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A Generalized Methodology for
Library Systems Analysis

Tms ARTICLE IS DIRECTED toward the
novice in systems work. Its purpose is to
generalize at a very elementary level a
methodology or approach which can be
used in conducting a systems study. Sys-
tems work is discussed here as a point
of view; a logical, coherent, from the
top down, preface to decision-making
and resource allocation which utilizes
a very powerful body of sophisticated
techniques. The approach and tech-
niques reviewed in this paper, however,
will be those on the most elementary
level. No attempt will be made to dis-
cuss the techniques of queueing, inven-
tory management, linear programming,
simulation, marginal analysis, game
theory, statistical inference, or any of
the other highly sophisticated tech-
niques available to the operations re-
search/systems analysis (OR/SA) ana-
lyst. When the systems approach is clear-
ly understood and properly used, it be-
comes a potent weapon in the arsenal
of the administrator. Rather than a re-
view of the tools themselves, a delinea-
tion of this systems methodology and
point of view will be considered in this
article. The methodology discussed here
embraces a number of standard tech-
niques used by the systems engineer,
time and motion analyst, operations re-
searcher, and occasionally, even the li-
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brarian. Examples of these techniques
are scattered through the professional
literature of librarianship/information
science, management, industrial engi-
neering, and operations research/systems
analysis. Some of the more important
references describing OR/SA in the li-
brary have been included in the bibliog-
raphy which accompanies this article.
Unfortunately, many of the most basic
concepts of these twin fields remain
poorly understood and as a result are
seldom applied by the library profes-
sion. Two glossaries of terms have been
added to the bibliography for the bene-
fit of the user who wishes additional
help in understanding the terminology
of OR/SA.

In the past six to eight years, only a
few publications of merit have ap-
peared in the literature showing how
and under what conditions a systems
study can be conducted in.a library en-
vironment. Some of these were pre-
pared by librarians, but many of the
best have been written in a highly tech-
nical jargon by individuals whose cre-
dentials are in fields other than library
science. Indeed, one of the most signifi-
cant developments has been the number
of articles written about the library/in-
formation science field by individuals
whose backgrounds are in other disci-
plines but who, nevertheless, have suc-
cessfully used the library as a labora-
tory, and in doing so have given the li-
brary profession some of its most sub-
stantial contributions.
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A true systems study should be able
to document for the administrative of-
ficer the goals of the administrative unit
being studied and the resources avail-
able to the unit, as well as suggest alter-
native methods for achieving these goals
within a given set of constraints. All of
this must be accomplished in such a
fashion that the administrator is per-
mitted to select the proper alternatives
by manipulating resources to reach his
preselected goals. Fundamentally, this is
a process of balancing goals with re-
sources based on the facts gathered by
the analyst. Facts needed by the admin-
istrator include such items as unit costs,
unit times, costs of materials and equip-
ment, opportunity costs, configuration
and availability of equipment, movement
of staff and material, and staffing pat-
terns. It is the job of the analyst/de-
signer to ferret out these facts and pre-
sent them to the administrator with a
full display of available options.

A systems study must examine both
the economic efficiency of the unit be-
ing studied as well as its operational ef-
ficiency, always being careful to study
each in vivo. Economic efficiency can be
judged in either of two ways: the abili-
ty of the system to produce or process
the same number of units for less cost;
or the ability to produce more units for
the same cost. The savings achieved by
library automation seem largely to ac-
crue from the second advantage. Oper-
ational efficiency is a much more subtle
concept and, indeed, involves many of
the intangible values with which all li-
brarians doing systems work are con-
stantly confronted. One measure of op-
erational efficiency derives from user
satisfaction and can be determined by
the questionnaire /interview method.

The achievement of maximum effi-
ciency within a system is an extremely
subtle process requiring the fine tuning
and sensitive ear which one expects of
a skilled violinist. It is in no sense of
the word the obvious undertaking that

some managers believe it to be. An effi-
cient system is one which has reached a
correct balance between the resources
and the system’s achievement of its
goals, or performance. However, there
is a distinction between efliciency and
the measures of efficiency. It is quite
common for the novice in systems work
to confuse the ways of measuring effi-
ciency within a subsystem such as de-
creased costs, increased production, etc.,
with the efficiency goals of the total sys-
tem. True efficiency can only be dis-
cussed validly in the context of a total
system’s operation.

Wuar Is A SysTEMP

In discussing systems work, the first
problem is to develop an unambiguous
definition for the word system. Al-
though it is used often and widely, the
implications of this concept are seldom
fully understood. As Nadler points out,
there are almost as many definitions as
there are people writing about the field.?
The Random House dictionary stresses
the concept of a system as “an assem-
blage or combination of things or
parts forming a complex or unitary
whole. . . .” The U.S. General Account-
ing Office, in its systems glossary, ex-
pands this to point out that “systems
analysis may be viewed as the search for
and evaluation of alternatives which are
relevant to defined objectives, based on
judgment and, wherever possible, on
quantitative methods, with the objective
of presenting such evaluations to de-

cision makers for their considera-
tion. . . .”? Bellomy refers to a system as
“an assemblage of interdependent

things and ideas necessary to achieve a
set of related objectives . . . charac-
terized by inputs which are processed to
produce the outputs required to achieve
specified objectives. . . .”® After examin-
ing these definitions, several ideas begin
to emerge which are common to any sys-
tems effort, no matter what it may be




called. The ideas of interrelated parts
bound into a coherent whole possessing
a common goal or objective are central
to the systems concept. It is on these ba-
sic attributes that we shall build our
methodology for a systems study.

In this article attention will be fo-
cused on the four steps or phases of a
systems study which we shall call the sys-
tems survey, the systems analysis phase,
the systems design phase, and the imple-
mentation/evaluation phase. This some-
what arbitrary division should not be
taken to infer that these are discrete op-
erations with a systems design proceed-
ing only when the systems analysis effort
has been completed. This would be a
highly idealized solution since in actual
practice the pressures to get on with the
job will usually force the telescoping of
these efforts. When this is done with
care and in a recursive fashion, the
chances of success are usually good.
Each of these phases should be viewed
as complementary to the others and, al-
though they are similar and related,
each must be performed in a sequential
and discrete fashion, preferably in tan-
dem. Some overlap is permitted, but the
analysis phase always begins before the
design phase, and the design phase al-
ways begins before the implementation
phase.

GENERAL CHARACTERISTICS OF A
SystEMSs EFFORT

Before discussing each phase in de-
tail, several generalizations should be
made about the entire systems effort.
These will help the reader develop an
understanding of the type of problem
to which we are addressing ourselves;
they are as follows:

(1) Attention to detail lies at the
very heart of the systems effort and
thorough precise work demands an in-
tense preoccupation with every detail,
no matter how small. Indeed, the entire
systems effort hangs on the ability of
the analyst/designer to unearth and ar-
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ticulate all the minutiae of a procedure.
It would be difficult to overemphasize
the importance of this aspect of systems
work, for the most minute detail can
jeopardize the success of an entire op-
eration. This becomes even more critical
when the systems effort involves ma-
chine planning, for machines, unlike
people, will not tolerate ambiguity. This
will suggest to the perceptive reader that
it is wise, indeed essential, to plan sev-
eral alternatives for each proposal, since
the smallest miscalculation could force
the scrapping of an entire proposal and
change the direction of all work done
up to that point.

(2) Every system is a subsystem of
some larger system and each system is it-
self composed of a number of compo-
nent subsystems. Therefore, all systems
exist in both a micro and macro hier-
archy depending on the perspective of
the analyst. Knowing this, the analyst
must constantly guard against subopti-
mization, ie., the design of a compo-
nent subsystem such that it operates in
an optimum fashion to the detriment
of the system as a whole.

(3) Systems work is a much more
subtle process than simply fact gather-
ing. It involves a thorough understand-
ing not only of who, what, when, where,
why, and how, but of the relationships
which exist between the system under
review and all of the other systems with
which it interfaces, as well as the com-
ponent subsystems which make up the
system being studied.

(4) There is no single definitive mea-
sure for the effectiveness of a system—
only circumstantial optimums, each of
which must be weighed against all other
possible options available to the man-
ager.

(5) Systems are generally designed
for the normal operation (quantitative-
ly, the mean or median), and only rare-
ly will the goals of the system permit
design for the exceptional conditions.

(6) All systems work is by nature re-
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cursive with each successive repetition
performed either at the same or at a
different level.

(7) Continuous feedback and mon-
itoring are essential components of the
systems effort.* One of the major diffi-
culties in optimizing present manual li-
brary systems has been the lack of ade-
quate provision for valid feedback.

(8) By definition, all systems must
exist within an environment. The en-
vironmental factors are those which af-
fect or relate to the system under dis-
cussion but which are not a part of that
system. The analyst cannot fully de-
scribe the system without also delineat-
ing its environment.

(9) There is a danger in any systems
work that it will attempt to quantify
that which cannot be quantified—the
intangible factors. Overquantification
can become a very serious problem and
often leads to a credibility gap in the
entire systems effort.

(10) Documentation is as much an
essential part of the systems effort as
analysis, and to ignore or discount this
aspect of systems work is to invite dis-
aster.

(11) There is never any final phase
to a systems effort, only iteration.

Library systems work provides us with
excellent illustrations for each of the
above axioms. For example, the failure
to write down and describe all the steps
in a systems effort as they take place,
has forced many SA projects to start
again whenever a change of personnel
takes place. Or, how many librarians
have unknowingly insisted upon a sys-
tem which will handle all exception rou-
tines and then wondered why the system
took so long to develop or refused even
to work at all? Library systems are diffi-
cult to analyze, not because of their size,
but because they are often unstruc-
tured, lack adequate provision for feed-
back and monitoring, and are always so
interrelated and interdependent that the
best descriptions of them are of dynam-

ic systems which have “evolved” over a
long period of time through a trial and
error process. Developing models for
this type of a system, especially mathe-
matical models, is a particularly difficult
undertaking and can lead to very mis-
leading conclusions unless the model
builder understands the proclivity of
mathematical modeling for oversimpli-
fication.

In fact, most of the dilemmas which
plague all systems work also exist in the
library systems effort. As with any sys-
tems work of magnitude, the analyst
finds himself on the horns of a dilem-
ma at the very beginning of his study.
Machol has pointed out that the prob-
lems of designing a large system are of-
ten of such magnitude as to make the
problem indigestible and even unsolv-
able if attacked all at once’® Yet the
analyst cannot arbitrarily divide the
problem to study it piecemeal without
running the risk of losing the continui-
ty of the whole. Where then does a
realistic approach exist between these
two extremes? A partial answer lies in
the perspective of the analyst, in his
ability to maintain a continuing balance
between the unity of the whole and the
detail of the part.

STEPS IN THE SYSTEMS STUDY

The systems effort begins with a prob-
lem defined by the analyst as a system
existing in an environment of other
systems and bound by certain con-

“straints. The first step is to isolate the

system under review so that it can be de-
scribed in an unambiguous fashion.
This is the systems survey stage and
marks the beginning of a series of suc-
cessive partitionings which take place
until the system has been divided into
the smallest logical component still ca-
pable of being identified with the sys-
tem being studied. This process of sys-
tem dissection is analogous to the molec-
ular theory of chemistry which defines




a molecule as the smallest particle of
matter still exhibiting all the character-
istics of the larger mass (system) from
which it came. After dividing the sys-
tem into its molecular components, the
analyst then proceeds to “delineate the
alternatives he has created by rearrang-
ing these component parts in whatever
fashion the resources and goals of the
system will allow, always being careful
to work within the constraints which the
system’s environment dictates. The ana-
lyst then proceeds to evaluate these al-
ternative solutions in the light of the
stated goals or objectives and selects
from them a preferred course of action
which he recommends to the decision-
maker. Thus, evaluation/implementa-
tion becomes the last sequential step of
the systems effort and is followed by
whatever iterations are deemed neces-
sary by the decision-maker to reach the
goals of his agency.

SysTEMS WORK FROM THE
ADMINISTRATOR'S VIEWPOINT

At this point it might be appropriate
to shift perspective and discuss systems
work from the administrator’s point of
view; that is, in terms of the agency’s
goals, choices, resources, and inputs/out-
puts. Each administrator has at his dis-
posal four categories of resources: staff,
space, funds, and time. (To this some
would add a fifth resource—informa-
tion.) The mix a manager adopts to
meet the goals of his administrative
unit has depended in large measure up-
on his own judgment which up to now
has been, at least in part, intuitive. In
the course of getting the job done or
reaching a goal these resources will of
necessity be consumed to a greater or
lesser degree. It is the responsibility of
the manager to balance continuously the
availability and consumption of these
resources with his goals in order to as-
sure that the goals are reached in the
most efficient fashion possible.
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Furthermore, a large portion of sys-
tems work consists of no more than ask-
ing questions about all those assump-
tions and operating norms which up to
now have been accepted as obvious, axi-
omatic, or based on historical preroga-
tive, and in so doing to pare away the
obfuscation which tends to grow up
around a deep-seated procedure.

But how does all this apply in a li-
brary environment where the goal is
that nebulous entity “service™® In order
to answer this question realistically, one
must first decide what constitutes the li-
brary’s service goal. The author has cho-
sen to adopt the definition of the li-
brary’s goal that Mackenzie has used:
“to assist in the identification, provision
and use of the document or piece of in-
formation which would best help the
user in his study, teaching or research,
at the optimal combination of cost and
elapsed time. . . .”® Efficiency, when used
in this context, becomes either answer-
ing more of the “needs” of a reader
while holding costs and elapsed time
constant, or meeting the same needs
while cutting down costs and elapsed
time. However, neither explanation of
efficiency is entirely satisfactory when
used in this fashion because the process
described here is one using only quanti-
fication as the valid criterion for evalu-
ating its success. This is not to imply
that there are no areas in library systems
analysis which can be evaluated in a
quantitative sense—there most definitely
are. It is merely to emphasize for the
systems person that he cannot quantify
all aspects of a library system. Indeed,
insofar as any systems study attempts to
use quantitative methods where they are
not appropriate, the study will fail and,
unfortunately, the reason will not al-
ways be clear to all concerned. What the
analyst cannot do is quantify the in-
tangible benefits from a course of ac-
tion, and it is here that the administra-
tor will need to depend most heavily
upon his own experience and intuition




for guidance. What follows is a gen-
eralized methodology for the systems
approach to problem-solving.

FirsT PHASE: THE SYSTEMS SURVEY

In the first phase of the systems study,
the analyst conducts what is called the
systems survey, during which he relates
the system under review to other systems
in which it is embedded—to its environ-
ment if you will-by determining what
is germane to the problem being stud-
ied. Once these boundaries have been
established, the analyst begins to lay out
the problem in very general terms, speci-
fying the goals and functions of the
system under review. This involves fa-
miliarization and departmental orienta-
tion of the analyst, preparation of such
tools as a list of the files maintained,
their contents, and the organization of
each; a list of the forms being used
with examples of each; and a descrip-
tion of their movement, and associated
activities; a review of all procedural
manuals and job descriptions; and final-
ly a documented statement of the sys-
tem’s goals.” When used in this context,
a goal can be thought of as either a di-
rection or an objective or a combination
of both. It can be a point to be reached
or a line of march to be followed in
moving toward this point. But cach goal
must also be defined in terms of the ex-
pected performance of the system. In
fact, any discussion of goals which does
not include a statement of the perform-
ance expected from the system is so in-
nocuous as to be irrelevant and makes
the entire discussion meaningless. State-
ments of performance coupled with
goals have the added advantage of help-
ing to prevent a dichotomy from devel-
oping between the real and stated goals.

SECOND PHASE: ANALYZING
THE SYSTEM

The analyst is now ready to begin the
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second phase of his study, preparation
of a block diagram or system schematic,
which outlines in a very general way
the tasks performed by the system and
the relationships which exist between
the subsystems.® This is the first level of
definition and is, of necessity, very
gross. For a library circulation system
these boxes might be charging, discharg-
ing, searching, shelving, etc. Each box
is then further subdivided into its ap-
propriate tasks down to the procedural
level, showing the movement of people
and materials through all subsystems.
This is accomplished by using flow proc-
ess charts first and then by using flow de-
cision charts.

Construction of the block diagram
and the flow charts are the first concrete
expressions of an analysis effort which
up to now has been primarily a data
gathering and intellectual exercise. Flow
process charts enable the user to visual-
ize at once the movement of a person
and, for example, the distances traveled
in checking out a book. The chart will
also point out for the user how many
times a book is “inspected” as it moves
through a given routine. The flow deci-
sion chart, on the other hand, uses a dif-
ferent set of symbols and shows at what
points decisions are made and how these
decisions affect the flow of materials/
people. In his charting, the analyst
works at a very specific level where he
is concerned with discrete entities capa-
ble of quantification in terms of how
long, how many, how much, and how
often. Indeed, his next task is to begin
the quantification of these steps by care-
fully tabulating the number of times
a given symbol was used on the flow
process chart and the time necessary to
move through these steps. Parallel with
this effort, the analyst should be identi-
fying activities and compiling these into
a document known as a standardized ac-
tivities list. It is also customary to docu-
ment the levels of personnel perform-
ing these tasks.



Thus far, the analyst has dissected
the system—in this case, a library loan
desk—through the activities (charging,
discharging, etc.) and procedures (how
a card is returned to a book in the dis-
charging activity) levels with all the
components enunciated at each level. As
he does this he also begins the timing of
these component subsystems at the pro-
cedural or task level. At the same time,
the analyst should begin the process of
deriving costs by determining what are
the real wages (direct + indirect/pro-
ductive time on job) paid to staff in or-
der that he may translate unit times into
unit costs. When this exercise has been
finished, the analyst can measure quan-
titatively the available alternatives, at
least in terms of costs, and offer these
to the decision-maker for review.

There still remains the difficult prob-
lem of evaluating intangibles—those
factors which cannot be quantified,
such as convenience, availability, pres-
tige, etc.—and if the cost studies have
been close, intangibles become crucial
to the decision-making process. Intan-
gibles will add support to a program
only when definable costs can actually
be used to demonstrate a more efficient
operation. In other words, the intangi-
ble factors can only be used to buttress
an argument and never as the sole rea-
son for modification of a system, ex-
perience and intuition aside. The point
is that more subtle techniques of quan-
tification must be used before funds
can be invested in any change which
intuitively appears to yield better re-
sults.

THmrD PaASE: DESIGN OF
THE SYSTEM

The next phase, systems design, usual-
ly follows when the analysis efforts have
been completed and carefully digested.
In theory, these steps should be discrete.
In actual practice, however, they seldom
are, for the design efforts will often

A Generalized Methodology / 301

overlay the analysis studies. Usually de-
sign consists of a modification of the
existing system—a rearrangement of the
components in the old system—but with
possible additions or deletions modify-
ing any or all inputs of the resources
discussed earlier, and always within the
context of the systems goals.

FourtH PHASE: IMPLEMENTATION
AND EVALUATION OF THE
NEw SYSTEM

The final phase begins with the im-
plementation of the prototype system
and its test/evaluation. This is often the
most expensive single phase and its suc-
cess depends on all earlier phases being
in a state of completion. Up to this
point the entire process has been a re-
cursive one of dividing, measuring,
charting relationships, defining, then
repeating the whole process of quanti-
fying the characteristics of the compo-
nent systems, charting relationships
again, and repeating the cycle. Because
of economic constraints, however, the
implementation and prototype phase
cannot always be repeated easily. There-
fore, it behooves the analyst to work
with meticulous care once this phase of
the systems effort has been entered. An-
other point which should be brought to
the reader’s attention here is that first-
time processing costs, procedures, etc.,
are normally atypical and cannot be
judged to remain constant throughout
the life of a system. These are not the
nonrecurring costs normally associated
with the activation of a system, but
those unit costs and unit times which
would normally be expected to remain
constant throughout the life of the sys-
tem. The first complete operating cycle
is never typical, no matter how careful-
ly the planning and design work was
done. There is always the problem of
the unforeseen, and no analyst, no mat-
ter how good, is ever able to plan for
all contingencies.
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CoONCLUSION

Hopefully, the reader now has a bet-
ter understanding of the intricacies and
nuances inherent in systems work. It is
obvious that such work is a prerequisite
to library automation, but it does not
necessarily follow that automation will
automatically succeed the systems efforts.
Indeed, the study can easily indicate
that library automation is not appropri-
ate given the existing resources of time,
money, staff, or space. In essence then,
systems work is a method—part science,
part art—whereby one determines the
correct balance between constraints and
the resources necessary to realize prede-
termined goals, and leads to the estab-
lishment of realistic priorities based up-
on a thorough understanding of the to-
tal system being studied and its relation-
ship to all other systems having a com-
mon interface.
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