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DEFINITIONS 

“SYSTEMSA N A L Y S I S , ”  in this context, is not the 
process which is the necessary prelude to library automation; it is some- 
thing much more basic. It involves seeking out the fundamentals of a sit- 
uation and applying rigorous scientific methods to their study, with the 
aim of finding an optimal solution to the problems facing the manager. 
It is, in all but name, indistinguishable from operations research (usually 
referred to as OR), which has been defined as “( 1) the application of 
scientific method ( 2 )  by interdisciplinary teams ( 3 )  to problems in- 
volving the control of organized (man-machine) systems so as to pro- 
vide solutions which best serve the purpose of the organization as a 
whole.”l 

In this process it may be necessary to collect vast masses of data on 
the operations being considered, to establish unit costs or times, and to 
use the various other techniques of work-study; it will probably be nec- 
essary to devise some kind of model or simulation of various processes 
which are integral to the operation; but the one inescapable task in ev- 
ery OR study is to try to define, in quantifiable terms, the objectives of 
the organization as a whole. It may not be possible to light upon one 
final, all-embracing objective; but at the very least there must be inter- 
mediate objectives which, taken together, will meet a large part of this 
need. 

Decisions may be short-term and tactical: If the book fund is in-
creased by 20 percent, how many extra catalogers will be required to 
process the extra books? Or should catalog data be obtained from an 
external source? More important, however, are long-term or strategic 
decisions: What level of financial support should a university give to its 
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library? What is the optimum collection size in a given situation? Tra- 
ditional wisdom in this situation says “more means better;” but is this 
necessarily so if the library is seen as part of a larger corporate entity? 

The library has advanced a long way from the time when it was 
merely a collection of books, with a relatively small number of users, 
each knowing his way about its shelves. With the expansion of higher 
education and advances in technology it has become much more a pre- 
cision instrument for the transfer of information from the author to 
large numbers of users-often in a very short space of time, because of 
the numbers involved-who need a great deal of guidance and help. 
From a modest extension of the scholar’s own personal collection of 
books it has become an essential segment of the educational process, as 
well as a tool of the advanced research worker. 

The library manager is a relatively new concept. Traditionally the 
librarian has been a scholar who has acquire(] a veneer of professional 
skills to enable him to exercise bibliographical control over his collec- 
tions, and a patina of the techniques of public relations and personnel 
management by which he related himself to his environment. In recent 
years, however, with the absolute growth of literature and increasing 
budgetary limitations, the emphasis has begun to change. The profes- 
sional skills and techniques are still essential, but to them is being 
added a realization that a library, if it is to perform its full function, 
calls for the study of cost-effectiveness 2nd similai concepts drawn 
from the world of industry. Without these concepts the manager only 
has experience, training and intuition to rely on, none of which is a 
satisfactory substitute for scientific method if limited resources are to 
be used to the best advantage. 

METHODS 

Their detractors have said that systems analysis and operations re- 
search are merely applied common sense. There is indeed a certain 
truth in this, but it is not the whole truth: the difference lies in the way 
in which the common sense is applied. The traditional OR study takes 
place in four discrete phases. The system under review is described 
(often by flow charting the processes which make it up) ,  and particu- 
lar attention is paid to delineating the key points in quantifiable terms. 
Once this has been done a series of mathematical models are built to 
define the various interrelationships within the system. The second 
stage is to measure the system as it is, by collecting objective data if 
possible, or otherwise by making assumptions (these must, however, be 
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quite explicit). With the input of this information we then have a 
working model, and by varying one or more of the inputs or parame- 
ters the performance of the new system can be described. This infor- 
mation is presented to the manager, who can then make operational 
decisions between different possible courses of action in the light of his 
new knowledge of the probable consequences of each. The last stage of 
an OR study is the achievement of operational control of the system by 
providing the manager with the means of achieving his objectives over 
a period of time, and a system of feedback of information so that he 
can monitor system performance. 

The essential differences between OR and common sense thus ap- 
pear to be quantitative thinking, model-building, and the mathematical 
manipulation of data. Unfortunately, few librarians tend to think in a 
quantitative manner, and even fewer have the training to construct or 
work with models. It is worth noting, however, that the same is proba- 
bly true of many captains of industry, although this has not prevented 
the widespread adoption of such techniques there, to the extent that 
many firms have their own teams of OR experts to advise top manage- 
ment. The same could well become true of libraries in the near future; 
indeed it is possible, as well as highly desirable, for librarians to be- 
come an integral part of an OR team. 

OBJE(II?VES 

There is, however, one major difference between libraries and indus- 
try which makes the application of OR more difficult. In industry, 
broadly speaking, there is one overall objective-financial profit-and 
hence there is one single significant measure of the output of the sys- 
tem. This means that the conceptual analysis involved can be more di-
rectly and obviously aimed towards the end-product, which is clearly 
measurable. (This does not, of course, imply that an industrial systems 
study must aim at maximizing profit, but it does place the decision- 
makers in the position of being able to evaluate the results of different 
courses of action against the objective yardstick of the likely financial 
returns.) In a library, however, “profit” is a meaningless term. The 
profits of an industrial special library may perhaps be inferred or mea- 
sured indirectly as a contribution to the overall production of the par- 
ent company, but this is a special case not applicable to public or aca- 
demic libraries. In  their situation even modern economic theory cannot 
make more than a guess a t  the benefits conferred on the community 
served. 
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The central problem in any systems study of libraries therefore be- 
comes not the techniques which should be used, but the precise specifi- 
cation of the objectives of the system. In this context it is useless to 
talk, for example, of serving “the reading, reference and research needs 
of its users,” or of “library services up-to-date and commensurate with 
their needs . . . founded on adequate collections,” as does the ACRL 
statement,2if for no other reason than these concepts have no quantita- 
tive meaning. They may be taken into consideration at a later stage as 
qualitative factors which affect the subjective decision of the manager 
about the relative merits of different solutions to a problem, and indeed 
some arbitrary values may be applied to such considerations, if only to 
insure that they are not forgotten; they cannot, however, be specified 
as integral parts of the model. 

Libraries may perform many different and often conflicting func- 
tions: some acquire and preserve books for posterity, others cater more 
to the immediate needs of their users-be these undergraduates, senior 
research workers or someone looking for recreational material to while 
away an idle hour. Some libraries provide an information service at a 
sophisticated level, others little or none; some are centers of scholarly 
research, others concentrate on curricular books; some have elaborate 
catalogs, others little more than finding lists; one may exist almost en- 
tirely for lending, while another keeps all its books within the building. 
With this diversity of purpose there can be no single, all-embracing 
objective, valid for all libraries. However, if we take as an example the 
academic library, and place it in its context as a means of making docu- 
ments (books, journals, abstracts, nonbook materials, etc. ) available to 
users, we can perhaps measure its effectiveness by the amount of suc- 
cess with which it does this, 

A number of objective measures of library performance have been 
suggested, based more or less directly on this concept. The most popu- 
lar has been the probability that a reader will find on the shelf the doc- 
ument he is seeking, although researchers have used different tech- 
niques for measuring and defining this probability. Bucklands talks of 
satisfaction level and collection bias (the latter being a measure of the 
suitability of a library for browsing, as opposed to seeking a specific 
title), Urquhart4 of reader failure at the shelf, and Orr6 of a document 
delivery test which uses as its measure the delay in providing material. 
“Findability” alone, however, is not the whole story: postulate an (im- 
probable) library which does not permit borrowing, and where readers 
are allowed into the stacks, but must leave the building again within 
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thirty minutes. Clearly the availability of its stock would be close to 
100 percent, since the chance of any specific title being required by 
two people in the same thirty minutes is very small. In  terms of people 
using documents, the library would be largely useless. 

This consideration has led some investigators to consider as a mea- 
sure of effectiveness the amount of time for which the reader uses a 
book: this is, after all, the end-product of the majority of library activi- 
ties. Meier proposes “item use-clays,” thus equating ten loans for one 
day each with one loan for ten days.6 This is an improvement on the 
simple amassing of circulation statistics-although both methods are to 
some extent dependent on the loan period allowed-but says nothing 
about the quality or intensity of use. Hamburg chooses “document ex- 
posure”-the total length of eyeball-to-page contact per c i rc~lat ion.~ 
According to some tentative and unconfirmed findings quoted in Bro- 
phy, this time appears to be in a negative exponential relationship to 
the length of the loan period.* This measure therefore seems to carry 
more conviction than the others in an academic library situation, since 
a very short loan period-which is, subjectively, less valuable to the 
reader than one of medium length-will carry a lower weighting. Con- 
versely a very long loan period, when a high proportion of the books 
on loan will be lying unused on the borrower’s desk at any given time, 
weighs only little more than the loan period of medium length. 

It may not be necessary for some purposes to define a single all-em- 
bracing objective for a library: certain aspects may be divorced from 
the main concept of book use and be treated in isolation. It is perhaps 
in this area that most systems work has so far been done, simply be- 
cause it is easier to identify and analyze smaller problems. The econo- 
mies of storage in stacks have been studied by the Purdue team under 
Leimkuhlerg and, as book retirement, by Morsel” and Raffel and 
Shishko.ll BurkhalteP has produced a series of case studies on, for ex- 
ample, exit control and charge-out and accounting systems, although 
some of these are nearer to conventional work-study than to systems 
analysis. The Lancaster team has produced models of book processing 
and in-house binding.13 There is, however, a grave danger of suboptimi- 
zation in looking at only one aspect of a library in isolation. E5ciency 
may well be the enemy of effectiveness, as in the case of a circulation 
system designed for economy of operation which actually reduces the 
availability of books to readers, and therefore the amount of use that 
can be made of the library. 
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MODEL BUILDING 

“The basis of all scientific work is experimentation. Experimentation 
is just what apparently cannot be done with administrative systems. . . . 
OR does not experiment with the system itself, it experiments with a 
model of the system.”14 

Whenever human beings are concerned, the only certain thing is that 
nothing is certain; therefore we cannot say that a library and its users 
will, on any given occasion, interact in one specific way. However, if a 
large number of observations are made and analyzed, we can say a 
great deal about the probability that a particular event will occur; it is 
on this basis that library models are constructed. Of course the predic- 
tions they generate will often be in error about individual readers or 
books; but in the aggregate they will be more right than wrong, and 
thus the library manager will be able to base his actions on statistical 
predictions rather than guesses. 

This is not the place to examine in detail the technical aspects of 
model building; many varieties are possible, ranging from a simple de- 
scription of the probability of some event occurring to a string of equa- 
tions representing a series of complex interactions between the library 
and its users. It must, however, be emphasized that the essential char- 
acter of any model is that it should represent all those parts of the real 
life situation which may significantly affect the outcome. If the analyst 
has been abIe to identify and describe each part of the system in a logi- 
cal way, he may be able to eliminate some of them from the model by 
sensitivity analysis; e.g., in studying book availability in an academic 
library it may be found that in-library use (which poses difficulties for 
the data collector) can be ignored, since neither a very large nor a very 
small value for this will make a significant difference to the results 
which the model produces. Similarly, if data cannot be found for some 
part of the model (for example the effect on demand of differences in 
the pattern of teaching in various disciplines), it may be possible to 
treat this effect as a “black box,” and earmark it for future study. In  the 
meantime, the investigator can input a range of values and make a sub- 
jective judgment on the most likely ones. 

DATA COLLECTION 

Most libraries produce statistics annually; in many cases, however, 
these are merely the conventional figures of books acquired and cata- 
loged, numbers of loans (perhaps analyzed by status of borrower or by 
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subject), and overall figures of expenditure. This kind of gross material 
is not what is required to quantify a model; needed instead is informa- 
tion on what the individual user does when he enters the building or 
borrows a book, on the number of times an individual title is requested 
by borrowers ( or needed by borrowers-this is not the same thing), and 
similar detailed facts which are not normally recorded during the rou- 
tine processes of most libraries. 

This information must then be the object of special data-collection 
exercises. These may be direct, e.g., the analysis of issue records over a 
period to find out the distribution of borrowing among various catego- 
ries of readers, the examination of date labels to discover the distribu- 
tion of use among different categories of books or individual titles, or 
visual observation of readers’ behavior to see how much the catalog is 
used. Or they may be indirect; the usual technique here is the ques- 
tionnaire addressed to a sample of readers, although blanket coverage 
has on occasion been attempted. Both methods have their advantages 
and disadvantages : direct observation is more accurate and objective, 
but can be very tedious and time-consuming; the indirect method has 
all the normal pitfalls of survey techniques (the danger of loaded ques- 
tions, the difficulty of insuring that the sample is representative, the 
risk of influencing behavior by the mere fact of asking questions about 
it).  Also the indirect method is the only way of getting certain types of 
information, and is usually cheaper than direct observation because a 
well-chosen sample can often give as much information as compIete 
coverage, with as much accuracy as the model needs. 

It is worth noting that automation is often heralded as the answer to 
the data-collection problem. It can indeed provide more information 
more easily than can manual methods, but only if the designers of the 
system have foreseen from the start what will be needed for statistical 
and control purposes. This does not seem to be the case in most of the 
systems presently in use in libraries.15 

Data on system performance and requirements are perhaps the most 
difficult to collect; but equally important is information on costs. It is 
comparatively easy, by applying standard work-study techniques to li-
brary operations, to establish the direct unit cost of any given operation 
-acquisition, cataloging, circulation. It is more complicated, but possi- 
ble, to establish the total direct and indirect cost of, for example, the 
loan of a single book, made up of a proportion (because the book will 
probably be lent more than once) of the purchase price and process- 
ing, storage and circulation costs. This is only one side of the equation; 
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for every cost there ought to be a corresponding benefit. If a single cir- 
culation of an average title costs $3.50in total, then either the benefit 
to the institution is greater than this, or the library is misusing money 
which could be spent more effectively on something else within the in- 
stitution. One cannot measure benefits directly; Raffel and Shishko" at  
M.I.T. and HawgoodlB and his team at Durham have used sophisti- 
cated PPBS and regression analysis techniques respectively, based to a 
large extent on the values which can be imputed to a library by its 
users. This approach, however, seems to be surrounded by dangers. Al-
though it measures a consensus of opinion, it is nevertheless still sub- 
jective and can at times degenerate into a circular argument. One feels 
that there is a need for a quite different method of analysis, as yet un- 
discovered. 
USE OF THE MODEL 

Once the model has been constructed and tested, and quantities 
have been attached to its terms, it is ready for use. The objective of the 
manager is usually to optimize one specific aspect of his library; models 
have not yet been developed, and may never be, which are capable of 
describing all the complex interrelationships which constitute the li- 
brary and its environment. He therefore has before him a choice of 
possible actions, some of which may have been suggested by the model 
itself. His need is first of all to discover what are the likely results of 
each, in terms of performance and cost, by simulating the performance 
of the system. Once this has been done he may have to assess the politi- 
cal implications of the (theoretically) optimum solution. If, for exam- 
ple, this can only be obtained at the cost of reducing the privileges tra- 
ditionally accorded to faculty borrowers (who are often, indirectly, the 
policy-makers for the library through their participation in 
committees ), this may be considered inexpedient or even impossible. 
Such intangibles are difficult to program into a model, and yet they are 
a real factor in decision-making; the model can therefore only be an 
aid, and qualitative judgment still has a major part to play. Perhaps it 
is at this stage, rather than at the earlier one of quantifying the model, 
that the assessment of benefits can best be taken into account, albeit in 
a less formal manner. 
SYSTEMS AT WORK 

The last few years have seen an enormous growth in the amount of 
effort directed towards systems analysis in libraries; but to see one of the 
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most elegant and far-reaching applications (simple though it is by 
comparison with much of today's work) one must go back to 1959, 
when plans were being made in Britain to improve the performance of 
the national interlending service for scientific journals. At that time 
there were, broadly speaking, four channels through which a library 
might borrow a title it did not possess: through one of the ten Regional 
Library Systems which cooperatively maintained union catalogs of the 
holdings of libraries in their respective regions; through the National 
Central Library in London, which held very little material itself, but 
had an incomplete national union catalog; by direct, semiformal, re- 
quest to another library known to hold the required title; or by applica- 
tion to the Science Museum Library, which was in effect a national 
lending library for this type of material. The first two channels were 
relatively little used because of their slowness and uncertainty. The 
Science Museum Library, although the most important single source of 
loans, was becoming less and less effective as demands on it grew, since 
its lending role was only secondary. 

The Department of Scientific and Industrial Research was given the 
task of providing a comprehensive and efficient service, and, to the dis- 
gust of the library profession, a comparative unknown-D. J. Urquhart 
-with no professional library qualifications was put in charge of what 
was then known as the Lending Library Unit. Urquhart, luckily for the 
future of the National Lending Library for Science and Technology, 
was uninhibited by traditional professional expertise. He was a scien- 
tist, and applied the techniques which have since become known as 
systems analysis.17 His stated objective was to insure that there were, 
somewhere in the country, sufficient copies of frequently used periodi- 
cals to meet the total interlibrary loan demand, and at least one copy of 
infrequently used titles. By analysis of loan records in the Science Mu- 
seum Library he demonstrated that the demand for its titles was a 
rough measure of the demand nationally, and that Bradford's Law of 
Scattering still held. He then used the Poisson distribution to predict the 
rate of arrival of demands, and his model showed that a single complete 
collection, with multiple copies is required, would perform much 
more efficiently and cheaply than the alternative of a decentralized 
collection spread over ten or more self-sufficient regions. The history of 
the National Lending Library has justified at least the general tenor of 
his calculations; at a more personal level Urquhart himself has suc- 
ceeded in overcoming the hostility and suspicions of his more conven- 
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tional colleagues to the extent that in 1972he was elected president of 
the Library Association. 

The second example of a model a t  work is the variable loan and du- 
plication policy developed at the University of Lancaster, and reported 
by B ~ c k l a n d . ~In the course of a research project13 it was discovered 
that a previous attempt to provide an efficient circulation system by 
using a long loan period in conjunction with an efficient recall proce- 
dure had in fact resulted in suboptimization, since the probability of a 
reader finding a specific book (satisfaction level) was only about 0.6. 
This was considered too low, and the research team was given the ob- 
jective of raising the probability to 0.8. A model was constructed using 
a Monte Carlo simulation rather than the queuing theory favored by 
Morse,l0 and a nunber of alternative courses of action were proposed, 
consisting of duplication or one of several different sets of loan policies. 
The tangible and intangible benefits and costs were compared, and the 
solution chosen was a combination of duplication and a loan period of 
seven days for the most popular 10 percent of the books. The result of 
implementation was that satisfaction level rose by the desired amount; 
however, demands on the service also rose, and, in the three years since 
1969, the satisfaction level appears to have gradually reverted to ap- 
proximately its original figure of 60 percent. The overall performance 
of the system has nevertheless improved considerably, although in an 
unforeseen way: since demand has risen (probably because of users’ 
reaction to the temporary improvement in satisfaction level) and has 
stayed high, book use, whether measured in terms of issues per head, 
or of document exposure, is about half as high again as it was prior 
to implementation. Further models are being developed to investigate 
the new situation, and more attention is being paid to the inter- 
action between the system and the user than previously, when the li- 
brary was thought of more as a physical than a biological system, and 
the user was considered as a “black box.” 

It is somewhat surprising to realize that, in spite of the activity on 
both sides of the Atlantic in recent years, very little appears to have 
been done in practical terms. M.I.T., the University of Michigan and 
Purdue University all have extensive graduate programs in OR ori-
ented towards library service, and substantial numbers of papers and 
books have been published, notably those of ;Morse,lo Raffel and Shish- 
ko,ll and BurkhalteP (although perhaps the latter leans toward work- 
study). In Great Britain there have been major studies at Durham,lB 
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Lancaster13 and Cambridge,18 all with the avowed intention of examin-
ing library systems, and all with support from the Office for Scientific 
and Technical Information. From the published literature it appears, 
however, that only at Lancaster and Michigan have there been any ma- 
jor changes in an operational library system as a result of OR studies. 
(This may be an unjust comment; Newhouse and Alexanderlg imply, 
although they do not specifically describe, changes in the Beverly 
Hills Public Libraries, and HoughtonZ0 describes a new policy for spe- 
cial library journal subscriptions which may have been put into prac- 
tice. However, if librarians are actually basing operating decisions on 
such techniques, their light appears to be small and their bushel ex- 
ceedingly large: one would expect full and explicit publication of a 
technique as new as OR. ) 

It may be that a t  this stage there is more need for enabling and theo- 
retical studies than for practical operations research in libraries. It is 
more likely, however, that the profession as a whole is either not con- 
vinced, or ignorant, of the potential value of these attitudes. There is a 
need for librarians to be more intimately concerned with the day-to- 
day realities of OR as members of the team. If OR is left to its own 
professional exponents there is a risk that elegant theoretical model 
building will gain preference over more rough-and-ready, but more 
practical, techniques which can benefit libraries. There is also a need 
for library schools to teach management in a more quantitative way; it 
is true that the average student may not have much opportunity to put 
these theories into practice during the early part of his career, but 
effective management depends on attitude as well as on techniques, 
and if the student can be brought to appreciate this at an early stage in 
his career, he will be more receptive when he is later placed in a posi-
tion where such skills can be of value to him. 
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