11-19-27 which is "Current awareness," "Current
awareness," "Buy duplicate copies of journals and
bind mint copy." P=.064.

Highest value for P=.,729: Path 1-7-10-16-19-24-27
which is "Intershelve books and journals" for all
phases. Rho for this path is .85 (Variance-.2877),
one of the lowest values.

This latter network is included as an example of a more
complicated system of alternatives. The study of the

Physics Library, however, was based on user satisfaction

which suggests the use of Rhomax for best strategy selection.
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PHASE I PHASE TT PHASE I

Branches 1-3, 3-5, and 5-7: Maintain Ongoing Training

Program for Staff - P=.10, Rho. =.483, RhoII='600’
.567, all uniform dlstrlbutlons

Branches}.; é 4-9, and 6-10: Hire Professional Librar-

ian and Technicians for Assistants (Library moved

to Physical Sciences Building) - P=.51 (.60x.85),

RhoI=.42, RhoII=.53, RhoIII .52, all uniform dist.

Branches 2-3, 4-5, and 6-7: Hire Professional Librar-
ian and Technicians for Assistants (Library not
moved) - P=,05, values for Rho remain the same,
all uniform distributions.

FIGURE 8: Network RHO2
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PHASE I PHASE IT PHASE IL

LEGEND:
Phase A-1  A-2 A-3 A-4 A-5 A-6 A-7 A-8 A-9
I .627 .300 .383 .127 .233 .,287 .297 .220 .477
(Var.) - .250 .261 .157 .233 .307 .243 .207 --
II .590 .280 .410 .170 .260 .290 .260 .207 .530
(Var.) - .234 .300 .227 .236 .311 .215 .208 ~--
111 —— 317 .343  ,267 .227 .273 .247 .230 .547
(Var.) - .269 .280 .277 .226 .311 .216 .201 ~--
Distr. U NO NO NO NO NO NO NO U

Prob. .80 ,20 ,25 .10 .05 ,90 .60 .75 .10

A-1: Branches 1-2,10-11; Current Awareness Service Provided
A-2: Branches 1-3,10-12,19-20; Shorten Processing Time

A-3: Branches 1-4,10-13,19-21; More Index & Abstract Services
A-4: Branches 1-5,10-14,19-22; Combine Indexes in Gen. Library
A-5: Branches 1-6,10-15,19-23; Shelve Materials by Size

A-6: Branches 1-7,10-16,19-24; Intershelve Books & Journals
A-7: Branches 1-8,10-17,19-25; Hold 5 Years, Store in Gen. Lib.
A-8: Branches 1-9,10-18,19-26; Buy Microfilm, Discard Hard Copy
A-9: Branches 1-10,10-19,19-27; Buy Duplicates for Binding

FIGURE 9: Network C&S
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Therefore the plan should be to provide an ongoing training

program for the staff.

It would appear from the solution for the network labelled
RHO2 that the library administration, if interested in

user satisfaction, should examine the alternative suggest-
ing the training of staff as a possibility for realization
and try to increase the probability that it will be done.
Perhaps if increased funding becomes available, this alter-

native could be given high priority for realization.



CHAPTER V

INTERPRETATIONS, SUMMARY AND CONCLUSIONS

- 1. Objectives. The method described in Chapter III

and the experiment to test it described in Chapter IV are
based on user response. User opinion of various aspects
of library operation and of feasible alternatives for
change within these aspects is applied as a measure of
effectiveness for the suggested changes. Since users

and their opinion are the basis, non-users have been

outside the scope of the study.

The implied purpose in an application of this method,
therefore, will be to provide better service to those
who already use the library. It is reasonable to suppose
that any alteration in library operations which is
effective in the opinion of users might be similarly
effective on occasional users and on non-users as they

become cognizant of benefits associated with the change.

As an example of this, in the study of the Physics Depart-
ment Library at the University of Oklahoma described in
Chapter IV, the overall best strategy for change suggested
that an ongoing training program be provided for the staff.
Such a program would be aimed at upgrading the level of
service which the staff could perform for users. It is

quite conceivable that improvement in abilities of staff
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might have a beneficial effect not only on regular users,
but also on occasional users. As this effect is felt on
the members of the organization, it is possible that non-
users could become aware of the improvement and be

encouraged to make use of the library resources.

Regarding the apparent attractiveness of the suggestion
for additional training for the staff, it should be noted
that the library assistant presently in charge of the
library did not have professional capabilities. It is
possible that users were unaware of the advantages of full
professional service by a librarian with some subject
specialty background. With such an awareness, they might
have placed a higher effectiveness value on the alternative
which would provide for hiring a professional librarian
and technicians for assistants. No attempt was made in
this study to determine their degree of acquaintance with
such potential service, but the bias thus injected does
not damage the study as a demonstration of the elements of

the method developed earlier.

A further suggestion which could have influence on
occasional users and non-users is the suggestion derived
from the solution of the network labelled C&S. The strategy
strongly suggested from this solution was the institution

of a current awareness service to inform users about new

materials being received by the library. If such an
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activity were performed, it could offer encouragement to
occasional users and to non-users to make use of the library

respurces to satisfy their information needs.

Therefore, although the method is aimed principally at
improvement of service to regular users, decisions made

on the basis of the method results could have some positive
effect on 6thers within the organization of which the

library is a part.

A further benefit which may be derived from application
of the method can be found in justifying projected
alterations. If alterations in library operations are
being considered by library administrators, the positive
responses to these changes by the users of the library
could give support to arguments favoring funding of such
changes. As suggested earlier, an extension of the
results of such a study to produce a cost/effectiveness
ratio can be useful in making comparisons between several

alternatives for resource allocation.

The objectives for each situation will vary according to

the individual library's reasons for performing the study
and applying the method. The method has the flexibility

to accommodate such differences of purpose and provide
information to a library manager to help in making decisions

between strategies of change in line with particular reasons
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for instituting alterations in library operations.

2. Selection of Aspects of Operation. The selection

of aspects of operation for the Physics Department Library
was done to illustrate the method described in Chapter III.
It was suggested in Chapter III and borne out in the experi-
ment of Chapter IV that the initial selection be tentative
since users could add other influential aspects during the

study.

The general model of the user/library interface shown in
Figure 2, page 39, helped in this selection, as did the
layout of the particular library being studied, as shown

in Figure 6, page 63.

Criteria for selection of the operational aspects of a
particular library could vary from situation to situ-
ation. These, too, will depend in some degree on the
specific objectives for the study. In the case of the
experiment in Chapter IV, the objectives included deter-
mination of the most influential aspects in the opinion
of the users. This need not have been the case. It
could have been possible that some particular change in

library operations was being contemplated.

For example, in the experimental study, a move of the
library from its present location to the new Physical

Sciences Building where it could be combined with the
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Mathematics and Chemistry collections had a high proba-
bility (85%) for realization. In this case, then, the
particular aspects of library operation could be restricted
to those related to physical facilities, or to staff
qualifications, or perhaps to other aspects related directly
to the move. In this instance, then, an important criterion
for selection would be the relationship of selected aspects
to the contemplated change. At the same time, however,
feasibility would still be important, but to a lesser
"degree and only within the context of the contemplated

change.

In the application of the method to the Physics Department
Library, feasibility of change in the various aspects
played a small part in their selection. At this stage in
the method, since the objective was to determine the most
influential aspects, as many different aspects of library
operation as possible were included. Attempt was made to
anticipate influence felt by the users. The addition of
two more aspects not initially selected indicated that the
attempt was largely successful, but also pointed to the

importance of allowing for such additions.

The danger in the approach as made in this experiment
became evident in the later stages of the method appli-
cation. Since a large number of aspects of library

operation was used, there were many aspects necessarily
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included in the satisficing groups for each phase of the
user/library interface. This meant that a large number
of alternatives had to be devised for the subsequent
stages and resulted in a complicated decision network for
the "average" user's decision process model. This
necessitated a simplifying of the GERT network model to
that shown in Figure 7, page 84, designated GENl., Selection
of fewer aspects of library operation would allow for
selection of fewer alternatives for change and hence a
less complicated network model. This would possibly
eliminate one run of the GERT computer program and pro-

vide an earlier solution to the problem.

3. The First Questionnaire. The first question-

naire was intended to establish which aspects of library
operation were most influential on users in their decision
processes throughout the user/library interface. Little
difficulty was experienced in administration of the docu-
ment. The users were capable of understanding the process
and using their imagination in the hypothetical interface
suggested to them. The interview used to administer the
questionnaire helped in this understanding and use of
imagination. It also allowed opportunity to discuss the

project and the operation of the library.

Because the investigator was not a member of the library

staff, perhaps the interviews were more candid. It is
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possible that respondents would be less likely to be
completely forthright in their criticisms and sugges-
tions if a member of the library staff administered the
questionnaire. To overcome this element of difficulty,
it might be possible to have someone else interview the
users or perhaps to establish a candid rapport with the

user by taking a little longer in the interview.

The selection of a sample of the users suggested in Chapter
III assumes randomizing. In the experimental application,
the sample consistéd of the whole population of users for
administration of the first questionnaire. As indicated

in Chapter IV, all but one was included in the first
questionnaire and five were missed from the data gathering

in the second

The sample need not be a random selection from the user
pcpulation. It is quite possible that the special aims
of the library will encourage selection of a non-random
sample. It might be that only administrators of the
parent organization be included in the study if these are
the users which the library manager feels will hold top
priority for receipt of library service. Or a personal
objective on the part of the manager to satisfy another
particular group will dictate that this particular group

be the sample.
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In another situation it could be valid to select the
sample for study from the non-users of the library. This
would aim at finding the reasons why they do not use the
library and what strategies would increase the attractive-
ness of the library to them to raise effectiveness measures

above zero.

Whatever selection is made, care must be taken to discover
possible bias inherent in results because of selection

criteria and inferences limited accordingly.

4. Results of Questionnaire. The method applied to

reduce the data gathered by administration of the first
questionnaire determines the relative significance of each
aspect of library operation in the opinions of the users.
To find this relative significance, Thurstone's law of
comparative judgment was used. A part of the computation
included a check on the consistency of the judges (users)
and some inconsistency was found to exist. (See page 49

and Appendix III, 1, pages 162-63, 169-70, 176-77.)

A final matrix was calculated showing the difference
between the times parameter i was judged more signifi-
cant than parameter j and the theoretical number of times
it should have been judged more significant. In the
application of this method, a value for this difference

three times the average deviation was considered to



97
indicate an inconsistency (89, page 513). In the study of

the Physics Library this happened for several of the aspects.

In Phase I the inconsistencies showed in judgments of
aspects as follows:

19: Length of service of the staff, .
20: Number of staff, and
22: Sex of the staff.

In the consistency check matrix for this phase (Appendix
III, 1, pages 162-63) the inconsistency for the above three
aspects was as follows:

Aspect 19 (Length of service of staff) was judged
less precisely with respect to aspect 18 (Dress
and deportment of staff);

Aspect 20 (Number of staff) was judged less
precisely with respect to:
Aspect 18 (Dress and deportment of staff), and
Aspect 19 (Length of service of staff);

Aspect 22 (Sex of staff) was judged less precisely
with respect to:
Aspect 5 (Decor of library facilities),
Aspect 12 (Classification schemes),
Aspect 14 (Microforms provided),
Aspect 16 (Age and maturity of staff),
Aspect 18 (Dress and deportment of staff),
Aspect 19 (Length of service of staff),
Aspect 20 (Number of staff), and
Aspect 21 (Qualifications of staff).

As indicated this showed that the users of the library were
less precise in their judgment of the importance of these
three aspects related to the others noted. This can be
explained when looking at the final outcome of their sig-

nificance rankings. All three aspects were very low,

ranking as 30, 31 and 33 respectively. This low
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significance of the three aspects could explain the incon-
sistency in view of the obvious unimportance of these three
in comparisoﬁ with the other aspects. 1In the other
direction, taking those aspects with which the judgment was
inconsistent and viewing their comparison with the three
aspects in question, the judgment was evidently consistent.
Of these only one, aspect 21, qualifications of staff, was
considered by the users significant enough to be included
in the continuing study. This aspect was ranked 15 out of
the 18 in the 75% satisficing group. On the basis of this
argument it was felt that the inconsistency indicated was

not of a damaging nature.

In Phase II there were seven aspects with indicated incon-
sistency:

18: Dress and deportment of staff;

19: Length of service of staff;

20: Number of staff;

22: Sex of the staff;

26: Personal habits of users;

31: Periodical routing service; and

32: Bibliography preparation and searching service.
In this case the same argument was valid. None of them
was considered as significant enough in this phase to be
included in the final 75% satisficing level. All were in
the lower 5% of the satisficing cumulated values. 1In
Phase III aspect 22 was the only one where inconsistency

was indicated. 1In this phase, as in the other two, this

aspect, sex of the librarian, was found to be the least
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significant, ranking as 33 in the total.

For all aspects of operation found to be in the 75% satis-
ficing level of significance, consistency among the judges
was proved. Therefore in the application of the method the
consistency check should be conducted to provide confidence
in the judgments of the users about the significance of
various aspects of operation as they influence users

throughout the interface with the library.

From the first questionnaire, then, the library manager will
know what aspects of the libraryv are most influential on
decisions made by the users of the library. Whether this
influence is positive or negative, the knowledge will be
useful in indicating the areas most sensitive in the minds
of those served by the library. If no more of the method
were completed than this, the manager would be‘able to know
which aspects of the library would produce the most effect
upon users, and be encouraged to give attention to these

areas in the requiar operation of the library.

The level of sufficient satisfaction (satisficing), as
suggested earlier (Page 50), should reflect the percentage
of time the users are influenced by the aspects considered
most influential. 1In the study of the Physics Library, a
cutoff at 25% was chosen to indicate those aspects of

library operation included in the upper 75% of the normalized
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cumulation of relative significance values ranked from
smallest to largest. This was the same as saying that
consideration of these items in subsequent analysis would
have influential effect on users 75% of the time, or, put
another way, would account for 75% of the influence
experienced by users from the total number of aspects of
operation in the study. A value of 51% would represenﬁ a
majority of influence, but the higher figure was used to

assure this majority.

The percentage chosen can be left to the particular study
and its investigator. A possible reason for choosing a
lower figure for the most influential could be to reduce
the total number of aspects found to be influential. 1In
the experiment of Chapter IV, a rather large number was
left in the study after computations were done. Choosing
all aspects indicated by the cumulation (Appendix III, 2,
pages 179-181) values above .50 would have reduced the
aspects for further study to 10 in Phase I, 7 in Phase II,
and 5 in Phase III. Conversely, if only a few aspects of
operation were considered in the first questionnaire, it
would have been possible to use all of them (100% satis-
ficing) for subsequent analysis. In this case, the method
could be altered to eliminate the first questionnaire
entirely and proceed directly to selection of alternatives

and determination of effectiveness measures.
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5. Alternatives and the Second Questionnaire. In

the application of the method, it will not be necessary to
consider alternatives for ail aspects of library operation
until the most influential ones have been determined. When
the calculations have been performed attention can be
focused on the aspects indicated by the satisficing level

and specific alternatives devised for them.

The element of feasibility enters into the selection of
alternative changes to be sugge;ted. As in the case of

the aspects of operation, if no change is possible the
feasibility can be considered as zero and that alternative
disregarded. Feasibility can be determined on the basis

of time and/or available funding. Possible effects on
other elements of the organization can also be taken into
account in selection. Since feasibility determination will
vary from situation to situation, it was considered out-

side the scope of this investigation.

In the experiment described in Chapter IV, time and
possible funding were ignored as will be explained when
considering the assignment of probabilities to the
individual alternatives selected. Attempt was made to
consider alternatives for which some resources and
encouragement for realization might be found. In some
instances they reflect changes which the library

administration would like to make at some time. For
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example, the move of the collection and combination with
Mathematics and Chemistry was attractive to the library
administration. Likewise attractive was the suggestion
“that a professional staff be engaged for the library.
Serious attempt was made, however, to reduce subjective

bias possible because of these attractions.

As is evident from the list of alternatives selected, the
number of alternatives fo; each aspect of library operation
determined as influential was not uniform. (See page 76).
In some instances two were selected, in one instance three
and in others only one. In other applications it could be
possible to select a uniform number of alternatives for
each influential aspect of operation to reflect an increase,

a decrease and the status quo in user preference. 1In this

way the method could be used to determine effectiveness of
library operations as they are practiced, and produce a
comparative measure between them. 1In the study reported
here, however, specific alternatives were used to demon-

strate the use of the method as a planning aid.

The second questionnaire was designed to be completed by
the user without an interview by the investigator. This
necessitated careful attention to instruction accompanying
the questionnaire and to the statements showing advantages
and disadvantages for the alternatives suggested. The

request for percentage amounts indicating positive or
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negative influence was made because it was felt that it
would be meaningful to the users being queried. Dollar
amounts.could have been used, as was done in the Raffel
and Shishko study (103), but it was felt that attachment
of dollar values to the alternatives would bias the
responses. Some were much more expensive than others, and
funding to support them was not available in any event.
All that was desired was user opinion of the respective

£

alternatives and not user attitudes toward expenditura of

money to institute them.

The questionnaire as used in the investigation of the
Physics Library proved to be useful in determining the
effectiveness measures for suggested alternatives for
change in influential aspects of library operation.
Conversations with users indicated that there was good
understanding of what was asked and no difficulty in

providing honest responses.

6. Probabilities for Alternative Realization. A

necessary parameter for input to the GERT network computer
program was the probability that a particular branch in

the network be realized. 1In this instance, the probability
was the same as the probability that a particular change
would be made in library operations. Also integral to

the achievement of method objectives was the combination

of library administration attitudes and expertise with
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user opinion. The estimation by the library administrators
of probability that any alternative for change in library
operation be instituted allowed for this combination.
The managers, administrators, funders and others who have
the responsibility for instituting change in library
operation could be queried individually and asked to pro-
vide their personal estimates of the probability for each
alternative being realized. The mean value of their
estimates could then be used as input for continuance of

the method.

In the experiment to demonstrate the method as reported in
Chapter IV, the probabilities were estimated for insti-
tution regardless of when they might be effected. 1In

this instaﬁce, with no regard for available funding, it was
necessary to ignore the time frame in order to have any
probability for institution at all. On the basis of early
alteration in any of the services, the probability would
have been zero except for those which would have ho cost.
It was felt that cost of alteration at this stage would
have seriously biased the method. It should be recognized
that if there is absolutely no possibility for instituting
change in library operation, there would be no reason to
apply the method in this fashion except to find whether

influences determined earlier were positive or negative.
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The probabilities were assigned by the Associate Director

of the University Libraries. As pointed out earlier

)

(Page 8l) they are very subjective. However, they serve W
to illustrate the application of the method. 1In another
application, other elements could be taken into account
in establishing these values: availability of funding,
time limitations, and the like. In this particular
experiment, these were consciously ignored, and entered
into the process only in as much as they were present

in the psychological sets in the mind of the estimator,
the Associate Director. Lack of confidence in the values
reduces the potential of inference from this study to

the wider area of all special libraries, bﬁt does not

affect demonstration of the method.

7. Data Analysis. Analysis of the data gathered

in the second questionnaire is aimed at determining
effectiveness measures for the alternatives for change
in influential aspects of library operation. These
measures should be in a form compatible with input
requirements of the GERT network computer program. They

should reflect the opinions of the users in the sample.

In the experiment of Chapter IV, only the positive "yes"
responses were used. This implied that the values
signifying approval of the alternatives could be considered

as measures of preference by the users for the alternatives
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if actually realized. This might not be true. If a
particular alternative were actually put into practice,
it is possible that the users might have a higher or lower
opinion of it than they anticipated at the time of the
query. The measure, however, determined at this point in
the method will provide the library administrator with a
series of "yes" and "no" percentages and the range of
these will indicate a total opinion regarding the suggested

change.

The values over all can provide him with information to
help in deciding between the several alternatives. For
example, if the overall response to the alternatives shows
the majority of responses to be "no" values higher than
"yves" values, he could assume that the users were satisfied
with library operations as they are. On the other hand,

if the majority of responses are "yes" responses higher
than "no" responses, he might conclude that the users were
not as well satisfied with library operations as they

co>uld be. 1In this latter case, it would be strongly
recommended that the rest of the method be followed and

the best strategy for change selected and effort made to

put it into effect.

This analysis could also be helpful in determining whether
a particular, contemplated change should be effected. If

the contemplated change received an effectiveness measure
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more strongly "no" than "yes," that change should be care-~

fully considered before any action be taken to effect it.

Considering the "yes" and "no" responses to the second
questionnaire in the_experimental study, of the grouped
alternatives (see Appendix I, Exhibits'G, 7, and 8, pages
145, 146, and 147) the only ones to receive greater "yes"
than "no" values related to staff. The staff alternatives,
further, were only more positive than negative in Phases

ITI and III. (In Phase I none of the alternatives in the
grouped responses received greater "yes" than "no" values.)
This would indicate that the Qualifications and training
of staff are more important to the users during an actual
use of the library, than other alternatives. Administra-
tors, then, should give mcre attention to these alternatives

than to others if they wish to satisfy users.

When the individual alternative responses are looked at
(Appendix I, Exhibits 9, 10 and 11, pages 148, 149 and 150),
in Phase I only three received greater "yes" values than "no"
values. These are: A-1l, provide a current awareness ser-
vice for the users (.63); C-4, allow free Xeroxing (.60);

and D-6, increase the size of the library (.58). It is
interesting to note that staff alternatives are not

included. Looking at the probabilities that these alter-

natives will be put into operation, it is clear that only

A-1 has a good chance, with a probability of 80%. This
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alternative also received the greatest "yes" value of the
three. The other two have probabilities of 0.5% and 1%

respectively.

In Pﬁase II, four alternatives received greater "yes" than
"no" values: A-1 (.59), A-9 (.53), B-1 (.53), and B-2
(.60). In this case, the alternative receiving the highest
"yes" value was B-2: provide ongoing training program for
staff. The administratiop of the library is encouraged by
this to consider the two staff alternatives and two related
to collection and services: A-1l, provide a current aware-
ness service to users, and A-9, buy duplicate issues of
journals keeping one in mint condition for binding.

Probability that a current awareness service could be

provided is 80%, buying duplicate issues of journals 10%.

In Phase III, three alternatives are suggested for attention
by the "yes" responses: A-9, buy duplicate issues of
journals and keep one in mint condition for binding (.55);
B-1, hire a professional librarian and technicians for
assistants (.52); and B-2, provide an ongoing training
program for the staff (.57). Of these the last has the
highest value. Alternatives common to both Phase II and
Phase III have the following probabilities for realization:
B-1, 5% if the library stays where it is and 60% if it is
moved to the Physical Sciences Building; B-2, 10%; and

A-9, 10%. If the administration wishes to concentrate on
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these latter two phases, the hiring of professionél staff
after'moving the library is an option since the users
have not expressed that location of facilities has any

influence on them for these phases.

If the primary purpose for changing library operations is
to encourage non-users and occasional users to increase
their use, it would seem that Phase I would be the most
important. In this instance there should be a form of
current awareness institu£ed which will inform users and
potential users of the new materials as they are received
in the library. (This received the greatest "yes" value

and the highest probability for being instituted.)

If the purpose of alteration is to provide more service

to those who already use the library, it would behoove

the administration to institute an ongoing training program

for staff members to upgrade them to a more closely
professional level. This alternative had the highest

value of "yes" response in Phases II and III.

These two separate alternatives, although derived from
data gathered for Phase I and the other two phases
respectively, could form a single strategy. In Phase

IT the alternative suggesting training for staff was
positively emphasized along with the alternative suggest-

ing current awareness service. If both alternatives are

PEY IV
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instituted, it would appear that a stronger encouragement
to library use would result. It seems logical to suppose,
too, that a better current awareness service could be
performed by better trained staff. Therefore the two
alternatives being combined into one strategy would be
complementary. This analysis, based on the results of
the second questionnaire, supports the analysis performed

using the GERT network.

In this experiment, the percentage of higher "no" responses
was greater than higher "yes" responses for all alter-
natives. From this it could be suggested that the users

are pretty well satisfied with things as they are.

Turning to the output froﬁ the GERT network GEN1 computer
Program (Appendix III, 4,a, pages 185-85), other sugges-
tions can be derived. Considering the output from the
first run of the GERT computer program, GEN1l, the groups
which produce the highest value (1.562) for Rho, the
effectiveness measure, are:
Path 1-4-9-12-15-18-21 (Page 186)
PHASE 1 PHASE II PHASE III
Staff Staff Staff

It would appear, then, that aspects of library operation
related to staff are the most important for attention by

administration. In the first questionnaire the aspects

of library operation selected for this group were:
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Age and Maturity
Attitudes

Dress and Deportment
Length of Service
Number
Qualifications

Sex

Work Schedules

Analysis of the responses to the first questionnaire indi-
cated that the most influential of these aspects of the

staff grouping were as follows:

PHASE I PHASE II PHASE III

Attitudes Attitudes Attitudes
(ranked 7) (ranked 6) (ranked 7)

Qualifications Qualifications Qualifications
(ranked 15) (ranked 9) (ranked 9)

These rankings were not the highest among all the aspects

of library operation considered. However, they were
sufficiently high to allow selection of alternatives related
to them and to be continued in the study. Subsequent
response by the users elevated them to a higher demand for
attention by library administration. When subjected to

the GERT analysis, Network RHO2 (See Figure 8, Page 86),

the best strategy was to provide an ongoing training program

for the staff (Rho _ =1.650, Appendix III, 4,b, page 189).

a
As far as the application of the method is concerned this
would be sufficient. But further analysis can be made of

outputs from the experimental study.

In the results of the GERT computer program for Network

RHO2 (Figure 8), there is a discrepancy between the path
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(1-2-8-3-4-9-5-6-10-7) having the greatest value (.133)
for P and the path (1-3-5-7) having the greatest value
(1.562) for Rho (See Appendix III, 4,b, page 189). 1In
other words the strategy with the highest probability for
realization is not the same as the strategy with the
highest measure of effectiveness for the users. Here then,
is an example of diverging views between}the library
administration and the users. This divergence, indicated
by the.GERT output, suggests that there be some negoti-
ation between the administration of the library and the
users. At least, before any effort is made tc realize
the strategy with the high;probability there should be
some educational or public relations program mounted to
provide the users of the Physics Library with the values

to be realized from such a strategy.

The strategy in question here is that related to moving
the library to the Physical Sciences Building and hiring
professional staff. The result should not be surprising.
Certainly the library administration would be much more
likely to hire professional personnel if the library were
moved and combined with two other subject collections.
The larger user population and the larger collection
resulting from such a move would justify increasing staff
qualifications and abilities. But the members of the

Physics Department faculty, the users in this study, did
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Physics Department faculty, the users in this study, did
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not want to have the library moved. Their responses in
Phase I of the second questionnaire (see Appendix I,
Exhikits 9, Alternative D-4, page 155) where this alter-

native was suggested were: yes" 10%; "no" 90%. (Since
Phases II and III involved the user in activities after
going to the library, it is obvious why the location of

the library is non-influential in these two latter phases.)

The fact that there was a 10% "yes" response, however,
indicated that the users were not absolutely against the
idea of a mcve. There is some encouragement, then, for the
library administration to enter into negotiations to
increase this percentage or perhaps to lower the applied

probability that the move would take place.

In this analysis a further condition was not considered.
The effectiveness measure for moving the library was
applied without reference tc the probability that the
whole Physics Department would be moved to the Physical
Sciences Building. As an example, then, of increasing
the effectiveness for a particular alternative, this
further condition could be made clear to the users.
Subsequent investigation indicated that there was a small
probability that the department would be moved. The
inclusion of the resulting joint probability for moving
the library and moving the department would have reduced

the divergence between the two paths in question.
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In the application of the method it might not be necessary
to make use of the GERT computer program. It is possible
that it could be excluded if the network were sufficiently
simple, such as the one in this study labelled RHO2. 1In
this instance the total number of paths through the net-
work is small enough to allow manual computation. For
any path through the network, that is, any particular
strategy, the final probability for realization is the
product of all probabilities attached to the branches.
The final measure of effectiveness is the sum of all

branch effectiveness measures included in that path.

A further possibility is evident if unlimited capital

were available, which would make the probabilities for
each alternative 100%. It would then be possible to
perform this analysis manually: the effectiveness measure
would be added for each strategy, or any program for total
enumeration could be performed to provide effectiveness
measures for all strategies. This could be done for
responses from each user and a distribution of values for
each strategy across the sample of users would indicate a

confidence level for the final effectiveness wvalue.

8. Conclusion and Recommendations. The method

described in Chapter III has been used to determine a
measure of effectiveness for possible alterations in the

operations of the Physics Department Library at the
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University of Oklahoma. To put a numerical value on the
effectiveness of feasible alternatives for change, the
opinion of users plus ihe realization probability given
by the library administration have been combined. The
advantage to be found in performing this combination in
an evaluation procedure is that neither the users nor
the administration will be in a position of conflict of
interest. With this combination the resulting values
determined for effectiveness will necessarily include
both sides. 1If any change is made, the manager can have
confidence that the views of all concerned will have been
included in the planning. This should allow a change to

be effected with a minimum of opposition.

When attempting to draw inferences from the results
obtained from the sample data, one must be cognizant of
data limitations. For example, the probabilities assigned
to the realization of particular alternatives were esti-
mated subjectively by the Associate Director of the
University Libraries and were not verified by actual
budgetary amounts, the other members of the library

" administration or the University administrators. Conse-
quently, at the time the study was done, a lack of avail-
able funds meant that any alterations having a dollar
cost associated with them would have a zero probability.

However, the data do provide realistic inputs for



illustrative purposes.

Because of the subjective nature of the probabilities

used, the effectiveness measure, Rhom ; was used to

ax
establish the best strategy. Thus the GERT technique
has the flexibility to approach the decision problem

using whichever strategy has the strongest basis.

The application of the method to the Physics Department
Library at the University of Oklahoma has shown that this
method is one way to establish effectiveness measures for
various alternatives in library operation. These effec-
tiveness measures can be used in management decision-
making for the library administration. In the case of

the illustrative study reported herein the library
administration could make a decision on aspects of

library operation knowing that alterations involving

staff capabilities were significant influences on the
users. In addition, it is clear that whatever be done to
alter library operations, improving the staff capabilities
and providing information to the users on new materials
received would have a positive effect on user's decisions
to continue their individual use of the library throughout
the various decision points of their interface with the
library. Conversely, the high negative effectiveness
measures (percentages assigned for the "no" responses in

the second questionnaire) would be a caution to the
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administration when considering alterations involving
change of location. 1In the responses to this second
questionnaire, those alternatives with effectiveness
measures close to .50 could be considered as non-effective,
that is, it would not bother the users much one way or the

other if changes were effected in these areas.

The method presented here indicates which aspects of
library operation should receive the most attention. In
addition it offers a measure of effectiveness for feasible
alterations in operating the library both for larger group-
~ings of alternatives as well as for individual alternatives
within the phases of the user/library interface. The
method can help the library manager or evaluator to investi-
gate the opinion of library users and to plan strategies
based upon this opinion, but not to the exclusion of those
responsible for library operation. Subjective biases on
the part of both user and administrator can balance each
other in a cooperative effort for improvement of library
operations. The method can provide comparative measures

of effectiveness for alterations contemplated for operation
of the library without the cost of instituting these

alterations.

This method for determining and quantifying user opinion
could be applicable outside the field of library management.

It could have applications in any enterprise where service
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is offered and where that service is potentially affected
either adversely or propitiously by change in operations
of the organization performing it. The method will aid in
identifying the positive or negative effects of change
and provide a means to quantify the effects and plan
appropriate strategies. 1In the field of library management,
the method will be useful in allocation of resources to
produce the highest efrfectiveness (positive) and increase
the probability that users will continue through the whole

process of their use of the library.

Although concentrated on a study of the users of a library,
the interpretation of results and the subsequent alter-
ations made might have similar positive effects on
occasional users. If regular and occasional users are
positively affected by strategies chosen from the appli-
cation of this method, one might assume that non-users may
be affected in a similar way and may be more apt to begin
using the library when informed of the changes and how
they were determined as effective. This could form the

basis for a continuing study.

Future investigation could also be performed into areas

considered outside the scope of this study. This analysis
was performed to develop and test a method for determining
a measure of effectiveness for alterations in influential

aspects of library operation. No attention was given Lo
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the effects of feedback in the user/library interface
system. A future investigation could study the time-
related ;ffects of previous experiences in an interface
situation on future uses of a library. It is possible
that the Graphical Evaluation and Review Technique (GERT)
could make a valuable contribution to the solution of
problems including this factor utilizing its capabilities

for solving network problems when feedback loops are

present.

A logical extension of the method is the inclusion of

cost and budgetary figures in development of a cost/
effectiveness analysis. Cost elements might be combined in
the method as measures of probability that a particular
alternative for change in library operation would be
realized. This way, they could be used directly in the
GERT program and a series of cost/effectiveness coeffici-

ents developed for the strategies.

Difficult problems can be ancountered in library systems
management when attempting to guantify values related to
benefits of service provided by libraries. The value of
information provided by libraries to their users is
exceedingly difficult to measure. User studies performed
by various researchers and organizations have investigated
materials used by library patrons. Saul Herner and

Associates of Washington, D.C., as reported by various
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issues of the National Science Foundation's Current Research

and Development, have devoted much to such investigations,

touching on the value of information problem. But so far no
firm measure has been established nor a method to deter-

mine it developed.

In the study reported here no attention was devoted to the
interdisciplinary emphasis in scientific investigations in
recent years. For example, the members of the Physics
Department faculty were not queried on their opinions of
other subject collections and libraries available to them to
gain some comparison. Some of them did mention during the
interviews that they made use of the libraries for mathe-
matics, chemistry, geology, or general science. In the

same vein, some mention was also made of faculty from other
disciplines who made use of the physics collection. The
comparison between various opinions by physics faculty of
other collections and of the physics collection by other
scholars could form an extension to the present study. Such
an investigation could prove helpful in evaluating the
traditional branch library system concept used by many

large university libraries.

Another factor that could be included in continuing studies
might be the growth in the body of literature the scientist
must confront in his research enterprise. Although no

mention was made of this factor by the users in the present



121
study, even a casual perusal of the size of various services

such asChemical Abstracts witnesses to the growth of the

body of literature in the field. 1In this regard, it is
possible that the frustration experienced when confronted

by an enormous amount of information could adversely affect
the user of a library. This might be a partial explanation
for the evident importance of oral communication in the
transmittal of scientific information (reported by the

Royal Society Scientific Information Congress of 1948 and
confirmed later by such studies as the Auerback Corporation's

DOD User-Needs Study of 1965 - reference 8). It could also

form the basis for a strong negative response in some
aspects of library operation in the application of the
method developed here. Another related question which
could be studied might deal with the use of oral trans-
mittal of scientific information as a measure of a2
researcher's eminence. This could be included in a study
ctf library effectiveness as a potential library service

aimed at increasing the eminence of the population of users.

It is hoped that the investigation reported herein will be
extended and amplified to contribute to solving further

library problems.
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Exhibit 2:

Exhibit 5:

Exhibit 6:

Questionnaire to Determine Influence of
Aspects

Aspect Rankings submitted by the Users-
Phase I '

Aspect Rankings submitted by the Users- -
Phase II

Aspect Rankings submitted by the Users-
Phase III

Questionnaire to Determine Effectiveness
Measures for Alternatives

Effectiveness Measures, Grouped Alter-
natives-Phase I

Effectiveness Measures, Grouped Alter-
natives-Phase II

Effectiveness Measures, Grouped Alter-
natives-Phase III

Effectiveness Measures, Individual
Alternatives-Phase I

Effectiveness Measures, Individual
Alternatives-Phase 1T
Effectiveness Measures, Individual
Alternatives-Phase III

Appendix II; Computer Programs

Program 1l:

Program 2:

Program 3:

RANKORD - Program to perform comparative
significance analysis (FORTRAN IV-G,
Batch Mode)

Program to rank, cumulate and normalize
a series of numbers (BASIC, Time-~share
mode)

Program to perform the Kolmogorov-
Smirnov Goodness-of-Fit Test for Uniform
and Normal Distributions

(BASIC, Time-share mode)
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APPENDIX III: Computer Outputs

1.

RANKORD - Normalized relative significance values
for Phases I, II, and III including
matrix outputs and tests for consistency
among the judges.

Normalized cumulative relative significance
values, ranked, for Phases I, II, and III.

Kolmogorov-Smirnov Goodness-of-Fit Tests
a. Alternatives Responses. Sample printout.
b. Maximum Differences, Alternatives grouped
and individual

GERT Networks Inputs and Outputs
a. Grouped Alternatives (GEN 1)
b. Alternatives for Rhoma from GEN 1 (RHO2)
c. Alternatives for P ¥rom GEN 1 (C & S)
d. GERT Input form
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EXHIBIT 1

RANKING OF ASPECTS OF OPERATION OF THE PHYSICS
LIBRARY ~ OCTOBER 1971

ASPECT . BANK & WEIGHT.

I IT ITI. -

Acoustics
Arrangement of space
Atmosphere
Clutter/cleanliness
Decor

Furniture

Lighting )
Location ’ ) i

Physical Facilitigs

Arrangement of collection
Bibliography and Indexing Services
Classification schemes

Currency of materials

Microforms provided

Retention policies

Collection

Age and maturity of sturf

Attitudes

Dress and deportment

Length of service

Number of staff

Qualifications

Sex . oo

Work schedules

Staff

Circulation
Open stack/closed stack i
Personal user habits ’

Reproduction facilities

Policies

Hours of service

Current cswareness .
File maintenance

Periodical routing

Searching, bibliography preparation

Service

OTHER

Dste:

Completed by:

For (User):

Influences - \Influences

N

)

\{?fluences
h

I I 11T

Interface Decicion Polrts fer Aspect Influeace
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EXHIBIT S

UTILITY DETERMINATION

OPERATIONAL ALTERNATIVES FOR PHYSICS DEPARTMENT LIBRARY

Introduction

The following questionnaire is intended to find the value to you of variecus

feasible alternatives in operation of the departmental library.

There is no implication that any of these alternatives will actually be
effected nor are being considered seriously for implementation at this time.

They are, however, feasible for such consideration from the standpoint of

library practice. -

Instructions

. .

There are four groups of alternatives with varying numbers of alternatives
in each group. These have been selected from the basis of our first interview
identifying those aspects of library operation which are most influential on
the Faculty users in making decisions at each of three decision points in a
library/user interface. The three decision points are the same three phases
used in our earlier interview (see bottom of appended answer sheet.)

Under each group heading are the alternatives which apply to that particular

grouping.

Benefits (+ve and -ve) are suggested to help you decide the value of a

specific alternative. These are not exhaustive but only suggestive.

Your

own consideration of benefits and liabilities for particular alternatives

will determine the positive and negative value for you.

For each alternative, the answer sheet provides space for 'Yes' and 'No'

"proportions at each of the three phases (except in some cases where the
particular alternative was not considered as significant influence for a

particular phase.)

Please allot a proportion (in %) of 'Yes' and 'No' in each box of the answer
. sheet to show the value to you of having an alteration made in library operation

relative to that alternative, at that phase. ‘Yes' plus 'No' percentage for

each alternative will sum to 1007 for each phase.

As an example, answer for Alternative A.3. might be

"Add indexing and abstract services

This indicates that the respondent would be willing to

an aid to his decision making in all three phases, but that it is not worth

1007 of whatever it might actually cost. Differences between the three phases

indicate the varying value depending on the actual interface experience.

Appended to the basic questionnaire, in addition to the answer sheet provided
for your convenience, is a brief questionnairc intended to show current use of

the library.

" The questionnaire should not take more than 15 to 30 minutes to complete.

Yes | No Yes! No- | Yes ] Not,
55 | 45 80| 20 60 | 40
'buy’ this alteration as
Please

return it to me at your earliest convenience in the self addressed, stamped envelope

provided.

Thgnk youj -
,Ygiﬁkfzb1( - 5<£4§5;1/

Edward P, Miller, Library Systems Management Program

’
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UTILITY DETERMINATION
OPERATIONAL'ALTERNATIVES FOR PHYSICS DEPARTMENT LIBRARY

. Alternatives
Collection and Services

1. Current awareness on new materials received in library
providing list to faculty each week.

~ 2, Shorten processing time by reducing amount of

cataloging, marking, subject entry cards, etc.

3. Add more indexing-and abstracting ‘services,

4. Combine all index services in a centrul place in
the Bizzell Memorial Library.

5. Shelve materials by size. (Three size categories.)
6. Intershelve journals and books,

7. Retain unbound journals for maximum of 5 years,
then bind and store in Bizzell Memorial Library.

8. Buy journals on microfilm, hold unbound issues
until microfilm received, the discard them.

9. Buy duplicate issues of journals and keep one
in mint condition for binding.

Benefits (+ve & -ve)

You will know within one week what new items
are received, but this will take staff time,

New materials will be handled more quickly, but
errors and other shortcomings will be experien-
ced, fewer subject headings, and less identifi-
cation provided for each item.

More access will be given, but many journals
indexed will not be available.in the Library.

Access will be possible to all journals in
the whole library system in one place, but
you will have to go to the Bizzell Library.

Space will be saved to add more items, but
subjects will be shelved in more than one place,

Subjects will be collected in one location, but
journals will be with their subject locations.

You will have ready access to current (5 years)
materials, but there 1s liability for issues to
be missing, dog-eared, and ultimately longer in
the binding process; and older issues will not

be held in the Physics Library.

Journal material will be readily available, but
after one to’two years only on microfilm.

Journal material will always be available, but
it will require more space and money.

Staff

1. Hire only professional librarian and technicians
for assistants,

2, Maintain ongoing training program for staff.

Full professional service will be given, but
user will do less of his own searching, etc.,
and costs will increase,

Approach to professional service, but will need
time and support for staff to take training.

A A
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ﬁenefita k+ve & ;ve)
Materials will always be available, but only

Materials will only be available through service
Permits will be issued only for each
specific use and will prove bothersome,

Library will be cleaner, less smelly, but some
uge will be interrupted for thirst, hunger, nico-

It will be easier to get copies and cheaper, but
there will be more machine breakdowns,

Alternative
Policies
1. Stricter circulation policies restricting use to
library room only, except for special cases. for use in the library.
2. Closed stacks except for special permit holders.
by staff,
3. Stricter policies on user behavior: no smoking,
eating, drinking, or talking.
. tine fits, and/or conversation.
4, Free Xeroxing for any user with no restrictions
on use of the machine.
Physical Facilities

1,

2.

Reduce noise levels with accoustical materials
to absorb sounds.,

Rearrange furniture and space allocated for office,
shelves and study tables.

Add more lighting.

Move the library to the Physical Sciences Building
and combine with Mathematics and Chemistry,

Move Phyvsics collection to Bizzell Memorial Library
and combine with science materials.

Increase size of the Library.

Decrease size of the Library.

Library will be quieter even with talking, but
service will be disrupted for the alterations.

Study tables will be closer to materials and
staff work area separated from materials, but
service vill be disrupted for the change and
materials separated by study areas,

Brighter lighting will be provided in stack and
study areas, but cost will increase,

Cross discipline materials will be in one place
but a block away from the Physics Building.

All cross discipline materials will be together
but outside of the Physics Building.

More space will be provided, but it will cause
disruption of service and increase costs,

Less space could mean more specialized selec-
tion of materials but fewer materials being held.

€vT
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ANSWER SHEET
OPERATIONAL ALTERNATIVES FOR PHYSICS DEPARTMENT LIBRARY

Alternatives Ph;se P?;se P?;;e
Collection and Services Yes | No Yes | No Yes | No
1. Current awareness on new materials _ - -
2, Shorten processing time
3. Add indexing and abstract services
4. Combine indexes in Bizzell Library

. Shelve materials by size
6. Intershelve journals and books - .
7. Retain unbound journals 5 years
8. Buy microfilm, no bound journals .
9. Buy duplicate copies for binding
Staff
1. Hire only professional librarian
2. Maintain regular staff training
Policies
1, Strict circulation
2, Closed stacks
3. No smoking, eating, drinking, talking =
4., Free, self-operated Xerox machine ~
Physical Facilities
1. Lower noise levels : \}/\ /
2. Rearrange furniture N \\ //
3. Add more lighting \\ /
4, Move Library to Physical Sciences \\\ /// )
5. Move to Bizzell Memorial Library ' \\\/,/ // \\
6. Increase size \ // \\

7. Decrease size - / \/ : \
Name: Date:

Influences Influencesy

Find
Material
Locations

es

[o]

Phase 1 Phase II Phase III1
Interface Decision Points: User/Library
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EXHIBIT 6
Grouped Responses to Second Questionnaire: PHASE I
Group A B D
Yes No Yes No Yes No Yes No
User
1 .356 | .644 .60 .40 .29 .71 .24 .76
2 .111 | .889 .05 .95 .20 .80 .157 | .843
3 .467 | .533 1.00 {0.0 .625] .375 .54 .46
4 .40 .60 .50 .50 .50 .50 .37 .63
5 .522 | .478 575 .425 | .40 .60 .37 .63
6 .111 | .889 .40 .60 275 | .725 .086 | .914
7 .111 | .889 .75 .25 .25 .75 .286 | .714
8 .522 | .478 .50 .50 .45 .55 .557 | .443
9 .39 .61 .10 .90 .325 ] .675 .443 | .557
10 507 | .493 .50 .50 .50 .50 .44 .56
11 .067 | -933 .65 | .35 |.25 | .75 07 .93
12 .533 | .467 .50 .50 2751 .725 .357 [.643
13 .467 | .533 .55 .45 .625 1 .375 .43 .57
14 .50 .50 .10 .90 .50 .50 .15 .85
15 .278 | .722 0.0 1.00 .25 .75 .143 |.857
Mean .356 | .644 .4521 .548 [ .381 | .619 .309 |.691
s .169 | .169 | .271| .271 |.138].138 | .155 |.155
gi“‘:"tr' U U U U J U U U
Group A = Collection and Services
Group B = Staff
Group C = Policies

Group D

Physical Facilities
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-EXHIBIT 7

Grouped Responses to Second Questionnaire: PHASE II

Group B
Yes No Yes No Yes No
User
1l .378 .622 .60 .40 .217 .783
2 <133 <867 .30 .70 0.0 .00
3 .54 .46 1.00 0.0 .50 .50
4 .55 .45 .55 .45 .567 .433
5 .444 .556 .575 .425 .483 .517
6 .10 .90 .40 .60 .167 .833
7 .167 .833 .75 .25 .333 .667
8 .467 .533 .65 .35 .40 .60
9 .325 .675 .30 .70 .007 .933
10 .50 .50 .575 .425 .467 .533
11 .111 .889 .65 .35 . 267 .733
12 .50 .50 .50 .50 .20 .80
13 .433 .567 .65 .35 .50 .50
14 .50 .50 .50 .50 .033 .967
15 .278 .722 .50 .50 .167 .833
Mean .362 .638 .567 .433 .291 .709
gzg: .159 .159 .169 .169 .181 .181
griftr y U U U U NO NO
Group A Collection and Services
Group B Staff
Group C = Policies

(Physical Facilities was non-influential in this Phase)
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(Physical Facilities was non-influential in this
Phase)

EXHIBIT 8
Grouped Responses to Second Questionnaire: PHASE IIIX
Group A B
User Yes No Yes No Yes No
1 .433 . 567 .70 .30 .05 .95
2 .05 .95 .20 .80 0.0 1,00
3 .54 .46 1.00 0.0 .50 .50
4 .488 .513 .55 .45 .60 .40
5 .494 .506 .625 .375 .55 .45
6 .088 .913 .40 .40 .15 .85
7 .125 .875 .75 .25 0.0 1,00
8 .413 .588 .65 .35 .40 .60
9 .10 .90 .30 .70 .50 .50
10 .431 .569 .525 .475 .20 .80
11 .063 .937 .65 .35 .35 .65
12 .475 .525 .50 .50 .05 .95
13 .444 .556 .60 .40 .50 .50
14 .167 .843 .20 .80 .40 .60
15 .188 .812 .50 .50 0.0 1.00
Mean .30 .70 .543 .457 .283 717
std.
Dev. .182 .182 . 205 .205 .219 .219
Distr.
Fn. NO NO U U NO NO
Group A = Collection and Services
Group B = Staff
Group C = Policies
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PHASE 111 (All values scaled by 10)
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APPENDIX II: Computer Programs

Program l: RANKORD - Program to perform comparative
significance analysis (FORTRAN IV-6, Batch
mode)

Program 2: Program to rank, cumulate and normalize a
series of numbers (BASIC, Time-share mode)

Program 3: Program to perform Kolmogorov-Smirnov
Goodness~of-Fit Test for uniform and normal
distributions (BASIC, Time-share mode)
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RANKORD - Program to perform comparative

Program 1

gignificance analysis
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FORTRAN 1V G LEVEL 20 . - PBS " DATC = 72081 15748709

ccol ' SUBROUTINE PRS(MA,R,C)
(of
CxexwaSUBROUTINE FOR PROBABILITIES FROM RAW DATA,
C
ol02 COMMON NyNDyM,N3,N2
fo03 INTEGER®2 N:M,NO(40) yN3;N2,MA(30,40)
0204 DIMENSICN B(40,40),C{1C0)
ceces ‘ 00 19 1=1,N .
coce N0 10 J=1.,N .
ocer IF(I1.EQ.J) GO TO 10 .
cces DO 29 K=1,M - ‘
ones . IF(MA(K, 1) .GE.MA(K, J)) GO TO 20 .
coi0 BUl,J1=B(l,J)+1. '
co1il 20 CONTINUE :
cn12 B(I,J1=R(1,J)/M
0013 ' 10 CONTINUE
00.4 L=1 . o
€015 IM=4
cole6 DU 40 I=1,N '
cOLT NO(1)=1 - ‘ .
cnlis 40 CONTINUE ,
€019 WRITE(6,200)
0020 WRITECE,210) (NUCT) o I=1,N)
0021 DO 30 I=1,M
0022 WRITE(6,4220)(CIK) sK=L s IM) » (MALT 4J) 9d31,N) .
0c23 L=L+4 .
ce2an JM=L+3
0025 30 CONTINUE
0026 WRITE(64250) .
ce27 N2=N/2 . . .
0028 . DO 50 1=1,N
€029 WRITE(6,230)(B(lsJ)eJm1N2)
00 20 S0 CUNTINUE
co21 WRITE(64240)
HEY: N3=N2+1 .
€033 DO 69 1=1,N *
£C34 ) WRITE(69230) (B8(1sd) 9 J=N3,N)
€cC35 60 CONTINUE
00306 HWRITE(Gy240)
cCc37 200 FOURMAT (40X, *RANK ORDERINGS SUBMITTED BY THE JUDGES®/)
00138 210 FORMAT('C*,16X,38(1X,12))
0039 22" FORMAT{'0"4A%,38(1Xs12)) ]
€040 230 FORMAT(' v, LT{F6.491X))
0041l 240 FORMAT (*17) .
€042 250 FORYMAT('19,55X,*MATRIX P/ ®,40X%X,'PERCENTAGE F TIMES PAJAMETER I

1JUDGED /% +443X, 'MORE SIGNIFICANT THAN PARAMETER J*/¢0¢)
€043 RETURN
CO44 END

" PAGE 0001

(AN



FCORTRAN

0001

ccazr

0C30
co31
cn3e
cez23
0034
cN25
CcC34
ce37
ce3ls
cn1l9
CC 40
CCal
0042
CC43
Cn44
c045
CC46
0C&?

C048
0049
0C50

IV G LEVEL

c

20 . -TEM . DATE

"SUBROUTINE TFM(B) o ’

Crak®®TRANSFCRMATION SUBROUTINE ’

c

5

4

14

15

10

50

60

11

CCMMON NyNO,4,N3,N2 .
INTEGER?2 NeNO(40) yMyN34N2

DIMENSION 8(40,40)+,2(40+40),SUM(40),
1 GIN(4D)

DATA 2/1600%04/

D310 I=1,N

DO 19 J=1,N

IF(I.EQ.J) GO TO 10 *
T=3(1,) '
IF(B(T,J) . LT..5) B(I,J)1=1=8B(1,sJ)
IF(B{l4+J).LE..99995) GO TO & °

X=3.9

GO TN 15

X=S0RT(1l. muﬁmn»rcnﬂw\nplnwﬁcnm.gvlp.éﬁwv.v
I[F(X.FQ.0.) GO TO 15
C=01/(=2%3(1,J)42))%%,0625

DATA D1yD24U34C49D5,06/.0698675.021141,.003278,.000038,.000049,

1.00€0095/
00 14 K=1,20
XST=X ' . .

L}

= 72001 15744729

ZBARLA0),GZI4I ),

X=(=1+CeD22X%xE242%NIBX XX +TEDNLXX L $4XNSAX KNS+ 5CDE* X225 )/
1(D1 422024 X 435D 3nX x4 4% N4uXex J4Hu]) SEXAAL+ 64D XY XG)

IF(ABSC{X=-XST)/X).LT..0C0ON5 ) GO TU 15

CONTINUE

WRITE(6,200) XoXSTy1¢d

GO TO 19

TF(TLLT.05) Xa-X

ZUl,d)=X

1FLY ‘LTel5) BLI d)=1=B(1,4J)

CONTINUE

WRITE(6,300)

DU 59 I=1,N
ixnﬁmavavuovnNA~.L-¢L n«ZN-
CNNTINUE

WRITE(64247)

DO 67 1=1,N .
WRITE(6,230)(Z{(1+J)sJ=N3,N)

CONT INUF

WRITE(6,310) '
G27=0.0 .

DATA SUM/40%0./

00 20 I=1,.N .
00 11 J=1,N

SUMT)=SUM(INI+Z{1I,)

CONTINUE .
ZBAR(I)=(SUM(TI))I/N

T=IRAR(])}

IF{T.LT.0.C) ZBAR(I)==2ZBAR({I)

GZU)=1=.5/(1+01*ZBARL L1 +D24(ZBARL 111 %%24032(ZAAR(T) V%3 ¢D4%(ZBARL
um.,¢§r+0m¢-w>x.-.¢§m¢ooﬂana>xa~vwﬁioviﬁwo

IF(T.LT.0.0) GZ(1)=1.-GZ(I)
IF(T.LT.0.0) ZBAR(I1)==ZBAR(I}
GZIT=GLT+G2(1)
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FORTRAN IV G LEVEL 20 ) TFM . DATE = 7214} 15748709

CCsy
ccs2
ces3
C254
€055
CCS6
0057
coss8
ccs9
¢necC
Q061
cce
CCa3
Clo4
CCo65
0Co6
Co67
068

€Co69
GnTo
o7l
ccr2
cCc?3
cCr4
CC75
CC7e6
ccrv
cers
CC19
¢80
cc81l
ccn2
cCs83

Coas4
€185
coeeo
cosgr
cocus
cNs9

€090
cosl1
€092

20 CONTINUE

30

19

kD)

32
207

230
240
250
270
280
300

310

DO 30 1=1,N

GZN{IV=GZ(11/G2Y

WRITE(6,250) NOC1),GZN(1) : .

CONT IIWUE ‘ .

WRITE(H,270)

DIMENSIUN 2C(40,40) o PZU40,40), D2(40+40) ,A(43+49)

L:N-l f

DATA A/1600%0./ '

F=0.0 ' :

SUWZ=O- .

DO 19 I=1,L : .

JM=T+1

DQ 19 J=JVM,N

ZC(14J)=29AR{1)~ZBAR(J)

T=2C(1.4)

TF{TLT.0.0) ZC(1,4)==2C(1,J) .
PIET,3)=1=a53/7004D1220( 1931 +D2%2CL 1 o J)n®2403820(1,J)¢%3404%2C(1,J)%
1%44¢05%2C (14 Ji%454D602C(1,J) %26} na]y

IF{T.LT.0.0) PZ{I,4J1=1a=P2(1,J})

ALT,J1=PZ(T,J)=B(1,3) : .

SUM2=SUM2+A4S(A(T, 1))

F=Fel,

CoONT INUE

AD=({SUM2)/F . : : ’
DO 31 I=1,N : :
WRITE(64230)(AL1,J),Jn1,N2) oo
CONTINUE :

WRITE(6,240)

0C 32 [=1,N .

WRITE(6+,2321(AL1,d),J=N3,N)

CONTINUC

WRITE(64285)A0

FORMAT{ *ONO CONVERGENCE® ¢* XNEW=® ;F 8.5¢2X e *XOLD=® yFB.5¢2Xe* AT 2(¢

1"2'."'12",',

FORMAT(® ¢, . 1T7(F6.3,1X)},

FORMAT(*1*) o

FORMAT(Y *,33X,*'GIN(*»12,')*,2X,FB.5)
FORMAT("]1%,44Xy 'CHECK ON CONSISTENCY 0OF JUDGES?)
FORMAT (0, *AVERAGE DEVIATIUN®, 4X,FB8.5)
FCRMAT(*1" 455Xy "MATKIX Z'/* *,46X, *"BASIC TRANSFORMATIUN MATRIX*/

1* )

FORMAT (717,26X *NORMALIZED RELATIVE SIGNIFICANCE®*/¢ )
RETURN .
END

‘PAGE 0002
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Program to rank, cumulate and normalize
a series o

Program 2:
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for Normal and uniform distributions

Program to perform Kolmogorov-

Snmirnov Goodness-of~Pit Test

Program 3:

DN D T
T AN




APPENDIX III: Computer Outputs

RANKORD: Normalized relative significance values for
Phases I, II, and III including matrix
outputs and tests for consistency among
the judges

Normalized cumulative relative significance values,
ranked, for Phases I, II and III

Kolmogorov-Smirnov Goodness—of-Fit Tests
a. Alternatives Responses, Sample printout
b. Maximum Differences, Alternatives
grouped and individual

GERT Networks Inputs and Outputs
a. Grouped Alternatives (GENI)
b. Alternatives for Rho from GENI (RHO2)
c. Alternatives for P__"*¥rom GENI (C & S)
d. GERT Input form max
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RANKORD for PHASE 1

Appendix III, 1
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PHASE 1

GZIN( 1)
GZN({ 2)
GIN( 3)
GIN( &)
GIH( 5)
GIN( 6)
GINL T)
GZNG 8)
GZN( 93)
GIN(10)
GIN(LL)
GZIN(12)
GIN(13j
GZN(14)
GIN(LS)
GIN(16)
GZN(17)
GZIN(18)
GIN(19)
GIN(20)
GIN{21)
GIN(22)
GIN(23)
GIN(24)
GIN(25)
GIN(26)
GIn{27)
GIN(28)
GIN{29)
GZN(30)
GIN(31)
GIN(32)
GZN(33)

NORMALIZED RELATIVE SIGNIFICANCE

0.02771
0.02778
0.03167
0.02320
0.01235
0.02489
0.03338
0.09977
0.03615
0.05101
0.05770
0.01684
0.06445
0.01589
0.04141
0.01422
0.04562
0.01417
0.01227
0.00959
0.02991
0.00003
0.02193
0.04375
0.05784
0.02797
0.05014
0.00819
0.04187
0.02210
0.01739
0.01972
0.04308

ot
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RANKXORD for PHASE II

Appendix III, 1:
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PHASE 1I

GZIN( 1)
GZIN( 2)
GIN( 3)
GIN( 4)
GIN( 5)
GIN( 6)
GIN( T)
GIN( 8)
GZN( 9)
GZN(1D)
GIN(11)
GZiN(12)
GZN(13)
GIN(14)
GIN(15)
GZN(L6)
GIN(17)
GZN(18)

IN{19)
GZN(20)
GZN(21)
GIN(22)
GIN(23)
FZIN(24)
GIN(25)
GIN(26)
GIN(27)
GIN(28)
GINI(29)
GIN(30)
GZN(31)
GZN(32)
GZN(33)

NORMALIZED RELATIVE SIGNIFICANCE

0.02967
0.02254
0.02613
0.0L277
0.00010
0.00530
0.03913
0.02793
0.03614
0.07768
0.09540
0.01489
0.08953
0.00411
0.0566T7
0.00483
0.06461
0-C00T71
0.00554
0.00105
0.04654
0.0

0.01180
0.04183
0-09279
0.CLl076
0.0391%
0.00059
0.04697
0.01607
0.00267
0.00806
0.06804

TLT
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: RANKORD for PHASE 111

Appendix III, 1
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PHASE 11

GIN( 1)
GIN( 2)
GZIN( 3)
GIN( &)
GINC( 5)
GZN{ 6)
GZN{ T7)
GIN( 8)
GZIN( 9)
GIN(10)
GIN(11)
GIN(12)
GZNI(13)
GIN(14)
GIN(15)
GIN(156)
GZN(L1T)
GZINn(18)
GIN(12)
GIN(20)
GIN(21)
GIN(22)
GIN(23)
GIN(24)
GZIN(25)
GINL26)
GIN(2T7)
GIN(28)
GIN(29)
GZN(30)
GIN(31)
GIN(32)
GIN(33)

NORMALIZED RELATIVE SIGNIFICANCE

0.01454
0.01497
0.00746
0.00586
0.00000
0.00088
0.04444
0.01061
0.03020
0.10269
0.10737
0.01113
0.10786
0.00252
0.07954
0.00049
0.06665
0.00000
0.00076
0.00002
0.04927
0.0

0.00506
0.05344
0.10798
0.00305
0.03208
0.00001
0.03282
0.00681
0.00004
0.00087
0.10058

8LT
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Appendix I11, 2: Normalized cumulative relative

- significance values - PHASE 1
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: Normalized cumulative re

" Appendix II1I, 2

gignificance values - PHASE Il
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Kolmogorov-Smirnov Goodness-of -Fit Tests

a. Alternatives Responses, Sample printout

111, 3
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Alternatives Grouped and Individual (

Alternative
Groups

PHASE I

Group
Group
Group
Group

PHASE II
Group

Group
Group

ooww

Qwp

PHASE III

Group A
Group B
Group C

Individual
Alternatives

PHASE I
Collection and Services

Al

~
%
F

r'-
NP OO WN

W wn
!
H
Hh

133

Maximum Differences

Uniform

Distribution

.106
.119
.083
.125

.106
.061
.163

.166
.080
.208

.086
.200
.165
.281
.238
.243
.222
.236
.127

137
.120

- __m”.
1es”

values)

Normal
Distribution

.214
.189
.217
.173

.192
. 207
.125

.159
.206
127

.201
.146
.161
.086
.085
.043
.126
.099
.155

.168
.166
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Alternative Uniform Normal
Groups Distribution Distribution
PHASE II
Collection and Sexrvices
A-1 .076 . 217
2 .181 .126
3 .169 .124
4 .253 <137
5 .215° ' 113
6 .232 .070
7 .215 .113
8 .234 .090
9 .096 .183
Individual
Alternatives
PHASE II (continued)
Staff .
B-1 .071 .208
2 .072 . 206
PHASE III
Collection and Services
A-2 .204 .109
3 .189 .129
4 .258 .057
5 .237 .092
6 .260 .061
7 .198 .100
8 .175 141
9 .120 .165
Staff
B-1 .074 .208
2 .090 .192

Note: Tests reported are only for those groups and
individual alternatives which were used as inputs
for the GERT networks designated GEN1l, RHO2, and
C&S.



DATE 3/ 18/ 1972

MILLER E P

BY

GENL

GERT PROBLEM NO.

Appendix 111, 4:

INPUT NETWOURK

0.0

0.0

0.0 0.0 0.0

0.356
0.452
0.381

0.356
0452
0.381
0.309
0.0
0.0

0.420
0.075

U
U

2

0.0

0.0 0.0 0.0

0.0
0.0

0.0
0.0

0.0 0.0
0.0

0.0

0.0

0.039

u

0.0

0.0
0.0
0.0

0.0

0.0
0.0

0.0

0.309
0.0
0.0

0.266
1.000
1.000
1.000
1.000
0.420

GERT Network Inputs and Outputs

a.

0.0

0.0

0.0
0.0

U
u
U
u

0.0
0.0

0.0

0.0

0.0

0.0
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Grouped Alternatives (GEN1)

0.0
O.U
0.0
0.0

0.0 0.0
0.0
0.0

0.0

0.0

0.0
0.0

0.0
0.0

0.362

0362
0.567
0.291
0.0

10
12

[ Ne]

0.075 0.567
0.181 0.0 0.0 0.0

0.039

U
14 NO

oo
¢ 0
OO0

- 0.0 0.0 . 0.0
1.000 0.0 0.0 . 0.0 0.0 0.0
1.000

1.000
0.420

[Falia]
-t

10
12

0.0 0.0 0.0 0.0 0.0 0.0

0.0

0.0

0.0
0.0

0.0
0.0

G0

0.0
0.0

0.182
0.543

0.300
0.5%43

16 NO
18

15
15
15
16
18
20

0.0
0.0

0.075

U

0.039 0.283 0.219 0.0 0.0 0.0 0.0
0.0 0.0

1.000

20 NO

21

0.0

u
U
U

oo
*« 0

oo

o O
o N«]

o O
¢ .

ol

0.0 0.0

0.0
0.0

1.000
1.000

21
21



INPUT NETWORK

NODES AND PROBABILITY OF SELECTION WITH
MEAN AND VARIANCE OF TIME FOR EACH LINK

FROM TO PROB MEAN VAR
1 2 0.420 0356 0.0
1 4 0.075 0.452 0.0
1 6 0.039 0.381 0.0
1 8 0.266 0.309 0.0
2 9 1.000 0.0 0.0
4 9 1.000 0.0 0.0
6 9 1.000 0.0 0.0
8 9 1.000 0.0 0.0
9 10 0.420 D362 0.0
9 12 0.075 0.567 0.000
9 14 0.039 0.291 0.033
10 15 1.000 0.0 0.0
12 15 1000 0.0 0.0
14 15 1.000 0.0 0.0
15 16 0.420 0.300 0.033
15 18 0.075 0.543 0.000
15 20 0.039 0.283 0.048
16 21 1. 000 0.0 0.0
18 21 1.000 0.0 0.0
20 21 1.000 0.0 0.0
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et e e e M A

[

-

NE
21

21
21
2:
21
21
21
21
21
21
21

21

21
21
21
21
21

21

21
21
21

21
21
21
21
21
21

21
21

21
21
21
21
21

PROB
0.074088

0.013230
0.006880
0.013230
0.002362
0.001228
0.006880
0.001228
0.000639
0.013230
0.002362
0.001228
0.002362
0.000422
0.000219
0.001228
0.000219
0.000114
0.006880
0.001228
0.000639
0.001228
0.000219
0.000114
0.000639
0.000114
0.000059
0.046922
0.008379

0.004357
0.008379

0.001496
0.060778
0.004357
0.000778

0.000405

M RHO
1.0180

1.2610

1.0010

1.2230

1.4660
1.2060
0.9;70
1.1900

0.9300

.1.1140

1.3570
1.0970
1.3199
1.5620
1.3020
1.0430
1.2860
1.0260
1.0430
1.2860
1.0260

1.2480

1.4910°

1.2310
0.9720
1.2150
0.9550
0.9710
1.2140

0.9540
1.1760

1.4190
1.1590
0.9000
l.1430

0.8830
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V RHO -
0.0331

0.0
0.0480
0.0331

0.0000

0.0480

0.0659
0.0328
0.0307
0.0331
0.0000
0.0480
0.0331
0.0000
0.0480
0.0659
0.0328
0.0807
0.0331
0.0

0.0480
0.0331
0.0000
0.0480
0.0659
0.0328

0.0807

0.0331

0.0000
0.0480
0.0331
0.0000
0.0480
0.0659
0.03238

0.0807

H P, D> DD N NN NN NN NN

o o o

N

o]

W O O WV Vv YV VW VO VvV VvV VW VvV Vv v

O OV ©

L)

O OV © O O YV YV W YV YV Vv VvV VO Vv Vv 0

-0

s )

10
10
10
12
12
12
14
14
14
10
10
10
12
12

12

14
14
14
10
10
10
12
12
12
14
14
14
10
10
10

12

12
12

14

14

14

15
15

15
15

15
15
15
15
15
15
15
15
15
15
15
i5
15
15
15
15
15
15
15
15

15

" 15

15
15
15

15
15
15
15
15

16
18
20

16

18
20
16
18
20
16
18
20
16
18
20
16

18

20
16
18
20
16
18
20
16
18
20
16
18
20
16
18
20
16

18

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21




GERT PROBLEM NO. GEN1 8Y MILLER E P DATE

LOOP DELETION VALUE, DEL # 0.0

CQUIVALENT BRANCHES OF THE NETWORK

ENTRY EXIT PROB MEAN RHO VAR RHO
1 21 0.228123 1.0691 0.0465

3/ 18/ 1972

88T
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GERT Networks Inputs and Outputs

b. Alternatives for Rho . from GENI (RHO2)
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GERT Networks Inputs and Outputs

Alternatives for P . from GENI1 (G&S)
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INPUT NETWORK

NODES AND PUBAMILITY IS5 SELESTION wWITH
VEAN AND vARIANTHE OF TIME FUOR EACH LINX

FRIV 10 LRB ! MEAW VA2
1 2 0,822 0.627 «0.000
1 3 0.292 Ve300 0.2%3
1 4 0.250 v.393 0.05¢
1 S 0,109 0,127 0.02%
1 [ 0.0%0 0.233 0.0%4
1 7 200 J.217 0.026
1 e U. L0 (I ) 0.0
1 9 0.1759 0,220 0,043
' 1 12 .10 D.el? .0
2 10 1.02) 2.0 0.0
3 1v 1.000 [ (N 0.0
4 1v 1.und 0.0 0.0
S 12 1.902 0.0 0.0
[ 10 1.0 0.0 0.2
T 10 1.000 0.0 0.0
8 10 1.000 0.0 0.0
9 10 1.000 0.0 0.0
10 1) J.80) J.5720 V.000
10 12 0.200 0.280 0.05%
10 13 0.252 N.410 0.090
10 16 0.10) 0.170 0.052
., 1o 15 0.050 0.260 0.055%
10 16 0. 900 0.290 0.027
10 17 3.500 Je.260 0.040
Lo 8] 0.7%0 0.207 0.063
10 19 0. 100 C.%30 0.000
11 19 1.000 0.0 0.0
12 13 1.032 0.0 0.2
13 19 1. 000 0.0 0.0
14 12 1.000 0.0 0.0
15 12 1.002 2.9 0.0
16 19 1.000 0.0 0.0
17 12 1.700 ° 0.0 0.0
18 17 1.009 0.9 0.0
19 20 0.22) V.37 0.072
19 21 0.250 0.343 0.278
19 22 0.100 0.267 0.077”
19 23 0.05) 0.227 v.251
19 26 0. QUL 0.273 0.037
19 25 0.600 0,247 0.047
19 26 0.7%2 o.»«o. 0.060
19 27 J.100 Vsl 0.000
20 27 1.000 0.0 0.0
21 7 1.0097 0.0 0.0
22 27 1.992 9.9 0.0
23 27 1.000 0.0 0.0
246 27 1.002 n.o0 0.0
25 27, 1.002° V.0 0.0
26 27 1.000 0.0 0.0 °
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APPENDIX III, 4.d: Form of Input for GERT

(Excerpted from a manual provided by Dr. A. Alan B.
Pritsker, Purdue University.)
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USER MANUAL FOR GERT EXCLUSIVE-OR PROGRAM

The procedure for using a digital computer program for
analyzing GERT networks containing only EXCLUSIVE-OR nodes
is presented here. The programs are médifications of

the original program developed at The RAND Corporation by
A. B. Nelson. Background information on GERT is not

included.

Three FORTRAN versions of ‘a digital computer program are
available for obtaining pertinent information for GERT
networks containing only EXCLUSIVE-OR nodes. The utiliza-
tion procedure described applies to the GE 225 FORTRAN II
version and the IBM 1130 FORTRAN IV version. The input

to these programs is identical (even though the two
FORTRAN versions are slightly different). The FORTRAN IV

version has been run on the CDC 3400 and the IBM 360/50.

The program determines the source nodes, the sink nodes,
the paths connecting the source nodes to the sink nodes,
and the loops of the network. The standard output from
the program includes: (1) appropriate problem identifi-
cation headings; (2) the paths and loops of a network;

(3) the probability of realizing a sink node from any
source node; and (4) the mean and variance cf the time to

realize a sink node, given that the sink node is realized
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and given an initial source node. The option exists to
delete the loop and/or path output for large or complex
networks if it is so desired. The exercising of this
option can be beneficial on machines having relatively slow
printers (such as the IBM 1130) or on high speed printers:
where the standard operating practice is to have a relatively

low print limit.

Input to the program includes appropriate problem identi-
fication information and @he branches of the network.
Information concerning each branch includes the start node
and end noda for the branch, the probability of realizing
the branch, and data about the moment generating function
(M.G.F.) of the random variable associated with the branch.
The M.G.F. is described by a three-letter code and up to
two parameters of the M.G.F. The program determines all
paths and loops of the network based on the input infor-
mation. The desired output statistics are computed using
the values associated with the loops and paths of the

network.

The-reader is referred to the GERT report (100) for infor-
mation concerning the method for calculating the output

statistics. The definition of variables and the techniques
employed in the program are described in a separate report.
This only describes the input procedure, the output formats

and the options available to the user. Examples to
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illustrate these facets of the program are presented.

Program Operating Procedure

The input specification for the first data card to the
program and the first data card for each network are given
in Table 1. Each branch of a network must be described by
a separate card as shown in Table 2. The equations and
moments of the distributions that have been programmed are
shown in Table 3. Since only the mean and variance of each
branch is used in the calculation of the mean and variance
of the system, other distributions can be accommodated by
the program by specifying the normal distribution with mean
and standard deviation values of the distribution of inter-
est. Purther, it can be shown that nth central moment for
the network only depends on j central moments of the
branches, j=1, 2, . . . n. This should aid in developing
programs for computing higher moments. The GE 225 and

IBM 1130 versions of the program will accept an input
network containing up to one hundrcd branches although, as
will be demonstrated by the first example problem, storage
limitations can result in a smaller problem being too

large for the computer if there are many possible paths
through a network. When this occurs, an error message is
printed out and execution of the problem is terminated.

The only restrictions placed on the numbering of nodes is

that all node numbers must be positive integers greater
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Table 1 - Input to GERT Program

FIRST CARD OF THE DATA INPUT DECK

The first card of the input deck is the means by which
the distribution codes are placed in the machine.
These codes are then used to check the distribution
codes in the input network.

Field 1 (cc. 1-9) = ABDEGNOPU

FIRST CARD OF EACH INPUT NETWORK IN THE INPUT LECK (HEADER

CARD)

The first card of each input network contains the user
name and the problem identification. Alsc contained in
this card are the three program control options avail-
able to the user.

Field |Card Columns | Definition

Ly

N oy

10

1-4 Blank
5-17 User Name
17-20 Problem Designation (right justified)

may be any combination of alphabetic
or numeric characters

21-22 Month (right justified)

23-24 Day (right justified)

25-28 Year

22-30 Loop printout control option: 1If

blank, print loops; If positive, do
not print loops

31-32 Path printout control option: If
blank, print paths; If positive, do not
print paths

33-42 Loop deletion probability (F10.8); if
this is left blank, no loops will be
deleted

43-44 Option for adjustment of the equivalent

branch printout when the loop deletion
option is exercised; if this is left
blank, the actual calculated branch
values are printed. If this field con-
tains a positive number, the equivalent
branch printout will be adjusted so
that the probabilities for all equiva-
lent branches emanating from a given
source node sum to one.
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Table 2 - Input to GERT Program for Each Branch of the
Network

Each network is specified by defining its branches as shown
below:

1. Node beginning the branch;

2. Node terminating the branch;

3. Type of distribution of time associated with the
branch;

4. Probability of realizing the branch if its beginning
node is realized; and

5. Coefficients defining the time distribution.

One data card is required for each branch of the network.
The order of the data cards is not significant. The fields
on each data card are:

Field Card Columns Definition

1 1-4 Node beginning branch (right justified)
2 6-9 Node terminating branch (right justi-
fied)
3 11-13 Type of distribution B, D, E, GA, GE,
NB, NO, P, U (left justified)
4 14-20
> 21-217 The definition of these fields depends
6 28~-34 on the type of distribution (see beiow)
7 35-41 !
8 42-48 The format for all fields if F7.3.
9 49-55
10 56-62
11 63-69
Type of Field
Distribution* 4 5 6 7
B (Binomial) Prob. n P -
D (Discrete) Prob. 1 Tl Prob. 2 T2
E (Exponential) Prob. 1/a - -
GA (GAmma) Prob. 1/a b -
GE (GEometric) Prob. P - -
NB(Neg. Binomial) Prob. r P -
NO(NOrmal) Prob. m a -
P (Poisson) Prob. - -
U (Uniform) Prob. a b -

*See Table 3 for Definition of the Parameters
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Table 2 (continued)

Type of Field

Distribution* 8 9 10 11
B (Binomial) - - -

D (Discrete) Prob. 3 T3 Prob. 4 T4

E (Exponential)
GA (GAmma)

GE (GEometric)

NB (Neg. Binomial)
NO (NOrmal)

P (Poisson)

U (Uniform)




Table 3 - Distribution Acceptable to GERT Program

Second

Input

Type of M ()
Distribution E Mean Moment Variables
Bincmial s . n :
(8) (pe”+1-p) np np(np+1-p) wg(o)sn,p
st st
1 2 2 ? )
Discrete Pqe +p2e +.?. p1T1+pzT2+..m p]T] +p2T2 S S wE(o);p],T1,p2.T2;
(D) PytPt. . PPyt Pytpot. ..
Exponential (1 - s/a)"1 1/a .2/a2 wE(o); 1/a
- (E)
Gamma (- s/a)”P bla b(b+1) we(0)31/a,b
(GA) a ' )
Geometric pe® 1/p . _2-p wE(of;p'
(GE) 1-e%+pe® pe
Megative r ' . :
Binomial p r(1-p) r(1-p)(+rerp) | w.(0)sr,p
(NB) T-eStpes ) 2 E .

(Continued)

| K44



Table 3 - Distribution Acceptabile to GERT Program

(Cantinued;

Type of ME(s) Mean Second Ihput
Distribution Moment Variables
Normal e(sm—!%szo?‘) m m2 + 02 wE(o);m,o

(N3)

Poisson RYCRY A A(141) we (013X

(P) :

() a-b)s 2 3

zee
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than zero and <100. Node numbers can be in any order, i.e.,
they do not have to be in ascending order as is the case ir

most CPM programs.

For the computer program only one branch can join a given
start and end node. There can, however, be another branch
between the two nodes if the roles of the start node and

end node are reversed as is shown below:

k -d
Not Permissible Permissible

If the network of interest has more than one branch between
the same two nodes as shown on the previous page on the left,
then either: (1) the techniques discussed in the GERT
report (100) should be used to reduce the parallel paths to
their equivalent single path prior to inputting the network
into the computer program; or (2) a dummy node should be

inserted for one of the branches as shown below:

Program control options are included to ellow the user to
decide whether or not the loops and paths of the network

are to be printed. For networks having a large number of
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loops and paths it may be beneficial to delete the printing

of the loops and/or paths. The nodes associated with loops
and paths are printed depending on the values inserted into
Fields 7 and 8 of the heading card associated with a net-
work. An option to delete high order loops which have a low
probability of occurrence can be exercised through Field 9
of data card 1. If this option field is left blank, all
loops will be considered. 1If, however, loops should be
deleted that have a probability of realization less than or
equal to é then 8 can be read in as the deletion probability
in Field 9 and no loops with lower probabilities will be
included. The effect upon the accuracy of the results for
the equivalent network will depend upon the size the com-
plexity of the network as well as the magnitude of 5.

Since the delet.ion of higher order loops having low
probability of occurrence introduces some error into the
final output, the probabilities for all equivalent branches
of the network emanating from a given source node may not
sum to one. The user can cause the program to adjust the
probabilities so that they sum to one by the value speci-
fied in Field 10 of the first data card. The mean and
variance of the time to traverse the equivalent branch are

adjusted by dividing by the non-adiusted probabilities.
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Multiple networks can be analyzed by separating the data
decks with a blank card. The last data deck should be
followed by a blank card and a card with a negative wvalue

in columns 1-4.



