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PREFACE

The Proceedings of this Sem:inar form the third of a series of papers which
" we are publishing at irregular intervals to report on research work by members
of the Library staff (see inside back cover). :

From January 1967 until June 1969 a research programme was supported by
the Office for Scientific and Technical Information; it has now become part of
"the Library's normal activities. The aim of this work is to see how far it is
poasible to carry out mathematical modelling of the operation of an academic
library and its interactions with users, in order that managerial decisions may
be made on a rational rather than on an intuitional basis. The research team
comprised Mr, Michael K. Bucklard, -Dw. Anthony Hindle and Mr. lan Woodburn,
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FOREWORD

For the past two ox three years work has been proceeding within the
Universities of Durham and Lancaster and elsewhere to identify and describe in
quantitative terms varicus factors which affect the operation of libraries of all
types, but principally within the university sphere. "OSTI, which has provided
financial support for many of these programmes, has organised regular meetings
under the generic title of Operational Studies Seminars, and these have been well -
attended and profitable to those taking part. ’

Nevertheless this was a closed and informal group: no formal records were
ever published, and its discussions, being of the nature of progress reports, would
not in any case have been particularly valuable to outsiders. The research team
at Lancaster felt that the termination of its OSTI support in June 1969 afforded a
suitable occasion for a wider discussion of this type of work, and its first inde-
pendent activity was to organise a Seminar on Planning Library Services, with
special emphasis on quantitative methods., A distinguished team of speakers was
enlisted, and those taking part spent more than two days in discussing in some

depth various aspects of the problem.

Proceedings were again informal: preprints were circulated by most of the
speakers, who could then concentrate on highlighting specific points., This policy
paid dividends, and the quality (and quantity) of the discussions was extremely high.

We have not attempted to reproduce discussions in extenso; and to keep pro-
duction costs to a minimum we include in this volume the preprints exactly as
submitted by the authors, with only four exceptions: Messrs. Brookes, Hindle,
Leimkuhler and Vickery - for varying reasons - have revised their contributions
for publication. All opinions quoted are those of the speakers and do not necessarily
represent the views of the organisations to which they belong.

My thanks are due to all those who gave papers and took part in the discussions;
to Mr. M. K. Buckland, who acted as Seminar Secretary and carried out all the
complicated logistic exercises which made the occasion run smoothly; and to Mr.

I. M. Stuart, who undertook the difficult task of reducing to a manageable form the
many hours of spirited discussion.

) A. Graham Mackenzie
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THE LIBRARY/INFORMATION SERVICE IN AN INDUSTRIAL
RESEARCH ESTABLISHMENT: PLANNING AND PROSPECTS

H. F. Dammers

1. INTRODUCTION

The increasing pace of change in our environment makes it ever more important to
rationalise the manner in which we are trying to adapt the functions and operations of our
organisations to changing demands. This planning activity is particularly important in
an industrial research environment, which tends to be subject to changes in science and
technology, as well as in commercial objectives. Such changes are likely to have an im-
portant bearing on the function and capabilities of the library /information service con-
cerned. '

Whereas for a university library the main problem might be stated as - how does
on operate a given large system efficiently and adaptively ?, in our case it appears to be -

how does one develop system(s) that will meet demands in a rapdily changing environment ?

The present paper attempts to discuss some of the problems associated with this
type of exercise and this on the basis of experience gained in the development of an in- ;
formation service at the Shell Research Laboratories in Sittingbourne, Kent. The
situation at Sittingbourne is perhaps of particular interest in that during the past 6-7 years
the responsibility for developing and operating the information, as well as computer,
facilities rested with one and the same group (Technical Information Services); this has
led to a far greater degree of integration than is likely to be found in nearly any other
organisation. It has obviously influenced very strongly the philosophy of approach.

Many of the ideas in this area are still very fluid and may change with time.

OUTLINE OF DEVELOPMENT AT SITTINGBOURNE

In order to put our discussion in perspective, it may be useful to outline briefly the
major developments relating to library/information services at Sittingbourne.

The formation of our library/information service dates back to 1955/56 when the
European research activities of companies of the Royal Dutch/Shell Group concerned
with its chemical products used in agriculture and public health were brought together in
Shell Research Limited, Woodstock Agricultural Research Centre, at Sittingbourne;
in 1959 this was followed by the establishment of the neighbouring Tunstall Laboratory,
responsible for the study of environmental health aspects. of Shell products. In 41963, the
Milstead Laboratory of Chemical Enzymology was added to the research institutions on
the site, As the name implies, this Laboratory was concerned with biochemistry -
oriented basic research, dealing in particular with the study of natural products and
micro-organisms. Although the é‘réat.i‘pr[ cvfﬁ these establishments represents perhaps the
major organisational change on the site, it'is by no means, the only significant one, as
research objectives in various areas are continually subject to modification.

In a previous pape:r:'(i),f ah,dj.it_line’ ,ha's' héexigi'vén 'o_f:giz_rfactua,l and expected dev-
elopments as regards mechanisation of 'ouzrcen;;gl.gggd information services. This, it
was felt, could conveniently be Presented as a series of development phases, of 2 years

each, 'F.:’i)vering’rthe period i963¥19?j2'f,; ’
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' For the purpose of the present discussion, it appears more useful to use a break-
down according to the dominant type of information staff activity. This leads us to, |
distinguish 3 stages of roughly 6-7 years each which may be briefly indicated as follows:

1955-61 - A period during which the main emphasis was placed on building up of ade-
quate library facilities; the type of staff activity concerned was predominantly
that of a technical librarisn.

1961-67 - During this period the dominant role was that of the information specialists;
coding, storage and retrieval of a variety of research data, the application
of computer facilities for this purpose, and literature information searches
were some of the major preoccupations.

1967-737- This period starts with the availability on site of on-line computer facilities,
‘ allowing a much more efficient and intensive use of such facilities, and with
the application of computer operated SDI systems. The emphasis appears
to be more and more on the design and implementation of computer operated
storage and retrieval systems adapted to specific site requirements, The
dominant type of staff activity is perhaps that of the information technologist(1).

STAGE 1 (1955-61) - DEVELOPMENT OF LIBRARY FACILITIES

The main emphasis during this period was on the creation of proper library facilities,
i. e. the provision of an adequate book collection, " journal holdings and subject filing
system.

A rather crucial point on which guidance was needed was how big the collection should
be for the organisation served., Various routes were attempted in an effort to find an
answer to this.

a) Plotting of the holdings of ca 30 industrial and scientific libraries, considered to be
relevant to our case provided a graph presented in Figure 1(2) It relates the

bound permdlcals) This graph provided us, 1nte;j alia, w1th a means of agsessing
whether the number of periodicals received was realistic in relation to the size of the
library. - '

b) Another approach is to take data such as those published by Bourne(3) concerning the
distribution of scientific and technical literature according to subject field and use
this to relate the size qf the library to those in other subjec_t fields.

c) A third approach attempts to take mto account the' number of pctennal users. As a
rule, one tends to find that the relation between the number ‘of potential users and
the size of the’ hterature collection is nct a simple lmear o:ne. '

It has been suggested earlier(2) that the library, looked upon as the intermediary
between the relevant world literature and the mformation already held by the users
collectively, might perhaps "as regards size, approxirnate thEL‘L‘ geometnc mean.
(Figure 2) '(Using the approach, it is difficult to see how the average British umversn:y
library could justify a library of more than 200, 000 volumes - a view that is reinforced
by cost effectiveness considerations)
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Library holdings in relation to_the total
of relevant literature world wide

If the site library is viewed as an intermediary between
the relevant world literature and information already held by
the users on site collectively, 1t seems reasonable to suppose
that the following relationship might have some validity:

IL = IS x Iw
in which IL = infoermation in site library
Iw = infermation in world literature

relevant to the activities of the
site served by the library

I = information held by the users/
sclentists on the site collectively

[41]

The relation suggests that the special library only grows
aceording to the square root of the. corresponding growth in
relevant world literature; 1t also seems to predict with some
measure of success the relative size of special libraries.




The various routes indicated are very dissimilar; hence if they all point to a similar
result, one tends to accept the outcome with some confidence. In our case, they all
appeared to be consistent with a library size of around 20, 000 volumes, which at the time
appeared to be a quite acceptable estimate.

Another aspect during this phase that needs mentioning is subject filing. With the
very limited staff available at the time, it was necessary to use a system for storage
and retrieval of papers/documents of particular interest that would combine low labour
effort in operation and maintenance with ease of adaptation and lack of 'predictive con-
straints’. This was the 'lattice index system' which has been briefly described in an
ea:lier paper(4) It did 1ndeed match the reqmrernemis it was de31gned to meet i.e.
that could follow changlng research mterests readlly The system is st111 in use although
a major portion of its function has now been taken over by our computer operated systems.

_ The system itself is now gradually being transferred into machine-readable form in order

to make its relational information available for computer work on dictionary look~ups,
associative searching etc, The lattice index made us aware of the cost of indexing systems.
Even though this one, as far as subject filing/indexing systems go, was a relatively low
cost one, it may well have absorbed at least £40, 000 in labour effort and materials by the
time it-had grown to a system containing ca 12, 000 files with the associated index.

This may sound substantial but is very modest when compared with various more
" elaborate indexing systems used in scientific laboratories, which may have cost £50, 000
i ~ or more, not to mention the basic indexing systems used in university libraries, the
. catalogues, which may represent an investment in labour and materials of £250, 000 -
; . -£500, 000. The awareness of the heavy investment in manual indexing systems, coupled
“with the difficulty of implementing modifications once they have grown to a substantial
size, has led us to avoid developments in which such systems might have to play a major
role, :

4. STAGE 2 (1961-67) - MAIN EMPHASIS ON RESEARCH DATA HANDLING

This stage might perhaps be described as one in which the information specialists,
as defined by Dolan(5), played a major role, i.e. most developments were those one
‘might consider to be associated with this type of staff.

S This arose first of all from the fact that far greater emphasis was placed on the
handling of research data. During Stage 41, this had been dealt with by means of edge-

" punched card systems and later also by systems such as those described by Fletcher
and Dubbs(6) using Kardex display systems, but by the early 1960's it became evident
that a comprehensive system for our research data was required, and that only computer
-processing would offer hope of coping with the. rapldly growing collection of data in a

- flexible and adaptive manner. .

It was also clear that the comprehensive system needed to be developed centrally,
-i.e. not as a specific responsibility of one of the user groups conce ned. Hence this
. task was undertaken by the Technical Information Services, It gave rise to a computer
- operated system for chemical structure storage and retrieval covering ca 50, 000 organic
, ccmpounds- this system makes use of structure input in the form of IUPAC notation and
..on paper tape as produced by a chemical structure typewrlter('i') It has already been
. dealt with at some length in earlier papers (8, 9), hence it needs no elaboration here.
_“'In addition, computer operated systems to deal with around 2 million biological test
O esults obtained on these chemicals were developed; recording in this case has thus far

b L
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been mainly on punched cards in fixed field format in order to allow handling as visual :
record, processing by punched card sorter and by computer(4, 10). :

Activities such as these provided a challengiug task area and training ground for our
information specialists,

Moreover, in the first half of this stage there appeared to be a significant demand
for information specialist type of activities such as literature searches and surveys,
current awareness work in line with the then accepted function of the information specialist
as a mediator between the body of scientific literature and the research worker. Dolan's
definition(5) of the information specialists as being "those trained in a substantive technical
field who have, in addition, some breadth of technical knowledge of the technical literature'

appeared very appropriate to our case.

During Stage 2 we placed in fact considerable emphasis on the information specialist
type of activity and the activities concerned did correspond quite well with those indicated
in Figure 3, taken from Dolan's paper(5).

However, full implementation of the information specialist function to cover the
main areas of research activities in our laboratories proved increasingly difficult to
justify. The main reservations can perhaps be outlined as follows:

a) Various assessments suggested that really effective use of the information specialist
approach in our case might require the number of staff of this type to be at least 5%
of the number of research staff served. It was clear that it would be very difficult to
justify expansion of our budget accordingly, partly because it is virtually impossible
to demonstrate the economic merits of such an expansion.

b) The quandary mentioned above is not made easier by the fact that, particularly in
research, there is reason to doubt the merits of using an intermediary such as the
information specialist in the information transfer process. This doubt appears to
get some support from research such as that by Barhydt(411) which tends to indicate
that the only reliable judge as regards the relevance of literature to a specific user
requirement is the user himself. :

¢) Associated with this is the difficulty, pointed out in an earlier paper(2), of selecting
in a current awareness service the papers considered to be of interest to particular
groups of research workers. Selecting the 2, 000 - 3, 000 per annum obvious ones
is relatively easy, but this is unlikely to satisfy those who are concerned with the
more exploratory and innovating aspects of research work. Information from fringe
territories is often of particular value in innovation and, in connection with this, it -
is of interest to consider the volume of literature at various possible levels of relevance :
depicted in Figure 4 and to ask oneself what level one should aim at when gelecting-
literature for current awareness.

[ A \PUT SR | SRSy

Considerations such as the above brought us to move towards systems which would
enable the research worker to do the selection of relevant literature himself whilst re-
lieving him from most of the drudgery associated with such a task. This was to be - ’ :
achieved by implementing a computer operated SDI system, whereby the user himself"
would be responsible for adjusting hisisearch profile according to his requirement.
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formulae,

-held files, we hope to be able to make a start next year with pro\rldmg suitable visual

‘index; it is envisaged that at a later stage "direct access will be provided, e.g. via a

Systems of this type have been operated by us since early 1967(2, 12), using CT
and CBAC tapes received from Chemical Abstracts Service. Since the beginning of 1969,°
we have heen operating such a service very successfully on basis of CA Condensates
tapes, which are searched on our computer at Sittingbourne(10, 13).

The above case illustrates our tendency during the latter part of Stage 2 to move
away from our use of information specialists as intermediaries between the body of
recorded information and the user; instead they have tended to become responsible for
developing systems which would allow the user himself to interact direct with the body
of information he neads to censult, Hence in a way we were tending to go back to the
situation where the scholar himself searches in the library material for the information
he needs.

STAGE 3 (1967-737) - DOMINANCE OF THE INFORMATION TECHNOLOGIST

The trend already apparent during the last part of the previous stage is expected to :
become more dominant in Stage 3, i.e. the emphasis will be on the development of
systems providing the user with better direct access to the information he requires.

Such systems tend to be computer -oriented and hence depend for their development and
operation significantly on ready access to computer facilities. It is therefore not :
surprising that this development really gained momentum only when we got direct access|
to computers early in 1967 via a Univac 1004 operating on-line to a Univac 14108, and
during the second half of 1968 via a Univac 9300 again linked witha Univac 1108.

There are in our case already a number of information search and consultation
activities where we are gradually progressing towards a more direct user/system inter-:
action. As examples we might mention: :

Chemical structure search - Search procedure are being simplified to such an extent thaig
before long the user will be able personally to initiate computer searches for specific 5
structures and substructures in our compound files. :

With regard to output, we are moving towards a situation whereby the user will be :
provided not just with a list of compound numbers matching his enquiry but also structurs

Property data searches - Here the user will be able to ask for tabulations; for searches g
according to specific property patterns. As a further aid to interactive use of the cornpu’

display facilities.

Literature information handling - Our SDI operations, based on the use of Chemical
Abstracts magnetic t-pe files, already involve the majority of research workers on our j
gite; ca 2, 000 references per week being selected via the 150 profiles used at present
to cover the various research interests, This system will be extended to include other
biology -oriented data bases. The research worker can control the operation via the for 114
iation and modification of his profiles and by indicating 'is assessment of the references

selected. He is also being provided with the means of retaining selected and relevant %
references on a user tape file; access to this will be at first indirect, e.g. via a KWIC

teletype.
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Figure 4

?o;ume§rqf l;teratu?e atﬁvaricus,levels of relevance
to research athittingbcurne

References/annum é

1. ‘Iiterature references relating 300 - 700 %

to specialist field %

2. Pestlcides literature - highly 2,000 - 3,000 é

relevant %

3. Pesticides literature - more general 10,000 - 15,000 %

3

4. Pesticides Doc. Bulletin or Ringdoec. 30,000 - 50,000 é

5. Bibl. of Agricult. or Chem. Titles etc 100,000 - 150,000 3
6. All relgvant fields (chem. and biol.) - 300,000 -~ 500,000

7. All scientific and technical literature 1l -2 million

It is of interest to note that a surprisingly large
proportion of systems appear to be working at level
2, whatever the field, suggesting that the level of

selectlon tends to be subject-independent.
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In addition, various other information and data files, relevant to specific users
only, are being created in cooperation with the users and in other cases by the users
themselves., with responsibility for maintenance and use vested in the user.

The information expert required for this type of development would appear to be
the information technologist rather than the information scientist. In this we are
following the definition given by Taylor(14) of information technology as being concerned
with the development, design and operation of information systems, whereas information
science is concerned with the basic sciences underlying information system development. .
It would seem obvious that the information expert working in an operational environment
such as an information service is more likely to function according to the former
definition than to the latter.

The move towards direct user /system interaction poses demands as regards hard-
ware and software which as yet are difficult to meet. It means the need for various
direct access points (terminals) and this again generates the demand for processing and
storage equipment capable of supporting the terminals in a flexible and efficient manner. ;
The task of plotting an economically and operationally acceptable route for progress along;
these lines is a demanding one, "

Such development also means that one can no longer ignore the integrated systems
approach, i.e. in order to gain full advantage as regards economy and flexibility, one
has to link related systems so that the costs of operations common to more than one
subsystem can be spread over the system as a whole. This approach also makes it pos-
sible to incorporate greater flexibility and to provide more user options than is often
feasible with separate systems. Such an approach, however, is as yet little explored
and perhaps rather hazardous to implement. :

Another trend which may well become more apparent during the next few years
is that of the decline in coverage of the relevant literature which can be made available
in one's own library as a result partly of the financial inability of libraries to keep up
with the expansion of the world literature, and partly of the increased demand for current
literature created by SDI services, This phenomenon has been discussed in an earlier
paper(2); it may be of interest to illustrate it here with one of the tabulations given in
that paper in 1967. (Figure 5)

The expectation, reflected in the table, was that our SDI service would stimulate
interest in a wider range of literature sources and that the growth of our own site
library would not be able to keep pace with this. As a result, borrowing from outside
sources would increase strongly. The expected growth of outside boirowing given ;
in the table actually corresponds with an increase of 50% per annum. The implementation
of the SDI system using CA Condensates tapes on our site computer has led to a rather
more rapid growth of this system than indicated in the figure; ca 150 profiles are now .
(mid-1969) being run. Analysis of the output suggests that the number of papers relevant |
to research at Sittingbourne is indeed of the order of 40, 000 per annum, but perhaps only;
50% of these are considered significant, - Borrowing from outside sources has increased °
by 50% comparing the first half of 1969 with the first half of 1968, In connection with
this, it is of interest to note in Dr. Urquhart's paper that the National Lending Library
has recently been experiencing an increase of ca 20% per annum in demands for loans.
Although we will need to await the results of at least another year before we can confirm
the trend with some confidence, it would appear that the results obtained so far are not
inconsistent with the expectation expressed earlier, i.e. that the need for borrowing will |
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Eigure 5

Estimate of literature relevant and borrowed
at Shell Research, Sittingbourne

Relevant papers in

literature received ca 15,000
Relevant papers in

literature not received ca 10,000
on site

Total ca 25,000
Relevant papers borrowed ca 3,000

1) i.e. 6 papers per 'profile' per week if
75 profiles are used in searching the
literature tapes

eca 16,000

ca 24,0001)

ca 40,000

ca 24,000




T e R R T T R e AT ST TR A S n S 1, TR T AR g ey iy

SECA SR SO R A

Q

ERIC

Aruitoxt provided by Eic:

- 412 -

continue to expand considerably and that therefore longer-term there ought to be a case
for a narional network allowing libraries to have direct access to large depositories of
literature such as the National Lending Library.

This approach would envisage requests being sent via the computer natwork and the
paper required to be transmltted for printing out on- site via a suitable on-line printing
device.

The 1967 paper discusses in some detail the technical and operational feasibility
of this approach, Developments since then have not given cause to change the view
stated then that such an approach might well become viable during the first half of the
1970's,

In addition, we are likely to witness direct data transmission, e.g. between
laboratories, replacing at least in part the present procedures based on transport of
printed matter.

Trends such as those outlined above all appear to point to a decline of a variety
of conventional information handling and transfer functions.

B I VLR R

SOME OBSERVATIONS ON LONG TERM TRENDS

It may be obvious from the above that our situation with its very close link between
information and computer services is as yet rather exceptional; furthermore, it is :
quite clear that one or two years of development along the lines indicated will be needed |
before one can confirm with some confidence the various trends postulated. - Neverthe- 3
less, with these provisos in mind, one may perhaps be atiowed to restate the overall trenc‘
which suggests itself on the basis of our experience.

It is that the information service will tend to h:camne more and more a subsystem of
the computer facilities serving the organisation cos: arned; at the same time, the res-
ponsibility for the actual operational use of information systems will more and more pass
into the hands of the users themselves.

Again to illustrate this we may perhaps use one of the figures given in an earlier
paper(41). This figure (Figure 6) did illustrate the total staff efivrt concerned with
centralised information storage and retrieval and dissemination (ISRD) activities at
Sittingbourne expressed as a percentage ‘of the total staff on site for the years 1962-72.

During the 2 years since 1967, the relative decline in staff effort has been much
faster than foreseen in Figure 6; this decline is associated with a much more intensive
use of computer facilities made possible by the provision, since May 1967, of direct
access to computer facilities at Sittingbourne.

The decline is accompanied by a move of some of vhe staff towards more general
systems work on computer applications. The way thing: are developing in our case
suggests that this decline is going to continue, if not at the same rate as experienced in
the period 1967-69.

It is very hazardous to predict longer-term cxends in our rapidly chaﬁgmg environme:;
Nevertheless, our experience so far appears to point at the p0551b111ty= that in our case the
centralised ISRD facilities may perhaps gradually disappear as a separate operatmnal
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Total investment

1 holdings : St
i x £ 106 x £ 106 x 1
f Ldbrary/infarmatiﬁn Services ca 100 300 - 400 10-
§ Computer services ca 200 200 - 300 50

l Libr-ary/information services ca 1501) 400 - 5002’) 15-2

Computer servicas ' i 4) 5 ordh) U

( operation and usage) ca 800 30 200

1) Increase by 6% o

2) o 3. g
3) R " -5% .-

’ J#')' " S 20 =30% (asauming_present growth
T w7+ rate continues)
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entity during the next decade. The user would feed his data/information in direct and
consult the stored information direct; a central information service would no longer
be operationally involved in this process. The task of the information expert would
primarily be concerned with information system design and development matters and
no longer with operation.

Whether such a development is likely might, in part, be judged from the projected
manpower, and capital resources devoted to library/information work on the one hand,
and computer activities on the other. (see Figure 7)

Perhaps we may also see the gradual decline of medium-sized specialist libraries
such as ours, although this would depend on the inherently slow development towards
effective large regional and national data and information centres as part of a national
network. The future task of the information expert remains a very considerable one;
however, it will be very different from the one he has conventionally been associated

with.
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=# Autoration, Mechanisation and Data Handling in Microbiology
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ON INFORMATION STORAGE MODELS

by
F. F. Leimkuhler "
Purdue University

Information storage theory is not a well-defined area of research in the
formal sense and one isvstill free to make of it what he wanté, My own
Viewpoint is that of an industrial engineer and operations researcher who
has been seeking ways to develop mathematigal models for the analysis and
design of library-type information storage' systems. The word "storage" can
evoke some bad vibrations in library circles where it is associated with thg

least respectable aspects of librarianship, but I choose to use the ﬁoxd in

% Prepared for a Seminar on Plamning Library Services, University of Lancaster, .

England, July 9-11, 1969, The first part’ of this peper wes read at the Sixth
fnnual Information Retrieval Colloguium, Philadelphis, May 9, 1969, —

**% Visiting Professor of the University of California, Berkeley, during
1968-69.  This research was supported in part by National Science
Foundation: Grant GN-759. - . P e o e T
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a b;oad,and inclusive sense. While it may be more meaningful to define
libraries as communications systems which transfer infarmatién through time
and space, such t;ansfezs are accompanied by significant délays which give
rise to meaningful storage problems. The study of libraries from the storage
Vviewpoint can identify some crucial aspects of information systems wbich are

often averlaoked or ignored when the focus is on communication.

k]

Although I have been warking at storage models for seversl years and
have advocated its practical importance to libraries, I am guite aware that
it is not an easy matter to translate theory into practice. It has been
my experience that action follows from neeé, but that better action can
result if some good theory is available to help diagnose the need and to
guide the remedial efforts. Our present theory is quite rudimentary from
a research viewpoint and has a good way to,go before it reaches the sophisticated
state of, say, modern inventory theory, but the beginnings are there and
there is gﬁcd promise of a rich harvest.:.

It seems a bit ironic to me that the first important exploitations of
this new study of library systemes and thé,best gﬁarantee of its continued
support are probably going to ceme,frcm.cutsida the library proper. ‘It is
in the design Qf automated special purpose information systems that one has
the greatest freedom to make 1nncvat19ns ana the greatest pressure to agp’“

a uniform economic and technlcal yardstlck tc every facet of the system.
Conventional llbrarles are already mature technaloglcal systems in . their

own right They are predlcated on an earller plece of" mechanieal wizardry -
the Erinted bnok and a wellédeveloped clerlcal work system to support 1ts
exploitation. Within these bcunds most of the waste has been trimmed away

in the long lean years of ;xperlen:e. .AE w1th a magnlflcent old clock, one

a uremi
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doeenif tempef with it. If you want to keep it running, you will have to find
pafﬁefmade to the original specifications. o

Still I find it fruitful and hopeful to pursue the study of information _
storage systems in the context of eenventual libraries. They offer a rich
Source of experimental data, and a wealth of ingenuity in an cperational
setging‘ As a 'going" system, it is a good place to test the validity or
Dne}e models. Furthermore, there are plenty effindieatiens that some radical
cheeges in library operations. are going to have to occur in the not too distant

future.

Space MEéels

A good First example of the nature and implications of sterege theory
is the book shelvzng model which was developed at Purdue several years ago
(1, 2). The model assigns a given eelleetlen of books to a set of shelves
with those 1engths and helghts wvhich W11l minlmize the shelf ares requlred
The dlreet epplieation of this model te some representet1ve libre:y eollectlons
has indicateq thet relatively efflclEnt etorage een be achieved by using only
three or four d;fferent hELghtS’ and, .1n fect, by shelving large books on
their fore edge ene can do remarkably Well w1th only two shelf helghts (5).
This result poses an 1nteresting questlcn to these lerge llbrarles which
Dresently employ elght er meore - size elaseifleatiens in their depos1tery-type'
sterage areas. It also ealls into questaen the wisdom of spend;ng extra money
on varieble helght shelvzng and the prectpee of aﬂjustlng shelves up and dewn
as new bceks are added But theee are rather miqpr benefits, and, perheps

the greatest 1mmed1ate 1m§ortence ef the model 1e¢1ts eb;lity to show rigereusly

that one is not gelng to echleVe dramaticfreduetlpns in space ut;li;etien'

=
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=
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thraggEJshelf arrangement alone. If all books could be stored by size on
theif?é&re edge, the best one could do iéito double -shelving capacity (L).
This %? not by any means a long run solution to library storage problems.

éf considerable interest are two recent applications which are peripheral
to the shélving problem. ;n one instance; the MARC catalog tapes produced
by the Libfary of Congress were examined for the distribution of lengths
of the records they contain (5). Some 65 different record lengths were

found in a random seguence. When ordered by size, they formed a bell-

shaped distribution. The book shelving model was applied to find the optimal
record lengths to,use for blocking the té@g 80 as to produce a fixed record
length tape with one, two, three, etc.,réi?ferent_blcck sizes. The,records
would be in conventional sequence within gach block size,-and shorter records
would cause some loss of storage space. As with bpoks, it was found that
the use of only a few block sizes could make fixed:length processing relativély
efficient at the expense of more storage capacity: Again, as with flipping
large books on their fore edge, the model could be used in conjunction with
a program for selective code compaction thlongef records so as to achiefe
an optimal balance of processing and_stcrége costs.

 *An even mcqe_esoteric application of the ﬁasip.shelving model is the
?ossibility of uSing it'in the prcducﬁicﬁééf microform records. For example?
in producing micr@fcrmé of conventional bggk mafétial,'ene has to ccmpenéate;-
fcr the variable §igés cfvbcokipagés}'AWhé§bsét'oﬁffiﬁed7fréme sizes would .
achieve aﬁ‘gétimal balance betweén ﬁhe”cggfhpf hapdling vafiéble fr§ﬁe sizes
and the cost of reproducing blank 5péces§igif a Sinéié;fraﬁE'isfuse@; it

must accommodate the 1&rgéét;pagé;size a§:$hé’éxpénSGféf much excesg capacity




for smaller pages. If only two sizes are used, what smaller size is opfimal?
The uge of more sizes decreases lost area but increase the complexity of the
system. Again, és with the fore edge storage of books and the compression
coding of MARC tapes, variable magnificaﬁion might be used in econjunction
with the gelection of optimal frame sizes. This complicates the analysis
considerabl& but allgws for many, more cﬁtions and the possibility of a much
better solution. |

Another different sort of application of the book shelving model was
made recently to the design of industrial warehouses, whefe the problem
was that of determining optimal bay configu;ations and the assignment of
variable size lots of palletized materials (6). :This might have useful
implications forithe design of library building aﬁd the assignment  of
subject groupings of varying size to different areas so as to minimize the
sum §f paging and space costs.

Usage an@;Cpét Models

Space models of the kind considered above Have the analytic advantage
of dealing with the physical measuremenﬁ of inanimate'objects and avoiding

the more difficult problems of measuring human behav1cr and Judgment. It
[ H
iz the absence cf the human element Wthh ‘makes thém most amenable to

mechanical applications and whlch evokes the strongest suspicions of
practicel librarians. There are two bas1c ways of apprcach;ng the role
of human 1ntervent10n in mannmachlne systems. One way is to take the

direct approach and concentrate on pecplé th21r perceptlons and reactlons

to the system. This is the approach of the behav1aral scientlst

1
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Aageccnd approach is an indirect one of focusing on the physical
coﬁpcnents and attributing to them attributes which.are really the net
effect of some prior human action. For example, we speak of a book circulating,
of it containing certain information, or of it having so much worth and -
relevance. This approach permits the reduction of much of the human element
to measuraﬁle quantities which can be related directly to other aspects of
a system. This is the approach.;f the economist who cén infer a value measure-
ment from thg limited afailaﬁility of certain resources and the desire to
have more of evérything rather than less.

A good example of this approach is in the work of Philip Morse: and §

his recent book on Library Effectiveness (7). Most of his models depend

heavily on the notion of "randomness" i&.the behavior éf library patrons. ' '
Tossing coins to retrieve information ié aﬁ idea which seems patently absurd,

if applied to some individual researcher, but is remarkably)useful in _ é
mea.suring the collective effects of many;indivi&ual choices and actions 7
on the performance of‘a service éystem. -Once we geceept these measures

as good approxlmations, we are in a position to make mean;ngful comparisons
and recommendations for system 1mpravement. | .

The analysis.of depcsitory scheﬁes;fqr libraries is a good example

of what I call usage models. In general depa51tory models have argued
that a considerable pDItan of a llbrary s collectlon is o rarely used»
that these items could be stcréd elsewhere.at less cost or tc make room
for new material;A On the ba51s of out ofhpocket library costs alone,

L1 ster (8) argued,that several sc1ence llbrarles at Purdue could Justlfy , : g

the storage of up to 60% Df the;r haldlngg and achleve a small reduct;on




in total costs. Hawever, if some significant user delay cost is added .to
the charges, -the advantages of degssitory storage are reduced drastiecally.
The net effect of his study is *. ohow that depositories do not provide an
easy solution to library storage prcilens. Where space is limited and
storage is the only answer, however, Lister's models do-show how a rational,
suboptimal!policy can be developed.
A variation on this theme is seen in the recent study by the Center
for Research Libraries (9) Of the feasibility and potential benefits of a
cooperative storage and lending facility for periodicals. This study is
notable for its analysis of pertinent cost data from several libraries.
A similar preliminary studijas made in-England at the University of Lancaster
which showed that university libraries might utilize a national 1ending
service fcr lO to 30% of their demands depénding on the user delay cost.
Perhaps a better prototype storage model of the usage variety is the
one proposed by Cole (10) and refined and extended by Buckland (11). Cole
showed that a 2000 volume petrcleumllibrary could expect to satisfy the
zreatest number of user regquests by subscribing fo approximately 190 journals
and holding them for about 11 Years. .He éssumed exponential cbséleséence
>f older valumesu%gd a Ziéﬁitype pattern for fhe‘marginal productivity of
dditional journal tifles,' Buckland introduced some considerable éathematical
‘efinement to these basie relationshipsﬁagd wasTable to go beyond Cole's
esults andishQW'how to incluée such ad&itionalufeaturés as variable
etention periods for different Jjournals: and use «of interlibrary loan
ptions. He also locked at hcw to meet a glven level of serv;ce and
inimizing a cost functlon that glves expllc1t TECDgﬂltan to dlfrerent
torage pollcles., An excellent rev1ew of the hlstory of 1ibrary'u$e studiés

nd madels was made by A. K Jaln (12)'-*




gsgomshcw the usage models, like the space models, seem to fall short
of th; mark in an attempt to come to grips with the critical problems of
librs;iss.' Libraries do have something in common with warehouses and
beokstores but there is still a residual difference which cannot be
ignored. fhe further development of economic models of library-type
systems must focus on investmsnﬁdas well as operational costs. Because of
their patterns of long-term storage and exponential growth, iqustment
models may provide the bsttsr'spproach to the understanding of library

economics. This approach would seem to be better/sultsd to the development

of system planning modsls and the Justlflcatlon of technical ;nnovations.

'gsﬁrisvslfMOdels,

One cannot ﬁursue information storage models. very far withcut écnfronting
L ..
dlffjcultproblems of information retrleval It 1s 1nterest1ng to observe
iy E

how coperations rsssarchsrs an& industrial sngineers have tended to focus on

the storage side of library systems while llbrary scientists focus on the

retrieval side. M.E. Maron has defined '"the library problem’ as the problem

2%

of retrieval and not of storage. He poinﬁs out that the space problem is

.
4

largely a problem of tschn1qps and economics -- & matter of mlnlaturlzatlon
for which the necessary physical thsorj 15 alresdy a‘vs.lls,bls3 but that any -
use of miniaturization or mechanical storage is gsing to neeeSS1tats the

development cf a., sophlst1cstsd remote aecsss capsblllty. The thEOIEulC&l

work on 1nformat1sn retrieval whlsh is. necessary far uuch a developmsnt 1is

:(M

not available now, .




* The éepafaﬁion of storage and retrieval is the critical facter in the
autcomation of information systems and libraries. éénventianal libréries
must depend on direct user access to keep costs within bounds and to make
card catalog systéms work, i.e., we really have catalog-aided manual
r%trievalm Interlibrary l::ans3 for example, are one of the most expensive
kinds of services a library offers; and yet even this is cheap when compared
to the cost of rroviding remote reference service, as for example, in the
specialized information centers which the government has funded.

A thorough review of retrieval models is too large a subject to cover
here and is beyond my competence to review. Ihere appears to be a wide
variety of approaches and classes of models, amoqgiwhich are those based on
behavioristic studies of how man uses language in the transfer of information;
and then, there are the computer—criente@,apgroaches which concentrate on
the algebraic and physical capabilities;qi electronic devices.

The approach I have taken is an operational one in that it attempts to
model the patterns observed in existing;wsrking_§ystéms, and to draw inferences
for local optimization and évolutﬁonary,develapment.} This is the method of
operations research as opposed to baﬁic:rgseaych;and is not offered as &
substitute for "the-latter but as = ﬁamplimentarypapprdach.

It is characterlstlc of OR work to; look for analogies from other flelds
wnd, to draw heav1ly on the selective expgrlences of past QbSérvers 50 as to |
ttempt a sort restatement of what is knawn about a system in the language
f applied mathematias Aﬁ example 1srthe model:which appeared recently in

merican Dccumentation (13) where 1deas were taken fr@m the thecry of mllltary

e“rch and reconnaissance and from the: earlier amp;rlcal work and w1sdom of -

iy
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the. English documentalist, S. C. Bradford. These ideas were used to formulate
an analytic model that also incorporates a mathematiéal approach which is
similar to the math used in the book shelving model, and which, by the way,

is developing its own separate history within OR circles under such names as
the assignment problem, the cutting stock problem, the ééckaging problem,

and other such titles. -

This approach seems promising, expecially in the connection it ﬁade with
Bradféra's "scattering" studies, which can be related to Ziph's law and
which, iﬁ turn, opens the door to some promising extensions into information
theory, linguistics, and economic theory: Furthermore, the first model has
called into guestion the proper measurement of se;rch effectiveness and its
relation to user preferences, perceptions,-and behavior (1k4), and the
relation of the latter to expect judgment of the nelevance and content
specification of a chunk of ﬁfinted matter.we call information. Thus, the
models have a double payoff: they can lead to practical applications énd can

also open doors to new theory. Tz
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PROBLEMS OF LIBRARY PLANNING

PUBLIC LIBRARY SERVICES

By ’ ‘ i _ %

. 4Alan Longworth, County Librarian, : .;

Lancashire

In presenting a paper such as this, a paper which is one of fifteen
in a seminar concerned with a very precise topic, it is specially
necessary to define one's topic and terms of reference if undue duplication

¢ is to be avoided. For the next few minutes therefore I shall be speaking !
g of the public library as it has been understood in Britain, and through e
i many other paris of the world, since the passing of the first Publice :
§ Libraries Act in England in 1850 and as it is still understood, with some f
: variations, under the terms of the currEnt Publlc lerarles and Museum Act i

of 1964, i

A "public” library is one provided by a local authority under the
terms of appropriate Local Government Acts, and Public Libraries Acts,
z and primarily financed from local rates.

I could zlmast define my topie, even today, by quoting the preamble
and terms of the Act of 1850 but I. w1ll only refer speeifically to the
: clause whiéh states that the purpose of the public library is to provide

§ books for education, information and recreation, freely available to all :
; who wish to use them, e , . %
E Tn the above sentence I have, almost unwittingly, identified the
§ dif'ferences between "public" libraries and the other three categories of
g libraries which are being discussed this afternocon,
: . : ‘

(a) Publie 1ibrariesAare authorised and;governed by statute.

(b) Public libraries are for use by the public at large.
L (c) Public 1ibraries.aré'finaﬂced from public funds raised at
? local level, : i : -
g : .
g o . " L . s o : '
: : (d) Public libraries are expected to provide education, informatilon.

and recreation, : : :
g It is in consideration of thesazfdur'ﬁcints that the main differences
; in the four types of libraries, and the special problens of. plannlng a.
publlc 11brarv service will émerpe )

é j
E




-2 =

1.7 Statutorv Pravisien and Control

It is particularly apovropriate that a seminar, meeting in Lancaster
in the summer of 1969, should hear a paper on llbrary planning which is
presented by the County Librarian of Lanecashire, who was formerly
City Librarian of Salford. Truly Lancashire can claim a major share in
the pioneering of the public library movement, and the rivalry between
Warrington and Salford for the honour of opening the first free library
is perhaps weighted towards Salford by the work of Joseph Brotheérton in
introducing the 1850 Act inte the House. In contemporary terms
Lancashire County Library faces dissclution and the area which is now
called Lancashire faces a literally complete re-oreanisation of its
local government structure if the recommendations of the second Maud
Commission are accevpted and promulgated. Vthatever the future . .of the
report, Lancashire will be significantly changed by the creation of the
Central Lancashire New Town and Warrington New Towm.

The statutory provision of public libraries is probably the most
important single difference between "public and other libraries and
mist be clearly understood. The local authority is not a law-=making
body and can only opneérate under nowers bestowed on it by Central. _
Government and within limits very clearly defined. In 1969, these are
the 1964 Public Libraries and Huseums Act, and various Local Government
Acts, of which that of 1933 is nosalbly the most imnortant. The
vossible 1970 Local Government Act, based on the Maud ravort will
stipulate the boundaries of the new autharities, the composition of
their governing bodies, the powers they are to have and the methods they
will use to finance the work they are tc do.

This, complemented by the 1964 leraries Act, will provide the )
framework within which the public 11btany service of the future will be
planned.

2,  The public-at-Large

It is 1n the categcry of 11brary user that there is the greatest

practical difference in our four types of library. The special library’

has an extremely limited clientele both in numbers and in range of
library interests. The university library will probably have larger
numbers to deal with and also =2 Wﬂaer range of topics, though university
students and staff, are by the nature of the1r selection, rather special
caupﬂnrles of néonle 8

National libraries, or some of "them, are, theoretically, for use
by the general public. In practice this is not really true, since
carefully vetted introductions are néedea for the ?r$t:qh Huseum Wnll%f
the National Lending Library is extremely ca?eful even in its choice of

R Py,
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It goes without saying that the users of the publiec library are
"the publict and by "the public" we really mean the whole of mankind =
yvoung and old, black and white, deaf, blind, insane, uneducated,
uneducable, genius, autistic - every conceivabla category inte which
neople may fall.

But once we set ourselves the nroblem of "planning public library
services" in the context of this conference we immediately 1limit our
understanding of this word “public". We limit ourselves to a publice
whiech is English-sveaking, to people who understand the words we speak
and the signs we write and print,

Because we are planning a library service Tor "the public”, in
Britain, in 4969 — let us think about this "publie" in some little detail.
Tt would be extremely useful if we could create a single nersonality who
conld embodv all our public's characteristices in cne person, a sort of
contemporary John Bull. Physically this might be almost possible, but
we are not concerned with the physical body, we are concerned with men's
minds, and variations in mental capacities and characteristics are

immensely more variable than physical make-up: Ve must therefore
allow for all the mental attributes which mo te make up the individual
personality. ' ' ’

Another aspect of man's mind we have to consider is its stafe of
training and eduecation. We must cater for everyone throughout the
whole educational range from the barely eduecable backwnrd reader to the
most highly trained brain our educatienal system can produce. We must
deal with students at all stages from infants' departments to primary,
secondary and further formal education, the particular remiirements of
modern vocational training and re-training, and +the less purposeful, but
none-the-less personally staisfying activities of non-voeational
training in the way of hobbies. . :

We muist also consider the widely varying library needs of people
throupghout the whole of their lives and this is worth some detached
consideration. )

Babies obviously do not read, though from guite an early age they
do begin to understand the significance of visual symbols. ‘Children
normally learn to read between the ages of four and seven years, though

- backward readers may be some years late and in a few cases may never
really read. . The normal child discovers the magic of imaginative
reading at seven years of age and this phase lasts about four or five
years. ~ During .these years children will read their ovn comics, mum's
magazines, dad's newspapers and every book, "suitabla" or "not suitable",

. »they can get their hands on. During .these years an avid readér'will eget
through a book.a.day as well as a considerable amount of reading of other
material. — T I o T
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At the age of twelve or thirteen the magic seens to disappear, and
this change with the onset of puberty is a subject for psychological
research which could have enormous significance. Vhatever the reason,
the magic disappears and reading seems to become more surpo seful., In
grammar schools and higher education +his is undoubtedly connected with
svllabus study but in modern schools where the academic pressure is not
s0 great the magic still seems to disapvear and reading loses its charm.
Tn 21l forms of advanced formal education, private reading, along with
supervised experimental work, lectures and tutorials, takes up all the
student's time - but here I begin to stray on to other fields to be
covered by other speakers. '

\then formal education is over the continuation of regular reading
denends to a considerable extent on a persons basic intellipgence, forner
education and. kind of job. The professional man reads for both work and
pleasure throughout the restv of his life. His wif'e who normally has a £
broadly similar background. reads -mainly for pleasure and relaxation
during the early years of family life, her reading growing broader and
more purposeful as the family grows up and she has more time and energy
to follow her own pursuits. T ‘

~ In working class homes reading is largely confined to newspapérs,
nagazines and paperbacks of the more ‘popular and less mentally demanding
kind. ,

Tn later life when the husband has retired from working life, reading ;
helps to fill his days and use of the public library is frequently one of 4
the regular features of his more settled life, and this more leisurely 3
pace of his life also seems to affect his wife who may also return to 3
reading to f£ill part of her spare time.

What I have just deseribed is a fair cross-section of readers who
use the public library - children, students, young marrieds, professional
people, and older people. T+ is interesting to speculate on the motives
which bring them to the library, and it is also interesting to speculate
on the reasons why other people do not use the library.. . 3

In this context of the public-at-large it is also important to
identify the size and character of the communites in which neople live.
Size can range from the individual country cottage and farm, the jsolated

Hi Iy

hamlet, the small country town and thg,industrial'conurBatiDn;'to the
provincial ‘'or national metronolis. ‘Basic standards are now laid down

by the Department of Education and Science,. suggesting the size of
buildings and kind of service which needs to be provided for each size

of community, but the Department. regpgnizes that the character of the
comminity also needs to be considereq. . For example in Lancashire,
Grange-over-Sands. is a small seasidé'tcwnypf;littlé,avEr_EQODD population,
of whom 85% are retired business and professional people, needing a library
service but needing very little help and guidance 'in its use. =~ At the
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other end of the scale is Kirkby, hcu51n§ S0,00D of Liverpool's overspill
pomilation ~ 75 % of them under 21, posing considerable problems of
community control and discipline. Here help and guidance in using the
library is of paramount importance and the crusading work of utterly
dedicated senior librarians and staff is an objeet lesson in community
service. '

3. Finance -

Unlike the special libraries, but llke university and national
libraries, the financing of publiec libraries is from publiec funds; but
unlike the other tweo, public library funds are under local rather than
national control. The Department of Education and Sclence now lays
dovm certain standards of expenditure and “"encourages" local authorities
to achieve these standards. The Department also controls the amount of
expenditure on buildings by its authority to limit the use ef can;tal
funds, whilst the annual revenue spending of local authorities is
supported where necessary by grants frem Central Government funds and
part of the rate supnort grant finds-its way into the library budget.

Unfertunately, in the world of local government finanece, the value
of the library service is not always recognized, and the library always
has to bid for its budget in competition with financial needs for housing,
health and education, and other major and minor services. In times of
national and local financial crises, the less obvious needs of the library
are frequently sacrificed in order to maintain the funds of a service
whose value is more immediately anparent. I am quite sure that the controls
on expenditure in all libraries are extremely strlngpnt and equally
jI'sCSOmE

L, The Suovly of Books and Other Materials

Because. its clientele is the public-~at-large, and because its terms
of' reference are to supply books for education, information and
recreation; the public library's buying policy. is completely - different
from the ﬂallcles of the other three bypes of library. In this it is
to some extent the victim of its own history. In nineteenth century
public libraries one of the major matives ‘was:to encourage membars to
read, to read anything at all, and the,recreat;cnal aspect of library
work was of considerable importanée_infthe days before radio and the.

“wisual entertainment of the cinema and televiszion. For this reason the

public library came to be regarded to a considerable degree as the source

‘of pastime reading for the less wealthy and this image is still

unfortunately not entirely erased. . Since. the advent. of other forms of
domestic entertainments, and the caﬁsequént diminlshlnﬂ of the demand
for purely recreational reading, public libraries have been able to
ccncuntrate their resaurces more. on prcv1d1ng books and other magérlal

S
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the fields of information and education, and in & world in which
1life daily becomes more complex, and in which education continues to
develop at a staggering pace, the use of the publie library continues
to grow.

In the last few years, the Central Government has begun to
encourage the use of public libraries as general cultural centres
rather than simply as book repositories and in small and medium sized
communities the library is now a meeting place, and the recognized
venue for cultural exhibitions and displays of 217 kinds.

In terms of the physical presentation of material, public libraries
tend to remain faithful to the book, and though collections of micro-
documents, tapes, films, gramophone records and other forms are not
unknovm, their impact is still slight,

Rightly or wrongly, the public library's success is still to some
extent measured by the number of books issued, and the value of books
which are not in constant use may be: questioned. Certainly in small
and branch libraries, each book needs to justify its shelf space in
terms of number of loans. This also leads te heavy wear-and-tear
and the importance of specialised channels of supply for reinforcing
books, from specialised public llbrary suppllers

The decline in sales of "hardback" bco&sqln bookshops, the decline
in "commerecial" libraries in the past twenty years and the development
of the paper-back book trade has meant that the public library market
is now a much more important factor in the mind of .the publisher when
he decides to publish a book, but that perhane is leading us outside’
the field of our present argument, though without publlshers there could
be no libraries at all,

5. PZfl.émn’:‘nfn,-zr_;~
In the preceding paragraphs I have discussed the factors which
affect the planning of a public 11brary service and in particular those

factors which are peculiar to public libraries and the differences which

eggst between public librdries and ﬁhe other klnds of 11brarles.

Dnce tbese factors are fully undErsthd tha actual planning of the o

library can proceed along the traalthnal 1;nes, of* books, buildings and
staff; - ccntrcl administraticn and systems" aha fiﬁqncé
i t
If the report of the Royal Ccmmlssion on Local Government is
accepted, the public library servicej: like local government itself, will
have the cnﬁartunltj to re-assess lts,purpose and methods, and of

kre—organlzlng itsgelf so that it can ‘continue to plav a nraper part in '

man' s continuing evalutloﬁ in “the latter part of this century and the
beglnnlng of' the next :

it
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PLANNING LIBRARY SERVICES - NATIONAL LIBRARIES
by D.J. URQUHART"

I think it would be wiseat in the piesent,cizcumstances if I confined the
majority of my observations to my experience at the N.L.L. The case for creating the
N.L.L. and deciding whét sort of library was required depended upon a number of
measurements. The essence of these has been set down alsewhe:e.(1) Looking baeck it
seems o me that the data was relatively simple to colleect and analyse. The more
difficult vart was to decide what might be relevant. Such decisions were gsuided by
a simple philosophy that it was important to "callect facta, analyse facts and act on
facts and ignore opiniona'. (2)

This paper will endeavour to consider how far this philosophy of observation znd
measurement has been used in operating the N.L.L., how far the decisions have
devended upon intuition, and how far the experience is relevant to other libraries.
As I start to write this paper let me say fhat its purpose is exploratory for I do
not know what the answers will be.

To help me to focus my attention on the problem I will first try and set down
the main changes whicﬁ have occurred since the NiLi;? was officially opened on the
5th November, 1962. Since then the scope of the library has been expanded to include
some parts of the medical field previausiy excluded, and more recently to serials in
all parts of the social science field. The number of current periodicals received has
rigen from 14,700 in April 1963 to 32,500 in April 1969. The number of requests

satisfied by the library has increased from 187,600 in 1963/4 to 651,800 in 1958/9.

In the last twelve montha the. percentage of photocopy réqueéta has about doublzd. In

addition, a variety of courses on the use of sciéntific énd social science literature
are now being run and the N.L.L. is responsible for the U.K. input into EDLALS and
the final formlation of MEDLARS searches.

The main restraint on the N.L.L.'s development has been the limitation of staff
numbers. To cope with this and the recent volume of activities there has been a
number of procedural changes... The overall result has beanfthg%'déspite‘theifising

cost of literature and rising salaries and despite the ‘incresse in "non-productive"

et e ok e it




work such as MEDLARS, the unit cost per issue in pounds has fallen

below.

to 87 per cent.

Nevertheless the N.L.L.

= gee Table 19

Success factor has risen from 77 per cent in 1963

Table 1 _
-NeL.L. Unit Coats in £8 per issue
1963/4 | 1964/5 - 1965/6 | 1966/1 | 1967/s 1968/9
Number of issues 187,593 | 257,292 | 336,157 435,750 | 536,132 | 651,781
Staff costs/iasue 0.53 0.46 0.40 0.37 0.35 0.342
Literature binding .
coata/igsue 0.715 0.52 0.51 0.48% 0.493 0.480
Total direct net '
expenditure per
issue (excluding
cost of trana-
lating programme) 1.31 0.99 0.92 0.867 0.855 0.853

The figures quoted only relate to the expenditure under the N.L.IL. "vote". They do
not relate to such things ag building costs and maintenange of buildings.

Thie table is prima facie evidence that the N.L.L. is not being unduly pedantic
in collecting literature, making records or handling Tequests. Had the unit costs
risen it would not have proved the contrary, but it would have justified g more

detailed analyais of the situation.

complex, and'it is interesting to note that the Dainton Committee made use of this
concept in analysing the national libraries problem. OFf course, overall unit costs
given in Tablg 1 could be broken up in-different ways (e.z. on recording or on
issuing) but this hasg only been done at the N.L.L. for special investigations.

In iptzoducing.this.concept of unit costs I fing that I have already iﬁtroduced
anether-gonqept, that of the Success factor. Thisg to my mind is a very simple

2.
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concept which is fundamental to the operation of a library but,surprisingly enough,
it is-rarely used. At the N.L.L. the figure is obtained by dividing the nmumber of
issues by the number of requests received excluding only thése which have been
returned to the user for further information or action. The success factor by itself
is a crude gnide for comparing the mervices of diffarent libraries or in different
parts of the same library. I appreciate that in some libraries, particularly those
with open access, it is a little more difficult to ﬁeaaure than it is at the H.L.L.
Heverthelesa, it seéms to me so fundamentél that it should be measured more often.

Of course, by itself‘the success factor does not indicate what actions to take
but it does indicate to some exfent whether previous actions have been succesaful.

To obtain further information it is necessary to anslyse the extent to which the
requests are gatisfied in more detail. At the N.L.L., for instance, we found that
for English language books the success factor was rather low for relatively recent
titles. Part of the trouble we found was due to requests arriving at the N.L.L.
either before gubliaatian ﬁad actually taken place, oxr very shortly after publication.
There was obviously little we could do about the former, but we have taken action to
change our acquisition procedures to obtain some books from publishers on publication
by placing standing blanket orders for them.

The ™succeas factor" iarﬁ measure of the ability of the stock to meet the needs of
users eventually. It does not indicate how long users may have to wait. The main
cauge of waiting at the N.L.L. is due to items being on loan when required. To
obtain a measure of this trouble we measure the percentage of issues which are made
via a waiting list procedure. The pélicy of the Library has been to duplicate
holdings to try and keep the percentage on loan when required down to not more than
10 pér cent over-all. This level was decided somewhat intuitively afier considering
the experience of the Science Museum Library. It appears to be acceptable to the
N.L.L.'s users.

The problem of keeping down the waiting list is mainly, but not entirely, one of
duplicating current periodicals and books. In deciding what to duplicate the basic

aggsumption is made that the demand is random in the mathematiecal sense. This




assumption leads to a mathematical model in which Poisson's distribution plays a part.
Using this model it is posaible to examine tﬁe effect of dAuplication using different
criteria. This model can thus be used for developing & formula for relating the
number of copies of a title ordered or retained té the demand. The assumption of
randomness of demand appears to fit most of the wvariations of demand which have been
observed for recent volumes of particular titles. Fortunately, if the assumption

is incorrect and a demand is orientated (i.e. it Eémetimes concentrates on one item
rana gonmetines on aﬁcther) then a greater éegree of duplication would be required to
attain a good level of service than Poisson'a distribution would sugzest, So that
the mathematical model sztisfies the administrative requirement that dugiication
should be on a conservative bhaais.

In applying these ideas, particulariy to periodicals, I have developed a
Simélified approach which has reduced the problem of deciding how many copiea are
required to one of mental arithmetic. Since more elaborate treatments have been set
dawnzit might be useful to cutline the method used.

First the concept of "availability of demand" "A" is defined as the percentasge
of time one or more copies are available on'the shelf. For a title held only in a
sinsle copy "A" is the fraetion of time the publi;ation is on the shelf. "A" is
measured having regard to tﬁe number of loan issues. It fhus meaguresa the availabi-
lity for other purposes (e,ég for the photocopyine service).

For miltiple copies the demand is thought of as divided equally between the
copies. Thus, if each copy would have a shelf availability of "a for n copies the
non-availability (i.e. 1 - A) would be given by 1 - A = (1 -~ a)n,

The ap?licafion of this idea involves the concept af '"the averagze demand".

This eould, in fact, only be astimated affer measurements over a long period, and
these would be useless because the total demand on the N.L.L. ana the demand for any
particulaﬁ volume of a title are each'changing. It i=s thué necessary to make the
obaervétigns'éﬁer a short period and treat the observations éonserv;tively having
rezard to Poisson's distribution. Thusa, if a demand of 15 was -observed in a

particular pericd this might mean (allowing for two. standard deviations) that the

4.
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average was 9 to 25. The lower figure would be used to detg?mine whether to
duplicate or not. _ :

In deciding whether to try and use the secondhand mérket to 111 gaps in the
holding of periediqals the number of requests for the volumss not held hate been
the major consideration. The justification of this activity is quite simply that
eXperience has ahown:

a) the older volumes which have been more frequently
asked for, are more likely to be agked for in the
fature,

those older volumea for whiech there iz some demand

5
A

% are more likely to be available from the mecondhand

dealers. .

(N.B. the majority of the N.L.L.'s secondhand
§ orders are below the demand level which produces
reprint editions.)
! Where use date has not been available - as for instance for social science
servialas - the H.L.L. has used citati;n data to decide which back runs of serials to
seek from the secondhand market. . : E
f The figures I have referred to have related to the library's main operatiocna. i
The J.L.L. has made a nuﬁber of other measurements to guide policies. These have
related to the need for translations, the use and need for bibliographiss, and the

methods of operation of the ¥.L.L.'s loan and photocopying services. These

surveys have related to particular practical possibilities. Special care has
been taken to avoid asking potential customers what they think they want. I'da
not believe that users necessarily know what they need or what they would do in
some hypothetical sitvation.

Tﬁis brings me to a problem which so far I have failed to solve. The problem
of estimating the future demand on the library. Nawadays.by extrapolation on the
"demand/year" curve we can obtain a reasnnable guess of the likely demand this

year or next. This vrocess however leaves me with an uneasy feeling that I do not

5.
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know what is really happening. Extrapolation may be very miasleading if T try to
estimate the demaﬁd in five or ten year's time. The main bulk of the N.L.L.'s
ultinate users = the U.K. sgscientific manpower - is increasiﬁg at about 5 per cent
per year. If the increasing demand on the N.L.L. was about 5 per cent per year it
would be enough to aasume that the future demand would fellow the growth of scientific
manpower. But the growth in demand is about 20 per cent. Some other factors are
clearly at work. It is probable that the library habits of the organisations we lend
to are changing. I do not think market ressarch would help very much. Some new
factor such as devaluation may in time have a major influence upon the situation. So
I am driven to guesaing the future demand. This appears to be a problem which faces
new services, for nef services create new demand.

The ideas I have set out so far are rather simple yet it seems to me that they
are sufficient to form a basis for the planning of a national libraries sgervice. In-
deed the basic proposals of the Dainton Committee depend upon something even simpler -
the fact that the cost of accommodation in Central London is about five times that in
Boston Spa. If all the activities of the N.C.L. were tzaﬁsferred to accommodation
coating the same as at Boston Spa usiﬁg the figures given in the Dainton Report

(mainly in Appendix 4),(3) the position would be as given in the following table.

Table 2

Unit Costs 1967/8

R e

N.L.L. . N.C.L. Ity
Issues from stock | Issues from stock nberLloTary
5 requeats
No. of requests satisfied 536,000 21,000 . 78,000
Success factor
Unit Cost per request
gatiafied in £s ,
Staff costs " 0435 0.88 0.99(1)
Literature etc. 0.50 , 0.54 0.04(1)
Accommodation at Boston 1)
Spa prices : 0.30 2.34 _ 0.34(
Potal 1.15 . 3.76 1.37(1)

(1)N§GeLg costs only .

6.

a?

oot B i o RSB A e 10 Rgan B Tty

Ty o A

B Aty o S




W

TR

: dly.
l: KC Slns I'EPJ.

T -7 -

The bases on which these figures have been compiled msgAba alighkly differegt;

The N.L.L. staff costs include some indirect costs (e.g. the cost of staff required
to provide indexing data for MEDLARS), and the N.L.L. figures exclude the receipts
from photocopies although they include the cost of photocopy staff and postage of
photocopies. However, the figures given in Table 2 are sufficiently comparable

to permit some general ébservatiﬁné.

To begin with the N.C.L. interlibrary issue cost has to be increased to allow
for the costs in the library which actually issues the required item. In addition,
to obtain some comparable figures, it is necessary f@ include the costs of co-
operating libraries in providing data to the N.C.L. and of aealingzwith requests
for items not available. It would appear most improbable that the external
staff costs per N.C.L. request satiasfied Ef another library would be less than the
N.C.L.'s own costs. If the two costs were equal we would have, using the Boston
Spa accommodation costs: |

Unit cost per issue (1967/8)

From N.L.L. stock £1.15
From N.C.L. stock , £3.76
N.C.L. interlibrary request £2.25

In the existing situation and with the present procedure it would appear that
in general it is appreciably cheaper for the N.L.L. to continue to satisfy the
requests it receives from ite own stock using the existing acquisition policies
than to rely on interlibrary requests.

There is another deduction which- can be made about the N.L.L. from the figures
in Table 1. Allowing for the depreciation efrnéney the unit eesté are falling.
This is tﬁe situation which should exist in an efficient indusfrial érganisatiun
with rising output. It does not happen, however, if a unit has passed the optimum
size for its existing mﬁﬁhcds of operation. Thue, the evidence suggests that if
thefe is such a thing as an optimum size for the N.L.L.'s sort of activities the
N.L.i.i has not yet reached it, This otservation 1 fihd re-assuring, for - as Far
as I am aware - the N.L.L. is already deallng with more requests from remote

harrauers than any other library in the world and the volume of demand ies still
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The data available in the N.L.L. makes it possible to examine its activities
in more detail using unit cost ideas. For instance, it appears that the present
policy of the N.L.L. of purchasing back sets of periodicals for whick there is
some measurable demand is still justified on a unit cost basis. Aiso; it appears
that the present policy of the N.L.L. of azcepting & majority of back sets of
periodicals offered to the library is justified on a uﬁit cost basis. Using the
Dainton report aésumpéians the nominal accommodation costs per issue of the material
in the N.L.L.'s pre=1960 serial store iz about £0.65. Moreover, this unit cost
is falling as the number of issues from this store is inereasing.

The position regarding the N.C.L.'s activities is not so easy to interpret.
Even if the N.C.L. were operating in accommodation which cost no more than that
at Boston Spa, in the present situation it would on average be cheaper to use t'e
Unibn Catalogue than to build up a central collection. Of course, the existence
of a central loan collection would alter the demand. Unfortunately, as I have
mentioned earlier, the problem of estimating the future demand on a new service
has not yet been solved satisfactorily. -A central loan géllecticn in the
humanities would attract a great deal of demand which now goes to the regional
library bureaux. In addition, the central loan c@llégtion would create some new
demand. There appeari: te be, however, insuffiecient data at present available to
estimate what the total incfease in demand would be, Centralisation of the
existing arrangements could produce a more efficient system from the user's point
of view, but how the costs of a centralised system would compare with those of
the existing system is not clear. Whatever happens it is probably going to be
difficult to establish on economic grounds the need for a separate extensive
central loan collection of fcreign 1aﬁguage books. OFf course, such a collection
might be justified from a service point of view.

This ‘problem illustrates the basic dilemma we face in planning library services.
Whilst the unit cost concept is clearly useful, it does not permit any allowance to
be made for the level of service. This dilemma will exist until there is some
method of measuring the cost of not having an item when it is wanted. o

This paper has concerned itself with library planning using existing tech-

nologies. The book as we know it has survived for over 2,000 years because it is
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a convenient format. It is true that there are those who have forecast its early
replacement by the format produced by some new technology.  However, I suspect
that the book as we know it will survive a little longer. If the book is to be
replaced, this will only come about if the new format is technologically reliable,
eéasy to use and, above all, economically justified. The situation eould change
quickly, but the replacement of the book by some new. format is, at rresent, no
nearer than the horizon. However, it is not impossible that, before long, it will
be possible to have rapid access to books stored in remote places. The decision
whether such a system should be introduced is likelf to be mainly determined by
unit costs. |

N.L.L. _ ) o
June, 1969 . D. J. URQUHART

1. URQUHART, D.J. J.of Doc 13 pp 13=-31, 1957
2. Royal Society Secientific Information Conference, Report. p.103, 1948

2. Report of the National Libraries Committee, Cmnd.4028, H.M.5.0., 1969
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,1948 Royal Society Scientific Information Conference, and that the average size had
not materially changed since then. As special libraries grew, new ones were formed

Discussion

When asked whether the reason why the level of external borrowing was rising
proportionally faster than the user population was that the same users were rsading
more, or that the reading level of previously inactive users was being raised, Mr.
Dammers replied that he did not know; he could only say that current awareness
services had been improved and consequently readers were better informed of rel-
evant papers. Mr. Mackenzie observed that Mr. Dammers’ readers were using
about 18, 000 papers per year, and in 5 years this would have increased to about
40, 000; he asked if they would have enough time to do all this reading. Mr. Dammers
agreed that the readers would collect more papers but would not necessarily read
them, and he pointed out that a great deal could be assimilated from a paper just by
glancing at it. Also, the present number of papers being read was not very high -

10 papers per week per reader. M, Woodward said that in the last few years the
annual rate of growth of inter-library loans at Durham was 30%, and he thought that
part of this increase arose because readers who previously did not read much had now
begun to catch up on their reading. Dr. Urquhart suggested that when more abstracts
and selection devices were acquired users would make an initial selection better suited
to their needs, and this in fact represented a wider scatter of the literature: con-
sequently the library was less able to meet their requirements from its own holdings.
Mr. Fairthorne said that when a library improved its facilities its readers would make
use of them and ask for more literature, but this did not necessarily imply that they
would be doing more reading; often they would merely use the facilities to find clues
on what to read. '

Mr. Dammers said that in spite of what had often been said elsewhere about the
direct distribution of papers to individuals he could not see the disappearance of the
Journal, because it was such a convenient way of bringing together papers on related
subjects; but he could not foresee where the journals would be kept. Perhaps special
libraries would collect the small number of important journals in a particular subject
field, and these would be backed up by large central collections.

Referring to the size of the average special library in terms of number of
periodicals held, Dr. Urquhart said that he thought that similar data was given at the

and the average size remained constant, Mr. Vickery said that data at Aslib suggested
this to be true. Mr. Dammers was asked if the figures he gave for the number of
periodical titles held in relation to the number of volumes had a more general appli-
cation and if they could be applied to university libraries; he replied that he did not _
know and that he only used the figures for guidance in the development of his library,
Mr. Fairthorne said that some work he did five years ago, relating the number of :
periodical titles held to volumes, agreed with the figures quoted for special libraries, '
and that deviations from the curve really were exceptional libraries, such as the
library of a motion picture company.

Prcfesso: Leimkuhler was asked if he had any data on the minimum average
cost which results from a library of a standard size in a certain situation, but said
it was not possible to answer this. Mr. Vickery said that in practice the concept of
minimum average cost had been carried out more in special libraries than in
university libraries because the former had discarded more. Dr. Urquhart said
that from his experience he thought that unlversu;y libraries had not yet heard of
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unit costs, Mr. Mackenzie agreed, but said that one of the difficulties of costing
in university libraries was that it was not possible to define precisely the aims of
a university library, whereas the average special library had as a target the over-
all profitability of the firm. Cost benefit analysis of a university library was not
going to lead very far until its educational and archival purposes had been defined.

Dr. Urquhart said that requests for periodicals from a store of pre-1959
material at NLL were increasing, but there was no exponential decay in the usage
of books in that store, Mr. Buckland commented on this apparent lack of exponential
decay, and suggested that this pattern might nevertheless exist in terms of the
proportionate distribution of demand, but that the steep rise with time in the level
cf dema_ﬁd woulcl mask the éxponéntial curve in terms of the absolute number of re-

Mr. Fulford asked Dr. Urquhart if he agreed that providing a loan service in
the sciences was a different problem to providing a loan service in the humanities,
and if it was feasible to compare the unit costs. Dr. Urquhart replied that if the
requests which at present were satisfied regionally were satisfied by NCL, the use
of NCL stock would be much greater, and the corresponding unit costs much lower;
but there was no fundamental difference between science books and arts books, and
providing a loan service for them should be a similar problem.

Mr. Longworth wondered what was going to happen to publishers as more and
more information was stored in computers in d1g1ta1 form. Mr, Fairthorne said
that it would not be economic to store large amount of printed information in digital
form in the foreseeable future. Mr. Dammers disagreed, and said that mass
storage of literature was not a long way off since store sizes were increasing all the
time; it would happen in science first because the economic pay-off was quite obvious.
He was asked for more details of machines and their sizes, and he mentioned the
IBM photo-digital store with a capacity of 102 bits which would accommodate 100, 000
volumes. Mr. Duchesne observed that this was not in fact very large when one though
university libraries. Mr. Mackenzie asked how computer storage would affect a
university of 5, 000 students: would they all have immediate access to the store and
have their textbooks printed out? Mr. Dammers said that the process would obviously""
be gradual: scientific literature might well be stored first, and the university library :
would have access to national stores; subsequently departments would have access to
a store in the university library. He added that it was bound to happen eventually,
and uaiversity libraries had to face up to the problem now and not turn their backs on
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In reply to the question of why he foresaw the increase of inter-library loans in ¢
the future rather than a greater increase in the purchase of literature, Mr. Daminersj
said that this happened to be more economic; the tendency appeared to be for special !
libraries .0 hold the basic journals and rely on inter-library loans for the others. Mr;
Dammers was asked where he got his inter-library loans from; he replied that they
came rnainly from NLL and the Chemical Society, and added that at the moment NLL -
could cope very well, but he wondered how it would fare in the early 70's. Dr. i
Urquhart replied that even with present techniques NLL could cope with an increase in;
demand by a factor of 10.

Mr. Snape asked Professor Leimkuhler if the factors affecting the demand for
literature of the humanities were different from those affecting the demand in the 3
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sciences. Professor Leimkuhler agreed that there was a difference, but he had not
been able t¢c express it i1 an analytic way. Dr, Urquhart said that one of -
differences was the time scale in the fall-off of use: it was very rapid for the sciences
and less so for the humanities. This meant that decisions on duplication of books
were more difficult for scientific literature, because in the sciences the fall-off in
¢z.-and was so high that by the time the need for duplication had been recognised and
the duplicate bought the demand had passed; therefore the demand had to be predicted,
and this was done at NLL by regression analysis. In the humanities, with a less
rapid fall-off, it was possible to wait for a demand to appear before buying a duplicate.
The need for duplication of periodicals was easier to recognize, and periodical liter-
ature was more important in the sciences than in the humanities, this was another
factor which made provision easier for the sciences. Mz, Fulford said that half of the
requests at the 3ritish Museum were for books published before 1949; Mr. Buckland
suggested that the 3ritish Museum was a special case because it catered largely for
a residual demand.

Mr. Brookes asked Mr. Dammers what the unit cost of providing searches on
150 profiles was, He replied that it was around £35 per profile per year, run on
C.A. Condensates tapes. Mr. 3rookes asked Mr. Mackenzie if he thought it was
feasible to provide such searches in university libraries at that price; he replied that
he thought that it was, Dr. Urquhart said that a MEDLARS search costs about £30
per year for a profile search, but the System was not primarily designed for profile
searching. Dr. Hawgood observed that one tape was suitable for all Mr, Dammer' .-
users; unless there was a tape covering all subjects of interest to the university users,
he could not see how universities could provide a similar service. Mr. May said that
OSTI were encouraging the varuous bodies (INSPEC, UKAEA, etc. ) who were working
on SDI programmes to agree on a common System, so that a programme for searching

rE B sy

an INSPEC tape could also be used for searching others, e.g. NSA nge-« 1.1 Mzy asked

Mr. Dammers if his profiles were individual or group profiles, because NSA had found
that a cost reduction by a factor of 10 could be achieved by changing to group profiles

and selecting them from a standard list, Mr. Dammers said that this might happen in
the future, but at the moment he wanted to put as few barriers as possible between the

user and the system, and therefore all his profiles were individual profiles.

Mr. Mackenzie asked how was it possible to achieve a balance between acquiring
literature and providing current awareness services: would the humanities suffer if the
university library supplied current awareness services to scientists? Mr. Brookes

- said the scientists in the University of London, who had previously been accustomed

to such services in industry, had set up their own services in the university, and

often these duplicated each other and were very costly; consequently university libraries
could not afford to ignore developments in SDI services. Dr, Hawgood said that
universities might soon start charging for computer services and wondered if anyone
had investigated the possibility of charging for library services. Replying to the
suggestion that, when allocating their resources, university libraries should take

into account their readers’ views on what services they expected from the library, Mr,
Morely said that studies in economics had shown that it was not possible to allocate
resources within a community on the basis of its members' preferences, Dr. Urquhart
said that the NLL had tried to assess what would happen if charging for MEDLARS
searches was introduced: it was estimated thet the demand would fall by 55% and

. that most of this would be due to a decrease in demand from universities.

S
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Mr. Buckland asked Mr. Longworth what effect the implementation of the - "’
recommendations of the Maud Committee's Report would have on public libraries:
he#replied that, if the recommendations were implemented in their present form,

' they would lead to an enormous upheaval in the structure of public library services.

Lancashire would lose 20% of its services to Manchester, 209, to Liverpool, and
the remaining 60% to boroughs in North Lancashire.

Mr. Longworth asked Professor Leimkuhler how was it possible to assess
the benefit of a particular loan; he replied that this was possible only in terms of

~ the cost to the user of obtaining that pacticular loan. Dr. Hawgood said that there

were two ways of doing this: one was to calculate the macroscopic cost and the
alternative open to the library manager, and the other way was to examine the various
alternatives open tothe borrower and why he chose tn spend his time in a particular

way. Dr. Urquhart said that public libraries should collect statistics of the proportion
of issues which were educational, recreational, research, etc. , because some people
thought that public libraries were entirely recreational; the publication of such statistics
would help to define the rdle which the public libraries were playing in the community,
and in particular it would emphasize their educational function. Mr.. Longworth agreed
that this was one area in which there was remarkably little information.
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The allocation of resources in higher education

CHARLES ¥, CARTER

I am told that at the headguarters of the Department of Education and
Science in Curzon Street there is a doctrine called 'Carterism', and
even a variant called 'modified Carterism'. My academic colleagues
will, I fear, assume that this doctrine is concerned with making true
academicyvalues subservient to the arid calculations of the economist.
But this is not the point at all. We are short of resources for higher
education. There are times when the only right thing to do, if you
are short of resources, is to demand more. The present, however,
is not a moment at which such demands stand much chance of success:
to prove that one needs to be more expensive, when the country is notable
for its economic failures and the Secretary of State has at hand a
possibly cheaper alternative in the other part of the binary system,
would not be likely to yield much satisfaction. Conseqguently we must
look to the best use of the resocurces we already command. This is
not an attack on academic values: it is their defence in times of
hardship.

For, of ecourse, the making of choices about scarce resources which
have alternative uses is inescapable.:. Although many of you are, I am
sure, dedicated to the belief that a library can never be too large, it

is obvious that a university which spent all . its money on its library

and nothing on anything else would be somewhat ineffective. The answer ,
to the question 'What proportion of recurrent income should be spent c ‘
on a library?' is therefore not 100%. But is it 20%, or 10%, or 6%?
Is there any rational ground for choosing between these?

In order to answer such questions, we have to have a 'model' of a
university*: that is, to define what it is intended to produce, to set out
the technology (or the alternative technologies) used to produce the
output, and the resources available:as inputs, The difficulty about doing
this is that the.model is insufficiently defined. A university produces -

(a) Services of education and trai‘ning to first degree students

(k) Services of education and tra;nlng to higher degree students,
attenders at short courses etc..' ) |

(c) New knowledge and new developments of culture or civilisation. I

(d) The service of preserving and. redlsccverlng existing knowledge and
culture.
continued ...
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Ox, of course, a polytechnic or other institution., The allocation of
resources between different types of institution I do not here discuss,
thcugh it could be treated in a 51m11ar mannc.r,
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The library has a special importance in relation to the last function,
which is often forgotten because of our habit of making a ‘dichotomy

of 'teaching' and 'research'.

Within the two teaching functions, the balance between different types

of course is seldom dictated from outside the university. It is

loosely constrained by the preferences of entrants, which in turn may be
loosely related to ideas, commonly formed on partial, misleading or
out-of-date facts, about the ultimate value (financial or cultural) of

the education they choose. But within wide limits what universities

do to determine the balance of courses is a sort of academic guess,
unrelated to market forces.” The guess emerges from whatever the
decision-making process in the university happens to be. Even so,
however, it may be possible to reallocate resources so as to give a new -
solution (within the constraints) which is more acceptable to the-
decision-makers. This is a long way off saying that it is 'right! in

any absolute sense, but it is a move towards a greater satisfaction of

" a dominant group.

Similarly, the relation between the 'teaching' and 'research' functions

is only loosely determined. It is commonly supposed, though without
any very strong evidence, that if research falls too much the quality

of teaching will decline: because this is widely believed, and because
research is to some people more fun than teaching, a single university
which allowed the proportion of research tq. decline might well suffer

by an inability to attract good staff. At the other extreme, an institution
which has too much research runs :a, danger of being regarded as so
expensive that it will fail to attract adequate grants. But within a wide
range, the research proportion is whatever the university decides, or
more often, allows to happen without a conscious decision. Since most
university research is a long way,. conceptually or in time, from a.
relation to the judgements of the market place, the allocation of resources
between different types of research is almo'st totally arkitrary or
accidental. Pathetic attempts are sometimes made to develop a national -
'research policy', sometimes based on the illusion that a nation can and
should do a little of everything; but, seen at the level of a particular
institution, the balance is decided by the numbers and powers of
advocacy of those who influence de'cisions. - :

The preservation function is even less well’ determined, ' since its very
existence is hardly appreciated. Ii.is true’ that the margins of indeterminacy
in' all these product areas can be lsomewhat reduced by looking at the
university system as a whole: for instancé&, this introduces. the additional
constraint (not felt by any one institution) that the system must produce
enough good -graduates to provide its own future ‘staff. = But the attempts
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. to lessen the indeterminacy by manpower forecasting have had little

: effect. Future manpower needs can only be very imperfectly described
in terms of the demand for particular kinds of specialised training, if
; only because there are so many jobs for which prior training maters

1 : much less than character, flexibility and willingness to learn.

In the model of a university, therefo=e, there will be large elements -
which must be labelled 'historical accident', or 'decided by professorial
prejudice!, or 'vice-cancellarial whim'. But this does not mean that
improvement is impossible: simply that we cannot identify an absolute
optimum. It should first be our aim to free the model from contradictions
(that is to say, features which now or later will cause the violation
of a constra.lnt), and then to cons1der various marginal shifts of resources
and set up principles for deciding whether a shift is or is not an
improvement. These principles may not be capable of absolute
justification: we may have to accept a crude test, such as a majority
view of those affected by a change {assuming all opinions to be equally
valuable). ~ However, many affairs must be run in this wa.y, iis the
absence of more refined methods. '
The resources to be allocated can be represented by sums of money, to
ke subtracted from this purpose and given to that: or, since the inputs
into the model themselves have alternative.uses, we may want to
consider a shift of 'hours of staff time', or 'hours of computer time', ¥
or ‘hours of building use' from ome purpose to another. (In the case -
of buildings, the shift from not being used at all is particularly 1mportant )
o “There can be no rational discourse on these matters without a prior
. study of the facts of e*;lstlng use. ' This is why the Committee of
Vice~Chancellors has Set up- studies: of the: structure. of depa.rtmenta.l
and university costs, the uses made of staff - ‘time, and the uses of
buildings and of expensive iteins of .equipment. Unfortunately it is
difficult to get cOmpai'able. dzta fro:ﬂi the public-sector institutions. '

HTE

It takes tlme to t.;bta.ln facl:s, ‘and-those wé&. have. so far provide no more
than preliminary sugges Aong Furthermore, the .study of present practice
must take agcount of Parkmson s la.ws if you give a department too 1
much staff, it will develoP a.ctnnhes to. justify the staff it is given. It
" will not be easy to pwove that the‘se activities ‘are a waste of time. The
m1s>a.lloca.t10ns which are easily obServed -therefore, are less than those
which a.ctua.lly exlst. .. The kind of :information coming forward is as
follows: . - S ’:,'3 - SRR B e ’

S saar i

. . e ! :
(a) In some subJects there. are sa.gnlflca.nt economies of scale in
undergraduate teaching, over a {fair rangei The probable mmeaning of
this is that,. where there is a strmng professional . .expectation zbout the
range of topics to be taught, departmentsiwith only a few students have
“‘to be relatively over=staffed, and" 11: looks as though a rough definition
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of 'too small' is 'having less than 120 equivalent full-time students+'.

i.e. a student spending a third of his time .on. a subject counts as
a third. :

By this standard quite a number of British university departments are
too small: if, through lack of demand, they cannot be expanded
sufficiently in the course of general growth, and if they cannot plead
the justification of providing an essential ancillary service to other
departments or of maintaining an essential cultural ‘element within the
university, it is prcbable that the money spent on them, if used
elsewhere in the university, would yield more satisfaction. Of course,
all such departments will plead justification: -the: real lesson is for
university planners - ‘don't start a new act1v1ty unless you are confident
that it can reach a viable level. -

[

(b) Some universities have allowed very great disparities to occur

in their treatment of different subjects. This might be justified if
selective heavy spending was creating 'centres of excellence', but it is

not easy to trace a clear relation between heavy spending and quality:

most of the instances are psobably historical accidents which have been
allowed to perslst because data systems have not revealed their existence.
(¢) On the other hand, some places allocate staff, technicians, secretaries
etc. with great apparent fairness, . iin relation to the student load. But
such pro rata allocations are only appropriate if -all departments are the
same size, or there are no economies of scale: otherwise they imply

that all benefits from larger deparfmental ‘size rest in the department,
instead of being shared with the rést of the university. A more abstruse I
point is that such calculations commonly use 'weighted' student numbers, |
giving a greater weight to. graduate students, and there is increasing
evidence that the weights used are much too high - thuse giving a bonus

to departments w1th a lot of gra.duate work. at the expense of the rest.
g . . 'l . .
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(d) We- shall soon know a lot more’ about the way in- whlch unlverslty

academic  staff use their.time. ' This:will. not give an . exact allocation

»between teaching and research, because some time:is used 'to the

benefit of both these activities: b_ut_y at ledast we shall be. abl: tc see

roughly how the .division of time vVaries bétween:different.universities,

faculties or -grades of staff, ‘and this ‘will igive a' firm. basis for arguing

about what it ought to be. At présent tirmde is'often assumed to be -

divided fifty&fifty, this being the plausible assumptlon to make if one is :
totally 1gnorant ‘about the truth. i o
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{e) We can now document in considerable detail the use made of

various kinds of university building. It is plain that in a great many
cases this use could be substantially increased, even by measures

which do not involve any reorganisation of the university year. However,
it must be remembered that a university uses labour much more than
capital: if capital costs were properly charged and amortised, they
would not be more than 10-15% of total costs. Furthermore, -
‘universities have hitherto had absolutely no incentive to economise

on capital, because any savings made have not been transferrable

to other aveas of expenditure.

(f) There is of course a pational advantage in economising on capital,
which is especially attractive to the Treasury because one might be
able to have a period in which very little was spent on university
building. Studies have been made, both in this university and nationally,
of the possibility of achieving a big saving by vrearranging the university
year for continuous operation. These studies rewveal technical difficulties
which are mauch more severe for ,a three-year degree than for an '
American fourwyear degree: and the present evidence is that this
particular reallocation of resources would not be worthwhile.

R Lo 1
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Let me, however, return to the problem swhich I rnentioned earlier:
how much should be spent on a university library? The element here
which is most readily'assessed is, - I think, the requirements of students -
_on set courses. . Even_this,. .of course, depends on how many books they
buy: it would be logical (though, I fear, simpossibly unpopular) if,

instead of an indicated but seldomiiused sum within the maintenance

grant, standard textboocks were available on prolonged loan from the
library, which would thus be able 'to asssss accurately the number of
copies needed. No system will, of course, be proof against the folly

of a lecturer who tells a class of ;300 to ‘read an obscure article, -
existing only .in a single bound vélume of+a journal: but generally,

even allowing for-_'our lack of knowfledgé of what students buy for themselve:s
steps can be taken to regulate bdok purchase and lending policy so as to ;
maintain a prescribed level of consume r -‘satisfaction, which can be.
‘measured ifn terms of success in pbtaining a book on demand or within
a short waiting period. - - R S :

Generaliy, 'h‘OWev'e'f., university }iﬁ?aries ‘are much larger than can be
justified by immediate student needs. ‘What can we say of the function
of preserving knowledge and being-a repository of culture? It might
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seem that all that is needed is to build a sufficiently large vault or

pyramid in Bloomsbury or Boston Spa, within whose burial chambers

would be interred a collection more splendid than we have yet seen.

However, culture is really preserved, not by. books alone, but by

i the interaction between them and generations of scholars. : This means
: that the 'preservation' function can be treated as .closely similar to

the provision of reference material for research. The guestion to

commaunity of scholars, and how much can be distant by a few hours
; in some central place, or available centrally within a day or two in
‘% loan or copy form? '
{ - : S
f I do wnot think that we can give sensible answers to these questions
¢ without more accurate knowledge of how a scholar in a particular
discipline uses a libraxry. Scientists commonly think of this use in
terms of 'information retrieval': that is to say, a precise question
is put to the library (or_., in future; to the éomputer), which presents
an answer. To what compound doésthis spectrum relate? Has anyone
synthesised -this substance before? * It looks”as though a great deal of
this is capable of centralisation, without sefious waste of time. In
addition, of course, the scientist v:?ants to 'leaf through‘ abstracts of
recent work, so as to see what is going on? and what 51gn1f1cant
t discoveries have been made: this azrgues for a local 11brary having
a full complement of abstracting Journals, ‘and a qu1ck access to loans
of particular journal.articles. But’a; student of lltera_.tg.re or of history
is likely to want to refer, in a short time, to a large number of works:
i different editions of a particular book,~related material about the period,
primary and secondary sources which exhibit the meaning of some
obscurity. * This process is intolerably slowed down if each peripheral

being asked may be much more difficult to put in a przcise form than
in the case of the scientist, and theérefore computerisation may yield

books, conwvenient for 'broWsing', i's:;hard to beat as material for the

It would still be possible for the s'cholar to'!concentrate his teaching in
one part of the year, and then migrate to dn attic in Bloomsbury (or

~travel daily to_some. great uprOV1nc1ab library) so-as to have-access to.
'a wealth of material for research.? rSome w111 do this:  others will be
prevented by:their ties of respon51b11~,1ty others will find it intolerable
that an idea cannot be brought to the anvil,’ white-hot, to be fashioned

to travel to a good library.

One could 'fotfnd on such argumentsla case for a substantial library in
the place where scholars (of certaiiy dlsc1p11nes) live and work: but a

~lot more 1morrnat10n is needed about the hablts of scholars before one
; . . i o
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- ‘ ety : : continued .,.

be answered is - how much should be provided locally for a particular a

enquiry involves a reference or a visit to another place; and the question

an unmanageable mess of referencesi Technically a collection of printed

kind of research which involves numerous ill-defined peripheral enquiries.

into a paper,  but must be put away unt31 the next time there is a chance




- and which were used so rarely that the cost of shelf-space and

could translate this into a system for quantifying how large the library
should be. The worthwhile world literature in economics probably

costs about £5000 per year, excluding the 130 principal journals and a
very large number of Government publications: if a library bought all
this, one could discover over a period which publications were never used,
management would exceed the cost of sending users by Rolls-Royce to
London and bozrding them at the Hilton. The difficulty, however, is to
infer what might have been wothwhile among things which have not been
bought: and even a guess at this requires a close study of the actual
research habits of economists.

My general conclusion, therefore, is that it is a worthwhile exercise,
in defence of the true values of higher education, to attempt a more
systematic allocatmn of regources: . but that our efforts to do this must
for the present ‘be of a very prellmlnary, part1a1 and tentatlve kind,
partly because the theoretical prOblems of allocat1on are difficult, but
mainly because the’ substructure of facts is 1ncomp1ete, and can only
be built slowly. - Still more dlfflcult is the allocatlon of national
resources between-different types” of higher education, which at present
must be largely a' matter of guesswork or pohtlcal preconceptan.

I hope, therefore, that those who receive tiresome enquiries into the
facts of their academic¢ life will a.pprec1ate .that in the long run they
will be helping’ to defend and improve the academles they serve.
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Maximising the Benefits from Library Resources

4

The usual approach to information prcklems is to find out

+he needs of students/teachers/researxchers and then _
attempt to provide for these needs as cheaply as possible.
This has the merit of treating the present members of an
organisation as the most important. It takes into account
the fact that the reproduction of research findings is far
cheager than their production. In practice it does not

work very well, partly because the needs are difficult to

discover, but also for other reasons.

Most organisations, and universities in particular, are
severely limited in their actions by decisions taken in

the past. A university library has a building, a book-
stock and a team of skilled workers. None of these
resources can be changed significantly on 2a month~to—-month
basis. OF course, small re-arrangements to the building
are possible; proportionately. small additions to the col-
lection of monographs and serials:occur continuously; there .
may even be some change in staff. However, an expansion

of students/teachers/researchers which necessitates a new
library is a major top-level decision within the university.
So is a change of fields of study large enough to render
the existing bookstock useless. All this suggests that an
alternative approach may be worthwhile. Instead of taking
needs as given and finding how to meet these needs at
minimum cost, we can take resources as given and find out
how to maximise the benefit from these resources.

The "needs" approach requires a contlnuous re—arrangement

of the fruits of the past to ease the research of the

present. The "maximising" approach: requires some adapta-
bility by present researchers: in order to gain f£rcm the
fruits of the past.  Perhaps the latter is equally realistic.
Tf one is presented with an:island iof seagulls' droppings
one can hold one's nose or- one can :find the nitrogen content,
but the-clever man will do both. ‘

This paper is about the "makimising" approach. It does not
pretend that this is superiér. to the "needs" approach, but
rather a complement to it. The "needs" approach is essen-
tial for long term planning} ithe "maximising” approach
seems preferable for month-to-month planning and it yields
sonme lnSlghtS into the preferences ‘of library users which
may contribute to an understanding of their needs.




In Part I a librarv in fairyland is discussed in some detail.
This unrealistic but simple example allows many of the prin-
ciples of linear programming to be outlined, and some illus-
trations of the usefulness of the technigue are given. The
approach is seen to rely upon z knowledge of the relative
importance of the different likrary activities and two methods
of measuring this are proposed in Part IT.

Tn Part III the method is used on a real example, the Arts/
Social Science Library in the University of Durham. The
implications of changes in users' preferences, cr changes in
+he resources available, or changes in likrary technology
can be assessed by a few seconds' time on a computer.

I A library in Fairyland

This library engages in two ‘activities: answering queries
and lending books. There is. no shortage of books and no
shortage of space. The only resources that are scarce are
three different sorts of labour: senior librarians, junior
librarians and clerical labour. Theé problem facing the
library is to decide how much!of these two services it should
provide each day, given thatiresources are limited. The
library is motivated to find the best combination because it
receives 7 shillings per query answered and 10 shillings per
loan, and it wants to maximise profits. (The prices are an
indicator of the strength ofidemand:for the services. Where
they came from is another matter! We can assume for the
moment that there are many libraries competing with each
‘other, but in Part II this assumption will turn out to be un-
necessary,)

First the maximum amounts ofi queries and loans which the
library could produce are found. This. involves finding how
much of each resource is available and how much of each
resource: is needed to producée:one unit of each activity~
There are 980 minutes of seniors' time available each day.
and it takes 11 minutes of this £o c¢ontribute to the answer
to one’query and 2 mlnutes topcontribute to the provision of
‘one loani The constraint on llbrary activities imposed by
the shortage of senior llbrar;ans can be described. as

11 @ + 2.L./%& 980
when the numbers refer to mihutes of seniors' time, Q is the
number of queries answered ihpra day, and L is the number of
'loans made. . The total commltment must be less than or equal
. to the total avallable. Both junior llbrarlans and clerks

o ) ' " are also needed before the act1v1t1es ‘are completed, but the
:WERiC‘ : constralnt 1mposed by only the snortage of seniors is illustrated




in Figure 1. Any point outside the triangle is impossible
because of the way the problem is defined. Any point
~-inside is inefficient because with the relationships as
given more could be produced. Only on the borders of the
triangle is production both possible and technically effici-
ent.

There are 400 minutes of juniors' time available each day:
it takes 3 minutes of this time to contribute to answering
a query and 5 minutes for a loan. There are 10O minutes
of clerks'+time available each day; it takes one minute of
this to contribute to a ¢uery and one minute for a loan.
All this can be summarised in Table 1.

Table 1
: Amount needed per unlt of Amount
esource. o] J' I available
Senior - 11 V 2 980
Junior 3 . 5 ) . 400
Clerical 1 1 100

In Pigure 2, the - three constraints are shown. The border
oabcd encloses the possible conbinations ©of Q and L. This
area, including its boundary, is the set of production pos-
sibilities. Points to the ncrth-~east of ab are impossible
because there is not enough ¢lerical labour, of bec bzcause -
of insufficient junior labour, of cd because of insufficient
senior minutes. Points west of va and south of od are
meaningless Dbecause negative quant;tles of Q and L are im-
possmble. : : :

Since the 11brary recaives 7 shlllihgs for each query
answered and 10 shillings for each loan, the total profit
will be 70 + lOL. The next table shows the combinations
of Q and L represented by the corners o&f the set of
production possibilities (all nunbers are rounded down)
and the profmt which results, from this combinatlon.

Q'ﬁ ;. L v Proflt
a &' | - 80 800
b B0 so | 850
e | 13 - 732
a X: - R 623

P T 66




The econcmically efficient combiration is at.b, when the
library answers 50 gueries and provides 50 loans =ach day.

A change in demand- .

S

Suppose that the communityv served by the library now con-
tains an increased number of technologists so that the
demand for the query answering service increases. The -
price of gueries goes up to 11. shillings and the price of
loans stays at 10 shillings. The library is now trying to
maximise the profit function 11¢ + 1O0L. When Q = 50 and

L = 50 the profit increases from 7Q + 10IL. = 850 to

110 + 1OL = 1050 shillings. However the ratio of prices
has now changed. When this happens the library hunts
around for another blend of activities to see if a reduc—
tion in L and an increase in Q would be worth while. At c,
in Figure 2, 11Q + 1OL = 11(86) + 10(13) = 1076, so the
new blend is more profitable,at the new prices.

In Figures 3 and 4, the two profit functions are illustrated.
Each function is a family of lines of equal slope, and the
choice of which blend of activities: to produce depends on
the slope. Note that the slope depends on the ratio of
prices rather than on the absolute prices. The price ratio
shows how the community would be prepared to swap' one acti-
vity for the other, and this is all that is needed in order
to decide what blend of activities to produce from given
resources. The total profit:is useful in order to decide
whether to expand or contract the library as a whole; it
shows whether resources are better used in the library or
rather in other organisations in the community. This dif-
ference between relatives and absolutes becomes very impor-
tant when we descend from fairyland. ' :

An increase in resources

An increase in clerical time available from 100 to 112
minutes a day allows the production possibilitiesi to be
increased to Q = 83 and L = 29. In Figure 5 the increased
level of this resource is shown by the dotted line. At the
point e all three types of. labour are used fully, as shown
by the meeting of the three lines.: No type of labour is a
bottleneck and none is idle... If trained labour could be
hired easily, or if labour.could be fired easily without
leading to insecurity, this positibn could be achieved by
trial and error. In practice many libraries do seem to be
near this point except during a period following some major
change. sy . '

o
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A more Fflexible labour Fforce

Both clerical workers and junior librarians require a
short training period and a similar background of general
education. If there were more flexibility between these
two types of labour they could be considered as one type.
In this case the two constraints could be merged into one

constraint.
30 + 5L = 400 ) <
= 4 = 5
3 o + L < 100 ) become 4Q + 6L o]0

Figure 6 shows the new single constraint as a dotted line
replacing the two constraints, one for juniors and one for
clerks. Provided production occurs at b, this increased
flexibility does not allow any increase in production.
However, as soon as demand conditions change so that a
movement away from b is justified, the flexibility leads
to a greater output than would be possible when the old
division of labour applied. | | h

' . ‘

A change in technology

A new aid to information work allows a reduction in the
amount of senior and junior librarians' time required to
answer queries. If the innovation were adopted the seniors

would need to spend only 9 minutes per - ~rv instead of the
11 needed at present; the juniors' - uery would be |
reduced from 3 minutes to 2.7 How - ae ...ects of the ’

aid be calculated to find out, whethe: e innovation is
profitable enough to justlfy the costs of adoptlng it?

The present set of producthn pOSSlbllltleS was given by-

119 + 2Lf§ 980.minutes of ssnior'librarians' time -
3Q :+ 5L §-4OO minutes of juﬁior librarians' time .
Q + . L_g 100 minuﬁes Qf cisrical ﬁimé

If the new aid were adopted, the production possibilities
would become: : o SR

I

90 + 2L % 980 T o D .
20 + 5L.¥ 400 ' |
o + L = 100

When the prices were 7 shil&ihgs for queries and 10 shillings
for loans, the mostprofltable combination of activities was
shown as point b, but at thls p01nt all of the time of the-
senior 11brar1ans was -not used up.. Therefore any  furthex
ERi(i'SaVlng in senior 11brar1ans Htime would be worthless.

"’i."‘....r :
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However the saving in juniors' time would allow an increase
. in production. This increase would be very much more
~marked if the amount of clerical minutes availablie were
'~ increased at the same time that the innoyztion was adopted.
Removing one bottleneck often creates another which is Zfar
cheaper to remove. '

§ The new aild becomes more profitable 1f the price of queries ™
i : increase:: to 11l shillings, so it might be worth while
adopting the innovation in anticipaticn c¢f an increased
number of library users who were technologists. The profit-
ability of the innovation depends cn which set of prices

H prevails and how much clerical labour is available.

In a situation where a number of different policy changes
are possible, the various outcomes can be calculated and
tabulated as in this examnleé; shown in Table 2.

Table 2
9 3 . I T B .
Clerical Prices 0olid techn¢q%e ! New tecnnlque
time {in shillings | Optimal Profit Optimal Profit
avail- blend shil- biend shil- §
able of Q jof L Q- | L | lings Q L lings f
: : 100 7 10 50 50" 850 33 66 891 f
; 112 7 |0 |8 | 29| &71 | s4 | 58 | 958 i
100 | 11 10 g6 | 13| 1076 | 100 o | 1100 4
112 | 11 10 83 | 29| 1203 |1o08 4 | 1228

These examples are glven to.. show tne nany uses to wh;cn 3

< " . a linear programming abproach cah .be put. Unfortunately ' L

£ : the approach depends upon a’ knowledge of the prices which

% ‘ : can be obtained for the serv;ces of the library. The | :

5 - university is not a market economy and there are no prices.’ :

’:Obv1ously a unlver51ty cannot use- qulte the same methcds
.of plannlng that were approprlate in fairyland.-

IT fPlannixq,withoutlactnal prices

Let us supp@s: for the moment that we: Lnow the range of
vact1v1t1es =t the llbrary‘could have produced ‘we know

éi@g’g};gm;g:&g;a;m;.»




the actual blend that the library did produce, and we know
that the library was economically efficient. Under these
clrcumstances can we deduce the prices that must have been
‘prevailing at the time?

In terms of the example of Figure 2, if we know the produc-
tion pcssibilities and if we observe that production occurs
at b, can we deduce the prices? At least we know that if b _
is the economically efficient combination, then the slope
of the profit function must be on or between the slope of
the constraint ab and the slope of the constraint bec. Now
ab is the junior librarian constraint, 2Q + 5L = 400, whose
downward slope is %; and bc is the clerical constraint,
Q + L = 100, whose”slope is 1. Therefore the profit func-
tion has a slope of between 2 and 1. But this slope gives
- the price ratios. It tells uUs that if the price of a loan
is one unit, then the prlce 0f a query answered is between
% and 1 units.

Alternatively, we might observe that production occurs at

c. This is where the clerical constraint bc meets the
seniors constraint cd. The slope of the clerical constraint,
Q + L = lOO is 1, and the slope of :the seniors constraint,
110 + 2L = 980 is 1k, The slope of the profit function must
be between 1 and;%. So if the price of a loan is one unit
the price of a query answered is between 1 and-l% units.

At least this method sets a limit to the range of price
ratios. In some circumstances this:range can be quite
narrow- and can give close approx1matlons tc the relative
impc: ance of the library act1v1t1es If a library is

e’ fic. .c, and if the formal ‘and informal communication
sysic = within a ‘university are functioning properly, then
observation of the library allows numbers to be put to the
‘relatlve value of the wvarious. llb?ary activities. These
numbers .are relative rather -than. absolute, but they provide
sufficient information to allow. llbraly planning to take
place. (More compllcated examples ¢an ‘be solved: u51ng
trlgonOmetrlc technlques : :

Most people seem to’find thefidea of swapping easier to
understand than the idea. of pricing; so dlscu5510n is mc==e
likely to be informative if ‘it is conducted in terms of

swap-rate= rather than priceéryratios: (A swap-rate Zs th:
inverse of a price—ratld.n Ifsthe ratio- of the pricc of .
to the pri-= of L.is 3 = oO. 6,1then users are prepared to

swap.g =:1 56 of Q fofr wmne qf”L oriabout 17 for 10).-




In many cases the range of ratios is so large as to be
unhelpful. An alternative approach will be shown to be
more precise although it does need more data.

Using economic theory to interpret past decisions

The university library is a major supplier of information
services within the university. With any one of the
services that the library supplies, the benefit will inc-
rease quite rapidly at first as the service passes the
threshold of awareness of users and as the users come to
feel able to rely on the service and assess it. If the
service is expanded further the benefit from it will con-
tinue to increase, but less and less qulckly. In some
cases a service could be expanded to a level where users
are over—loaded with information and the total benefit from
the service actually decreases. The crucial variable is
the benefit obtained from the: last unit of the service, the
marginal benefit. Although- crucial;: this variable is msT
known. However, it can be imputed by examining the way In
which costs are incurred ln the library (see Figure 7).
Over a p:z-7-d4 of a year or two the Library has the’' oppor—
tunity td ..wjust the amount ©of many- ‘of the resources whaich
it has available. In the previous section we had assumed
that these were fixed because we were dealing with. only
short periods of time. The total of the resources will
depend on the size of the budget, but the mix of resources
will change as demand condlt;ons change and call for ch=nges
in the blend of activities. ::8ince the library knows the
cost of these resources and: has a fair idea of the amcum:
of wach resource that is needed to produce a unit of each
activity, it also knows theiiqost off a uhit of each activwity.
(In economlc jargon, these dosts are medlum—run average
'varlable ‘costs and we-assumé here’ that they are close =p—
proxlmatlons to short run marginal costs. In cost’ accmun='
tancy tekrms, they are unit dosts Whlch do not 1ncludeizmy
~allocatlon for overheads. ) ‘ -

~ An. efflc1ent llbrary will adjust the blend of its ‘activi—
.ties in ‘'such a way that £1 worth. ofiiresources devoted tm

one activity could not give. better value if it were d=swmrted
to a-other activity. If théd. Adibrary is trying to get the
most i‘om a limited budgst, ‘it willicontinue to expanc =
partic Tar library activity -yp to the point where a £ of
budget ould be better spent on: ‘incdreasing another act==wizy.
But £t .s is to say that the lerarran (or rather the cz=zliex
. commi -eé system that decides such imatters) has an im—uitiwve
idea of the benefit to be obtalned ‘from the last unit < anay

aot1v1ty.that is provided. - We are*assumlng that the'ﬁzmgl_aL
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costs of, and the mzrginal benefits from, the activities
of the library are known. (In Paxrt ITII a test of these
assumptions is given and they pass, so read on!)

Suppose that the marginal cost of activity x is ten times
the marginal cost of activity y. and the librarian is
allocating variable resources efficientiy. 1In this case
the librari:w must judge that the last unit of activity x
is worth, to the community served, ten times as much as
tha last unit of activity y. The ratio of marginal costs
equals the ratio of marginal bepefits. Writing MC for
marginal costs, MB for marginal benefits, and- sabucrlptSJX
and v to denote the two activities:

MC MB
pe
i MC MB
. 7 e

Rearranging and generalising: to more than two activities:

MB_ ‘MB - -MB s ' 0
X _ _x¥ - = x
fc e e - F LG .

b4 v > z

where k is some constant (and on the assumption that
libraries are economically useful k is greater than one).

So MB = kx.MC and the wvalue of the last unit of each

activ%ty can Be found by multlplylng the marginal cost by.
x.

But if we are planﬁing only .shall changes in library activi-
ties, the marginal benefit oan be assumed to stay fairly
constant. Writing x, v, 2z as subscripts to denote . which
activity,_and as variables to deriote the level. of the acti-
vity, we can compare two different blends of outputs by
comparing two dlfferent numerlcal values of x, v, z .in the
¢ollow ng expre551on' ‘ - -

‘MB_.x + MB Y + eeee... + MB .z
T x. v o z°7
wirich is' the same expressiohias;_

k.MC_.x + k.MC_ .y + cod.z.. + K.MC .z
TTTx Ty : B z

‘Therzfore small Changes ln'thé blend of library activities
czn e assessed by using the expression:

MC %X + MC .y + .uleu.uois+ MC .z
x7 T Ty REEERE
O
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since this is the profit function as used in Part I. The
k can be omitted, because only the ratios are relevant.
The reasoning can be reversed. If the marginal costs are
known, the ratio of marginal benefits can be imputed from
these.

IIT Application to the Durham Arts/Social Science Library

Assessing the relative importance of library activities

The choice of library activities to be considered depends
on the sort of problems which are relevant to short—term
planning. Our choice was influenced by problems such as:
What is the relative importance of an inter-librarxy loan
compared with purchasing a bock? How important are user-—
services compared with other actiwvities?

The classification of activities must be done in a way
that is mutually exclusive and allows quantification. It
need not be exhaustive although the following list does
cover the major activities at Durham. The list gives those
activities which were considered together with the units of
measurement. The code letters are provided to aid cross-
reference in the tables. ' - ' ' '
I "Increasing .the stocx, meaz=ured Zn number of items

- added during the period consider=d {(the 9 w=eks of

~ the Summer Term, 19&B). :

OILL :Obtaining inter—-library lgans, number of it=ms.
LMI.  Providing library mzterials for consultation in the

 library, number of user—hours spent using library
- ‘material. C :

LL ‘Issuing items on long lozn (2-week recall), mumber .
© . of items issued. :

,SL: f?IssﬁihdfitemS'on short loan (4-hour or overmight},
. "number of items isswed. :

v7:1“if?
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us Senior librarians giving advice o users, numbar
of hours spent on this activity by senior librarians.

BR) Junior librarisns helping users, number of hours
spent by junior librarians on this activity.

For other problems a different or a more detailed classi-
fication of activities may be appropriate.

The resources which must be taken into consideration include
all .those which limit the expansion of library activities.
One very peculiar omission from the list of resources is the

bookstock. This is because we are considering as activities

the various ways in which use can be made of the existing
bookstock, combined with one activity for keeping the book-
stock up to date. The list of resources is given below.

s Senior librarians, man-minutes mvailable for the listed
-activities during the time perlod under con51derdtlon
{9 weexs) : .

J . Junior librzrians, man-minutes.
C Clerical stzff, man—-mifutes. L
P ~ Porters, man-minutes

The budget available fon purchésing books, inishillings.

- Seats, seat-hours, belng the number of seats: tlmes
the Iours that the llbrary is ‘open.

Shelving, spare shelving, in feet.

The resources required per un;t of:each activity and  the
total resources available are clven 1n Table 3, which is
similar 1n lay—aut to Table l

v . : S : Resource
I OILL | LML | ,. ZLL Sk us UJ | available
4 | o | ove | q 60 o 2208 x 6O
72 | 0.4 5 | 3 O | 60| 2364 x 60
e o e o 0 0| 460 x 60
12 | 0.1 Q:l o o] o] 233 x 60
00 o o| o1}4315 x 20
1 | ro iE o| ol 83600
o | o |io | ¢ o] ol 14000
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actually occurred during the period. This completes the

is only after

Table 4 gives

levels of the

the computer.

ahead to find the effects of changing the levels. There-
fore it is not tautologous to take what actually occurred
and deduce from this the measures of relative importance.

set of production possibilities.

Note that our problem at the moment is to find measures
of the relative importance of library activities. To do
this the actual levels of these activities are data. Tt

we have these measures that we can plan

in the first row the marginal costs in

shillings of the activities. The second row gives the

activities that would be predicted by using

the marginal costs as the welghts in the profit function
(these weights are used in the same way that the prices
were used in Part I): this is- @ calculation performed by

The third row gives the observed lewvels

that the library did produce.

Actual level

Table S'Shows
result in the
act1v1t1es as
Table 5 these

Table 4
T OILL |. IMI :| LL st. |us | ug
Marginal cost 89.4 | 17.84, .064 . 896 .40 | 24} 8.8

Predic¢ted level | 1533 | 209757, 567" | 15000 | 1000 | 203 | 57

1533 244 .53, 700:| 15000 | 1000 | 205 | 40

As a first approximation =*is$ is reasonable. It seems that
an 1ntu1t1ve idea of marginil’ costs’ does influence libra-
rians in the way they a_;ncate resources. Unfortunately we
wWere. partlcularly interested in comparing the values of
additions to stock (I) w:th.lnter—llbrary loans (OILL) ard
.the dlfference between prac:cted and actual 1s marked here.

'the weights oﬁfthe'profit funetion which

calculaticnos yielding the same levels of
the observad. levels.,.In ‘the second row of’
same weilghts are expressed in terms of the

value which is placed on- one hour of a senior llbrarlan s
time.. The ratios of the first and’ second rows are the
same, and either row wouid yleld the same result when used
in the calculatlons “

Usually people flnd that = numerlcal approach to values is

..~ made easier by thinking im m=erms of swap-rates. The’ third
~¢mq\row of Table 5 expresseﬁ*‘mzr1nformatlon of. the other rows
O '  in terms of the number of mmits of each activity that the

organlsatlon 1s prepareﬂ oD swap for one addltlon to thev

o




stock. For example, the figures under I and US lley that
AFf the universitv were presented with =a choice beLWeen ‘one
addition to stock and four hours of skilled user—servlces,
it would choose the reader services; if the choice were
between one addition to stock and three hours of user—
services it would choose the addition to stock; a choice
between one addition and 3.7 hours would leave the univer-—
sity indifferent. The ccmpariscn between I and LML w1ll
be particularly interesting -to the teacher.

Table 5

I | OILL LML LL st | us | ug
Weighting |[89.6 | 17.8 .064 | .896 | .40 | 24 | 8.8
taking”one‘ | N R R T A B
unit of I. __h . . N I SR S SO T i
as unlty 3.7 0.74 .0027 | .037. 1 ..017 4 .1 zf:i37
Swap-rate '
in terms of
one unit: - :
of ‘Lot 1 | 5 o4 1370 | 100 | 217 | 3.7 10

S RPN

Table 5 gives dlfferent ways of: comparlhg the: valueswof-
‘the llbrary s activities, values to the unlverslty which
‘have ‘beeniobtained by studylng ‘the! actual resiilts of thé
decisions taken by the complex system of committeces. A
first: approxlmatlon to .the figures was  found.by:using tHe
marglnal costs, of the act1v1t1es,-but tne flgures given:
xn the table,are not costs-“;they are figures .showing.the
L ' ¢ oe_eflts of _the act1v1t1es Strictly, weyshauld
hatfthe ilbrary is behav1ng as if these areithe

, e‘beneflts of the act1v1t1es Certalnly we' should
taKe'any:opportunlty to check the conclus1ons with the’
-decision~makers concerned. However, the close approxi="
matlon obtalned by u31ng the marginal costs does 1mply
that the llbrary knows what it is doing. - There is.a:
strong hlnt here that _the llbrary is falrly efficient in’
the economlc sense. ' " : -

If the concluslon 1s Slmply that the llbrary is economl*
cally efficient, of what usée is this technique for:
estimating the effects of library décisions? In the next
section ithe’ technlque 1s uséd: to show the implications of
adoptlng an 1nnovatlon : Whén: there: is- a complicated inter-
‘action between many . reseurces and.many activities a quick
method of calculatlng'"best" or "approxlmately best" ways

14
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of allocating resources is helpful.

One important qualification to this conclusion about
efficiency must be borne in mind. The library appears
"to be allocating those resources which can be varied in
the medium run (one or two years) in such a way that
partlcular resources are being used to maximum advantage.
But this assumes that users are knowledgeable, and that
is .a dangerous assumption to make about an institution -
which engages in teaching and research. Indeed, such an
assumption threatens the institution's raison d'etre.
Perhaps a few man—hours devoted to informing users more
fully about the library's stock would alter the benefit
ratios considerably. :

Changing the technologv

At the moment of writing, Newcastle University is develo-
ping a method of automating the ordering and accessioning
proceduré. (inevitably, cataloguing and classification
remain traditional.) The néw: method will reduce the
amount of labour required for the a&¢tivity "increasing
the bookstock" (I). We guess that the amount of senior
librarians' time needed will: be reduced from 72 minutes
per item to 60; junior librarians'® #time will be reduced
from 18 minutes to 9; clerical workers' time will be
reduced from 18 minutes to 6.. What would be the effects
of introducing this innovation? :

The first reaction to such a proposed improvement in library
technique is to assume that a greater increase in the book~-
stock will be possible than is the case at the moment.
However,  the library is not only constrained by labour but
also by the budget available - for buying the books.: The
production possibilities are 'similar to those shown in
Figure 5 at the point e: rémoving one constraint on expan-—
'sion leaves others which are; equally constraining.: The
problem'is to know which resoeurces to expand in order to
make the best use of the 1nnovatlon. ' b

. One alternative to expandingpthe reSources would be to
increase the flexibility offthe labkour force by giving
similar'training to juniorsfiand clerks, An easier method

is to.assume that hlrlng and flrlng of junlors clerks and
porters are relatively 51mple and to give to the llbrarlan -
.dlscretlon to spend the budget on both boocks and non- '
graduate labour. This means: .that the budget is raised,

but not the cost,;to the unlver51tyn Each act1v1ty that

"wprevlously used up the’ resources of juniors ,clerks and,

porters labour time now’ uses up a“proportlon ortﬁmabudget,
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the precise proportion determined by the hourly cost of
these different types of labour.

‘Table 6 sets out the proposed changes. In column one the

Present- resource requirements for one unit of I are shown.
In column two the requirements are shown if the innowvation
were to be adopted. Column three shows the new recquire-
ments when the different tvpes of non-graduate labour are
treated as a straight cost.

Table 6
Non-graduate
Present Post innovation labour as
’ requirement requirement a money cost
{
Seniors' time : 72 60 60
Juniors' time 18
Clerks' time 18
Porters' time 1.8 T 1.8
Budget 3 55.6 - . B5.6 57.4

Assuming that all the activities except increasing the
bookstock (I), user-services by senior librarians (US) and
by junior librarians (UJ) must be at least at the level they
were at before, and assuming that the relative importance
of the different activities stays the same (see Table 5),
the new techniques vield the increasés .in levels of output
as shown in Table 7. - - R

Table 7

m I l OILL ’ LML- | LL - w SL ', Us =’ UJ
Before | 1533 244 | 53,700 | 15000 | 1000| 205.| 40
After | 1610 | 248°| 53,700 | 15000 1000 | 430 0

The beriefit from the innovation consists of an increase of
5.7% in additions to bookstock-and more than double the
amount of senior librarians' time available for user-
services. Table 7 also illusFtateslﬁhat the present plan-
ning technique can be used only with considerable common ‘
sense, bedause'the'calculatioh?résulfs‘in the  recommendation

that there should be no user-services from junior librarians.

If the~calculationsvshqwithaﬁfaychangevof plan results .in
an obvious improvement,. the hl?hd‘of,activitieS'recqmmended

provides a convenient method.of planning the allecatiam e



o T ARG O LR T R P R

staff Within the liorarv A new .version of Table 3 is

‘prepared which ‘takes into account the changed technology,

and staff are allocated according to the blend of activi-

. ties ‘which are to be produced.

Summary -

1. Find the set of production possibilities of the
library. Since the library is the major supplier of
information services, some demand constraints will be nec-
essary in addition to the resource constraints. :
2. Use the cost of those resources which can be varied
over a one or two year period to calculate the marginal
costs. ' Use the marginal costs of the activities as a
first approximation to the weights in the “"profit" function.
Adjust tlese weights until the "profit" function, together
with the set of production pbssibilities, yields a linear
programming solution that is®the same as the actual blend
of activities produced during the period. (This adjust-
ment is simple if the print-out contains information on
upper and lower bounds to the weights.)

3. Translate these Weights into swap—rates and check
with the decision-takers.

4. Use these weights to predict and compare the outcomes
of posSible changes in Jibrary policy and techniques

Obv1ously this method of library planning has a number of
disadvantages. It involves concepts with which many
librarians will be unfamiliar;  The numerical approach to -
comparative benefits, or the relative importance of library
activities, lmplleS an accuracy which is not there, and

the value -of approximation is:often least appreciated by

.those who are unfamiliar With quantitative techniques.“

However, a first attempt to- find measures of relative _
importance is necessarily appres - and further eyperience
can increase the accuracy of tYie :st nates. The computer

. print-out (using Mathematical Progrzmming System) contai: s
- a large amount of information additional to that mentioned

in this paper, and this shows;where .the range of values is
wide. o ‘ : B ’

All the data required for tHis approach are needed anyway

for elementary library management p¥oblems: the time taken
by a particular type. of labour to.'do a particular job, the
cost ‘of a‘unit of a particular actiVity,_the amounit of the

- various resources whicn are ayailable.

,‘»;»\ P
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The method allows library problems to be tackled one at a
time, but without losing sight of the whole complex of
library operations and the objectives of the library.
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Discussinn

Ni~. Mackem—ie st wie thing which w  Zed him abwout the Durham techmique
was thar it was bz sed oo whiat the library off=x$ rather than on the services it
shoulid prrovide; twese wr=Te not necessarily .oexiensive., Mr. Morley replied that
by using ais ‘fechmu.que znd assuming that the library budget was fixed it was possible
to vary c=rtain objectivi =5 witirin the model amd determine how the benefits would be
affect=d.

Mr. Duchesme asked Gf-. Morley why b= liad <ssumed that the short-run marginal
and the sfiort-run avwerage COsis were .equal iv tthe umit costs, and why they were assumed
to be cansstant. Mir. Mozley ==id this was only am assumption because it was not really
known hosw these costs v:zee:., Mzx. Mackenzie abserved that recent work had indicated
that, for a variezv of reasom=, umit costs in t8¢ pewer universities tended to be lower
than in tb2 established vmiversities.

Dr.. Urquhar: suggestesd chat one way to &=sess the beneZ: of a university library
would be @ find omt what costs would be incurz==d by the use=zs if 2 university did not
have a library. More reseazch was needed toiZmd out what ,,vpople did in the library;
it might be possible for a amwersity library to simction with a farfly low success rate,
in terms of items b=ing on tixe shelves when they are wanted, because if a user could
immediately get same small nroportion of his total demands ke would be prepared
to wait for the remainder to zome as inter-libmary loans. Howew=r, there could be
cases In literature searching when one book le zo another, anc irmight be very costly
if the first and key book weremnot on the shelves. Mr. Morley —=mplied that it was
important to think of the mnive=rsity library notonly in terms of m=rmation retrleval, _
in which case the library resmonded to a stimmius, but as itself-providing the stimulus
by being awvailable for browsimg. ‘

Mr. Carter said that M. Morley had beeen trying 1o establish hiow a university
library could mak= the best use of fixed resoumcas, bur universimr=mdministrators
would like to know what prowmortion of . umiver=sity :r:esourr.:...s shoulfire allocated to
the library to give maximumm benefit ta ife mmiversity. .. Mori=y replied that one
way of duing this woulid be mm mssess the cost of aItternamve servic=s which the - .
readers-would have:to wuse, Dt which the miversity ‘womild. have t0 paw for, if the .
services proviided iy thve lifwrary were remmved. One obvious r=sult would be that- . -
travel allowamces woulittheive tio be increassdtto pay for journeysito other libraries.
If-a r=nge of sach alterzaiiwes were examined and costed then some idea of the benefit
provi@ed by the linrarycowikt e esrzblished.

Mr. Morley said thactie Durham team k=f deme a survey .ot the time students
spent being formally taught =nd the time they spent in private ssudyy. either in the
18=rary er elsewhere. Prelimimary results indicated that there was a certain critical
level somewlzere between tweiva.and fifteen hours a wesi; if tk. “isne spent on
lextures was increased beyond this point a sigmificant fall was xe=ed in the time sper:
on privaze study of beth kinds.

2r. Urghuarv s#E@ that imvessigations should be carried outr into where students
got:their books from; thvr-e mmst be a cons:derable variation frem one university to
anmzher in the role: plaw::d by the public library in prowdmg curricular reading. In

EKC nhmdge the proporti.i was prabably small, in Manchester amd. Birmingham quite

o~ —ze.. Did the umiversi: s know this. a;nd approve of it? Mr L.ongworth said that
PP A
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public libraries were used to the influx of students during university vacations;- but’
he did not objec: te this. as students are legitimate public library users.

Referrimg to Mr. Morley"'s paper, Mr. Vickery asked for an illustration of
how the use of the “m=ximising' approach yielded some insight into the preferences
of library users. Mr. Morley replied that onlr a vague insight was obtained but
they found, for exa—mpii=, that only 25% of the readers used in the catalogue.

Mr. Duchesre asked if it was legitimate to extrapolate from the snapshots of
the lbrary at varizms points in time to 2 dymamic situation, and hence to predict
how the library wasid 2iter when certain variables were altered. Mr. Morley replied
that it was possiblie to predict the general shape of the curves using the snapshot
technique, ané'the messurements om which the technique depended could be repeated
as often as required to obtain information zbout how the system was behaving.

Mz. Darmmers pointed out that, whemn assessing the change in costs which would
result with the introdoction of computers, Mr. Morley had not included the cost of
developing the syst=mm. He replied that the Newcastle programmes would be free and
computer time was £ree, but he agreed that for a more realistic figare of the cost
of the innovations these.costs should ave been included. Mr. May said that if Mr.
Morley had appliedvhis technique in imdustry to a particular section in a firm, then
he m1ght -have been accmsed of sub-optimizing; he wondered if it would have been
_ better to look at the university as a whole. Mr. Morley agreed that there was a
danger of sub—optimizing, but he had really msed a measuring technique and he had
only used an optimization technique im his pzper when considering changes in library
technology.

Mr. BuciKlznd asked Mr, Morley :if he kad considered the interactions between
the various: sexvices provided by the lifarary;, =nd womdered if the effect on other
services couil:! be calcnllated if more ressources were put into one particular service.
Mr. Morley replied ke kad assumed the=trtherre were no complicated relationships
berween the services, hutthis did not mrewem the services being altered and cal-
culating the r=sulting ck=mges in the bemefiit, Mr. Carter regretted that ‘it was diffi-
cmltto decide on the allwcation of resources’ Izetween books and equipment; ‘Some _
departments:placed mors emphasis on egmipment thar on books and 1t was a p1ty ‘that
there was no guidamce em the relative bemefits of these.



Aruitoxt provided by Eic:

SESSION 3: TECHNIQUES (Continued)

B. C. Brookes

F.F. Leimkuhler

1. Woodburn

Discussion

Starisrinal distributions in documentation
and library planning

Stograge policies for information systems

A mathematical model of a hierarchical
library system




T QN A
k54

.- Statistical distributionsin documentation and library planning. B.C. Brookes.

Introduction

The application'of statisticalltechniques to scientific documentation is motiveted
by the following objectives:-— '

1. To identify the statistical distributions that arise in various aspects of docu-
-mentation because such identification is highly. infvrmative per see.

2. To seek empirical laws, correlations and other relationships between differing
; - processes within documentation work when these processes have been statistically des-
0 cribed.

i 3. %o apply any empirical relationships so discovered to make more rational or econ-
¢ omic gse of documentation by special libraries and in the planning of information ser-
-vicese

4, . Tq develop a Eﬁeory of -inférmation and documentation processes. The search for
la theogy is not simply an end in itself but is the only means of giving intellectual
w'Icoherence to a subject which at present is little more than a rag-bag of practical tech-
niques ‘and empirically established procedures. - Any theory with the hope of unifying
?f'information "science" and its applications to library planning will have to be essen-

"~ 'tially statistical. But effective likrary planning depends on a better statistical
pictuxe of books, periodicals and their usage than we have at present.

e At the present time, the needs for statistical data and the usefulness of statis—

. -tical techniques are inadequately apprediated by documentalists and so most of the data

.. available are incomplete or in some respects untidy; almost every set of data that

“ reaches me has to be re-sorted by tedious clerical work. With the increasing use of the
_computer information services, statistical .data should become more freely available once

= their value to development and rationalization has been demonstrated. i :

: . For the most’ part, the statistical distributions that arise in library and docu-

- . mentation work are already. well-known ~ the binomial, the Normal or gaussian, the
 Poisson, the gamma and their variants -.and the techniques used in analyS1ng these

- standard distributions - such as the s the t and other significance tests - are
valready being applied to some -extent. ' The important aspect of all this work is to
understand the conditions under which particular distributions are likely to arise and !

. to recognize the situations which ‘call for particular tests. But such understanding . . ||

-+ and -recognition requires some: apprenticeship in statistical work - there are no short

ﬁf:cuts to ‘the- acquiring of the skills needed.» S S

Rt Rt S NS b A i+ € et B e ae e L mtem e s LB et el e

> In additiou, there are some distribu%ions which are- peculiar to documentation work
gfand are therefore. of practical interest to documentalists. When they are well enough
"established these’ distributions ‘will also ‘attract the interest of theoretical statis-
_ 4;tioians and_ we can then: hcpe to enlist out51de help in developing the coherent theory
r}aand subaect needs.“j, ey ‘ L

T This paper is therefore restricted to a very brief survey of occurrences of the
'3standard distributions that have been roticed in: 1ibrary and_documentation work together’
<]'with a more detailed .discussion. of ‘oneof ‘the éistributions peculiar to documentation

_ = the Bradford-21pf distribution and.some of its applications, especially to the

B of “special. library?services. : , .
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""" gan probably be measured by the degree of overlap in_ the Swets model of the distribu-

* . probability paper they'fell,fairly_closely along straight lines when the variate was

. until I have access tO“a»computerized I.R. system for experimental work. _ !

-D- ‘ : }

Occurrénces of some standard distributions in documentation.

‘1. The Normal (or Gaussian) and related distributions

The variate of the Normal probabilityvdiétribution has the mathematical form

P(X) = O'}Z_ﬁ'_ exP- "(x "/”-)2/20"2 9 (" w‘_’_ﬁ(w) e o @ 4 o o c (1)

and its "shape" is shown in Fig. 1.

Though the variate x ranges theoretically from =— o to +o almost the total
area under the graph, symmetrical about its mean, lies within + 3 of the mean value
_ o The parameter o~ is a measure of the dispersion or spread of x about its value's
The smaller the value of o (the standard deviation), the more concentrated and compact

the distribution becomes.

The Normal distribution occurs very widely = sO widely that those who discovered -
its importance to biology in the late 19th century a little too readily assumed that i
was a natural normal law of Nature. So by naming it the Normal distribution they wron:
jmplied that quantities which did not conform with it were in some sense. abnormal. Mo.
anthropometric data (the heights of men, the sizes of their feet, etc.) are normally
distributed i.e. most of them are 'near the average' value and men of exceptional heig:
or exceptionally large (or cmall) feet are relatively ‘rare, so ready-made clothing and:
foot-ware manufacturers know very exactly the relative numbers of different sizes they-

can hope to sell.

The Normal distribution arises when the variate x can be regarded as having a
ibasic constant value, .2 , which is subject to independent random errors each of which -
is equally likely to increase or to decrease s« by some relatively small amount. It
is of great theoretical as well as practical importance because it is both the ultimat.
ancestor and ultimate descendent of many dther distributions. It shows great stabilit;
of form: sums or differences of normal variates are also normally distributed and it .
has many other properties of practical use and theoretical interest. - T :

: Though the mathematical function of (1) is in some respects rather intractable (
has no simple integral), simple techniques of handling it are well-established and tat
of the "normal probability function" or of the closely related "error function" are
readily accessible. . The simplest way of checking whether a likely-looking one-humped
symmetrical distribution is in fact Normal is to plot its cumulative sum on "arithmet:I:

|
£

" probability paper". The distribution is Nopmal.if, and only if, the resulting plot ié

a straight line, or nearly so. (Fige 2.) i
An occurrence of the Normal distribution that surprised me arose when following %

:.xup a clué dropped by John Swets] and his proposed measure of I.R. effectiveness. Whei;

I plotted-Cleverdon'sa_'Aslib/Cfanfield results' for recall and fall-out on arithmetid

N

'Cleverdon's level of coordination. . (Fig. 3.) For me the implication is that I.R.“is%

a process subject to Normal {or Gaussian) noise and that it should be possible to dev:
a theory of I.R., and of indexing, based on this fact. In this case the basic "quant:
ity" subject to Normal error is the indexing language description of the contents of

document. There is therefore an inherent "noise level" in every indexing language whi

=
¥
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tions of recall and fall=out. ‘However, I do mot propose to pursue this analysis furt

ey (v -

Distributions directly related to the Normal arise if it is spme function of the;
variate ¥ rather than x itself which varies Normally., K One of these, the log-normal '
distribution may become of some importance in documentation., In this distrivbution it!
is log x (which can‘neveribefa"neggtive'quantity)jﬁhich is Normally distributed. Itg
equation is- ' - .o - ,]ﬁkfﬁf,-jy;. e ‘ i T S : o .
R Ao Tt - e
and its shape is.shown in'Fi o o

cog x-mYAE (0 s x<w e
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This distribution arises also in economics, bildology, nuclear physics and the 3
sizing of dust-partlcles and so techniques for handling it directly are already
well-established. 'If the cumulative sum is plotted on probability paper which has
a log scale for the variate x, the plot is linear if x is 'log=normal'. When
V1ckery2 published his data (J.Doc.) on the distribution of numbers of papers in :
scientific periodicals based on a 1/10 sample of the periodicals held by the N.L.L.,.
I plotted the cumulative sum on log probabllity paper. The plot shows that the )
distribution is approximately log-normal and so we now know the "shape'" of the dis-
tribution of scientific papers among the periodicals. The distribution offers one
way of describing statistically the totality of scientific periodical literature and
it should therefore be possible to show that the "sum" of all possible scientific
periodical bibliographies converges to this log—normal form.

In the log-normal distribution the variate x can also be regarded as having a
basic constant value (its mean) which is subject to independent random errors, but
in this case each of the disturbing factors multiplies the: constant value by an
"error" just less than arvr just greater than unity. -

Coe The Poisson and related distributions

The variate of the Normal and its related distributions is continuous -i.e. it
is a gquantity which can take any value -within the range of the distribution and which
is usually measured in some way. -But if we find ourselves counting we are concerned
with a discrete dlstrlbution in-which the variate takes only integral values.such as
Oy 15 24 39 « o o (There are exceptions to this statement: if the number of discrete .
values is high enough, it may be convenient, and accurate enough, to regard the vari-
ate as contlnuous as in the log-normal example used above.) :

One of the most familiar discrete d:.strn.but:n.ons is the Poissoni- . ' i

t p(x) = e *-a* ’ (x-=-0, 1, 24.3, . o .)‘ M
‘This dlstr1butlon has ‘only -one parameter, ‘8, and: it can be shown that I f
' the mean, & = a . and the Be.8e, o~ =& . - o

If "events" are-randomly scattered in time or-space-then.their temporal or ‘spatial. :
dlstrlbution éonforms - with-the Poisson law. The classical example is- von Borthiewicz's « |
data on deaths in the Prussian army from the kicks: of a:horse - a random enough event 3
which conforms closely with: tke Poisson law. : '

Random -events occur~in'5pec1a1.librery and“documentation pfocesses,too. For
example, the arrival of.customers.at :the service desk of a library conforms with the
Poisson law.. The law has now-become: the basis-of a mathematically sophisticated. o
theory of queues from-which,. for : ‘example, the: optimum number of service points for: i
queues -with different- statistical laws of:arrival and departure can be calculated.

But one of the snags of using: the: Ebisson law:in library processes is-that though the
situations  in-which it is likely to‘be:applicable:are easily recognized, it.cannot be o
‘applied until the: value:of-a:has been: determined:-ise.. prediction based- on Poisson '~ "
‘analysis is- liable. to be rather :post- hoe’unless:- the vdlue of a is. already" known. ~ in:.
which . case .any- practlcal ‘queueing:; problems ‘that. arise -have- already been experienced:
"and may- already have beenresolved.: “However, it would:be:useful, for example, in
plannlng ‘expansion’of: the number -of! service- points ‘required if ‘the number -of users:

were expected. to-'increase -~ but.: essentlally on- the basis of past: experience. .But 1t
must be . stressed that: confident statistmcel analysis of queueing probleme demands
mathemat1cal competence. ‘ . ‘ , , v

3. The- negatlve e nential‘and related dlstributionsl

“If events -océur..at- random 1nétime or along a 1ine, the intervals between thesee
events, : arcontinuous:variate LaTe: ributed o - £o: ' '




‘can both be derived from the Binomial law: "and the Poisson law reverts to the Normal.
. law as a increases indefinitely. One advantage of developing the statistics of docu~'
mentation is that.this web of underlying statistical relationships can help to link
. documentation .and library usage phenomena which are still regarded as unrelateds

Yo

This law arises in the ageing of periodical literature and will be used in a
later section of this paper. In the context of ageing the law is a simplification,
possibly an over-simplification, of a law of a more general form of which the law
above %s the simplest member. The more general form, the gamma distribution has. the
mathematical form:~- : o : '
P(t)=_7-1m t e .’ 0O & t £ oo ...._....(2)

When t is small, the factbr t? dominates: as t increases, the negative exponential i

factor gradually takes over and the value of p(t) declines towards zero. - (Fig. 6)

The above distributions are widely used in reliability theory in which the life
of mass-produced components conférms with variants of (2). If (1) is applicabie, :
reliability theory yields a result for the life of a multiple component which consiste
of n elemental components working in parallel: the multiple component continues to

Ugivate until the last of the elemental .components fails. The mean time to failure.
of the rmultiple component is increased by a factor which depends on n:- ‘
1+%+'}+00.000'0% . :

This factor represents a law of diminishing returns: if n is 2, the factor is 1.503 !
if n is 3, the factor is 1.83; and so on. But the intriguing aspect of the factor is:
that it is also a Zipf. distribution and so suggests that periodical literature which
conforms with this law (discussed in a later section). also offers the user a law of
diminishing-returns as the size of any bibliography he is interested in increases.

}

The practical handling of these ékppnential’distributions is usually helped by '
the use of semi-log graph paper in which the log scale is used for the ordinate p(t).f

Statistical distributions in general

The distributions mentioned above have been groupéd in a way which might suggest thaté
they form independent entities. But in fact they form a closely inter-related family:

- with an underlying web;Of.relationshipsé'*For example, the Poisson and Normal.laws H
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‘sufficient care and thoroughness OVer the - search is taken.

o
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The Bradford—Zipf law of scatter of pgriodical literature

I£ all the issues of all the periodicals which publish papers relevant to a well-
defined scientific topic are collected together for a period of, say, one year, the g
number of relevant papers published by each contributing periodical can be counted. 3
When the count is known, the periodicals can be arranged in order of decreasing prodgc~
tivity. The periodical ranked 1 may well be one which is almost wholly: devoted to the
particular subject or it could be a more general scientific periodical, such as Natune
or Science published frequently and containing large numbérs of short articles and g
letters. In all subjects there will be further periodicals which contain substantial
numbers of papers relevant to the subject. But there will also be a long tail of

- periodicals - about halfy the total number of contributing periodicals, which only con=

tribute on average between one and tworelevant—papers per annum. The cumulative
totals, R(n), of the numbers of relevant papers are then found. Thus R(1) is the total .
of relevant papers in the periodical ranked 1: R(2) is the total of relevant papers:in
the periodicalsranked 1 and 2 and R(n) "is the total of relevant papers .in the first n

of the ranked periodicals.

When successive values of R(n) are plotted against n on semi-logarithmic graph
paper, the graph will be féund to begin with a rising curve which runs, sooner or later,
into a surprisingly smooth straight line. (Fig. 6.) The useful feature of this "bib-
liograph“ is that if enough data have been collected to ensure that the straight line

ﬁ is reached, the end of the line can be predicteds. -And if the end of the line is known,
" 50 also is the total number of periodicals which oontribute at least one paper per annum

to the scientific subject. The narrower or more specialist the subject, the shorter
will be the curve which rises to the starting point of the linej; in many cases it suf-
fices to identify and count the productivities of only the 10 most highly productive
periodicals.

The equation of the straight line 1s - R(n) - N log n/s .where N is the total

i number of periodicals contributing- at least one paper per annum to the subjeotjo To t
. estimate the value of N it is necessary only to find where the straight line, if continued :
. downwards, meets the axi= of n. The highest (and therefore the most reliable)values of -

R(n) and n are then substituted in the above equation.- We ' then have
' R(n) ‘

In thic equation the logarithm is the 'natural' or. Napierlan logarithm which has the
base e: . tables are found in most elementary sets of h-figure mathemat1ca1 tables.

_ When N is known,_the total number of relevant papers publisned per annum can al.so ,
be calculated since . T O N o L : i

R(N) ='N- log N/s . _-:”fef{;»‘g';g‘r T .f_ L ) %

- .. Th above formulae are based on a. mathematical formulation of Bradford‘s law of
scatterg.. They represent a’ mathematical ideal which is very. closely approached by
computer searches.of comprehensive bibliographic collections, such as MEDLARS, (Fig. 7)
but manual searches (Fig. 8) are likely to fall short of the Bradford ideal. Enough -
evidence has accumulated to suggest that deviations from the Bradford ideal can be
accounted for by admitted or demonstrable incompleteness or by weaknesses in the search -
procedures. -The Bradford ideal can therefore be taken as the practicable target when

In many: practical cases, 1t is neither necessary nor would it be economic to collect
the. "complete"" Bradford. bibliographye -However, it is helpful to know what fraction of. :
the total. is. attainable or practicableogﬁFor example, if anyone were interested in es—]'.,r
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- Other applications of the bibliograph . ' ' o

a well-defined scientific subject can be obtained from other types of bibliographic %
data. The Bradford-Zipf law seems to arise in situations in which a finite set of
choices is available but in which the probability of the choice of a particular item

is reinforced by each previous choice of that item so that a few of the items eyentugll
attract most of the choices. The "popularity" of the most. frequently chosen items, :.

- however, eventually causes "saturation" - not all the first choices of these items can
be satisfied. For example, a periodical may attract more papers than it has space to
publish: the rejected papers may then be submitted to less popular periodicals in the
" ranked sequence until they ‘are accepted. "Saturation" is indicated by the curved part .
of the graph. - :

A'bibliograph of the same form as that obtained for the periodical literature ;

‘Fig. 9 sh&ws the bibliograph of abstracting publicationd drawn from the data oﬁ!
Wood and Bower®' of the N.L.L. on the use of abstracting publications in social sciences
These data conform very closely with Bradford-Zipf expectations.  They show a nucleus |
of 10 publications and an expected total of about 80 of which 77 were included in the
N.L.L. list, : .

The dats on citations is more'difficult to interpret. Bast and Weyman'ssﬁdatavon;
citations of books in the literature of plasma physics produce -a bibliograph of the
expected form except that it continues beyond the expected limit. The graph indicaties:
a nuclear group of only 5 books and, if the Bradford-Zipf law were to hold for citatior
a total of 222 cited books would be expected. East and Veyman, however, found that '
529 books were cited but they add that the most cited items were "clearly directly
-related to plasma physics" and that a "large number" of less cited monographs dealt :
with "other areas of physics, mathematics, etc." Clearly, the items of choice in this !
particular case, the books cited in the.literature of plasma physics, do not all belong
to the same bibliographic classification. The eleven books ranked 1 to 11 certainly |
belong to the literature of plasma physics and so account for. the conformity of the

vi'kinitial'part’of the graph with the typical Bradford-Zipf form.

i

- Data on the citations to periodicals. in the same subject are also provided by
East and Weyman (op.cit.). In this case the bibliograph of the 70 periodicals most
frequently cited lacks the initial curvet, the graph consists initially of two straigh’
lines of different slopes.x The first straight line is a typical Zipf- graph indicating!
that “saturation" has not occurred here. It is not surprising; there is no limit on
- "the number of times a periodical may be cited thomgh, oddly enough, "saturation"
‘. occurred in the data -on monographs. -The Bradford-Zipf estimate  in this case also ,
‘.. exceeds the number actually found (14173 estimated, 11,901 found) whereas with books
. the estimate was less than the number found. A possible partial explanation of the. g
anomalies in this case may stem from the fact that the citations noted were in no way :
~limited by the date of the issue of the ' periodical cited. It is reasonable to assume .
. that conformity with Bradford-Zipf expectations would. require that all the "items"
~open to ''choice' ~ here the periodicals’ cited - should be expoSed'tofchoice for the
. same period of;time;j'THis:coﬁditiOnfisjcleariy not satisfied by this particular set
" of citation data (there is no reason why. it should have been) one of which is mention:
' as going back as’far as 1870, o SRR T - : o

. . ’

citatic

A third set of -data published by East and Weyman (op.cit.) enumerates the
for each paper cited from Physics of Fluids (1961-4).  The bibliograph is shown in !
Fig. 77¢ « This again is of the typical Bradford~Zipf form and again the straight line

 extends (248 calculated, 372 found) beyond the Bradford-Zipf expectation. Examination
“ of these data suggests however that the most frequently cited paper {(which is cited
" only 14 times) is not c¢ited as frequently as'a Bradford-Zipf distribution of the given|
" totality would'pg@uire]ndr;ig}t@efraﬁgé%of;"popﬁléritieéﬂ,.fr0m314 citations to 1, as !
‘large ‘as would be required. "1 “may be possible’ to regard such data, and a similar tyr
“ ‘of data which arises from. con: sn'|6f ‘residual demands, such as those handled by
.9 e N.C.L. and"the N.L.L. f-trunéated Bradford-Zipf distribution from -
 ERIC sch “the ‘uiiknown "head" he empirical evidence so far available '
B ‘ 't “¢hopped off cleanly from the "head" -~ 1~

“Fggests that, in such cases;"

amd. Farther analvsis is’ needed o




 with the Bradford-Zipf form for sets of periodicals is merely a refleciion, par=—F *

- =

. These partial failures of the Bradford-Zipf bibliograph help to elucidate more
precisely the situations in which the bibliograph can be used with confidence ané to
clarify the conditioms which have to be satisfied. Citations clearly do not fully
satisfy these conditions. There is no saturation effect because it 'costs' nothimzy
in effect, to cite a paper; it may be that the seeming conformity of sets of cii=tZgns
distorted, of the underlying periodical distribution. "The 'core' jourmals tend o -
attract the most citable papers', East and Weyman noted.

- At the same time the distributions of citations widen the linear logarithm=

" form .of cumulative sums of documentary distributions and so suggest that a more ggm§r31 )

empirical law may be found. In the Bradford-Zipf bibliograph for periodicals tik=
valueiof s (the point at which the linearity intercepts the axis of log n) is never

_less-than 1. But in Fig. 9 the initial linearity has a value of s, 1/2.08, whicir 3

just less than 1/2, while, for the second linearity, s is again 1.

One area to which the distribution should apply, since the ‘required conditicus
seem to be satisfied, is to the issues of. books from a library. Here again, the
library user has a very wide choice and yet his choice of the most popular bocis 35
restricted because such books are not always available when he wants them and bermuse
the process of issuing and restoring a book to circulation takes finite time even in
a computerized issue system. A bibliograph of the issue records of a library should
therefore establish which books, at any one time, constitute the popular nucleus and

- ghould enable an estimate to be made of that fraction of the total collection which

is of active use. But no book issueAdata have yet been studied in this waye.

A second area to which the distribution in one of its forms should apply is to

'_' the frequency of use of index terws in a'‘document retrieval system. Here again a
:  bibliograph should be helpful in identifying the terms which are over-worked or undexr-
. worked, in devising labour-saving search. strategies, or in estimating the ratio of

growth of the admissible indexipg terminology.

In all the areas mentioned more data and,anaiyseS'are-néedéd.A One use of the

‘bibliograph arises from its potentiality as en instrument for the managerial control

of a library or dogumehtat?dn;syétem,iA;_




Theoretical problems

Ciéarly some theoretical problems remain to be solved. If the points of the
initial rising curve of the bibliograph are plotted on log-log paper instead of on
semi-ldg pzper, a single straight line is produced in the simplest cases. This
indicates that the form of the initial curve of the bibliograph is ’

R(n) = «n”

where o and .3 are constants with 4 < 1. But sometimes a series of two or threeg
successive straight iines arises, in which the value of 4 increases in steps up f
+~wards 1. In all such cases so far studied, these complex forms arise when the total
r+dbliography covers a long time-span or when two or more slightly different categories
of data are known to have been combined. Fortunately, the effects of these variations
affect only the nuclear contributions, which have to be counted anyhow, and they do,
not affect the practical applications based on the subsequent linearitye. '

i The Bradford-2ipf distribution also has an extraordinarily stable form. It is
i therefore possibile to.calculate the composing or resolving of wholly independent or
| partially overlapping bibliographies. It would also be helpful to know exactly how
the form of a bibliograph develops as the literature on a new subject grows from the
first basic paperj usually, it seems, a subject inevitably widens as its literature
grows and the resulting bibliograph may be regarded as the envelope of a number of
Bradford-Zipf linearities of increasing slope.

Statistical Bibliography

Empirical laws such as the Bradford-Zipf could be helpful in transforming library :
- management into a more business-like activity. The study of bibliography is still in |
a kind of natural history phase, much concerned with particulars but little concerned :
as yet with seeking general relationships between the particulars. The fact that the
emergent empirical laws of bibliography cannot yet be adequately explained in causal
-terms need not prevent their application in solving appropriate problems. There is
much work for them to do in the planning of more rational, economic and effective
library and information systems. )

In such work the Bradford-Zipf distribution has a role to play because it has an
. optimizing factor built into it; once periodicals are arranged in order of their pro-
- ductivities of relevant documents or books in order of popularity, any cut-off ieft
at the 'head' of the bibliograph automatically indicated the n best periodicals, or
. the n most popular books. It should therefore be helpful in designing systems or
© "when applied to them. There follow three simplified models intended to show some ap-
- plications of the Bradford-Zipf distribution. E ‘ ‘

N Complete periodical sets and the buying of photocopies

. Problem: ' The complete set of periodicals which produce papers relevant to a
' scientific, topic T numbers N. This set contains a long tail of periodicals (= 4AN)
"~ which produce an .average of only 1 to 2 relevant papers per annum. Consider the

- ' economics of buying photocopies of relevant papers instead of periodicals.

Let A = avera§e cost of the periodical subscriptions per annum (in any monetary
’ units)} ‘ : : o
- P = average cost of one photocopied ! paper (in the same monetary units);
and P/A =p (0« p £ 1) 96 ’ :

Tt would be reasonable to assume that a special library interested in the subject,é

T would, in any case, wish to buy all the periodicals in the Bradford nuclear zone of

Q .he set so that the possibility.of acquiring photocopies applied only to periodicals
Ri(kn the outer zones. The analysis can therefdrd be based on the. periodicals which con- 3}
s oym with .the Zipf linearity iie. it will be assumed that n > ¢ throughout. : 5

e o, kB

E
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- Let the B-Z Zormula of the complete met be ) v
R(n)ﬁNlogﬁ;/s‘, (c € B & N) o o o oo e« (1)

The productivity of the periodical ranked nth wiIl then be N/n relevamt papers
per annum and the cost of each of these relevant papers will we Am/N. Thus ZThe cast’
of buying relevant papers by meams of perdiodicals increzses uniformly with n but the
cost of buying photocopies remains.constamt at P units each. (Fig. 10.) The point
at which it would pay to switch to photocwopies is given by

..AI‘]./N > P. l L] L4 L] © L] .l' - -”-‘» * L4 L L] L4 L] -] L] (2)

i.e. when the cost of bujﬁng relevanst papers through the periocdicals exceeds the cost
~ of a photocopy. The pointis reached when ’

n)PN/A=PN q.-'.'-voooalooano(s)
" The total cost of buying the first n periodicals is nA. The number of photocopies to

be bought is equal to the number of relevant papers to be expected per annum from the
periodicals ranked (n + 1) to N inclusive. This number is .

N log N/& = N log (n + 1)/s
Nlog N/(n“l' 1) e o » 6‘ o = (’4)

CR(N) = R(n'+ 1)

It

and their cost will be B S R ,

L . . PN 1logN/(n'+ 1) L. eeeceien(5)
. The f@tal cost of buying the complgte(aﬁnualfbiblioéraphy will therefore be
C =. nA + PNlOg N/(n +1) ' o & 0 ° . '-; ° ..‘_.o . .. i._ (6) "..

'a funcbion of n which has a minimum value at n + 1 = PN/A. Substituting this value
of (n + 1) into (6), we have = - . LT . T ‘

.‘ C = PN-A+PN 1°g A/P . _b. . . .... ‘.‘ .,“ . .(7)

As thé,téfal cbspléf_Bﬁyiﬁg;all_N pe?ibdi@alé;ﬁd@i&;béﬁNA;ﬁnifs per,annﬁm}‘the Saving,
8, per ammum.is . ool ool ED BRI T et

CUUNA G BN 4 A S PN log AP

fotat N = 1. F (1 log AP+ AN

(T=p) # plogp i oo siv e (®
Tﬁe'gréphquffhis'fﬁﬁction;'ﬁhich féﬁreséntéﬂthé'méximﬂm prbpdrtionalA(er péi; |

centage) ving ‘attainable is shown .in Fig. 1&. The economy achieved is clearly. -

‘closely dependent-on the value offp»=*A/P. B Ceoe : : : :

Example: - 0 IE N

00 log 200 = 213% 3 |
LY Assuming that w = Qe e number. of periodical subscriptions could be reduced . . ;
“ from':400. to 804 ‘The - ritu; ¢'of relevant: papers thus.acquired would be 400 log k40 = 1476
. and. the remaining 653 wepnws, distributediover;320. periodicals, would be bought as. .
|’ photocopiess - The ‘il - would thus’ have:complete periodical average of .its ‘subject.

oo, s =2, the qualxbiﬁiipgrépﬁy'woﬁ}dwconSisﬁ of .
¢ per annum with a nucleus of 6 or more key periodicals. -




discarding periodicals when, as they age, they reach the same level of utility,

of the shelf space.

1f7u‘3. ' The optimization of the periodical stock of a central/branch 1ibrafy system -

Tﬂ Problem: A 1ibfary‘sjétem cdnsists of a céntral libréry together with r
* branch libraries all ‘serving the same subject for'a total population of R users. It

' "iodicals in his branch library and =4 monetary units ( 4 > o« ) in his central librar
The central library is bibliographically "complete' in the subject, i.e. it takes  {

 'Hcost plus-provision[cdst)'hdwimanyTQf‘thefN-periddicals should be made available at
- the branch_librariesg;kﬁg¢@ﬁ- S e T o ' :

' ofAcOnéultatibnSfthét-bén*ﬁe*éétisfie at . the ‘brench libraries is:

: 4have'tojbéTfefé:igd £65'hé#ééﬁﬁsalhiiﬁ

-0

-

Ze The dizmcargimg of ageimg perlocicals from a sub ject set

;“robleﬁ: "The library tikes only M of the N perdiodicals of the complete
sabject set. Fealicy: Periodicz issues are discarded wihien their "utility" has
di-sayed to the.same fixed level.  Consider the loss of utility.

Applicaticon of this policy w»ould leave the 1ibrary with relatively long runs
»I the most productiwe periodical:: and relatively short runs of the least productive,
~=oh a minimum leve:. of wtility aoplied to all the periodicals. ‘

The Mth period:cal produces N/M papers per annum.. If this periodical is dis~
cardied afier time T, %he lost uwtility is : I :

% S-T/a = k , (say).
RNy . : : o~ ) . ) .
~md 50 N -T/a ) N tn/a :
ﬁ = = k = - e . e o ®© o © @& ¢ (1)
. n
where t = age of discard of the periodical ranked n. Solving (1) for t we get
t = T+ alog M/n (ng M ......(2
" . - s ! Mk ‘
The %total proportional loss of utility =..N log /s T (3

If the Mth periodical :is to be retained at all, k cannot be greater than the
value of N/M which it attains when T = O, (In this case the Mth periodical is bought,
examined for its occasional relevant papers which are noted, but it is not shelved;
all other periodicals acquired are retained for periodé which increase from zexro up-
wards as the rank n decreases. Iote that if T = O, then k = N/M and (3) reduces to

1

_m ..o;.:fnn‘-‘-oocco-co("")

which is independent.bf M;‘fhe'szze of the collection taken. (Fig. 13.) Hence, if
periodicals were removed completely one by one, beginning with the least productive,
1/N th of the total original utility would be lost at each step as the utility of

the remaining periodicals is reduced to the same minimum level.

NN

For N = 400, s = 2, log N/s = log 200 = 5.30. The adoption-of this policy of
would mean discarding 1/5430 or 19% of the total utility with a saving of about 60%

1.

‘costs' the user of the system: of  monétary units for each:consultation of the per-

all N relevant periodicals. If it i& required to minimize the total cost (i.e. user

‘Let n -(1‘!§3n34i£N)j-béﬂtheifééﬁirédchuﬁﬁeftdf.péribdicaléa.,Then the'ﬁroportioﬁ
J_Nsewe | lesNm
i N log N s '~ -~ log N/s

éét;éﬁTgach“dffthélR ﬁééfﬁjié there:

‘N log N/s o0 the remaining proportion .
arys.:The

i




=11

o N log n/s + AN log N/n ; o o

| The cost of providing n periodicals for each of the r branch libraries and N period%i
cals tg the central library is | : 4

(ra + N) = ‘ : !
where a is the average cost of the'perid&icalsw So the total cost of the system is
R( o« N 103 n/s’ + A N 108 N/n) +A a(rn >.+ N) . e o ® e o ® o o @ (1)

If n is regarded as the variable while all other terms remain constant, the
minimum total cost occurs when - :

arn = NR(A -«.)

S : n _ R(A4-o)
:Vl.e. when N S F T

It will be seen  that n increases as the ratio of users to branch libraries increases

These results accord with expectations.,

The analysis could be taken farther. It has so far been assumed that the library
system has its fixed number r of branch libraries but the above result would hold for
any value of r. By substituting the value of n just formed into (1), the total cost is
expressed as a formula from which the unknown n is now eliminated. The formula thus
becomes an expression for r by means of which the optimum number of. branch libraries

. is theoretically allowed to vary, it cannot be assumed that « and 4 are constants
g independent of the value of r. It is likely that .o/ decreases and that 42 increases as
. r increases but no helpful data on this problem are known to the author.

Concluding Comments . ' ot

The unusual feature of the Bradford-Zipf distribution is that it is a concurrence
of two distributions. -How does this doublée distribution arise? .This question of being
analysed with the help of a computer simulation program which, at present, is only
partly worked out, and by means of which we test our hypotheses. We have found a means
¢ of generating the Zipf distribution (the linear part of the bibliograph) from a simple
,probability{specification.Whichgﬁimulatesjrandomgand'unrestricted-publishing of papers

-§ 1t has already become clear, however, that the probability mechanism which generates the
} 2ipf distribytion will have to be:modified to generate the. Bradford nucleus and that the
§ modification requires restriction of the simulated publication of papers in the nuclear -
£ periédicals. Possible probabilistic forms of this restriction are now under test.

-# Finally, the generating program will have ‘automatically to permit a smooth relaxation
%_fr@@}"restricted" to "free'" publication at the critical point of the simulated biblio-

P graph. ' B L h T . '

- The new fésnlts.réportéd‘in fhis,papér aré‘maiﬁly‘theoretical. But, it is suggested,

R able_:esultéf@f;thé}kiﬁdﬁahd_oh:théﬁscalgﬁgétgiled:analyéiSVdemands; - 'The possible S
| application.of this new distribution to ménographs, as well as to poriodical literature,
- § andalso. to library processes deserves: ‘to be ‘explored because there.is already some =~ " -
1L RICeciated.,

stribution has' & much*wider generality than was first.’
y- useful ‘dn-planning’ any ‘rationalization of library . =

1

!
1
.
3

T

§ in a number of "potentially contributory" periodicals which grows as the subject develops.:

Ut

§ they are plausible. enough to justify further exploration, both theoretical and practical.
% The Bradford~Zipf distribution and its bibliograph need further analysis which, ideally, .
égrequires~accessuto]avcbmprehenSive;cbmputerizedefR.;system.to‘produce,quick_and reli- - '

or as the disparity between the costs of’uSing the central and branch libraries increases.%
But the value of = is also inversely proportional to the average costs of the periodicals. '

B

could be calculated. It should be noted;, however, that, if the number of branch librariesj

i

i

§
i

t
i

1
3
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STORAGE PCLICIES FCR INFORMATION SYSTEMS3

by

Ferdinand F. Leimkuhler® .-

ABSTRACT

The cost of an item of information in a storage system is
defined as the sum of an initial cost, a time dependent
cost, and a usage cost. Item usage is assumed to follow

"a simple exponential obsolescence pattern. A decision

rule for the economic holding time of an item in storage

is derived from the model and based on a policy of minimiz-
ing the average cost of usage. Some propexties and implica-
tions of the rule and policy are discussed. This model is
developed in the context of large research libraries but

" should be applicable to other kinds of information systems.

®The writer is a professor of industrial engineering at Purdue
University, and a visiting professor of librarianship at the
University of California, Berkeley, for 1968-69. This work

1s supported in part by NSF grant GN-759 at Purdue and the

Ford Foundation Research Project 68~267 at the University of
California, This paper is prepared for the Joint National
Meeting of the American Astronautical Society and the Operations
Research Society at Denver, June 1969, and for the Library
Planning Conference at the University of Lancaster, England,
July, 1969.
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Introduction

It has been pointed out by C. W. Churcﬁman [1968] that the more important
issue in current efforts to develop automated information systems is not how
to merely computerize exis;ing clerical practices, but how to use this new
technology to enlarge our concept of information systems so as to include the
user as a more Integral and active co;ponent. If libraries, accounting
systems, or other kinds of information systems are to be made more responsive
to the needs of the persons using them, then the appropriate level of planniﬁg
and control must be broad enough to include the usexr as an effective

participant. Churchman goes on to point out that even a well-designed user-

library system would be a subsystem in a larger environment and would run

the risk of suboptimizing its policies relative to the larger system.

N. R. Baker [1967] has suggested one way to formalize the notion of

system expansion by defining a service 'system as composed of three active -

components: the service agency proper, its users, and its funders. The

- funder component is the final arbiter of system performance. This model

permits a closed=loop analysis of the interactions among the three groups,
which Baker used to show that the ''servicers' can expect to become increas-
ingly moré constrained in their decision-making unless they can make Lo

satisfactory decisions before users exercise their influence and before

- funders exercise thelr powers of control to force the decisions. The

service agency must convince the others-thét 1earning, not influence and
control, is the dominant faéto# and the most prdductive approach;'and they
must demonstrate the fact that they are exploiliting fully the political,
economic, and ;echﬂical resources which are available to them.

Lib;aries are among the_world's largest infqrﬁation systems. They

provide a rich history of operational experience for the student of general
1'
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information systems and a large working environment in which to test new
design concepts. Although conventional libraries are essentially manual
systems for the handling of mechanically-stored information in book form,
many of their operating characteristics are readily transferable to more
sophisticated systems using computers and microform storage devices. This
is most apparent in the library operations research studies of récent

years, and the seminal work in this field is reported in the recent

monograph by P. M. Morse [1968]. Library operations research studies

ﬁave concentrated on the problems of storing and using library materials,
while library and information scientists have focused on problems of
organizing and retrieving these materials according to their intellectual
content. The latter problems seem to constitute a more difficult long-run
research field, since the introduction of the newer methods of information
storage preclude direct user access and ?equire newer methods of obtaining
remote intellectual access to the file.

_thh of the operatioﬁal analysis.of 1ibrariés is related'directly to
the problem o% 1ibrar& size, and the use of such options as*depositories,
interliB?ary loans, blanket orders, duplication, and compact storage, as
meang of optimizing library size relative to the observed usage of the
11bréry._mUsually, the library under‘study is thought of as a member of a
larger information ne;ﬁofk which permits local suboptimizatibn witﬁout
ﬁrecluding the possi?ility of the user going elsewhere for information. A
good prototype example of this kind of approach is the model proposed by
P. F. Cole [1962], and refined by'M. K. Buckland and I. Woodburn [1968],

by which it is shown that a 2,000 volume petroleum iibrary can expect to

satisfy.the greatest number of user requests by subscribing to approximately

1%0 different journals or serilals and hblding them for about eleven years.

Variations on this theme of "optimal library size" are seen in the study
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of depositories by Morse [1968] and W. C. Lister [1967] and the siudy of :
Interlibrary loan by G. Williams {1968]. A more sophisticated approach

is the fully stochastic model of H. M. Gurk and J; Minker [1968] which
studies the effect of retention policies on the size of a data base £or

2 computer utility. -

The size of a library or data base seems to be the most important,
measure of its worth apart from its usage, since it éuggests comprehen-—
siveneés or completeness of knowledge. This ﬁas long been the traditiconal
méasure of stature in library circles. The two important determining
factors of size are the breadth of acquisition and the lenéth of retention.
These are also important factors in determiniﬁg usage along with the ease
of access. While some models have been developed which comcentrate on
}ibrary breadth, (see Leimkuhler [1967, 1968]), the problem of retention
time has been given the greatest attention. 'The storage cost model and
storage policy developed below is intended to reveal some of the essential

economic characteristics of information storage systems in an elementgry

. way by developing a decision :ule for the holding time which is both

practicable and mear-optimal.
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:'Cost of Storing a Single Item

" Recent studies of the cost of operating library-type information
systems, such as ithe work of Williams [1968];'and R. Shisko [1968], sug— .

gest. the following cost model for information storage systems:

K(t) = kl + k,t + kau(t) 1)

C.

Here K(t) represents the total cost of ﬁolding one item for a period
of ﬁ years; kl is the initial cost of’acquiring the itém; k2t is
the holding cost which is limnearly related td the retention period;.andv
k3u(t) is the usage coét which”is”propoftional to the number of uses
made‘of éhe item during the period t . This model is consistent with

those used by Lister [1967] and Buckland [1968], although their models

included more terms in order to recognize other control variables.

Equation (i) could be discounted in order to obtain its equivalent present -

value as was done in the study by Williams. Eduation (1) is not suppﬁsed

.to represent the ordinary way in which the costs of libraries or other

types of information systems are_feported for either budgetary or cést
control purposes. Rather, it 1s intended to express storage cost as a
function of time and usage in the Simplest possible manner. There is no
theoretical reason, for example, for not including user costs in the
parameters along with ‘the direct and indirect costs of the storage system
proper. |

In his study of book use models, A. K. Jain [1967] described several

‘models which express book usage as a function of ége. In all of these

models the cumulative use, u(t) , increases monotonically with t ;
while. u'(t) decreases. The simplest of these models is the exponential

case, that is: - _
Cu'(t) = re Pt o (2)

e
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u(t) = /b)(1 - e °%) (3 -

where r 1s a scale parameter associated with the instantaneous initial
usage level and b denotes the instantaneous obsolescence rate. The-
ratio (r/b) is the limit of wu(t) as t approaéhes infinity and
therefore a measure of the lifetime usage of the item. Based on an exténf
sive study of the M. I. T. Libraries, Morse [1968] proposed a usage model
similar to that of equation (3) but including é constant or residual use
term which is independent of age, that is; the usage rate drops exponen-—

tially to a residual level. He showed that this model results from a

" simple Markov process for the change in usage from year to year.

By éuﬁsﬁituting equation (3) into equation (1}, the total, marginal,

and average costs as a function of holding time are obtained respectively,

" as follows:

) _-"k1'+'k2£_+ ky /D)L - %) )
K'(t) = kz + k;re"t : ‘, S ' ' (5)
R = (kg /E) + ky kg (2/be) (1 - e 0O (6

Both the marginal éost and average cost of retention time diminish to the

level k2 as the holding period increases, and ‘the total cost becomc

increasingiy linear with time.




. ) .
Cost of Providing Uses of an Ttem

-- A more interesting and useful cost relationship is obtained by ex-
pressing the total cost as a function of the cumulative usage during the
retention period. By inverting equation (3), one obtains the time required

to provide the fiyvst u wuses of an item in storage, that is:

1/b -

t(u) = In{l - bu/r)_ (-1/b)1In(l - Bn/r) A : (7).

By substituting equation (7) into equation (1), the total cost for pro--

viding the first u wuses is defined as follows:
K@) =k, - (k,/)1n(l - bu/r). + kgu . (8)
i The marginal cost for providing the nth service 1is approximately‘equal to

K'(u) = k., + k,/b(1 - bu/x) ‘ | 9)

3
where it is assumed that the derivative of K(u) approximates the finite
‘difference, K(u) - K(u-1) . The average cost of providing the first u

uses of an item is defined by the equation:

3 (10)

K@) = (k,/u) = (k,/budln(l - bu/r) + k
While both the total cost and marginal'cqst of usage increase monotenically
andsqﬁite rapidly with increased‘usage, the average cost decreases at first
"and then-increases‘with ﬁsage.> C A N ~
The implications of equations (8), (9), and (10) can be more readily

seen if they are expressed in terms of a- relative ‘measure of usage, x -,




which is the ratio of the cumulatiwve usage over the lifetime usage, that

Coom ombu/r N

a It is convenient also to define the parameters 7K2 and K, as follows:
i . : . . .

i o . P oA

K

[

Ksl— rkslb | . . (2.3)

where K3 can be interpreted as the total lifetime usage cost of am item,
and Kz’ as the holding cost for a relaxation interval ' l/b R 'By using
.. . these definitidns, th. equations‘for the total, marginal, and.average cost

of usage become:

(14).

A T R Bt SRS VR N T P
AR g ERT RS SO it St PR INT A EEEL R

LR = g/ - ®,/x01n( ~ %) + Ky €16)

.
’

These relationships are plotted in Figure 1 to show the’r general shape

and properties. The plotted values are based on the arbitrary assumption

that k s k

1 2 » and.‘KS_ are of ﬂqual magnitude. . -
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Storage Policies for a Single Item

. The total cost function, K(x) , consists of a linearly increasing

omponent and a logarithmically increasing component which are weighted

f.' \ with the time—cost for storage. When the time-cost parameter, KZv , is

relatively large;'the total cost increases quite rapidly for higher

values of x . This is reflected in the marginal cost which increases

much faster than total cost. If ithis,permissible; it is reasonable to

expect a library to discard an item before it has;exhausted all of its
% ' potentialﬂusage in ordexr to avoid the extrsmelgfhigh cost of continuing
to:hold the item indefinitely. In practice, it is more common for~€

librariesito-transfer infrequently used items to depositories unless

~

assured of\their availability in some other cooperating library. The
experience with depositories has suggested that there is a significant:.
cost associated with the selection and recording of such transfers.; Much
of this cost might properly be considered as an acquisition cost for the

dep051tory collection, although there would be some cost of changing records

REPTRI

in the primary collection. The present model is notwintended to account for

”‘n .\ P L2 e
. e : ]

all of the various options which are available to.a; library, although it

s

could be expanded to include such options. ”%%%

%,

vvvvv
i - f‘:; e

retention time of an item and therefore limiting its usage should be based

: 1

on a consideration of both the costs "and” the benefits incurred or avoided

by the policy. An'optimal -.economic policy should seek to expand service

SR

as long ‘as the marginal benefits are of greater value “han the marginal

costs. If the resources are . available, then all serVices should be expanded

to the same point of zero marginal nef benefit. If resources are limited,

N o S

="

- then the service should be expanded to the point where the ma*ginal net

L. PR b -«.
. . !

benefit is the same for all costs; since, otherwise, the ‘costs could be

._,-4
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reallocated so as to increase the total net benefit. In order to apply

_these optimality principles directly cne needs to evaluate the benefits

derived from item usage in 2 manmer which is &irectly comparable to the
cost measurements. ‘However, the direri measurement of the economic value
of the benefits of informaticn retrieval is an extremely -difficult, if not
impossibleh task, an& indirect methods are the only recourse.

ﬂhn alternative approach to the establishment of storage policies is to .
choot# chat retention period which minimizes ti.e average cost of usage.
In_addition_to the »ractical sdvantage of being based on the direct measure— -
ment of costs only, this policy has economic attributes which recommend‘it
as a near-optimal sclution with regard to user benefits, also. There is
good reason to suppose that the marginal and avérage benefits from item
usage are relatively constant firom the standpoint of anticipating such °
‘benefits for the purpose of establishing‘a policy. Furthermore, average
benefits should be at least as great as the average: cost in-order that the
entire venture is not unprofitable. By holding zn iitem to the point where
average -ost is minimized, there it is.an assurance that at least a break-—
even in the cost-benefit relationship has been achieved. This is a éelatively
conservative approach to the problem which is not at all unreasonable when
there is almost complete ignorance aboﬁt the relative wortg of the benefits
derived from item usage. |

There is a well—estahliéhed economic thesis which holds that the long~
term tendency in competitive production is for the producers to be driven
to the peint of zero net profit, that is,'where.average cost equals average
revenue. _While the situation.in information stgrage is not directly
analogous, it seems to bé quite similar ia that there are usually alterna--
tive information sources available to the user, and these alternaﬁives will

be exercised as long as they can do so at less cost. The competitive inter-

{
i
g
|
3
|




| -action of users and suppliers should tend to matéh benefits with costs.

: » *"’"Anothéf argument in favor of a minimum average cest policy is that it is a
highly practicalloperational policy for a pfoduction or service subsystem

E; to follow, since it motiﬁates local efficiency and technical inmovation.
; For example, it provides a viable guide to the_management of a factory in
meeting its production goals at minimum cost andlfor reportiné to higher

management the factory data they need to establish goals. Standar& cost

accounding procedures develop average cost figures which become a measure

of factory performance.

7
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Minimization of the Average Cost of Usage

" A storage policy based on the minimization of the average cost of
usage is relatively easy to implement on the basis of cost information
alone. Since the averagé cost achieves a minimum value when it is equal
to the marginal cost, a decision ru;e can be easily obtained by equatiﬁg

equations (15) and (16) and solving for x as follows:
Min Ekx) =>_kl/K2 = 1n(l - x) + x/{1 - x) (17)

Thie decision rule is evaluated in Table 1 where the relatiomnship is
shown between the parametric ratio (kllk?) and the value of x which

minimizes average cost. By referring to equation (3), it is possible to

“translate this decision rule into the holding times which minimize average

cost as follows:

Min X(x) => k1/1<2 = Pt 1 - bt (18)

where b is the obsolescence rate and bt expresses holding time in the"
number of relaxatiorn intervals. By expressing nolding time this way, it is
possible to demonstrate the effect of the decision rule on holding time
using equation (7). Tﬁis is done in Table 1.

An approximate version of the decision rule can be obtained by expand-
ing the exponential term in equation (18) and ignoring all but the first

three terms in the expansion. This leads to the simpler rule:

Min. K(x) => t, = ¢2E175E2 . (19)
where th denotes a holding time which effects an approximate minimization
of the average cost of usage. This version of the dec: oun rule has some

dntuitive appeal because of its similarity to the economic lot-size
formula of inventory theory. The control parameter th can be called the -

“economic holding time" for an information system. It can be seen in

Table 1 how t tends to overestimate the time required tc wminimize average
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éost especially at unusually large values of the ratio (kl/Kz). Equation

’“(19) implies that the economic holdiz=g time will change as the square yoot

of changes in the cost of acquisition and storage or changes in the

obsolescence rate. As the cost of acquisition, kl , decreases the hecld-
ing time will decrease, and as the storage cost, k2 , decreases, the -

" holding time is increased. An increase in the obsolescence rate will
dec;ease the holding timghand will decrease the total uéage obtained from
the £tem since, in equation (17), an increase in b decreases the parameter
xz,' which decreases boﬁh the. ratio (kl/Kz) ‘and the minimizing.value of

relative usage, X .

Table 1. Values of Relative Usage, Holding Times, and Ccsts
which Minimize the Average Cost of Usage for an Item

Fraction of . Holding Time : Ratio of Economic Holding

Total Life~ {relaxation 3 Cost Time as Computed
time Usage : intervals) ~Parameters .from Equation (19)

x . bt R ~.kl/K2 bﬁl = Y7k, /K,

0.1 0.11 0.01 n.11

6.2 0.22 0.03 0.23

0.3 0.36 0.07 0.38

0.4 0.51 0.16 0.56

0.5 0.69 0.31 0.78

0.6 0.92 0.58 1.08

0.65 1.05 ! 0.81 1.27

0.70 1.20 : 1.13 1.50

0.75 1.39 1.61 1.80

0.80 “1.61 2.39 2.19

0.85 1.90 | 3.77 2.75

0.90 2.30 6.70 3.67

0.95 3.00 16.00 5.66

0.99 4.61 94.40 9.72




: Concluding Remarks

It is interesting to note that the decision rule establishes the

holding time independently of the usage parameter, k3 . In fact, if

only acquisition and time dependent costs are considered the ho]ding

‘time would be the same. The interesting point is that it is reasonable y
; “to argue that almost all of the costs of operating a library can be

allocated between these two cost categories, since most of the labor

cost in libraries 1is expended for profes51onal or semi-professional

personnel who in many ways represent‘as much of a system investment as

do the purchase price of the materials.- Almost all categories of 1ibrary

cost correlate closely with the size of the collection and/or the acquisi-
tion rate of new materials. Even the acquisition costs are correlated

ciosely with size, because of the steady exponential growth patterns

which are characteristic of large libraries. Some, but certainly a small

ST L

part, of direct library expense does vary directly with usage, as in the

operaLion of reserve book rooums where items circulate with a very high

freouency.. If it ig vaTid to consider storage system costs as being

represented by the parametera ”kia and k2 ;, only, then it would seem

3

_worthwhile to’ consider the cdust parameter k3' as being representative :

B l

of the" cost “to “the user- in'wbtaining information from the system.ﬁ Equa- V_

:
>

tions (&) or (14) would then represent the combined total cost to both

AN O
. RO

the patron’ and the storage system for providing uses from an item, and

the decision ‘rule would determine the holding time which minimizes the :

icombined average cost’ Per use. .-

An alternative interpretation would be to con81der the user cost, ks

as a monetary estimate of the benefit to the user for his effort in using =

-the item, under the assumption that the user chooses among alternative

sources in such a way as to eventually equate benefits with costs on the




. average. Under this interpretation, it would4be appropriate to exclude
-’fka from the eqdations and compare the marginal and average costS“with
the parameter kﬁ . lhe decision rule forﬁholding time would be the same.
but if it yielded a minimum average cost which is less than k3 ’ that’isx
if the benefit/cost ratio is.greater than one, there would be an indication
that the system is not oPerating at an optimal level of service and should
' be expanded beyond the point of minimum average cost. This interpretation '
1 seems to be in line ,with the arguments of R. L. Meier:[lQGl], who found
that university libraries were operating in a range where the average cost
per unit of_service was the same as the average cost to a student patton..
HEowever, he also found that“the'averagemcost'to"avfaculty“patron'mas tch .
higher than the library cost figure, and that this situation was discourag~.
ing faculty patronage; He concluded thatulibraries should expand their -
services and absorb more of the faculty usagelcost so as to obtain a met
_increase in total benefit to‘the university. |
The model and policy advocated here and its accompanying speculacioﬂ
have not been fully tested by either analytic methods or by comparison wiﬁh
4 » 'lempirical data.‘ They are offered as an alternative approach to the
B ;.l.rational management of large library-type information storage systems.

Constructive criticisms are invited._ Although this model has been

developed in the context of large research libraries, there is no evident
reason why its line of argument would not be directly applicable to Dthet

types ofvinformation storage systems.'

C i
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A MATHEMATICAL MODEL OF A HIERARCHICAL LIBRARY™
SYSTEM o

, L Woodburn
£ : .. ... . University of Lancaster

Summarxy

This report descnbes a mathematical model for a h1erarch1ca1 11brar7¢
__system_in which books, _journals, etc. .are stored at different levels.

It illustrates by means of a s1mp11f1ed example how such a model can be
used to design an efflcxent library system. :

The material is presented in the context of a library system for the
unwersu:les. -

N

*  The work described. in th1s paper forms part of the 'Systems ana1y81s of

a university library' project at the University of Lancaster Library and

. was supported by a grant from the 0ff1ce of Sclentxfxc and Techmcal
Informatlon. ' :
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Intreduction
: The library user at a university obtains information from bo_oks, etc. stored at
seve_ral 'peints in a hierarchical system. Inthe majority of cases this system has four
) levels- _ _ ' -
(1) a personal collectmn - | |

(2) a departmental library ' o -

(3) a university library

(4)\ other university libraries and national libraries '

Because material is more accessible at the lower levels (i. e, personal collections
and departmental libraries) it is reasonable to suppose that, from the point of view of
the individual, the best system at a given cost is one in which the most-used material be-
longs to his personal collection and so on by degrees until the least-used material is held

at national level.

Although a personal library is established fot the benefit of one individual, a

_ departmental hbrary must cater for demands from all its members. In practice it must
cater for the sum of the residual demands from its members since some of their demands
will have been met from the1r own collectmns. Slm11ar1y a university library must cater
for the sum of the re51dua1 dema.nds from all members of all its departments and a nat~

ional library for the sum of xesidual demands from all _un1vers1t1es.

This principle the pr1nc1p1e of res1dua1 demand ha.., been used to establish a
s1mp1e mathematlcal model for a h1era.rch1ca1 11brary system. The model w111 be-des-
cribed in mathemat1ca1 terms and 1ts use w111 be 111ustrated by means of a 31mp11f1ed but

rea11st1c example. e e




2. THE BASIC MODEL

%Consider a library system which has four levels of storage:- .

- (1) Personal libraries
(2) Departmental libraries
{(3) University libraries
- (4) a National library
‘Let M be tl.e total number of titles to be stored in the system, and let N be the

total iumber of users of the system.

Let r . . be the expected number of demands in a specified period of time (e.g. one

jkl
year) for the ith title from the jth user belonging to the kih department of the Ilth uni-

versity.

Considering each storage level in turn:-

(1) Personal library: we assume that personal libraries hold all titles i for which

i *
ki 7 *

NB r}l is the marginal level of demand below which the title is not held (for sim-

r

p11c1ty it is the same for all t1t1es)

(2) Departmental llbrary let r Kl bz the expected number of demands for the ith

.t1t1e from all members of the kth department of the Ith universn:y

Then applyxng the principle of resxdual demand we have

.'rikl:qf,.i o Z r "

~where .7 o r. kL 0 if r ikl 3, £ | at the per.so‘nal ltbrary

n
. o

- level.. .
We assume thet departmental libreries. hol_‘d all titles i for which

..kl >

NB ™ is the marginal level of demand below wh1ch the title is not held and it is

the same for all titles.

(3) ‘Univer sxty libr:Lry
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Then applying the principle of residual demand we have

Whete ' rt - o if * > rn __ at the departmental library

level.
We assume that University libraries hold all titles i for which -
i XXX
r1eo *

NB 7 is the marginal level of demand below which the title is not held and it is

the same for all titles.

(4) National library: at this stage we have a choice, we can insist that the national

library holds all titles or we can define 7 60 be the marginal level of demand below
which the title is not held and apply the principle of residual demand to discover which
titles should not be stored at the national level, The first assumption seems more ap-
propriate and as the costs of duplicationrare small we assume that the national library
holds all M titles. ‘

At this stage it should be evident that the marginal levels of demand rx, ™ and

£ constitute a storage policy for the system ~- if we change their values then we
change the pattern of storage and also the way in which demands are satisfied. For any
particular -policy we can calculate the number of titles stored at each level and also‘ the
total number of demands satisfied from each level, ahd the total cost of providing the
service can be calculated. Also if we define tx, txx' 2% and 7 to be the average
times of access to material stored at personal, departmental, university and national
levels respectiv‘e_bly, then we can calculate the overall average.time of access to the

system. ' .

One simplification that has been made at the outset is that material can only be
transferred between libraries at distinct levels in the system e. g. inter University
library loans are treated as loans from a national library as far as cost and access

times are concerned.

If we wish to compare two storage policies then we select two sets of values for
the marginal levels of demand and s1mu1ate the operatxon of each system for a f1xed
--“‘rn of expected dema.nds r jkl; The total cost and overall average access times for

- l: system ca.n then be compared.
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_ 1s not recorded However it 1s known that there were a total of 828 Journals cited flve

example which highlights the information that is required before systems of this kind can

be vie@__-’ed objectively.

2. 1. Application of the model

e

There are about 50 Universities with an average of 30 departments per University

and a grand total of 250, 000 staff and students. It is most unlikely that the expected
demand for each title from each of the 250, 000 users can be measured and an alternative
approach is necessary. Personal libraries are excluded from the illustrative example
so that’ the basic quantities required are the r Kl i. e. the summed residual demands

for the i h title from all members of the kth department of the lth university.

Even so there are about 7 million titles held by the British Museum libraxy at the

.present time and it is most unlikely that the expected demands for each of these titles

can ever be measured. Therefore in the example the number of titles that has been con-
sidered is restricted to what might be called 'the most used scientific journals in the

early 1950's'".

The data that has been used to represent the quantities r ., has been taken from the

-

book by C.H. Brown Scientific Serials (ACRL monograph, 16) Chicago, ACRL. 1956.

In th,e.course of Brown's study he produces a consolidated alphabetical list of the 642 most
frequently cited scientific serials classified according to the source journals in eight

subject fields, The subject fields together with the total number of journals cited and '

the total number of citations are listed in Table 1.

Table 1
‘ _ N _No'." journals cited - No. citations
(1)'Methematio$ B 479 L S _ 3348v
(2) Physics’ T SRR R ,v | 320 T 9596
(3) Chemistry _ o | | 215 S 10548
(4) Geology .- S 49 2913
(5) Physiology : - ' - 299 - .. 5984
(6) Botany, - . 376 o 4995
(7) Zoology o 663 o - 2715
(8) Entomology - -'H - _ 350 - 2326
| L e TOTAL' 2952 . 42455'

The figure of 292.5 journals cited mcludes some duphcatlon but the necessary data

it i A VR i
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S A

' Acad. Nat. Sci. Philad.,”

- “Acad. L1nce1, R
" Acoust. Soc. Amer. ;

rActa cryst.;

or more times and that these figures refer to the 6412 d1st1nct t1t1es in the consolidated
list. 1t has been assumed in the exercise that there is no overlap in the less cited
Journals i. e. . they are classified into one subJect headmg only. Th1s implies that 2925 -
828 + 642 = 2736 dlstmct Journals were c1ted a total of 42455 t1mes.

 The degree of overlap of the 2736 cited journals can be measured by the numbex

cited in 1,2, 3 etc. subJect fields. The complete distribution is cortained in Table 2, —

!

Table 2
No. subject_fields o » 'No. journals cited -
1 - S 261 '
27 67
3 - 34
4 6 :
6 4
2, 2
, . . 5
2736
- ‘The apparent lack of overlap in the basic ~ hr1 -3 to explain the large part
.played by departmental libraries in the_ ensu‘mg Se B : _ )

The basic data for the simulation exercise 1s the array of numbers listed by Brown
on pages 143-154 of h1s book a_nd the flrst ten rows of the array are reproduced in

Table 3 for the purpose of 111ustrat1on.

Aéad! Med. Belg. Buil.’
' Acad. Belg. Cl: Sci. Bull
- Acad. Sci, Paris, C.R..0

Acad. Lincei, Mem.

“Aéta chem, | scand :
' Camb




over the 6412 journals (or more aécurately, the 2736 joumais). The subject fields re-
present the departments i.e. k=1,2,3,..., 8.
For the sake of extreme S1mp11c1ty it has been assumed that the’ 11brary system muse
cate; for 50 identical umvers1t1es each with 8 departments, and with identical demands
'[ for each of 2736 titles i.e, v '
- i ]
' T jq = constant for all 1 .
Since the degree of overlap in expected demands is more 1mportant to the design of
' an efficient storage system, this simplification is not critical.
The time period is considered to be one year so that 42455 demands are made in

one year for 2736 titles at each of 50 Universities.

Another simplification has been made in defining alternative storage policies for
the system, namely that the marginal levels of demand are equal at each level of storage
b 3.4 HANR
i.e. r = r . Inorder to provide a wide range of results the levels that have been

investigated are 5000, 2000, 1000, 500, 200, 100, 50, 20, 410 and5demands per annum.

Table 4 contains the number of titles stored and the number of requests satisfied

.

from each storage level. for each of these margmal 1eve1s of demand. The results apply

i

to each of the 50 umverS1t1es. - SIS _ L
: Table 4

i o S L . Stqrage level " - .
| Marginal -~ Departmental DO Umvermty Nat10na1 :
level of TltlES’ . Requests T1t1es ' Requests ... Titles Request=
demand e - RIS N

/5000 - . NIL - o NIL’f

2000 2l NIL 2736 36849
o000 3 NIL 2136 35693
500 7. 305 . 2736 . 29474
L2038 2940 2136, 2094
00 .68 2329 (2736 - 47459
50 438 2169 . 2736 . 4z
.20 . 308 1i86 . - 2736 g725
10 - = 568 1z 2736 G306

2736 - aE21

24 2 Operan@ costs )

We ‘assume that ‘each demanc genex en m and that tﬂe?unit cos't_




of the pair of transactions is 1/- from whatever storage level that the demand is satis-

fied.

_ In addition a transfer charge is included for all demands satisfied fronr the national
level, this covers postage and packing and a handling charge. It is not a fixed unit cost

since economies of scale are important. A cuxrve has been drawn for which the unit cost
is 15/- when there are 150, 000 loans per annum, 10/- when there are 460, 000 loans per

annum, and 5/- when there are more than 2, 000, 000 loans per annum.

At this stage another simplification has been achieved by assuming that a single -
copy of each journal is sufficient to-provide an adequate standard of service so far as the

"immediate" availability of material is concerned.

These unit costs have been used to derive the following table of operating costs for

the system as a whole.

Table 5
Marginal level _ Costs | £ per annum)
: of demand ' Purchase Issue Transfer TOTAL
5000 41,040 106,138 530, 688 677, 866
2000 . . 42,540 106, 138 . 460, 612 609, 290
1000 o . 43,290 106, 138 - 446, 162 | 595, 590
500 o 49, 290 406, 138- 386, 846 542, 274
200 | 77,040 106,138 327, 562 510, 740
100 . 104,040 106,138 290, 983 504, 164
50 - 164,790 106,138 . 265,588 536, 516
20 0 ow-304,390 106,438 . 223,578 634, 006
10 ¢+ v-473,§§p~ L 106, 138 - 489,180 ¢+ 769, 108
5 -¥75oo;04o ;fi;135106,438,-arq‘ 155, 959 . 762,137

The m1n1mum operatmg ‘cost 1s assomated with the margmal level of G=mand ot 100
which, on re===rr1ng back to Tah.l.e 4 1s equ1va1ent to a'40% level of loans from the -
Ana.t1ona1 libra=r (1. e.. 40% of tot=l loans are sat1sf1ed from tie nationa’ librazv level) In

fact costs do .o vary greatly over the ran_ge 30~ 50% national library loans.

2. 3 Access times -

-~
.

een conS1dered are the costs of prowdmg the seIV1ce.

So far the only costs that hav

[che now go

on to conS1der the costs “that: are 1ncurred by the user and we begm by defmmg
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average times of access. These times are associated with the time it takes to obtain a

book or a journal after the need for it has been recognised.

_Times assumed are:-
0. 1 hours from a departmental library
0. 5 hours from a University library
12 hours from a national library 4 -

(this last estimate represents 1%- working days).

The overall average access times for the total number of demands are calculated

from the results listed in Table 4 o be:

Table 6
Marginal level : : Overall average ~ Total zmnual
of demand ‘ access tim_es »(hours) oper=ting costs (£)
5000 | T 67T, 866
2000 - © o 40.44 < , 609, 290
1000 R | 10.0 | 595, 590
500 : S sa ‘ 522, 274
200 ) o . 510,740
100 I Cos0. 534, 461
- . | T | S 37" L .. -536, 516
20 ' o 2.5”}_ . 634, 006
10 I e T, 108
5 1.4 o . T2, 137
2. 4.;«User costs: . - |

At th1s stage we have attempted to cost users t1me m money terms sother =n over~

,_‘all assess,ment of Chfferent storage pol1c1es can be made. , However becanse of the

TS

: ’d1if1cu1t1es n estunatmg such costs it has been necessary to propose a numimr of alrer-

nat1ve costir~s and examme the consequences of these.l The costs that were selected

are:-

g
]
1
£
*
g .
4
%
3
x

40/- 1 .r hour |
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purpoées was reduced to 1 hour (i. e. two visits to the University Library) since it is’

reasonable to assume that the remainder of the 12 hours wait would be used profitably.

The total access times for all demands from each university based on this revised
figure, tne annual user cost, the annual operating cost and the grant total cost are listed

i in Tables 7 and 8 for unit user costs of 40/- per hour and 4/- per hour respectively.

‘ Table 7 -
User cost 40/+ per hour
Marginal level Total access. Costs ( £ per annum)
~ of demand time (hours) - grand
each univ. ‘user operating total
5000 8 42, 455 4, 245, 500 677, 866 4, 923, 366
2000 , 37, 409.6 3, 740, 960 609, 290 - 4, 350, 250
1000 36, 369. 2 3, 636, 920 595, 590 4, 232, 510
500 32, 014. 1 3, 201, 440 542, 274 3, 743, 684
200 24, 289.1 2, 428, 910 510, 740 2, 939, 650
100 - ‘20, 890.2 2, 089, 020 501, 164 2, 590, 181
50 16, 702, 4 4, 670, 240 © 536, 516 2, 206, 756
20 A 12, 572.4 1, 257, 240 634, 006 1, 894, 246
10 , 09,9747 1997, 170 769, 108 1, 766, 278
5 : 8, 4044 840,440 762, 137 1, 602, 577 %
.. Tables. .
User cost 4/~ per hour L _> ﬁomanc&xfoqumm)c ,
Marginal level “- : er,s';'t..s N £ per anoum) | _
of demand - - - o 7. Operating - .~ Grand total
5000 677,866 - 1,102, 416
200 609,290 . . 983, 386
A3TD | | 595,590 - 959, 282.
500 R 542,274 - 862, 415
200 s 510,740 - 753,634
10 501,164 . 740,063
i S0 536,516 ., 703, 540 %
5 20 634,006 . 759,730
10 ,408 % 868, 825
5 437 846, 181"




The effect of including user cogts is te reduce the part olayed

If the user cost is 4/- por hour houn about 30% of loans shouid he Satisiia

v

pational level, but if it is 40/~ per Loux then less then 10% of joans

H
?
¥
H
H
H

from this Jevel.

3, EXTENSIONS OF THLD MODEL

3.4. Elasticity of Deinand

One faature that has been excluded conczins e reducyion in aemand which anours

when material is nos readily accessibie. Tor example, an nd Hyidual whio has goeod ES
partmcmal library facilities will think twice about vigiting the University lHrary Lo obtain
a book ox a jourunal.
\ .
It is quite eazsy to introduce a factor for this elasticity in demand foy ¢ach 8iG0age

e

level whbich would have the effect of reducing the sunumed residual demands to e carared
for at higher stovage levels. 1t would also he possible to conclude a total ©osL anualysis of
alternative storage policies provided that the tlost!! information could be vaiued in money ;
terms.

4. CONCLUSIONS

‘The intention of this report has been to describe a snnple model of a hicrarchical '

hbrary system whmh can be used as a basis for further discussion.

It is stressed that the re.sults which have been obtained are fictilious because aceurate |
data is not available at the present time to permit a gepyine enquiry into storage policics.
The example has only served to highlight those areas in which data is needed before a

proper study can be undertaken,

The most pressing requirement is fox the devzlopm ==z of techniques o measure the

-expected demands for books and journals. it is possible zhat the only way o treat books
is to consider them as small collections in which toey loze their individual identifies, the

size of the collections would be very dependent on the apount of detail introduced into

subject classification. Evemn so it is likely =hat exnscted demands would have to be generatec
from a small armount of data about overlap i subjsct fields. Such informarion will not be-

come readily available until library records are mandled [ computeis,

It is also po:.sﬂ)le that as inthe exa_xple comtained fu this report, pecsopa. tibraries
: should be 1gn01ed s*mue th(.y req_nrc_ too l’lulCh mmrmamon aboat the demanzs of }:dz‘mduals. 1
Qo .. : . :
ERIC: 5. REPEREN(, 2]
4 48) Chicago, ACRL. 1928, g



Discussion

There was a discussion on the relative merits of the two formulations of the
Bradford cistribution as derived by Professor Leimkuhler and Mr. Brookes:

R(n)
R(n)

R log (4+an-a) Leimkuhler (1)
K log n : Brookes (2)

wherxe R(n) is the cumulated number of references in the first n journals,
ranked in decreasing order of productivity, K, R and a are constants.

Mr. Dammers said that although Professor Leimkuhler's formula would appear
to be more accurate, Mr. Brookes' version was operationally more useful in libraries.
When asked if he had investigated computer storage, Mr. Woodhurn replied
that he had not, and that the main difficulty of his model was that it relied on data
which would never be available. He thought that the model should be regarded as
a guide to visualising an hierarchical library system, with libraries higher up in

the system dealing with a residual demand,

Mr. Fairthorne, comparing multi-level access and linear access, said that
the former was always quicker than the latter, provided the store was large enough,
because the linear access time was proportional to the size of the collection. Mr.
Mackenzie remarked that speed was not always directly related to cost. Mr.
Dammers said that in the computer field the access time tended to be approximately
inversely proportional to the cost of storage. Mr. Buckland pointed out that there
were differences between computer access anr: access to libraries: in linear access
to computers the whole tape was searched, but in linear access to libraries there
was a human element to be considered. Thus if a reader searched for an item in a
departmental library and found that it was not there he would go on to search in the
university library; however when he wanted the same itcm agaiu lic . Luld remember
that it was not in the departmental library, and he would go straight to the university
library. Another factor was that he mi~** stop searching at the departmental library
level and not go on to the next stage, so that a cost wounld have been incurred with-

~ out any resulting benefit,

Professor Leimkuhler was asked if im his model he had established a relation-
ship between the. cost of ordering an item:and the cost to the user if the item was not
ordered; he replied that it had not been passible to incorporate this in his model.

. Mr. Fulford asked if the figures for the space saved by shelving books in dif-
-ferent: sequences, .with each sequence depending on the height of the books, could
‘be .applied to any library. Professor Leimikaihler replied that his model had a
,gemeral application, amd he gave some figur=s showing the percentage increase in’
storage capacity gained by dividing the books into-various sequences. " The-per- :
centage increase gained by division into 2, 3, 4, 5 ... 10.:sequences was 38%, 47%
54%, 53% vos 58% respectrvely. He pomted out that most libraries have an over-~
size sequénce, ‘which is a d1v1s1on into two sequences with a correspondmg 1ncreabe
in capacity of 38%. Mr. Mackenzie observed that it was difficult enotigh to educate
readers to use ounly two seqmences, and that more would merely add to their confusion.

Mr Mackenzie said that when planmng a lbrary it was important to take into
B KC >unt the iuture developments in technology. ¥£ a building was going to stay up for

144
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100 years great flexibility was needed so that it could be adapted to meet the
changes in technology during that period. Mr. Brookes suggested that perhaps
libraries should be built to last for a much shorter time, e.g. 20 years, and
then pulled down for a new one to be built. Dr. Thompson said that construction
techniques were so far unable to produce such a building at an economic price; Mr.
Longworth added that Lancashire had tried building temporary libraries 20 years
é;go and they were not much cheaper than conventional ones. Dr. Urquhart said
that the administration tended to become fossilized as well as the building, and
this might represent a larger cost than the physical limitations imposed by the
building. Mr, Fairthorne said that every administration had to adapt itself to the
~ geography of the building which it was in.

[T
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1. INTRODUCTION

Every library has a loan policy, even if that policy is that no books may
be borrowed. Libraries which do lend have widely varying loan periods from
two hours to a year or more, Most libraries, especially university libraries,
operate a number of loan policies simultaneously based on a variety of factors
including the type of document, its value, its popularity and the status of the
borrower, For example, in the University of Sussex there are five loan
periods:

i. Some material is confined to the library;
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ii. Some material is placed in a closed-access 'Short Loan' collection
and may be borrowed for up to four hours or overnight;

iii. Some material may be borrowed for up to two days;
iv. Undergraduates may borrow the remaining material for two weeks;

v. Postgraduates and teaching staff may borrow remaining materials
until the end of term,

Likewise, there is much variation in the regulations concerning renewals,
reservations and recalls, in the maximum number of books that may be on loan
to any one borrower at any one time and in the sanctions imposed upon borrowers
who break the regulations, These variations exist between libraries and often
within libraries.

Not only is there wide variation, but changes are frequently made. In
view of wide variation and the central importance of loan policies to the user,
the problem of choicing loan policies has been curicusly neglected in the pro-
fessional literature - except for rather limited discussions of the 'conflict

 between reference and lending?.

2, THE FACTORS INVOLVED

The main purpose of a library is to make books (and other documents)
available for the client2le it serves. Unfortunately 'availability' is a rather
complex concept and considerations of economy and of the convenience of the
user lead to a tangle of conflicting objectives. These can conveniently be ex-
amined by considering the various aspects of a library's loan policy.

2.1. LOAN PERIOD

The longer the loan period the more convenient it is for the borrower to
use the book at leisure. However, the longer the time a book stays out on loan,
the longer it is off the shelf and, thereby, less immediately available for other
library users. There is a clear conflict here between the convenience of the
individual borrower and the convenience of other library users who might wish
to use the book. The chances that another reader will in fact wish to use the
‘book when it is out will depend upon the level of demand for the book, It would
obviously cause inconvenience if a book sought daily were to go out on loan for
weeks at a time. On the other hand, if a book is rarely used (once a decade,
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say) then the chances of another user wanting it are small and a longer loan period
can be permitted. Not only do books vary greatly in popularity, but the popu-
larity of individual books is liable to fluctuate, although a general tendency for it
to decline with time is well established.

2.2, RENEWAL OF LOAN

If a reader wishes to retain a book on loan after the expiration of the official
loan period, then it is normal practice to permit one, two or even unlimited re~
newals unless another reader has made a reservation for that particular book.
The frequency of renewal is important because it is the time that a book is absent
from the shelves (*immediate availability') which matters rather than the official
loan period,

2.3; RESERVATION AND RECALL

If a book is not on the shelf it can still be made available by means of a
reservation and, if appropriate, recalling it from the reader who has it. To
the extent to which this is an acceptable substitute for availability on the shelf,
this arrangement reduces the importance of *immediate availabilits! and there~
by permits longer loan periods and less duplication,

Acceptability apart, this procedure of reservation is clearly unsuitable
for those who are not seeking a specific title but are browsing perhaps purpose~-
fully for informaticon on a specific topic or less purposefully for inspiration or
amusement. If such a reader is browsing along the shelves, then it is clearly
important that material should be on the shelves, else the reader will remain
unaware of its existence and the provision of a mechanism for reservation and
recall will be irrelevant. If such a reader browses in a catalogue or biblio~
graphy, then he will presumably identify. particular items which he desires to
inspect and his search becomes specific. In this case reservation and recall
facilities become meaningful, but inspection of catalogue entries is less in~
formative than inspection ' of the actual document,

2.4, DUPLICATION

So far we have been concerned with the case of there being a single copy
of each different book and the effect of loan policies on the convenience of the
users with respect to that book, Obviously, there is no need to enforce a short
loan period to induce borrdwers to return a book for the benefit of others if
other copies are in fact ava11able for them, -. In this manner, shoxtening of the
loan period and duplication are alternative methods of increasing the availa-
bility of books in libraries, It must be stressed, however, that these alter-~
natives differ in some important respects. The acquisition, processing, and
storage of each additional copy of a book costs money and labour which could
well be put to tther uses, such as another different book or any. other library
service, and to this extent duplication is undesirable, The shortening of the
loan period and the restrlctmg of renewals, however, are likely to cause
additional inconvenience to the borrower and to this extent are undesirable,
Furthermore, the shortening of loan periods is likely to involve add1tiona1 ad=-
mmlstratlve expenditure.. . . o .
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2.5. ADMINISTRATION

Apart from considerations of availability and the cost of duplication, the
cost of administering a loan policy must also be considered. A short loan
period might be expected to result in a larger number of renewals. A low level
of immediate availability (whether by long loan periods or limitation of dup-
lication) is likely to be associated with larger number of reservations and re-
calls, A policy decision to maintain a borrowers file either as a service to
readers or as a means of enforcing a limitation on borrowing will also involve
additional expenditure.

A recent trend in British university libraries towards an '"until the end of
term" type of loan period seems to have been at least partly the result of a
desire to economise on service desk staff by avoiding the necessity for a file
arranged by date and reducing the number of renewals,

In addition, distinctions between borrowers and especially between books
(e.g. when the more popular books are treated differently from less popular
books) are likely to involve extra administrative expense,

However, although the loan policies will affect the number of transactions
of various kinds, the unit costs will depend very much on the details of the issue
system employed, which is outside the scope of this paper.

2,6, STATUS OF BORROWER

In some libraries the loan policies give privileged rights to some users -
not just in exceptional circumstances, but as a normal practice. In university
libraries, for example, teaching staff are almost invariably subject to a longer
loan period and a higher limitation on the number of books allowed out at any
given time. One explanation of this, is that books used by students are in
heavy demand and that, therefore, a shorter period of loan is more appropriate.
Another explanation is that teachmg staff are more important.

2.7. FINES

The principal method of enforcing loan policies is the charging of fines
which also vary considerably from library to library, The assumption is that
fines are necessary to ensure compliance with regulations, Unfortunately, the
relationship between fines and borrower behaviour has not, to our knowledge,
been subject to serious 1nvest1gat1on and hence this assumptmn must remain
doubtful :

2. 8 SUMMARY

It w111 be clear from the preceding sections that wide variations in loan
and dupl;catlon policies reflect complicated relationships mvolvmg a number of
conflicting objectives. - Any rational loan policy must be a considered comprom -

ise. . .-

" During the University of Lancaster Library's recent research into the




application of operational research techniques to library problems, the ciari-
fication and measurement of these relationships have been examined and this
spring the Librarian requested the authors to appraise this library’s loan
policies and to prepare recommendations for the university's Library Committee
concerning what changes,if any, should be made. The rest of this paper out-
lines this work,

3. THE BASIC RELATIONSHIP

3.1. A SINGLE TITLE

The most convenient measure of the availability of a library book is the
proportion of times that it is immediately available on the shelf when sought.
This can be expressed as a percentage, thus:

no. of times immediately available when sought x 100

% immediate availability no. of times shought

Apart from the number of copies held, the two critical factors dat-
ermining the immediate availability are:

(i) the frequency with which the book is sought (its 'popularity'); and

(ii) the length of time it is off the shelves when in use.

For any given level of demand, the book will become more often available
"if users can be induced to return it to the shelves more quickly. This is the
one justification for 'reference’ libraries where no borrowing is permitted and
so the time a book is absent from the shelves is a matter of hours not weeks,

For any given pattern of return t1mes (the time the book is off the shelf)
the availability will depend upon the level of demand. A rarely requested book
is more likely to be available when sought than a book which is frequently re-
quested.

Obviously the number of copies held is also very important in determining
whether a copy will be ava1lable when sought

. The chances of an unsuccessful llbrary user making a reservation is also
1mportant because a reservation will delay the book's return to the: shelves

3. 2 MONTE CARLO SIMULATION '

In explormg these relatlonshlps we have used a techmque known as Monte
‘Carlo simulation, ' Other workers have employed queuing theory and other
stochastlc proc.css r sls, oo an exténded discussion of the application of

‘these formu aet .. SLEXY problems (espemally loan policies and duplication)
reference should be made to the recent book Professor P. M. Morse entitled
L1brarz effectiveness: a systems approach, '

‘The s1mulat10n approach has certain advantages over the more strictly
mathematical treatments, For example it allows greater freedom in the
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assumptions that can be made and hence has greater facility in handling Tamplex
relationshipe, A description of the borrowing process is fed into the computer,
Tlre description currently in use is shown in Figure 4 on pmge 6. In adiditior,
some numerical data is also required, which defimes, for example, tne mummber
of copies, ratio of borrowing to reference (in-library) use and the probabyjjs:y
tiat an unsatisfied user will make a reservation, The computer performs: 2=
berrrowing process several thausands of times, keeps a record of significas -
events, and then reports the result.

in real life, accurate predictions are oftén not possible. For exarihi,
it 17 mot possible to state with c:onfidence whether the next reader will use =
boak i the library or borrow . Also it is not possible to state precise’ .z
advzm= how soon the book will be returned to the shelves. However, dura -mman
be ~offe=cted which shows what the overall pattern is in the long run.
the . :nraputer determines such problems by pickingrnumbers at random - as if
by rwhiieg dice (hence the name Monte Carlo simulation). Each possible miter
will = zve had a particular answer associated with it.and this association of
numbers and amswers will have been pre-arranged so that in the long tezm t¥-
overrall pattern will correspond to the overall partern of the system being-sig:: -
latesd,

In this manner it is possible to simulate situations of great compiexity
so long =s the situation can be described in logical and probabilistic terms..
In arder-to assess the effect of a change in a situation, a simulation of tie

actual current situation is designed and carried out. The simulation resultis w=ifl.
“if the simulation is valid, correspond to the actual current results. Ancrher

simulation is then performed incorporating the proposed change and the results
indicate in detail the likely consequences of the proposed change, Amn imparzaat
feature of this technique is that it is possible to examine how sensitive the
system being simulated is to particular changes. For a fuller description of
Monte Carlo simulation the interested reader should refei to the appropri=te
textbooks, such as K.D. Tocher: The art of simulation. © Before descritiing
in detail the results of our 81mulat10ns two other relationships need to be=ex—
amined,

3.3, THE RELATIONSHIP BETWEEN ACTUAL LENGTH OF LOAN AND OFFRCIAL

LOAN PERIOD

Regulations concerning loan periods are, in effect, a control device.at
the: disposal of the librarian for influencing the movement-and thereby the
availability of the books in his’ charge. It would, therefore, seem importan:
to examine the nature of this mﬂuence. ) -

, At first sight the factors which seem likely to affect.the length of time are
Bwth numerous ‘and varied: the subject, the level and the type of thre book; the
subject background, the work habits and the motivation of the borrower: the

zhoygand and one possible distractions which might affect his behavio#T /im:-

cluding re=call notices); anc the official loan period, In a situation-whe:= the
farttors invalved are of such complexity, ome would expect books to: be returned
as if at zamdomz - of all beoks barrowed on a given day a small percentage of
those still out being returned each day. - with perhaps a small peak at the
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expiration of the loan period. In order to test this hypothesis data relating to
a variety of Iman policies in a number of university libraries were examined
as follows:

On= week Manchester

Twio wesks Michigan, 3 Strathclyde, Sussex

Four wraeks Manchester, Michigan, 3 Strathclyde

Ten we=ks Strathclyde

Znd of ==rm Lancaster ) An entire year's discharged

_ ) issue slips permitted a variety
oot T o R
dafye Lancaster ) of analyses to be made.

At none of fhese libraries is a limitation on the number of books allowed
out rigoronsiy enforced. (We have no information about Michigan in this respect).

The patzers= which emerged consistently is that there is a very strong
tendency for cmoks to be returned or renewed at the expiration of the official
loan period —~whatever the length of the loan period may be. Only with com-
parativesly lemg loxzn periods - longer than four weeks - is a substantial amount
of material returnred before the due date and here the expected negat1ve exponen -
tial pattesn einerges. (See Fig. 2 on page 9).

3.5. LGAN TERIODS AND RENEWALS

* A further analysis was made to see whether shorter loan periods were
associated with increased renewals. The results (Table 1 on page 10) show that
the proporticm of books renewed one or more times varies little over a range
of loan p=riods. .

With two :exceptions the results appear to be comparable - the reader presents
the book zt the Service Desk and requests a renewal. The two exceptions are the
teaching staff =t Manchester where the loans are automatically renewed on dates
determined by the borrower's surname and undergraduate two-week borrowing at
Sussex whers only one renewal is permitted and that requires rather more effort on
the user's part. ‘

4. APPLICATION

4.4, SIMULATION

\

Our present sirmulation model, described‘a.bove, reCiuires the following
information: ' '

. The number of demands to be simulated;

The number of copies of the book;

The maximuim aklowable number of reservations per book;

The patzern of demand as expressed by the 1ntervals between requests'
. The ratioc of borrowmg to reference ‘uses . :

U N
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-qd 0 -

LOsN PETFIOD No. of loz=ns FREQUENCY OF RENEWAL
analy gei %
] i 2 3 4 5+

1 WEEK:

Undiergrazitete:s 4

at Manchese=r 2145 6'_7 19 7 4 1 2

2 WEEKS:

Undergramuates

at Strathciyde

~ Science 888 78 a4 3 3 1 2

- Non-Science: 1208 83 4z 2 0.8 | 0. &
- = Combimad 2096 81 iz i3 2 1 2

4 WEERS:;

P.G. at , ) .

s 307 6

N | 30 : |47 6 2z 2 | 3

Stwit & P.G.

az Strathclyde

~ Sciiemce 540 o 12 6 4 2 6

- Nilmn~S&ienss 483 81 10 5 0.2 0.2

- Cambiined] %93 76 14 5 4 1 3

TABLE 4: Frequency of reneszsl im relation to tizecofficial loan period, The

data fromm Strethclyde, which eacdndes jourmals, -was regarded as 'Science' if

it had been chemsified in U, D.C, <classes 5 or 6,

thz remaining clzsses.

ey Belence! data refers t

I L ¥ 7 T
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6. A loan policy as defined by the retmrm: Times;
7. The propertion of umsatisfied users who make reservations;
8. The delays invailved in recalls.

The compure:- repwirts the following results:
For weference:;

a. The number of reference demands made;
b. The percentage .of sztisfied reference demands.

For Loan:

a. The number of varn demands made;

b. The percentmge of sztisfied loan demands;

c. The level ol inmmediate availability (i. e. the percentage of demands satisfied
- immediatety);

d. The pattern of d=lay= experienced following reservation.

The loanable stack of the University of Lancaster Library (excluding the
closed access Short Lwan collection of very heaviily used text books) was then
analysed by examinimg borrowing histories. The result is shown in Table 2.
This pattern lends smpport to the hypotizesis that the library's books are subject
to demands approxim=ting the Zipf's law distribuation,

No. of issuesperzonum | 0 41 2 3 4 5 6 7 8 9 10

Frequenmcy 375 168 403 43 40 15 6 2 1 1 1

%o 50 22 14 6 5 2 4 - - - 4

TABLE 2: Analysis of borrowing histories, 4967-1968. Out of a random sample
of 876, 757 we.t amalysed and 119 were- either missing or on loan.
For simulation sxperiments six popuiarityr classes were considered:
papulzrity being measurewd by the number of dermands per time period (T) as
follows:

Popmilarity class A B C D E F
No. of borrowing _ ‘

demamsls per time 4% + 33-4% 28-3% 13-2% 3-4% o-%
period T

By sttempting to fit verows demand distributions to the borrowing history data
afie proygartion of basks in each popularity class was determined, where T is one
vear for the IL.ancaster callection.

The simulation results gave the immediate availability to be associated with

each combination of loan policy and popularity level. Subsequent calculations .
determinted wvarious-parameters for the collection as a whole (as described below).

Table 3 on page 12 illustrates the resuilits of a particular .simulation experiment.
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ONE COPY TWO COPIES THREE COPIES
POPULARITY Loan Policy Loan Policy Loan Policy
CLASS i i | | iy Q| @ | oui | v BERERE
A 9 79. | 52 37 100 [ 98 84 66 100{ 100 97 86
B 94 86 62 44 100 99 91 77 100} 100 99 93
c 98| 94 | 72 | 56 100|100 | 97 | 87 100| 100 | 100 | 98
D 99 98 82 68 100 | 100 99 84 100( 100 | 100 100
E N 100 | 100 97 85 100 100 | 400 aco _ 100| 100 | 400 | 400

TABLE 3: Simulation results showing immediate availability (%) for 60 trials: 5 popularity classes
A-E x 4 loan policies; 1-iv x 3 levels of duplicatien, The four loan policies correspond approxi-
mately to loan periods of one week, two weeks, five weeks and ten weeks respectively.

O

A Fuiirext provided by enic:

E

:

-
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4.2. ANALYSIS

In examining this matter mcre closely three measures of effectiveness were
employed, ' '

"Immediate Availability': The probability that a request for a given book will be
satisfied immediately, i.e. the probability that a book is on the shelves.

"Satisfaction Level': In a given time period the proportion of demands immed-
iately satisfied. All demand, that is, not just demands for one individual title
only. This appears to be the most useful single measure of library effectiveness.
It is not the same as mean immediate availability.

"Collection Bias'': Commonly the most strongly recommended books are removed
to a closed access reserve collection and many of the other more popular books
will be out on loan, Consequently a reader who seeks for material on a given
subject is faced by an array which systematically terds towards the least popular,
the least recommended and the most shunned material. We define this tendency
as a ''megative bias'' and one convenient measure of it is the proportion of the 10%
most popular books which are absent from the shelves,

We consider that, subject to considerations of user convenience, a good
library should have a high Satisfaction Level and a low Collection Bias. Beyond
this, however, it is very difficult to justify any specific Satisfaction Level or
Collection Bias until more is known about the effect of each on the library behaviour
of users. Clearly, a reference-only library would rate well on both measures,
but this entirely neglects out-of-binding use, which is generally regarded as .
desirable,

--Analysis of the simulation results in relation to the University of Lancaster
Library resulted in an estimated Collection Bias of 45%., ‘These estimates were
derived as follows. Given that a demand distribution for the library has been
estimated, it is possible to calculate the probability that a demand (occurring
at random) will be for a book within a particular popularity class. If this prob~
ability is multiplied by the immediate availability of the popularity class (obtained
from the simulation results), then the product is the'probability that the next
demand will be for a book within a particular popularity and satisfied. The
Satisfaction Level for the collection as a whole is the sum of the'se:products for the
six popularity classes, The Collection Bias can be calculated directly from the
immediate availability of the most popular 10 per cent of the collection. It is
simply 1 - immediate availability. :A check on these estimates was made by
comparing a prediction of the number of books out on loan at the mid-point of

© the 1967-68 session (to which'all data refer) derived from the above analysis

with a sépa.r;a‘te_,analyvsis,based on issue records and discharged issue slips. -

‘ The loa.n sixjriulétién.'\‘nraa's thén. émﬁldyed to iaredict the likely vc'onsequencesf

of yar.ious“diﬁe‘regt policies. Three main courses. of action emerged, One was.

that there should be no change in loan policy, but selective duplication, Another
was that there should be no change in loan policies for staff or postgraduates, but
a two week loan period for undergraduates, However, since the problem stems
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from a small proportion of very popular books, the policy finally adopted was

to restrict the loan period for these books only, regardless of the status of the
borrower. One of the advantages of a variable loan policy of this type is that a
library can be adjusted to any reasonable Satisfaction level or Collection bias

by varying the definitions of popularity. Furthermore, with any given definitions,
the library would be self-adjusting as the pattern of demand changes. The moni-
toring of the library stock in order to assess the popularity provides the basic
data necessary for the management of the loan policy and also yields information
of value for efficient selective duplication.

The policy approved by the University is as follows:

(a) For the 10% most popular books the loan perlod should be one week (~ an _.
estimated 70% of issues);

(b) For all other books the loan period shkould be until the end of term,

Using the methodology outlined above, we estimate that this policy will give a
Satisfaction level of 85% (an increase by 40%) and a Collection bias of 10%.

4,3, IDENTIFICATION OF POPULAR BOOKS

The only data which is readily available concerning the use of individual
documfnts are the dates on the date label, It has been shown by Fussler and
Simon~ and by Lister that records of past use are reliable predictors of future
use. Certainly the record of borrowing is an incomplete record of total use,
but it is the critically important part of total use so far as availability is con-
cerned. The problem has four parts, which we proposed to tackle as follows:’

(i) Existing stock: The date labels of the entire loanable stock will be
examined this summer: borrowed books as they are returned, the rest by going
along the shelves during the vacation. Books subject to a seven day loan will be
marked on the spine and the date label, '

(ii) Falling popularity: At intervals, the shelves will be inspected and the
date labels of volumes market '"seven~day loan" will be inspected. If use has
declined the markings will be removed and the book reverts to the longer loan

- period. =Somie "'seven-day loan' books w111 be out on loan and they will be assumed
to have stayed popula.r.

- (iif) R1s1anPular1g Th1s is 11ke1y to be only a small problem because
of the well established tendency for the popularity of books to decline with time,
 Consequently repeated checking of the entire stock is likely to prove unjustified,
Instead the. staff of the Service Desk will be authorised'to- make any book subject
to "tseven-day loan', The fact that a reservation has been made for a book is in

itself excellent prima facie evidence that that book is in heavy demand. In addition,

occasional spot checks will be made on "non-popular" books bemg returned from
loan : . :

(iv) New:books: Those who recommend titles for purchase will be asked
to mark an appropriate box on the Suggestion card if they expect a book to be

A0
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popular, The subject specialists who classifyy books will also indicate books
which are likely to be heavily used. An incorrect prediction either way will be
corrected by the continuous monitoring of (ii} and (iii) above.

This is, of course, only one possible way. All this information, except
concerning new books, could readily be produced as the by-product of an
automated issue system. An alternative approach for either manual or auto-
mated systems would be to determine the period of loan at the time of issue -
without having the books processed into pre-determined loan categories.

4.4, IMPLEMENTATION

As stated above any rational loan must be a considered compromise be~

tween a variety of conflicting objectives. The new policy at Lancaster is intended
to achieve the followimg: )

(i) 10% of stock to be subject to one week loan; :
(ii) 70% of issues to be subject to one week loan; !
1 (iii) 85% Satisfaction Level;

(iv) 10% of most popular books absent from shelves:;

And it was based on:

(v) the distribution of demand;
(vi) the level of demand;
(vii) the size of stock;
"(viii) the level of duplication, and
_(ix) the size and rdle of the Short Loan collection
which existed in 1967-1968.
The problem of implementation is essentially one of devising simple, in-

} . expensive procedures which will maintain the standards of service implied by
. - theé choice of loan policies.

171



%
}
i
!
i
;
{
i

-~ 46 -

REFERENCES

MORSE, P.M., Library effectiveness: a systems approach. Boston,
Mass., MIT Press. 1968,

TOCHER, K.D., The art of simulation. London, English Universities
Press. 1964, ‘ N

Published data from BURKHALTER, B.R. and RACE, P.A. An analysis
of renewals, overdues and other-factors influencing the optimal charge~
out period, In BURKHALTER, B., ed. Case studies in library systems
analysis. Metuchen, N.]J., Scarecrow Press. 1968, pp.11-33.

BUCKLAND, M.,K, and HINDLE, A. Library Zipf. Journal of
Documentation, 25(1) March, 1969. pp.52-57.

FUSSLER, H. H. and SIMON, J.L. Patterns in the use of books in large

research libraries. Chicago, University of Chigago Library. 1961.

LISTER, w.C. 'I...ea‘st.cos_t decision rules for the selection 'of.library

madterials for compact storage, Ph.D. thesis, Purdue University. 1967.
(Clearing house report PB 174 441), ' '




Discussion

Mr. Duchesne asked about the cost entailed in shortening the loan period, and
also if borrowers would borrow more books with a shorter loan period. Mr. Mackenzie
replied that the available evidence indicated that the number of books borrowed per
reader would increase. The extra costs involved were in redesigning the mechanics
of the loan system, in staff time for sending out the greater numiber of overdues
which would be required, and in extra staff time of 6 man-weeks per year needed
to monitor the stock and to make sure that books were in the correct category; there
was also an extra cost of 0. 5d. per issue for a more sophisticated type of stationery
which was needed. Mr. Buckland said that one factor which would make the total
demand go up in the future would be more students in residence; also if availability
were increased this might lead to a greater demand on the library because readers
would realize that there was more chance of finding what they wanted on the shelves,
and a self-reinforcing situation would be created.

Dr. Urquhart wondered if it would have been better to spend the money on
duplicates to increase availability, rather than on redesigning the system. Dr, Hindle
replied that the system for ordering duplicates could be improved; there seemed to
be the usual lack of communication between the library and the departments about
books which were popular; he also pointed out that a variable loan policy did not pre-
clude selective duplication. MTr, Mackenzie added that about 40% of the recommendations
for books to be placed in the closed access short-loan collection were dubious because
the books were hardly used; but that the library spent £2, 000 - £3, 000 per year on
duplication which was initiated by the library from evidence ga1ned at the service desk;
consequently he doubted the ability of the departmentai staff to forecast, demana. When
asked at what time the decision on the category of new ‘books would be taken Mr.,

‘Buckland replied that this would be done on ordering or by subject specialists when

, 1 Mr. Mackenzie observed that no serious penalty would be

1ncurred by the reader’if a book were Wrongly placed in the popular category, since

six months'later l1ghtly used books would be down-graded. Mr. Snape said that for
part1cular titles’ some public l1brar1es had employed a saturatlon techmque and dup- '
licated until there ‘were always cop1es of those titles on the shelves. ‘Mr. MackenZ1e
‘said that this had been proposed on a ‘small scale as part of the research project, but

" it would be very expensive to 1mplement as a standard pract1ce.

r

Thompson asked 1f Lancaster s acqu1s1t1on pol1cy took 1nto account the fact
that students bought some of the1r own books and whether the hbrary del1berately
avoided by1ng strongly recomme‘:ded texts. Mr. Mackenz1e rep11ed that departments
- had d1fferent pollc1es on the purchase of books by students some departments issued
‘ .l1sts to the1r ‘students’ statmg which books they had to “buy a.nd wh1ch they. should get N
‘in the’ 11brary the 11brary would probably buy one copy of the former and many copies
" of the latter. ~

Mr, Buckland sa1d that the present sat1sfact1on level was 60% and they had _
1n1t1a11y a1med to 1ncrease th1s to 80%, but this had only been an 1ntu1t1ve .guess; he '
wondered what ‘the’ opt1mum ‘level should be . and what effect the sat1sfact1on level .
had. on user behaviour. Dr.’ Urquhart ‘'said that at the Science Museum library 20%

, of the stock used to be on loar when it was wanted by users, and at the NLL they
‘0 dto reduce this f1gure to 10%, but they had no positive measure of what the figure

'EKC to be.
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Mr. Buckland said that many libraries relied on limiting the number of books™
which readers were allowed to have out at any one time as a means of increasing

‘the satisfaction level. This seemed rather a doubtful practice because it only af-

fected the ''good' user, i.e. the person who used the library a lot, and it was not
known if such users tended to return the popular or the unpopular books. Mr.
Vickery asked if there were any data on the relationship between the number of books
a reader had out, and the number they were allowed to have. Mr. Buckland replied
that he had not, because, of the libraries they had examined, “all put a limit on the
number of books readers were allowed to have out, but these limits were not en-
forced because the additional staffing cost was too great. Mr. Fulford asked if the
cost of raising the satisfaction level increased as the starting point got higher. Mr.
Buckland replied that it did, but hé;\,had no precise figures, since the indirect cost

to the institution as a whole was impossible to calculate.

Mr. Buckland said that a number of studies had suggested that there was a
correlation between the use made of a library and academic achievement in examin-
ations. Therefore if students who were good academically choose to allocate their
time to using the library, then it could be hypothesised that those who did not use the
library very much should be encouraged to use it more: if this could be done by in-
creasing the satisfaction level, especié’;.lly for new students, then the library would
be performing a useful service. Dr Urquhart asked if there were figures available
which gave the percentage of students who never borrowed a book. Mr. Buckland
replied that there were no figures for Lancaster but he thought that the percentage

- must be high; the Nuffield Survey at Leeds found that 26% of undergraduates never

boriowed a book. Dr, Urquhart said that Leéeds was not really comparable with
Ladéaster. : T i | -

Dr. Urquhart said that one way of increasing the satisfaction level in a particular
section of the collection would have been not to bind the periodicals into large volumes. .
Mr. Mackenzie said that the study was basically concerned with undergraduate usage
‘and therefore periodicals were not considered. Mr. Buckland added that it was cheaper
to bind periodicals into volumes than to bind each part separately. Mr. Mackenzie
pointed out that it was easier to steal a separate issue of Physical Review than it was

‘to steal a bound volume of it, -

Dr. Thompson asked if there was any information available on the differences

‘between the borrowing patterns of staff and students. Mr. Mackenzie regretted that

there was very little 1nformat10n onth1s. Dr.Ui:quhartsuggestedan alternative
loan period of one week for all loans, 'coupled with encouragement to readers to ’

fill in reservation forms and an understanding that books would not be recalled until

‘the end of term unless someone else wanted them. 'Mr. Mackenzie said that this was

in éssence the existing system, but only about 10% of readers filled in reservation forms
‘when they wanted books which were not on the shelves. Mr. Brookes wondered what
effect the new loan policy would have on student buying of books. Mr. Mackenzie replied
that the new policy had not been implemented yet, but it would bé interesting to see if

it had any effect. Mr. Buckland said that'some studies indicated that readers who
borrowed a lot from public libraries’also tended to buy books, "
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1. ABSTRACT

4 - Librarians are managexrsj &S managers they meed. manz=gement
information. Appendix A provides a sample list of dssirable MI.

The introduction of computer-aided libraxy systems (e.g-
ordering, cataloguing systems) enables libraries - if the systems
are designed with this in mind - to collect and process more ML
than can feasibly be collected in existing mznual systems.
Appendix B suggests ML which may be produced by present-day
computer-zided systems. The possibilities for collecting MI
of this type increase as more processes are auntomated, especially
_ if machine processes are integrated, i.e. dovetail and make use
of common files. When it becomes feasible for users to communicate
directly (say, via consoles) with the machine system, even greater
possibilities will arise.

While computer-aided systems offer MI possibilities, present
reporting suggests that neither librarians nor computer men really
know what data to collect, analyse and display for MI purpos i -

The relatively simple Appendix B type of information will be of
considerable use; the next step on from this type of information

is to make use of an operational research (OR) approach. To take
this step forward the applicability of the ;OR approach in the
library context needs to be more fully demonstrated; also the
library profession, including its ssystems analysts, need to become
better acquainted with the OR approach. . Research projects employing

 OR techniques in libraries would help demonstrate the applicability
of OR in libraries. -Acquaintanceiof the 1ibrary profession with
OR would be improved by short courses on the subject; by the -

~ production -6f a monograph on -‘library systems.analysis, including

. treatment of the applicaiiénjof'OR;techniques'tb l1library problems;
by more’adequateit;estmentsostR’invfgzma};full-time professional:

educationas .




2. MATACRMENT INFORMATION "MI)
2.-. The Librazrian - 3 Mznager

3r=cn s Who is a wid: ly cuoted authorltm has defined managment
in the Zollowing way:

"4 sociml process entailing responsibility for the effective

plannims and regulation of the amerations of an enterprise,

in fuliffilmenmt of a given purpose or task, such responsibility

inwolvirig: c

(2) Ths installation and maintenance of proper procedures
to -ensure adherence toc plans.

(b) The guidance, integration and supervision of the
.. p=rsonnel composinz the enterprlse and carrying out
its operation.

He goes on to define direction (concerned with objectives and policy),
organisation, and admlnlstratlon (concerned with procedures) as parts
of management.

Such a definition is descriptive of the main tasks undertaken by
indiviéuals in charge of libraries, particularly libraries of any size.
It is therefore odd that _ibrarians; especially in UK, have not shown
enthusiasm in identifying themselves 28 managers. It is surprising,
for instance, how few sizeable’ monographs there are, ‘devoted to library
management and library administration. Even some of these books avoid
stating outright that the ZLibrarian hav1ng charge of a library is a
manager and must endeavow= to be effectlve as such. For instance, the
following statement is a alffldent version of the latter. thesis,
especially in~a book on library management. .“although the foundationstone
of librarianship is blbllography, the. profession also includes many -
elements common to business and industry. Business executives and

1ndustr1a1 englneers have 1ong known the value of sc1ent1f1c management" 2

1. BRECH, B. F L. (ed ) Th 'prlnc;ples and_practlce of management.
Longmans 1953,—Tb 17) T , R o RS

2. DOUGHERTY, R.M. and HEINRITZ, F J., Soientific management of library o

-operations. Scarecrow, 1966 (Statement«ln preface)
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One can se:= many reasons why librarians have been diffident
in identifying “hemsslves as mznagers. In British academic
institutions, there is a tendency to regard admiristration and
management as activities for the second-rate mind and therefore
as of less importance and staius than tezching and research. A
certain defensiveness within the professizm has probably aiso
encouraged the view that libwrariens know about libraries and do
not have anything of much importznce to learn from managers of
other institutions.

_ In fact the librarian in charge of a library is just as much
a manager as - assuming similar sizes of organisation - the factory
manager in an industrial enterprise, the manager of one of a chain
of department stores, a bank manager. The feorm of authority to
which each type of manager is responsible differs, but each has the
responsibility for staff, buildings, equipment, financial expenditure
and has the task of managing those ressources tc produce some form of
product or service. In the case of libraries, the resources can be
on a very substantial scale. Such is the case for the major national
libraries like the Library of Congress or the British Museum. There
are also very large university libraries; Harvard, for instance, has
an annual budget of over ®B8 million and a staff of more than 600.
The average U.K. university library and the average U.K. public
library authority are of course not. nearly.so large as_this, but with
average annual expenditures of some £160,000 (1963/64)1 and £110,000
(1967/68)2 respectively - even the average librarian in these types
of library commands an impressive scale of resources.

2.2 Information Needs of thé;Libraﬁian/Manager

As @ manager, the librarian needs information on whichto base
decisions. Indeed management has been described> as the "process of
converting information into actiom. The conversion process we call
decision making". The number and:complexity of decisions required
of the librarian is large, since:- = 0 " '

A A S
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1. UNIVERSITY GRANTS COMMITTEE. 'Report of the committee on libraries.
HMSO, 1967, page 155. B 2

2. INSTITUTE OF MUNICIPAL TREASUREHS AND ACCOUNTANTS. Public library
statistics 1967-68. IMTA and Society of County. Treasurers, 1969,
page 6. e ’ ' o

. 3. GREENBERGER, M. (ed.). Computers end the world of the future. MIT,
- 1962, page 3T+ = ' Lo _ I , ‘




{1) The library ne=ds to agaps %0 a changing environment: for
instance, changing userr m=sSs, changing patterns and volume
of publicatiom. The n=es of research workers, particularly,
tend to be subject to r=pid change.

(2) - Many decisions are compl=m: for instance, how to allocate
the Budget - how m=mzh %c =pend on siaff, how much on material;
how much con bodks ag agzinst periodicals.

(3) Wronz decisions m=xr be costly, and mzy be difficult or impossible
to rectify. TFor imstance, 2 library building embodying one
concspt of the library cannot eas11y be changed if not found
satisfactory in practice.

(4) As libraries grow lazxger, as the pace of technological change
increases, as the r=te of publication increases, the librarian's
management task is Decoming more onercus - and his need for -
management information is grow1ng.

To cite one instance: wlth the grow1ng volume of publication
libraries face a greater selection task - there is more to scan
and select. Add to this the fact that most individual libraries'
budgets are not growing as fast as world publication, and the

© task of selection i= becomingi not only- greater but more necessary.

1Y

What sort of MI does the librarian need? Appendix A illustrates
some essential information. For a more detailed review of information
requlred for management purposes,‘reference ‘may be made to McDIARMID.

.
.

i
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1. McDIARMID,- E.W. The library survey;. problems and methods. ALA, 1940,

The reader should not be put o?f’elther %y the date or the tltle..
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3.  COMPUTER-AIDED LIBRARY SYSTEMS
5.1 MI: the role of the computer

" From the sample list of MI in Appendix A it is clear that much
MI will remain outside computer systems for a long time, Possibly
for ever - for instance, information concerning organisation structure,
Jjob specifications, staff and procedure manual information.

With regard to IMI, then, the role of the computer is a limited
one. Firstly it will not, forseeably, supply all the librarian/ '
manager's formal information needs. Secondly - it goes without
saying - it will never supply the sort of informal MTI which can
only be obtained by personal contacts. The library, after all,
exists to serve human beings and is staffed by human beings; it
must be managed by a human being - the limited role of the computer
arises partly from these simple fagts.. There is no chance that the
computer will dehumanise library management; neither is there any
chance that it (or-the computer man) will replace the librarian/
manager, take decisions for him, oy .reduce his sphere of influence.
The librarian/manager himself will always have the final say
concerning all matters under his charge, including the designl of
his MI system, what MI reports he is to receive, and what action
to take on .thése reports. “p

. i JSd . g

Having: stressed the limited xole of the computer and that the )
librarian/manager will never obtain all his MT from the computer, ' ;
even if all: the procedures in his 1ibrary are computer-aided -~ the
question still remains - what MI c¢an he expect the computer to

. supply? - o : o '

At present relatively few libréries have introduced automation : i
on any scale. For those without computer-aided systems, the main :

MI role of:the computeér is to procegs survey-type information. For
those with,; computer-aided systems égag. computer-aided cataloguing,
circulation systems), the pdssibili?ies are;considerably greater,

since the computer may be used to produce MI information as a byproduct.
Appendix B:gives some indication of the type of byproduct information
which may be collected. Some of this may warrant routine reports, .
some might be presented in reports: produced:on request. -

oo . ‘

1. LOST¥, R.A. Desisning a management .information system (MIS).:
ComputersBulletin 13 (5) May';969,'142—;47.

2. For discussion of types of repqrﬁ which may be produced and who .
may call for them, see: = % - : o
CLOOT, P.L. Management information systems - can computers help?
‘Computer Bulletin 11°(4) Marchil968, 276-281. (Page 277)..
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The systems postulated in Appendix B are relatively simple
self-contained batch-processing systems: batch-processing selection
data, order, cataloguing, circulation systems. The systems are those
which general libraries introducing computer-aided systems are most
likely to develop first, and those from which MI of general validity
can be readily extracted. SDI and IR systems have been excluded on
the grounds that to extract -MI of general wvalidity they must be used
by a large proportion of the library's users. SDI and IR systems
on such a scale are not so likely to be economically feasible for
general libraries as those listed. :

Relatively self-contained systems are chosen because it is to
be expected that most libraries introducing computer-aided systems
will start by creating some relatively self-contained system of the
general type indicated. As automation proceeds and lntegrated
systems are developed, e.g.

selection/order
order/cataloguing
catalogulng/clrculatlon

=

the possibilities for byproduct MI 1ncrease.- For instance, an integrated
selection/order system can keep statlstlcs of the delay between selection
and ordering.

Possibilities for collecting'Mifwill be further increased by:
1. Development of !'total! systems
(e.g. covering select1on/order/cata1ogulng/circulatlon)

2.:Direct user communication with the machine, (e.g. via consoles) :
- when this becomes feasible. This is looking some way into %
;the future; a computer:; system.w1$h which the user could

- .communicate in conversaticnal mode offers prospects of

building individuals' proflles, noting relatively precisely
what information they use and their mode of finding relevant
41nformatlon. Lickllder has described such a system.
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3.2 MI in presently reported systems

There are at present relatively few_operational computer-aided
library systems. Taking a cross-sectionl of reported systems, the
projected total systems show awareness of potentialities. To quote
from the Council on Library Resources report (page 23):

“P0351b1y one of the most important consequences of automation will be
to provrde capability for maintaining use history and for implementing
measurements on a sampling basis in order to install a good. system of
qual&ty control in the library's operations.

{Similarly, in the Intrex report, Morse (in Appendix N of the report)
stresses the need for MI, puts forward some "typical probabilistic models
of library operatlons, and states that "... the introduction of data-
processing equipment in library operations will make it easier to amass
the data ﬁneeded for use of these models]" - page 228.

[

i
PR,

nwy D OWwoer

1. Projected total systems ‘ 5

COUNCIL ON iIBRARY RESOURCES. Automatlon and the Library of Congress,
Library. of Congress, 1963, 515 e

OVERHAGE, C P.J. (ed ) Intrex, report of aqplannlnm conference. MIT,
1965' ‘, N A

Order system - : ; r'df,, .

GROSE, M.W. The Newcastle University lerarx,order system

in ~COX, N.S.M. and GROSE, M.W. - *
Organlsatlon and. handllng of blbllographlc records by computer.
Or1e1 11967, p.158-159. =~ L .

Catalogg; é

BREGZIS, R. The Ontario new un1Vers1ty ilbrerv project. bColiege and

Research Librarles, v.26 November 1965, 495 508.

.f, I S SR

Clrculatlon . L vu”f ; o » 4
wO0oDSs, R. G. Use of an ICT ;907 cémbuter 1& Southampton Unlverslty.
Report No.jif' oot R
Program v.2 (1) Aprll 1968, p 30 33w o f’-f-,__ "
“ L . N
Note: More reportb than these have been examlned - e.g. that on
University of Hawaii circulation system - but the above are
sufflclent for the. purpose ln hand. .
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Morse and (in Appendix R to the report) Raymond in the Intrex
report are -~ in the cross-section of reports examined - by far the
most articulate concerming the need for MI and how to use it when
obtalned.

Grose notes eight tabulations to be produced by a program
under development at the time of his report. Bregzis merely states
that a wide range of information can be produced as necessary,
while Woods makes no mention of MI though the Southampton system
does in fact acecumulate various counts, e.g. of loans by type of
borrower.

The ovefall impression and conclu31ons to be drawvn are well
put by Morse=:

... neither the computer experts nor the librarian (for different
reasons) really know what data would be useful for the librarian to

have collected, analyzed, and displayed, so he can make decisions

with some knowledge of what the decision implies. What is needed

before the computer designs are frozen is for models, of the sort
developed in this book, to be played - w1th tq@ see which of them could be
useful and to see what data are needed and in what form, in ordexr that
both models and computers can be used most effectively by the librarian'.

3.3 aTowards conditions favourlng de31gn of systems giving

lmore effective MI. .

The operatlons research (OR) approach followed by Morse and others,
notably Lelmkuhlerz, seems to offer great pogsibilities and to p01nt the
way forward for llbrary MI - with certaln reServatlons.

(1) The. Need to test OR theories in practlce.

Most of the literature concernlng OR 1n llbrarles contains statements

such asg. these. L

1. MORSE, PiM. Library effectiveneds: a sy$temsapproach. MIT, 1968
41014z, RRLSLISCLSRSIol B Aiiiam Mpene

¢. See, for example: S e S
LEIMKXUHLER, F.F. Systems'analyélssln university libraries. .
College and Research lerarles, v.27 (1) January 1966 13 18.
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"It is unlikely that they [the author's mathematical models]

are precise indicators of actual performance because of the
assumptions required in their development; as, for example -
that the demand rate for = book is independent of its

availability or the loan policy".l

‘"The book is experimental in another sense; it is carrying
theory well beyond the point where it can be solidly backed

up by presently available data ... most of the models
discussed here ... are backed by the flimsiest of corroborative
measurements®,

There is need to test OR theoretical models by application in real-
life library situations. Probably the gquickest way to bring about such
application is through research projects. The object of such projects
should be to apply OR techniques to library. management problems, postulate
solutions and test these solutions in practice. The emphasis is on
application and practical results = librarians are practical people and
are much impressed by practical results. Such emphasis is likely to lead
to the use of simple models rather than complex ones - to quote Clcot3:

"If a management problem is complex and it is dlfflcult to find

a simple model for it, then it will be disastrous to try to find

instead a complex one. With .only a very few notable exceptions,

successful models have been so slmple that an operational

research specialist would disown them'.

o

(2) Lack of acqualntance with OR in the llbrary profession. :
Magic figures are dangerous in MI: if the manager does not understand the
basis of calculation of figures presented to him he is likely to place
either too much or too little rellance ‘on them. It follows that if OR
techniques are used in producing MI, the lmbrarlan must be acqualnted with
these technlques. It would be worthwhlle.‘f :

o - 1 : . i

\
iy

1. LEIMKUHLER, F F. Aop cit. p.l&.'

i :'|)??,y. - .
2. MORSE, P M.' Library effectlvenessn 1; systems approach MIT, 1968, .vi.

3. CLOOT, P.L. Management 1niormatlon:systems'- can computers he],p‘P
Computer Bulletin 11 (4) March 1968;;276~261. . (Page 280)..
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(a) to run.- primarily for professional librarians - short -
courses concerning the OR approach, OR techniques and
their application in libraries.

It may be noted that althouzh some 60 short courses
are listed in the Library Association Record from January
1968 onwards, only two include in their titles the words
‘"Systems Analysis" or “OR" or "Operations Research". In
the two cases mentioned, the titles were "Systems Analy31s"l
and "Management in Libraries (partlcularly Systems Analysis)". 2

" (b) to produce a monograph in library systems analysis, including

a section on OR and its (potentlal) application in libraries.

It may be noted that no reference to OR, systems analysis
or mathematical models occurs in the: 1ndeXes of a cross—section
" of monographs on 1i brury management.

(¢) for full-time library‘professional education curricula to deal
more fully with OR and itsn{potentiai) application in libraries.

al

-

D .

'.-. ] . C.v. . -’) ‘
1. lerary Association Pzzord. TO (5) May'l968, p.129.

2. Library Association Record 71 (4) Aprll 1969, p.122.

3. ASHWORTH, We Handbook of sp%elal llbrarlanship and. 1nformation -
work. 3rd ed. ASLIB, 1967.. - B . :

DOUGHERTY, R.M. and HEINRITZ, F. .

801ent1f1c management of

" library operations.. . Scarecrow, 1966.

LOCK, . R. N. lerary adminls%ratlon. 2nd ed. 1965.

WHEELER, J L. and GOLDHOR JHY:

llbrarles. Harper and . Row, 1962.

WILSON, L.R. and TAUBER, M.F. .

The un1vers1ty llbrary.

Practlcal admlnlstratlon of public

Columbla Un1vers1ty Press, 1956.1
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o ) Appendix A
. ‘ Page 1 of 2

SOME DESIRABLE MAWAGEMENT INFORMATION

FCR THE LIBRARIAN/MANAGER

Subject : Information

: Organisation structure; job specifications; staff manual
Staff ' ~ Notice of changes of employment, holidays:
. Reports from department heads.

- Inventory of - llbrary stocks; analvels of inventory as
3 ‘reguired, e.g. by subject, physical dimension, location,
3 Stock o 5l frequency of use, -physical form;
3 : Account of acquisitions and losses with comparison of
: "totwl shelf-footage used and avallable shelf-footage.

Plan of buildings, -including seating/shelving .capacities;
: Bu;idlngi/ Schedule of eqguivpment; : ' , i
quipmen Reports of veriodic 1n=pcgt10ns. : . ;
Statempnt of all assqts and 11ab111t1es- analysis of .
Pinan ) experditure as reguired, e.g. all expenditure by expense . i
* a»ce “l.. -code, stock expenditure by fund, subject, type of material; :
" Regular statements of expenditure compared with budget. 1 {
‘ X ) ' 3] ~ ‘ '." .
- Circulation: number of - ]oans aralvsed by type of reader,
- subject, length of loan, tvbe o materlpl.
Lib ?Rpader visits: number of visits analysed by e of reader, |,
'U;ergziab ) purpose of- v151t number .of tasks nerformed per visit.

*”anulrles.’ number,of ‘endquiries analysed by source
orvanlqatlon, madlum (e.b. telephone/letter), subgeot
success in obtalnlng answer. : .
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Subject Information
fethods and Procedures manual; unit costs of specified
e S operations, e.g. cost of cataloguing the average

Procedure

Other information

book.

. Tntep~Library comparison

comvarative data for other selected libraries.

Standards - :
of librery data. with standards.

Compariss

Inter-librery loans/erncuiries ,

analysis of loawns rcguested and enquiries passed to

other bodies.
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* System Some vossible Byproduct Management Informatioy Use of Information :
Cetaloguing (1) Addition of dimensions of items by Monitor amount and distribution
e.g. system for accepting catalogue location; comparison of storage space |of empty library shelf space.
data Asm% from ARG dmwmmv and for of existing stock with total of : o
, ~ producing catalogues/catalogue - |- available storage space-
, entries i .Amv The catalogue is the library's master - 2osp&ou library wao<pmpos by
, record and provides data for.much mzdumod
analysis of the library's stock, e.g.
‘ Nunber and age of stock by subject; E
! . the latter analysis could also be ;
broken dovn by
: . (a) accessibility, e.g. reading room ,
| stock/stack stock b
m (b) availability for loan, e. g. loan ‘
W v. reference only material,
,m :
Circulation (1) bsmp<mpm of items loaned by mﬁdumoe, . .mmpm<m=d to mmaapum czumma . .
System in which each loan transac- |, age of material, type of materizl; | .[allocations by msvgmoa\mmsma¢umqr”
tion for each loanable item is compare nunber ow items loaned in~ . - {to mmpmg#posu and to oboomp:m
st =l Y pagorded and one or More-files are [ 'each om+mmoﬂ%;swdf\:zswmw of Homsmwum_. which material should go in-.
maintained to show information - items in that oxammow<. .soum\wmmm moomamwdwm.uoomapoum.
snch as material on loan; material AmV >sm~%mpm of items loaned v% munber of mmum<m:a to oo:mp@mwmdpos ow
, on loan to each 7oﬁaozoa. overdue _ . C
| mrmaemw : .apamm loaned and by type of voswosWHJ . Hom:m voupo%. mchwomwpos.
“ (3) Inter-library loans: analyse loans m, xmum<m:d do mmwmo&po: and '
from other libraries by subject, mMm , mow&psm vsamoam.n
@_ F . of material, type of material. S A
;
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l. PURPOSES OF DATA COLLECTION

—

~Data is important at four stages of llbrary planning. In
the first stage, it describes situations, in the second it
tests theories; when plugged into suitable models, it

" explains situations; and finally, it predicts.

Data collection can be very eyPens*ve, so the reasons for
collecting it must be made qulte expliicit before a finger

is lifted to count a single piece of paper. Mere descr1p~
tion in itself is of little use. A common statement in

the calendars of universities is of the form "The library
contains more than 250,000 volumes." This is peculiarly
ineffective propaganda for the most part: it can convey
little meaning to the average reader of calendars.

Descrlptlon can be meaningful when used comparatlvely. Con-
sider these three statements, all of them paraphrased from
annual reports of university libraries.

"The library added 10,000 volumes to stock this year!

"Aequisitions this year totalled'i0,000 volumes com-
pared with 8,000 last year."

"This year we acquired 6,000 volumes by purchase,
compared with l0,000 last year; the fall was due

to a rise in the prices of British books, the effects
of devaluation, and a book-budget pegged at the same
level as last vear." .

The first statement is meanlngless, and the second is very
little better. ‘The third is packed with soc1a1, polltlcal
and economic information.

At the hypothesis testing stage, it is sometimes necessary.

to obtain data from other sources than the individual library
in question. = What will be the effects of changing the
borrowing regulations in a unlver31ty library? On a simple
level, lengthening the permltted loan period from two weeks

to ten weeks seems likely to reduce .the circulation of books.
Is this so?  Data from a. unlver81ty where this change occurred,
unaccompanied_with any other major change, 1s as follows.

_Ne.ief“students NoQ.ofvbooke Books’

-borrowed - .. | borrowed

. - | per head
0ld regulations = | .~ 1100 - | - 82000 | 20.0°
New regulations = - Jn74600]7”l;”"_ 77000 i 16,7
Percentage change ‘[+12;Zef~ R {~6,1- : "—-16.5
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The evidence does not refute the hypothesis and it is worth
? —pursuing whether such a change will reduce the availability
P of books and thus reduce the quality of the service provided.
i If the change in regulations were accompanied by special
E : . provision of books in heavy demand, on tThe other hand, the
P - quality of  the service might increase. Is there evidence
: from elsewhere to support this? From a university which -
i changed the loan regulations and increased the supply of
heavily used books at the- same time, we find the following.

No. of students | No. of books |Books

- borrowed borrowed

I per head
0ld regulations 2100 68000 32.4
New regulations _ 55000 23.9
Duplicate collec- 25000 10.9

tion ' 2300

Percentage change +9.5 +17.6 +7.4

The effects of the two changes are dlf icult to disentangle.
Taking the first two years of the new system, we find:

No. of students No. of books Books

borrowed borrowed

per head
Year 1: New regulations S 55000 23.9
Duplicate collection - 2300 25000 . 10.9
e ?2: New regulations ‘ 55400 22.2
Zup.rcate collection 2500 35000 11,0
Percentage change _ +8.7 ‘ +O.73§ 7.1§

, reer Tho.03*13.0  ogTp3ru.o

3

The evidence is still not ¢onclusive, and not much is gained
by extending the exercise. . The need for a suitable model is
"demonstrated. The partlcular case' of loan regulations has
been covered in another paper (Buckland & Hlndle, 1969) and
~this admirably illustrates the use of data in models. - Model-
building automatically leads to prediction. Prediction is

a pre-requlslte of planning.- - Librarians must plan, therefore
they must predict. Of course, some predlctlons fail - that
is why governments fall - but adequate information assists in
the refinement of prediction. ' Some forecasts fail because
not all factors. can be controlled - weather, prices of period-
icals, builders who go bankrupt; others fail because measures

. are taken as a result of the forecasts - Britain's export

performance, extension of opening hours - and this kind of

A
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3.

failure only pays tribute to the value of the exercise.
Predictions based on a sound foundation of relevant data
“are more likely to be more correct than those based on
hunch or guesswork.

If the population served by a library increases, what effects
will this have on the use of the library? How can the library
administration adjust to cater for differing demands? These
and other questions can be answered if the right kind of data
-is collected in the right way. '

2. CLASSES OF DATA -

At the outset of problem solving, it is necessary to decide
not so much how to collect the data, as what data to collect.
Once it has been decided what .is relevant, there is frequently
an obvious way of obtaining the reguired information. The
data concerning libraries can be grouped under four main
headings: Resources, Activities, Operations and Background.

(a) Resources

These are usually the simplest ofall to measure in terms of
method, although not necessarily of effort.: Labour, money,
seats, shelves and bookstock are all resources which can be
counted in obvious ways. This does not mean that they always
should be counted. Since books occupy shelves, it is not
necessary to count both, unless one wishes to check the
average width of bcoks in various subjects. In a library,
one of whose tasks is preserving books for the future, it

is largely irrelevant exactly how many books it actually
possesses; 1t 1s necessary to know how - many empty shelves
there are, and how quickly they are being filled.

(b) Activities

Activities can be sub-divided into librarians' activities and
users! activities, but this is to be avoided if possible because
such a sub-division tends to overlook the impact of each upon
the other. Thus the lending service can be measured in -cerms
of how many books are borrowed in a day, or in a year, and-
deductions made about the requirements for issue—-desk staff;
but account must also be made of the users' time: an issue
system which requires two to three minutes of a borrower's time
for every book borrowed is thaf much worse than one which takes
fifteen seconds.

ot
So, the activities group includes the services of the 1ibrary -
lending, reference, photocopying, etc.; the "internal" acti-
. vities - acquiring books, administration > etc.3 and the users'
activities - using the catalogue, consulting books in the
11brary, and so on. . L
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(c) Operations

Operations are the links between resources and activities.
The activity "acquiringbooks" involves professional, non-
professional and clerical labour, money, and shelf-space;
.M"cataloguing" may use professional and clerical labour,
and machine-time (for reproduction of catalogue entries).
At the very least, a manager needs to know how much of each
resource is absocrbed by each activity. Just as it is
inconceivable that a refrigerator manufacturer should be
ignorant of how long it takes to make one deep-freeze, so
it should be inconceivable that a librarian be ignorant of
~ the amount of time required to file a hundred catalogue
entries. Planning without this kind of data is less
credible than science fiction of the Barbarella gernre.

(d) Background

Background data is mainly concerned with potential demand

and external factors that influence the actual demand. The
size of the undergraduate body and the subject coverage in

a university library; Reilly's Law, and the relative propor-
tions of differing socio-economic groups in a public library.
All librarians should be concerned in establishing why sub-
stantial numbers of people never use their library, with a
view to providing the services which will reach these non-user
groups. ’

3. METHODS OF DATA COLLECTION

Deciding what data to collect is largely a matter of the

problem on hand. When planning a new extension to a library
building it may be sufficient to calculate how fast the existing
shelf space is filling up, in overall terms such as "3000

feet per year". When re-arranging material within an existing
building it is necessary to be able to differentiate between
subjects, as perhaps "Physics: 80 feet per year; Geology 43
feet per year®,. E
(a)  Problems -
Each of the four classes of ddata has its own peculiar problems
to be overcome with sufficient exercise of ingenuity and
steadfast adherence to the principle of least effort.

(i) Resources

The measurement of resources such as staff, seats and money
4is automatic: +the librarian knows how much money he has to
spend, how many seats the raders may use, how many graduates -
there are on his staff. It may be necessary to classify
the resources in different ways = professional staff,

oo
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experienced and inexperienced non-professionals, clerical,
etc. seats for students, seats for professors, etc. -

but that will depend on local conditions and is not a problem
of measurement. o

In such cases as bookstock there are opportunities for
eliminating the painstaking volume by volume counting, as -
described later. ’

(ii)

Activities

There is scope here for expending much effort for little
return. The annual collection of statistics can degenerate
into a meaningless ritual unless the object of the exercise

is continually borne in mind. There is no point in knowing
that only five per cent of inter-library loans are supplied
through the regional bureau unless (for example) a decision

is to be taken on the desirability or otherwise of maintaining
a connection with it. Similarly, there is a danger in carrying
- out surveys of library use merely to satisfy curiosity. To
know that one-fifth of all the users consult the catalogue on
a particular day is not sufficient; it 1s necessary to know
how +this compares with other days, other times of year, other
institutions; and if there are . differences, what causes them?

TR TR

4 Data collected in surveys of other libraries can often be
useful. In the case of catalogue use, figures are available
from a variety of sources.

B'ham '64 |Durham '66 Newcastle |UMIST

'68 '65
% of undergraduate users - :
using catalogue on a .25 20 6 19
given day
% of academic staff Not . '
users using catalogue ‘available 26 15 19
on a given day : , g

Questions are instantly raised.by comparisons of this sort.

The non=-use of libraries occasionally gives librarians furiously
to think: also the non-use of: books by library users. Large
numbers of students can always be found in university libraries
before the summer term exams working solely with their own books.
Data from a number of libraries suggests that the figure is

é around 50-60% of the total. ‘"The propertion is not inconsiderable
ﬁ at other times of year however. . '
| {
.All surveys in May ‘B'ham'64 |Durham'68 | Keele | Newcastle 4 UMIST
- - o . 167 '68 @ '65

% bf undergraduate . - o C ’ :
users not using . -1 B 54 us - 63 51
‘library materials . : o o : ' ‘
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A curious aspect of non-use is provided by the categaory of
Users known as "External" (i.e. non-university users). It
-was noticed that at Durham in 1966, one—-third of this category
used no library materials when in the library; similar results
were obtained in Newcastle in 1968, and another case has
occurred in Sydney (Radford, 1967)!

(1iii) Operations

]

This is possibly the largest terra incognita of librarianship.
At any rate the literature is singularly deficient in informa-
tion on the allocation of resources to activities. A

recent study gives some data on the amount of labour allocated
to particular tasks in certain types of academic libraries
(Friedman & Jeffreys, 1969); but +his is not related to the
.output resulting from the labour force. A recent work on
productivity tells of a university library in which six
professional librarians catalogued five books each per day
(Butterworth, 1969): +this suggests that one library at least
believes that "each book is a law unto itself" (Berkowitz,
1961). This attitude appears to be . quite common, and may
prevent the collection of data on operations in all branches
of library work. It may well be true that all books are
exceptions (in which case why are there cataloguing rules?)

It is certainly true that the time taken to issue a book
should be independent of its intellectual content and physical
characteristics.

In the absence of concrete data, some initial comparisons are

possible at a very crude level. It is usually possible to
find somewhere in Britain two: libraries with similar charac-.
teristics. Data taken from the annual reports of two 'such
libraries can throw up some iInteresting comparisons.
No. of Academic|Library| Library| Loans Additior
students|staff staff staff per to stock
- .1 (Grad.)| (Otherd | member | per memk
o . of of libre
— : o . v Ibrary | staff
S _ . staff
University A| 2850 u20 .| 21. 2y 3000 625
University B | 3000 - 400 20 22 1800 850

Annual reports of other institutions''can suggest many compari-
sons of this sortj; a closer look at the reasons underlying
differences can be of great assistance in exposing inefficient
working or redundant practices:

(iv) Background

-« The problem here is of deterﬁiﬁing what is relevant. Other
people's surveys can be of great use in highlighting particular

49




7.

aspects and suggesting new avenues of thought. Distance
from place of residence to library (Luckham, 1967) - how
" 'does this operate in a university library situation? Is
it obscured by the difference in need of different academic
disciplines? Can librarians glean anything from the evidence
. garnered-by behavioural psychologists, to assist them in
planning the interior arrangement of libraries? There have
been enough surveys of university libraries at least for the
main pointers to be fairly clear. Closer looks at particular
aspects are required now. :

(b) * Methods

‘The methods chosen for collecting data will depend on the
Precision required which will depend on the problem in hand.
If it is really necessary to know exactly how many books on
Philosophy have been borrowed during the past twelve months,
there is no alternative to counting the loan records ‘one by
one (unless an automated issue .system is employed). In real
life, where such precision is..usually unnecessary, some short
cuts can be taken. ; I '

(i) Getting machines to work: ' gates and burglar alarms

The simplest measure of the use of a library is the number of
people visiting that library in a given period of time. The
simplest method of counting them is by means of a meter mounted
in a turnstile at the entrance or exit (although these sometimes
upset the users), Daily recordings of this meter, accummulated
over a period of time, readily show the weekly, termly and
annual cycles of use, and can reveal trends. which might other-
wise not be apparent.

M :

In some situations’a recording turnstile is not feasible =
perhaps for political, aesthetic or architectural reasons.

;t %s possible to use a simple Pressure~pad device - laid :
inside one quadrant of some revolving doors, or at some other _ ;
restricted entry point - and this will be quite adequate.

A third possibility involves light beams and photc-electric:
cellsy; I have limited experience of these only., and that
unhappy. It proved less reliable than either of the two
Previcus methods for -a variety of reasons, and was soon
abandoried, - ey o

All counting devices have to be checked tc see how accurately
they represent reality; some!characters always push a turnstile
round twice instead of once, and so on. "Spot checks made will
show that readings are biassed..while remaining consistent so

i that corrections can be made for the know bias.

In itself, the number of people using a library may seem of

- little account, but it does have a bearing on other activities.

;
1
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The use of a computer as a means of data collection is
covered elsewhere (Duchesne, 1969), and its possibilities

-are immediately apparent in the operation of such self-

regulating loan systems as that described in another paper
{(Buckland & Hindle, 1969). '

"(ii) Avoiding tedium: weights and measures

Absolute precision in the counting of books, catalogue cards
and loan records is almost invariably unnecessary. A tape
measure and some letter scales are indispensable to the modern
library manager.

When considering the reclassification of a section of the
library., it is not necessary to know exactly how many books:
there are in that section; it is quicker to measure the
number of feet of shelving occupied by the books and multiply
by an appropriate factor. Thus, if we have 170 three-foot
shelves cccupied by books on German language and literature,
we can say that we have about 5,300 books to reclassify
(assuming a factor cf 10.33 books per: foot). This will be

a sufficient basis for estimating the labour required for
this activity. ‘

A commoner exercise is counting the number of books catalogued
in a week, or the number of cards filed in a catalogue. Again
it is much easier to measure a pack of caxds than to count
them separately. The method is accurate to within 1%.

Naturally, this technique cannot always be used. Loan records
must sometimes be counted, and where there &re forms filled in
by the users, or produced by a. "Bookamatic" system, reasonable
accuracy cannot be achieved with a tape-measure. The scales
come into their own at this point, and again give estimates
which are accurate to within 1%. '

LRI N = T T D . S T T S P P R ST B

(iii) The democratic process: . consultlng the 'users

Some kinds -of data can be colWected sen51bly in no other way
thar. Ty means of a survey. In “the context of an individual
library, '"survey" means a survey of the users. The general
aspecis of conducting surveys have been covered elsewhere

(Line, 1967, and works referred to therein), and it is necessary
here only to emphasise some pdints. /

A, Instant diaries

"Iﬁstant diary" descrlbes a partlcular kind of survey by
questlonnalre. .Each user, on entering the library, is handed
a fgrm which he fills in durlng his stay, returning it *o the
survey staff on leaving. ‘

It is essential that the form used-by brief and easy to compleia,
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A user who has just dropped in to return a book does not
want to. sit down for five minutes or more to answer a

- 'detailed questionnaire. In Durham, cards have always been
- used because they can easily be filled in while standing up.
The best size is a postecard: some identification details
.on one side, two or three simple questions on the other -
the survey staff can stamp on the times of entry and exit -
if these are recuired. Such :a card wastes as little of

a user's time as possible (20 seconds if he is awake) and
therefore induces low "consumer resistance". Of course,
one can never overcome the problem of the professor who will
take five minutes to explain why it is a waste of his time
to spend thirty seconds filling in a card; but an under-
graduate revising for Finals will spare thirty seconds where
he feels that five minutes is an imposition.

The instant diary survey is of great value in obtaining
information on a variety of the users' activities and is a ,
relatively cheap way of cbtaining such information. Appendix
2 gives a description of a survey of this nature carried out
in May of 1968. oo Co

"

E. Questionnaires : i

"Questionnaires" here means the  kind of survey in which forms
are disseminated (usually by post) to the members of a group,
or selected individuals of that group, with a request that
they complete and return the forms in thier own time. This
kind of survey can be used when it is desired to assess the
relationship of the library to total information activity;

or to asiess the place of the library in the lives of +the
population generally rather than in the lives of those who
happen tc use it on a particular day.. The questionnaire is -
a less precise method of gathering detailed data about library
use - questions must be generdl, memories fade, and facts are
more easily obscured by opiniéns. ~.For example, an instant
diary survey was carried out in Durham for a week, and the
average length of time spent in the library by undergraduates

was established.  The followirig week, a questionnaire asked
them how long they had spent in the libraries in the week of
the survey. On average, they over-estimated by 60%. This

was probably due to a combination of .faded memories and an
assessment of their personal-costs in;using the library.
. . Lo i .

There is aftendency to make qﬁeétidnﬂaires too long and éomﬁli-‘

]

cated. Perfection is difficult here: some of our own took
far too long to fill in, even :'if the respondent knew all the
answers, Twenty minutes. is the absolute maximum one can

expect, unless the rewards of giving the information are imme~
diately apparent to the respondent. :

"For example, one question askéd‘was of the form "At whaf times
~-of day did you use the library . last week?" Three periods of
the day were given (9-1, 1—5,?5—95 for each day of the week.

i
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It is extraordinarily difficult to remember this kind of
information, short of keeping a diary, and there is not much
‘incentive in forcing oneself to remember. It is very easy

to spoil the sample by holding too frequent surveys or in

trying to collect data which does not seem to have any conceivable
relevance other than satisfying mere curiosity.

A useful technique is that of starting off with a general
questionnaire, followed not less ‘than six months later, by
another which deals in detail with specific points thrown up
by the previous one. One early questionnaire in Durham asked
the academic staff there to describe their main sources of

. information. On the basis of their replies, a fuller question-~

naire was designed asking them to indicate the relative
importance of certain spedfic sources.

C. Interviews

I always read with astonishment the accounts of surveys in which
users are stopped on leaving the library and questionned as

to their motives, actions, attitudes .and so on. I have always
felt that this is too much of:.an imposition on their time,
particularly in a university where the users may be under-—
graduates rushing to lectures; .lecturers rushing to committee
meetings, or research students rushing to catch grasshoppers

or pyridine thianamide. The only ones with time to talk

are those who insist that surveys are a waste of time. This
kind of survey is almost inevitably selective, unless there

are vast teams of i erviewers available, and it is usually
not possible to employ students for this kind of work, unlike
the instant diary survey (see Appendix 2).

Interviews can be of use however in some situations. If it

is thought that a postal questionnaire would have poor response;
if a very detailed study of information requirements and use

is under way; if a particular aspect of library services is
being evaluated; or if some . pointers are néeded as to the

kind of library services to provide in the future. A small
scale interview survey can be used as a means of highlighting.
particular aspects which can then be covered in a wider survey
by questionnaire. :

As with questionnaires, the questions must be very carefully
composed. I was involved once in a survey in Harrogate. We
were trying to establish the basic knowledge of libraries which
students at a college of further education possessed at the
beginning of their course. This data would then be of use to
the librarian in planning his!courses of instruction for these
students. The interview schedule was designed with 15 to 18
year olds in mind; we drew a random sample; and wheeled them
in. My first interviewee, unimaginably, was in her sixties
and half the questions succeeded in being irrelevant and
~.impertinent. . - " .

oA
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D. Observafion

Whenever possible llbrary use should be surveyed by direct
observation. Catalogue use, seat occupancy., cueue Fformation
are all obvious candidates, and some data on operations can
be assembled in thXis way also. It is very easy to’ time how
long an 1rdlv1dual user has to wait at the issue desk when -
he borrows or returns a book:. how long he sternds in the
qQueue, and how long waiting while the issuing cr discharging
of the book takes place. The behavioural scilientist is
interested in studying the working habits of users - reading,
writing, etc. One cannot follow the users around all of
-the time - although one of our temporary assx :stants tried to
do so once (he said it was a fault in h’ . briefing); bdbut
.some kind of act¢v1ty sampling is possibile. In a large
readlng room, from a suitable vantage DOlﬁL, it is DOSSlble
to observe, at pre-determined times, what is appa en;ly being
done by the occupants of pre-selected seats; or the use made
of a selected area of the library can be studied - how many
users wandered along the shelves, how many Took books away,
and sO on.

Before d01ng any of this, the: reasons for doing it must be
"absolutely clear. It does not help anyone much to know
that readers spend -20% of their time gazing into space; no
librarian would put up a notice saylng WKZE? Y0UR ZYES ON
YOUR BOOKS" - *hough I did see a notice ir -
which said "PLEASE CLEAR YOQUR BOOKS OFF Ti

4. USING THE DATA

It is not necessary to be a statistician in orwer eithen

to collect data or o use it. There are many simdle ways

. of using data in Zibraries, and series of date: ‘built up as

a result can also e used in the more sophisticataed techniques

of operations research, The immediate relevaencs of the data
is 1mportant particularly if a survey is conducted. The

user is happler if he can see some direct improvement in
service as.a result of being sub]ected to a qucotlonﬁalre. The

follow1ng case-studies relate,to unlver51ty l:braries.

(a) Case study 1l: short~ term allobaulon of pesources'

This illustrates. wha* m;ght ‘be called "micro- p*anﬁlng" -
making sensible decisiaons about allocation of s=aff duties
from week to week. Apart from the routine day to day work
of the library, thers are always less urgent tisks to. be
fitted in somewhere. It mlght be that shelf-tidying is

to be done every week. Vﬁen c‘houll.ai it be done?

Now this library has a ~ur'nsL:Lle, and dally reaalngs have been
taken for the past few years.i: From these readings it is
1mmedlately apparent that there is a weekly cycle of use =

ERIC
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_the busiest ‘full working day is Monday, the lLeast busy is
& N Vs

" Friday..
Average Turnstile Reading n
Monday Friday Ratio M0ﬂ§ay/Pr1day
Oct.-Dec. 1966 453 33y 1.26 h
Jan.-Mar. 1967 543 420 1.28

It is worth +trying to discover whether the activities of
the desk assistants are directly affected by <he number of
.users. So, in one week, a record is kept of the work done
L by the desk staff.

Monday | Friday ! Ratio Monday/Friday

Turnstile reading . 620 180 1.29

Books shelved L7y LO7 1.16

Filing and unfiling o

of loan records 406 296 1.37
Total Y"item- . _ '

actions"* 1015 746 1.356
Minutes of staff )

time available 1080 1080 4 . 1.00

2 assistants are available

% item—-action: one- actlon concerning one item (e.g. one
book shelved, orie loan-record filed).

The overall results support the hypothes: s,

(- ey | Py .D\A;\:.-VQ— -
that one assistant could look after the ¢auue desxk on Fridayv
afterncons and thus release <-e other for sheilf-tidying un_.ess,
of course, all the Prldaj usewrs come in during <the afternoor.
This is unlikely, however, as & survey of iibrary use showed
that, at a "normal' tlme twice as many users enterad the
llbrary in ‘a morning as- lﬂ an afternoon. :
(b) Case study 2: estimating requirements in the medium tern !

By extrapolation from the prev1ous study it is possible <o lay |
out some requirements for t_anning on a year to year ba31s. ;

Some aspects of library staff dectivity have been unow <o be -
llnearly dependent on the amount of use made of the library.
If some sensible predlctlons can be made about tnz fature ucse
ol the library, it is then possible to estimate the amount of :
Junlor staff required. If this can be combined with predic- . :
tions concerning stock acquisition, some light will. aave been :

shed on the darkness ahead. .Can such predictions _n Ffact /
.De made? o

Some ‘crude measures of library.use are already ave Lable -

 ERIC
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~daily turnstile readings, number of books borrowed during
_the year; since the first of these has implications for the

library staff activity., so has thz second. What can be used
as a base-line for predicting the future levels of these
activities?

Universities ewist because there are students, so that the -
number of students should affect the use of a mivevrsity
library- Given that

Library Use o< Number of students

then -
Number of su4denf9'next;Yéar = " Library use next year
Number of students thnis year : Library use this year

The table shows the actual figures and the predictions based
on the above relationship.

1966/67 | 1967/68 1967/68 Error in
Actual ¢ Predictions| Actual Predictions
No. of students 2810 | .. - 2980 -
No. of loans 12860 | 7 13790 13980 1.4%
Max. daily reading HET ,
of turnstile - 10865 - 11865 1180 1.3%
Max. weekly reading o ‘ ' :
of turnstile 5790 - 6160 6010 ‘0.8%

At first sight, it Looks as if the proposition is proved. How-
ever, a closer look is needed. What if the error in the
Prediction should be larger than the actual 1ncrease in the
figures coficerned? : :

i

No. of f No. df Max. Daily | Max. Weekly
students| locans: | Turnstile Turnstile
i = Reading - Reading
[ Percentage increase ' '
1 1967/8 over 1966/7 6.4 . 7.9 7.8 3.8

On this basis we can say that the actual increases in the levels
of activity are five or six times as great as the errors in the

predictions. As long as this holds  true, extrapolation of

this kind may be useful on a:year to year basis. This ‘is not-

- to say that student numbers hold good as an indicator in all

universities; and in any one:!institution, a change in regula-

;
@
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+ions or services car. have a considerable effect on the levels

_of activity.

A point of wider interst is raised by the second table. The
number of loans is inecreasing more rapidly than the number

of students. This suggest that there may be a change
occurring in the reading habits of students. Why is this? -
The data has suggested an important problem which is of

great educational significance, and of interest to a wider
audience. So this trend must be investigated — there may be
strong opinions within the university as to whether this is

a good thing or not.

Another point which is raised from perusing the data. The
maximum daily reading of the turnstile has increased - twice
as much as the maximum weekly reading. This suggests that
+the use of the library-is becoming more uneven over the week,
and t?is may cause some timetabling problems (for the library
staff). -

The other half of the problem is predicting the rate of
acquisition of books. A hypothesis worth testing is whether
the published data on average book prices canle used as a guide.
In fact, the sample we tried first in Durham had an average
price of £2.15. 0. - almost exactly the average price for
adult non-fiction books in B.N.B. that year (B.N.B., 1968).
This was so exciting that we pursued it further - into the
realms of disappointment. -The average price did not, as

we had hoped, fluctuate in the same manner as the national
figures - as why should it? 'since universities buy foreign
books as well. Not only did the local figures vary widely
from the national ones, they also decreased in some years
when the national figures rose. .Some quick calculations

on published data from other universities also showed an
erratic pattern. This suggests that maintaining a fixed
number of cataloguers may be-an inefficient method of working,
as they are likely to find time on their hands in one year
and to be overworked in another. A more flexible staff
structure Seems necessary, so that in the lean years the
librarians can promote the use of the literature, and in the
fat years they can concentrate on the provision. At all
times a continuing appraisal:-‘is required of the use of the
literature actually purchased, This is particularly true

of periodicals, with their heavy continuing commitment.. Some
typical findings can be usefully summarised here.

(i) ' A sample was drawn from:the accessions register of books
added to the library. "After these books (originally
suggested for purchase by the academic staff) had been
on the open shelves for one year, they were examined
for evidence of use. 415% had wever DHeen: borrowed.

v , o .
(ii) Users wexre asked to initial the:' issuesof current periodicals

R b S 2 e G =



15.

which they consulted. Preliminary results irndicated
that 20% of the titles had never been consulted; there

which they did not themselves use.

but which they thought
should be kept as insurance.

(iii) A collection of duplicate textbooks was provided in a

university library. All the books included in it -

were nominated by the academic staff or suggested by
students as essential reading. After two full terms
of availability over 40% of the books had not been

borrowed. This is not to suggest that either academic
staff or students are at fault - a complete year‘'s data
not being available. '

A discussion occurs on the reiative Place of +the
university library and departmsntal libraries. Books
for purchase are selected by the academic staff for all
libraries, and it is stated that "Infrequency of use

is one of the main criteria for selecting books for

the university library". . .

The argument "We are building :for pos erity" may be valid,

but continuing this process to ‘extremes has ludicrous results.
It may well be that more would -be gained by diverting some
funds to purchasing alternative sources of information, and
there is some data to support this.

(c) Case study 3: medium-term allo

Another paper at this seminar:deals with the application of
linear programming to library planning (Morley, 1969). This
sophisticated technique, using a few seconds of computer time,
yields much information on possible future policies. Data
on resources, activities and operations is required - all
of which can be obtained relatively easily. The descrip-
tion here~yrefers to the data Collection necessary for the

calculations relating to the Durham Arts/Social Sciences
library during one term. L . ' : :

i ST
(i) ' Resources s g

It is important to work within :a particular model, in order
to decide which resources are relevant. Thic will be
determined by the activity considered; and the operations
involved in thkose activities. : | If it is decided to exclude
Administration and Committee work from . the model .1len the

resources devoted to these activities must be deuucted from
the total available. L oo - : » L.

In a simplified modei, the bookstock of the library is not
taken into account. The shelf-space.available for new books

-is relevant, and also the amount of shelf-space occupied by )
one volume. An accurate estimate of the former was available

.-

were also reports that some users initialled periodicals

R St
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in Durhamj; the latter was not known with any precision,
and this had to be fcund. Some 300 well-filled shelves

_in all parts of the library were selected; the books on

them were counted, and the amount of shelving occupied was
measured. As a result, ten books per linear foot was
adopted as a standard measure - this accorded well with
da+ta from Newcastle University which later became available.

(ii) Activities

fnformation as to the activities comes from various sources.
The number of loans made is a standard compilation, as 1is
+he rmumber of inter-library loans obtained and provided.

. The number of books added to stock is derived from weekly

figures kept by the cataloguing department. Other figures
are estimates based on surveys. Turnstile (or rather,
pressure pad) readings are available covering the whole
period under consideration; from spot—checks made previously,
the bias of the recording .device is known, and an accurate
estimate can bz made of the numbers using the library. A
survey in May of 1968 provided.a check on the likely numbers
of users who worked in. the library without library materials
and the average time spent in.the library. Earlier surveys
(in 1966 and 1967) had shown approximately what propcrtion

of users had consulted the library staff, and checks on this
were provided by data from Newcastle (1968) and Edinburgh
(1967). From these surveys it was also known how long was
spent in the library by users who had only consulted the
library staff during their visit. This evidence suggested
+hat on the whole, undergraduates make "short" consultations,
and academic staff make "long". consultations. A reasonable
assumption to make is that undergraduates consult junior %
library staff (on the issue desk), and that academic staf
consult senior library staff. = On this basis the activity
levels for user services by senior and junior librarians were
calculated. S :

(iii) Operations g S

A1l of the figures concerned with operations had to be calcu-
lated from first principles, in ordepr to provide the technical
coefficients for the linedr programring calculation. To do
this completely would require/ an extended method study and

a lot of effort. Some short cuts can be taken, however,

. which make the work manageable.

The activity described as "Increasing library stock™ (I) covers
a wide range of operations. .1 ,Initially, it involves senior
librarians' time - checking and approving a recommendation for
purchase;: clerical time - typing an. order; junior librarian
time - filing the order slipii'; When the book arrives it may
be in a parcel - unpacked by porters; it is then accessioned =

junior librarian; an invoice will be checked - senior librarian.

Then the book itc catalogued and classified - senior librarians

- A i
S ]
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bProcessed - junior librarian; and shelved ~ porter, junior
librarian. The catalogue entry is typed - clerical;
‘checked = senior librarian; reproduced - clerical; and
eventually, filed - senior librarian. - Not many of these
activities are amenable to timing for individual titles,
for obvious reasons. Over a period, it is possible to
make some estimates which will be close to the truth. If

a team of four cataloguers deal with 270 titles in a week,
that i1s about 32 minutes per title ("natiocnal average"

cf. Friedman & Jeffreys, 1967). If the assistant librarian
(acquisitions) can check 40 recommendations in an hour,

and pass an invoice for 20 items in 40 minutes, that is a

total of 3.5 minutes of his time per title. In this way
the technical coefficients for the activity "Increasing
library stock" are gradually built up. A point to note

‘is that the user's only concern with this particular
activity is the book on the shelf, and the means of locating
it. The rest is purely librarianship.

A similar process was necessary for the other activities.
"Working with library materials in the library" (LML) is

one case requiring estimates derived from surveys. The

only library staff time involved is that needed for

'ShelVing books left on the tables by  the users. The survey
in May 1968 suggested that two-thirds of the books were
re-shelved by the users themselves. As a result, it was
calculated that every two hours spent by users in the library
working with library materials resulted in one book reguiring
to be shelved by the library Staff

Another actiVity requiring a~variety of separate operations
was "Long loans" (LL). This covered the operations of
issuing the book, discharging: it on return, and shelving,

with the aSSOCiatnd filing activities. Some trials were

made - such as timing the filing of 100 loan records, and
checking on how long it took to discharge a loan. The latter
was extremely variable - arythinv from 27 to 91 seconds,
depending on how many books oni.a particular subject were on
loan, and how many books the borrower had on loan altogether.

A final check on the overallﬂaFcuracy‘of‘the data is pOSSlble.b

I |orLL|iLML | LL | SL |Resource
. o g Available
s |12.0 | o0.7}:0.0}10.0 | 0.0 2001
J 3.0 | 12.0('6.0 | 80.0 |50.0 2330
Activity level |153 24.8163.7 | 15 1

ObViouslV,'the “total- amount of a resource used must be not
more than the total available.;' So, if each actiVity level
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is multiplied by the amount of a resource required for that
activity., and the products are added, the total must be less

than or equal to the total resource avallable.i
the table above - '

(153x12)+(24.8x0.7)+(53. 7xO)+(lelO)+(1xO) must be
not greater than 200L;

and (153x3)+(2%.8x12)+(53. 7x6§+(15x80)+(lx50) must be
not greater than 2330. Both of these conditions

Thus from

. are satisfied, and so our data is on the whole correct.

When considering the fugure, it may be necessary to take

account of new technlques (which will affect the technical

coefficients), and increasing demands (which will affect
the activity levels) It maylbe that the resources wi
change also. Predicting future demand has already been
touched upon; and different technical coefficients can
be imputed from other librariesalready using the techni
which are being considered for adoptlon.

(d) Long-term planning

For long~term planning it is necessary to know far more
details of the effects of particular. factors on library
Some of the data required may be available from surveys
made in other localities. A major consideration in the
siting of a new library will be’the distance of the plac
of residence of the users from the library. A survey

11

often
gues .

use.

e

at Edinburgh in 1967 showed that the further away from the

library a department was situated, the less llkely were
academic staff to wvisit the llbrary. .+ -This is in part

the

supported by surveys in. Durham 1n November 1966 and in March

1869.

||

November 1966: Graduate students & academic étaff

500~

Arts Depts. Distance from library|<200 yds | 200-500 yds

: : - R I S 1000 .yds
No. of wvisits/member of dept. - 1.38 - 1.23 O.94
March 1968: Undergraduates ' ;

S . ): O ‘
Halls of Residence - - hu <100 yds | <400 yds >1200 yds
Distance from library o ST ‘

% of potentlal V1Q1tors who :ﬁ{: A
23.6

used the llbrary after 6. p. m.,f'. fdé.s - 40.5

et



- and academic staff;. +the influence_ofi teaching methods on - '

~untouched by researgh.

preference in data collection
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Another consideration is the influernce of social custom, .

or the“"group norm." ~ Agair frém the Durham_ 1966 survey .

we find that on the whole, the distance "6f the place of
residence from the libmry had no influence on the use made

of the library by undergraduates except for those.who.lived .
within 100 yards (this is not necessarily contradictory of -
the table above, whichArelates,only“tQ_evening use of. the .~

In cases where a restricted site is available for a new -
library., it may'bé‘thought*nebéssary;tq;aiVide;théf;ibrary'
collections. Evidence on the desirability or otherwise

of thissxepuganwbe,gaingd_hy:a,study:of.lo@nurecords;,,an o
automated issue ‘system reéadily yields information on who

uses whatbooks. This,datatis,tediqus;tq_collect.by_ovdinaryi~
manual meansnyUﬁ_if;qan‘be_vqﬁy;impértaﬁf”aégan indicator of
the degﬁee'Of'indonvenience‘céuéedgby_sﬁlittihgflibnary .
collections. A pilot study of tHé 1léan reédords at Newcastle
University in 1967 showed that: of the:books borrowed by
members of staff of the Faculty of Agriculture, 26% were
classified as Agriculture, 26% as Arts and Social Sciences,

and 47% as Biology and Medicine, In Sheffield in 1960-61

the same theme occurred (Saunders et al 1866), as also at
Leeds. (Page and Tucker, 1959); and Birmingham (Humphreys, 1964).

A more complete approach to long-term university library planning
involves not only considerations of the number of bogks S
which are likely to be acquired:in. the next forty years, but S
alsoc of new library technologyj; . the working habits of student -

library use, and other aspects of educational technology- as yet

5. FINAL SECTION

The more sophisticated techniques of operational research
frequently require series of data which are not normally
collected. ‘-~ Library management is already complex and is
likely to become more so, but jthe use: of advanced techniques -
will help to simplify it again,..provided the data is available.
The fact that such data can alréady be used.in simple ways to -
ease the burden of decision-making may encourage librarians to : b
make provision for the more advanced techniques being developed.
Sufficient: surveys of the use:of university libraries have

been carried out for some gendral stateements to be made
concerning .such use. The need now is for specific investiga-
tions on the availability of hooks (such as those made at ‘
Lancaster); on the influence :of in-librarv factors on book=- .
use (see for example, Harris, '1967)3; and other explorations. ' ‘ .
‘into the factors affecting library use. = ' -

e s b o A,

there'is a strong "time-

.One dictumis Worfhjfepeatiﬁgﬁ , :
iige.;rthelqgicker the pay-off, -
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' the happier are both those who, collect it and those who have
been bothered with surveys. \

.\
\
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= Surveys carrled out by PEBUL, Novenber'WSBB'é May 1868, in

1. Instant Diary Surveys

Code No.

AlD All users of the Durham Arts/Social Science Library:
17-23 Nov. '%66.

A2D All users of the Durham Science Library: 21-26 Nov. '66.

A3D All users of -the Durham Oriental Library: 21-26 Nov. '66.

These three surveys used the same card form, to elicit
information on the extent and nature of library use.
RPesponse was ca 96%. Materials cost £10. Extra
labour &£45. The_card took 90 seconds to complete.

The same form was used agaln in one-day surveys six
months later.

Al12D Arts/Social Sciences: 16 May '67.
A22D | Science: 11 May '67.
A32D  Oriental: 18 May 'e7.
No extra labour was: employed Materials cos+t wds

included in that. for .the flrst group.

F1D All users, Durham Arts/8001al Sciences Library:
23 Nov. ‘67 b . ) ."\.y

F2D All users, Durham Science Library: 28 Nov. '67. {

Response: ca 96% Materials cost: £7.

Extra labour: nil.: . T

Postcard size forms were used; information was sought\

- on the areas of the: library: used and on the subjects
of the books used inside the llbrary. An attempt was
~also made to discover whence / library users had come,
and whither they were, g01ng., The card took 60
seconds to complete. L N

K1N - All users, Newcastle Main Library: 22 & 27 Feb. '68.

Response: 97% Materials:. '£38 Extra Labour: £13
: \

A card form was used. Informatlon was sought on

extent and nature of use in. ﬂhe library; areas of

" the library used; subjectslof books consulted;

"place of origin and destlnatjon of llbrary users..

The card took about 2 mlnutes to f£ill in. The card

'1

s f ‘- -
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combined features of those used in the A series
and F series of surveys (above) and likewise was
partly easy to analyse and partly difficult.

The same card was used two weeks later.

KUN All users of 8 departmental libraries, Newcastle:
12 Mar. '68. ’

Response: ca 96% Materials: see K1IN Extra labcur: £10
§ M1D All users, Durham Avrts/Social Science Library: 6 May '68
E M1N All users, Newcastle Main Library: 6 May '68
: M2D . A1l users, Durham Science Library: 6 May '68

Response: ca 96% Materials: £17 Extra Labour: £12

A postcard was used asking for information on the number
of books used in the library. The card could be
completed in 20 seconds. Analysis was simple.

‘2, Questionnaire Surveys

B6D - Durham Academic Stdff: " Response: 82%
BSD Durham Research S%ﬁ&ents. . Response: 656%
Materials: £3 . Distributed mid-Nov. '66

A single foolscap sheet, most of which was left blank

for the recipients to describe their information

seeking habits, apd to let off steam generally. = The

data thus gathered was used to design the form for &
" subsequent survey (D6D). . . _ : 4

'Aﬁalyéiskwas ﬁdfé iﬁiérééting than simple.

cdD Dufham undergrg ﬁatéé._ . . Response: 72%
' Materials: £8 | Extba Labour: £95 Distributed'iaté
. ] " , Nov. i66

. Two singlé—sidel fddiscap sheets, seeking information
_on‘library use d working habits of undergraduates.

) StraightfoﬁWébd,fabplgtion'pf replies is easy; corre- .
- lation difficul _becduse pfithe sheer bulk of the data.
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~“Analysis agaln qulte dlfflcult.
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Durham Academic Staff. Response: 73%

Materials: £2 Distributed mid April '67

A single foolscap sneet, asking recipients to rank
named information sources (derived from their replies
to B6D). Also asked aboutvacatlon use of libraries
outside Durham.

Analysis simple. -

Newcastle Undergraduates (20% stratified sample).
Response: Si% Materials: £2 Distributed late Jan. '68

Five foolscap pages. Most Questions fairly easily
answered. The survey was concerned with library use
and working habits, and attltudes to unlver31ty and
departmental llbrarles.

‘Analysis quite dlffiqult for some questions.

Newcastle Jﬁnior Academic Staff Reponse: 35%
Newcastle Postgraduate Students Response: 79%

Materials: £24 s Dlstrlbuted late Jan. '68 -
- R - . mid Mar. '68

Six foolscap pagesfﬁz‘Questions on library use, informa-
tion seeking habits, working habits. Some questions
required.thinking about. A minimum of 20 minutes

'requlred to complete thls questlonnqlre.

‘;Analy81s quite dlfflCUIt for this type of questlonnalre.

v
o

Newcastle Academlc Staff (dOWn to lecturer)
Respons 58% ARSI

. .UV , . -
Mater1a13°- glu. S Dlstrlbuted mid Feb. '68
Four foolscap pages.f ,Questlons on 11brary use -and
information seeking habits.  Also asked to rank
information sources (based-on D6D above). As in -
H serles, questlons ofte1 requlred thought '

!
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L6D Durham Academic Staff who receive Social Science
: Current Awareness Service Response: ca 95%
Materials: €1~ March '68 -
A preliminaryievaluatién of the current awareness '
service, Questions required some thought, but

assistance was given where necessary by one of the
Project leaders.

Analysis simple.
3. Survey Ratings . _.
Series letter . " User Inconvenience " Difficulty of Analysis
A o 0 : ' 34 V
B ded e
c %k B
D To%d 2 %
. 9!
' B R
G Sl Sl
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J S ek
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APPENDIX 2

27.

An outline'hiStory'of a _‘survey

‘Early April
18 April

19 April
'19-26 April
26-30 April

26 April-3 May

3 May

6 May

7 May
8 May

‘8-lO'May ffiﬁj';f;Cards punched by computer unlt staff.

15 May,'

”3>Early Juner”fﬁfff{Maln analys

;Lateru.

"*ﬁ:Report ert.ED (takes about 2 weeks to wrlte){"

Need becomes apparent for data concernlng
"unrecorded” use of llbrary materials -

how many books are used in a llbrary without
being borrowed.

Decision taken to go ahead with a survey.
Type: Instant diary. Venue: Durham and
Newcastle University Libraries. Date: 6
May if possible.:

Date of survey agreed with library staffs at
both places. .

Designing of form: postcard to be used
(see fig. A.1). Arrangements made for
duplication. o

6000 survey'cards duplicated Cost: £17

Finding undergraduates to carry out survey.

. Experience suggests that it is best to employ

girls where possible, as thﬁs minimises
resistance to the survey. Rates of pay

offered: 5/— per hour.

Cards dellvered to: Newcastle to local survey
supervisor (a research student). :

Survey carrled out:at ’ :rsities.
Duration: 9.a.m.-10 P .a: ... cost: £12
Number of forms: complet 2800 at Newcastle,

1600 at Durham..
>HCards collected from Newcastle.

i.Programmer starts to wrlte and. test program,

”*QlPrellmlnary results avallable for 1ncluS1on o
t;:y”ln*document '
24 May

strculated for a meetlng on
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Fic. A.

o 28.
! |
| ) TIME IN . S TIME OUT
' P.E,B,U.L., SURVEY -
| 1. How rany times have you visited this library
' Previously toda¥? ceceecetecscccccccccccsces
2. How many items of iibrary'stocku(i.e; books,
periodicals ete) have you used in the library
this Visit? ..............:..l..':
’ . . ‘ o ' .P.T.O.
STATUS _ . |
Place a tick (» where the
answer is YES
3. Undergraduate?(incl. ia d) E_—__J
.. Postgraduate’ Course? SN
 7Research Student? NS
‘.Academlc S't:a.ff'> ;Hw " [::]
‘_i_Other'b LTI caie E:
' Please spe01fy P T ‘
;4.‘Course'9§.bé§éffmént  o
[’ L . .
- 5. Year of study or reSearch
: (students only): -rlnp as
approbrlate._ F
T2 B

e T L S
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Models and Measures for non-profit making services

By: A. Hindle
Department of Operational Research
University of Lancaster

INTRODUCTION

This paper considers the role of Operational Research in social planning.
Since this is a relatively new field of application it is important that the rationale
of the Operational Research approach is critically reviewed, By examing work
in this field I therefore aim to highlight the major difficulties encountered.

Planning can be defined as anticipatory decision making. It is an inherently
difficult activity in that it usually involves a complex set of interacting decisions
and is concerned with future activities in a dynamic environment. Wrong
decisions will usually prove costly because of the fact that plans ordinarily in-
volve the provision of expensive facilities having long lives and inflexible uses.
Alternatively, but equally critically, the plans may concern sweeping reforms
which will be difficult to reverse.

The special difficulties of applying the Operational Research approach to
social planning derive from the nature and organisation of community services.
These difficulties are of two types. Firstly models of the planned process may
be difficult to construct especially if the success-achieved by the plan depends
significantly on community behaviour. Secondly, measures of effectiveness are
usually very difficult to devise, not only because of the usual problems of com-
bining objectives measured on different scales but also because the appropriate
value system is often not easy to identify.

MODEI.TING THE PLANNED PROCESS

Pla -ing is a creative activity concerned with preparing the future: of
fundemeiital importance is the definition of that 'desirable’ state towards which
the organisation should be heading: the goals and objectives:of the organisation,
However part of all planning consists of the selection from amongst alternative
plans and in order to do this it is necessary to predict the performance of each
planned process. The costs of implementing each plan can then be compared with
its expected benefits and the best plan identified.

In this paper, I am, of course, mainly concerned with:the use of explicitly
formulated scientific models for predicting performance. We should, howexer,
be unwise not to recognise that science has at present a limited capability tc'con-
struct explicit models and shoilld not, " therefore,, underestimate the human

capability-to ceastruct implicit ones, Of course, ' in many situations tle preuictive

power of scieariific models has proved far superior to models derived ‘- : othex
ways, but in . Jdation to some pEsnomena science is still making a sonmewhat

hesitant start. This is particulzrly true of the explanation and prediction of ruman

behaviour. Very often in fieldsswsuch as health and education the relevant aspects
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system performance depend significantly on huiman behaviour and these deficiencies
in basic scientific knowledge therefore prove a stumbling block in social planning.

For the purpose of subsequent discussicn it is convenient to subdivide the types
of models relevant to planning into the following three categories:

(a) Models for forecasting the changes which will occur in the environment if
no plan is implemented.

(b) Models for predicting the performance of plans in a hypothetically fixed
environment, '

(c) Models for describing the way in which the environment will respond to
the planned process or be affected by it.

In social planning these often correspond to models of demand for community
services, the capability of the planned process to meet a given demand and the way
the process will affect the demand. In order to clarify the nature of these three
types of models it may be helpful to discuss a problem of planning in the polic= field
outlined by Sargeaunt (1966). The first part of this problem is to predict the
“‘increase in number of crimes committed if no significant changes are made iz

be made of the way in which plans to increase manpower, improve forensic raethods
‘and introduce superior equipment will increase crime prevention and detectian.

. At the final stage it is necessary to model the effect of the measures designed ©
"increase crime prevention and detection on.criminal activity.

Before discussing these model types.-in more detail it is important to note
" that outputs required from models for community services vary a great deal in
general nature and are in some cases d1fficu1t to quantlfy

. Models for forecastlng changes in the environment are usually very un-
sophisticated. Simple assumptions are frequently made about the form of the

" model and then its parameters are estimated from historical data. For example,

in hospiral planning forecasts of: morbidity rates are usually obtained from srraight-

" line extrapolations of past statistics. ' Forecasts of this type are notoriously xm—

* reliable not least because of the possibility of radical. technolog1ca1 developrorents.
Thus prediction of the requirement for tuberculosis sanatoria derived in thiswuay
followmg the last war resulted in the bulldmg of many now useless buildingsm

" “remote' country areas. '‘An a1ternat1ve to basmg; forecasts on past data is to T=k
'more on relevant expert opinion, - This approach has been used in a very det=iE=z

way in planmng urban renewal. Surveys have been undertaken for example:, iin

. which quahfned building inspectors estimate the useful lives of ex1st1ng properiies.

o '_A case in which these two forecasung approaches were combined is illustrared oy
““the ‘gover.un-nt white paperr "The Long-Term Demand for Scientific Manpowez" 5
©(§962). ‘Im t =, éstimates.of demand ar= obtained by making assumptions afort !
the permane = of critical ratios such as work-force to population, manufactzring

industry to her industry, students ts teachers, etc. and then projecting tre=js i

'inpopulatlc growth, industrial develmpment, and teacher supply twenty years:
into the future. The forecasts derived were then doctored to allow expert o:rnmon
to modlfy the outcome. i
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Beer (1962) pinpoints the precarious nature of these forecasts by noting
that if, as is possible, the level of technological sophistication in the iron and steel
industry was raised to that already existing in theoil, chemical and electronics
industries the increased demand produced would of itself, be greater than the
total increase projected. As a.result of the unreliability of these forecasts Beex
concluded that it is better not to attempt detailed forecasting of an uncertain future
but that it is preferable to design processes which are adaptable - '"Away, then,
with attempts to forecast the state of affairs in 1970 - which is known only to God."

. Ackoff (1966) takes a very similar line in considering that planning should be

concerned with makir;z provision for the inevitable,

Modelling the performance of a planned process in a given environment has
proved easiest where significant phenomena are physical. Thus, although details
of work in the military field are not fully published it seems that appreciable
successes have been achieved in modelling weapon system performance. Similarx

- success has been gained in modelling transport systems and in relation to water

resource projects. However, the difficulty of modelling increases when the output

. depends more significantly on human behaviour; as in the library context. This

difficulty has also proved: frust:raung in those marketing problems where per-
formance depends on consumer response. Work in the hospital field where I have

-done most of my work provides interesting examples of situations Which system per-
formance is concerned with physical and economic phenomena on the one hand and

- with psychological factors on the other. At the physical end of this spectrum .are

- the innumerable models-of out-patient waiting time produCed since 1950. Economic

models have also been develop_ed In these, patient throughput, expressed in terms

. ~of-standardised treated cases, is considered as a function of resource inputs such
. as medical and nursing staff levels. At the physiological level Howland (1960)
- suggests an adaptive controlmadel in which a hospital is regarded as a system for

controlling and regulating parameters like body temperature, heart rate and blood
pressure. Finally Revans (1961) develops a model based on psychological theory

. whereby performance, cons1dered in terms of morale, is related to the degree and

nature of communication between people in the hospital. He, in turn, relates
morale to certain indices of the effectiveness of treatment of patients such as

~ length of stay and crude mortality rates. The relative abundance of physical
models as compared with those concerned with patient health and welfare suggests
_that the difficulties of modelhng these latter factors have ‘forced work to concentrate
- on perhaps less relevant aspects.

‘ The final group of models is concerned with the way in which a plan and the
env1ronment 1nteract and in partlcular with the nature of the public response to

- the plan. Models. of this type tend to be little. more than assumptions. For example,

in gstudies examining flood control schemes it is usually supposed that farmers will

use all land freed from the danger of ﬂoodlng in some optimal way. Again in road
- projects very s1mp1e and apparently arb1trary assumptions are usually made about

the amount of traffic th.ch will be diverted from existing slower roads. Rarely
is any market research undertaken to gauge the likely community response to
sacial plans. This is surpr1s1ng when considered in relation to the cost of many

social plans and when contrasted with the attention given to market research in the

commercial field. The response of people to a plan depends largely on the
exlstence of unsatlsﬁed needs. These needs are translated by complex processes
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into specific demands for service. In particular the demand is likely to be a
function of the type of service provided. For example, in relation to the demand
for medical care, a specific request for service depends on an individual's
assessment of his state of health and his knowledge of the type of services avail-
able. Attempts to provide services to meet popular expectations are very likely

to stimulate almost insatiable demands as the iceberg of unsatisfied need is revealed.

This is demonstrated particularly clearly in the health field by extensive studies
carried out by Logan into the need for medical care.

MEASURES OF EFFECTIVENESS

Once rhe stage has been reached at which we have models predicting some of
the relevant outputs of rival plans we require to determine whichk plan is the best.

" Since it is unlikely that any one plan will be best in all respects, an attempt is
© .. .usually made to develop a criterion of overall effectiveness. The need for such

.a measure has, however, been-questioned on the grounds that, since the decision
‘maker is the only valid source of the values to be associated with each output, it
would seem less devious to allow him to choose directly between the plans. Whilst
this may be true in situations involving a strictly limited number of alternative

.. plans and outputs it will ordinarily be difficult to present the relevant information

in a form comprehensible to the decision maker when the number of plans and out-
puts is large. Thus in these cases at least a measure of effectiveness is probably
essential and even in the simpler cases the decision maker may well prefer to have

' the output information summarised as a single number,

Accepting, therefore, the desirability of a measure of effectiveness I must

. consider the difficulties and feasibility of constructing one. As mentioned in the

previous section some of the outputs of social systems have proved difficult to

- quantify and quantification would seem a necessary preliminary requirement to the

- . development of a measure. Further it may well prove difficult to determine the
' -true values held by the decision maker in relation to the various outputs especially

if he must provide precise numerical statements: himself. A good example is
reported by Ackoff (1962) when he describes a problem concerning the planning of

-a dentpl service.. He takes the objective to be to maximi ze dental health for the

maximum number of people at a given cost. Unfortunately no-ane including dentists,
has managed to define dental health and therefore it proved impossible to specify
a single output as its measure. The inputs and outpuis which thus had to be used

.to.<haracterise the service were,

(a) The various types of dental ailment.#o be tr=ated.
(b) - The number of people treated for each type af ajlmzent.
(c) The cost of the service to those who are treased.

The problem was to determine what services shmald be offered and what

. . charges should be made. In order to do this it is necessary to determine, for

~example, whether it is better to clean the teetkz of one thousand patients or to

repair the cavities in three hundred and clean:zzeth in five hundred, assuming

"equivalent costs. Likewise, the relative value of providing demtures to seniox

" -gitizens or offering orthodontia to junior citizems has to be assessed. Althougn
. Ackoff states that he managed to devise ingenisus methods for comparing plans:he

lndicates that it proved 1mp0351b1e to combine:the numerous omtputs into a singie

. . measure.
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At Lancaster a similar problem has been tackled concerned with the de-
ployment of police patrols. The problem, in general terms, considers the position-
al distribution of patrols and the number of patrols of various types to deploy at
different times of day. The essence of the problem is that the possible outputs of
patrol activities are numerous and varied: from preventing murder to detecting

- breaches of speed regulations. Therefore, the differing outputs needed to be

weighted.

In order to tackle the problem several surveys have been undertaken to obtain
(from public and police) subjective valuations of a wide range of police achievments
(Chambers 1968). It should be noted that the feasibility of obtaining meaningful
values for some types of factors, by any means, has been questioned by some

" writers. Thus Hitch (1953) in considering how best a family should spend its
“income doubts whether it is possible to obtain the utility associated by the family

with various goods and services. He states, ''We could not write down the family's
general utility function because the family could not tell us what it was, and we
could not conceivably derive it from any other source!! Two methods which have
beén suggested for assessing values are firstly to derive them by observing market

'behaviour and secondly, or alternatively, to estimate them by simulating the

decision environment.

Since, in the social field, the market-price mechanism, if it operates at all,
does not operate freely it is impossible to obtain market values directly. 1If,
therefore, it is the market values that we seek they must be imputed in some way.
In some cases this may be relatively simple; thus, for example, the water provided
to irrigate previously unproductive land may be taken as the market value of the
crop produced less the costs incurred in its production. In other cases, it is much
more difficult to develop a reasonable argument to support imputed market values.
A case in point concerns the loss of recreational fishing waters which has heen
variously assessed as equal to the market value of the fish caught ox the wages the
anglers could have earned by working instead of fishing..

‘Several specific problems of evaluation have received a great deal of attention
in the literature and by way of illmstrationI will consider the value to be placed on
time saved by improvements in trmnsport systems. All evaluation procedures
suggested, make the doubtftil assmmption that one minute saved on each of sixty
accasions has the same totzsl worth as a single saving of sixty minutes. They
allso usually distinguish between working time saved and leisure time saved,
valuing the:former at the recipient's normal wage rate and latter by noting that
leisure tinze can be substitirted for one of the following: '

(a) Wages earned by warkers. -

(b) Transport expenditmre, by those who travel in their own time ard
are able to choose between faster, more expensive, modes of travel
- and slower, cheaper ones. (see Moses and Williamson 1963)

(c) Housing and transport expenditure, by people who can choose
between a more expensive house near: to their work and less
expensive house further away, . (see Mahring 1961).
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the subjective ones obtained from relevant experts. That there is a real
danger here will be evident to anyone familiar with the delightful oversimpli-
fications often evident in the papers used m making high level decisions in
Government Ministries.

Whilst therefore accepting the need for much low level work to be under-
takep. in order to develop models, I am not at all convinced that this approach

' avoids the real difficulties of measuring effectiveness in several of the community.

services. This essential difficulty seems to me to stem from the problem of
properly measuring outputs like level of health, the extent of law and order and

the standard of education, or of library service. These problems are present whe
whether we consider, for instance, for health service planning, the health serxvice

~ .as a whole, a particular hospital or an individual generalpractice. If Operational
Research is to make a valid contribution to the central issues involved in
- gocial planning these problems of measuring non-monetary outputs must be solved.
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Discussion

Mr. Dammers said that he found Mr, Ford's paper very interesting because it
reflected his experience of actually doing the job of data collection. He added that
data collection was very importan: and, referring to Mr. Duchesne's paper, he said
that failures in data collection had held up the development of management information
systems. Mr. Dammers said that Mr. Duchesne expected that in libraries the
computer would be a clerical tool and if he had meant to imply that computers could
not do more than clerical operations then he disagreed with him. Mr. Duchesne
replied that he had not meant to imply that, but computers had to start somewhere
and at first they would perform routine clerical operations. Dr. Urquhart said
that libraries had become entranced by computers mainly because they did not know
how to run their affairs on quite simple management techniques. He said that NLL
had a management problem: it was necessary to ensure that the photo-copies went -
off promptly. The answer was quite simple: it involved someone going round every
evening making sure that there was nothing awaiting photocopying. This was
efficient, and much cheaper than any system involving a computer. Librarians must
make sure that automation was used in the right way, and they must collect the right
sort of data; it did not really matter if a library had 500, 000 or 750, 000 volumes,
the important statistics were those relating to the needs of the users of the library.

Mr. Fairthorne said that Mr, Ford's paper showed that when carrying out a
survey it was important 'not to disturb the aniraal', and if a survey was to be carried
out in depth, then usually a pilot survey was necessary.

Mr. Dammers said that it was 1mportant to look into the future and visualize
the potential uses of computers. Mr. Duchesne said that he had not meant to imply
that it was not necessary to look into the future, or to consider the implications of
things like on-line access in libraries, but it was important to remember the time
scale of when this would happen. There was a big gap between what was technically
possible and what the average library could afford: in Birmingham in 1972 the
University would have the largest British-made machine at present on the drawing
board, but the maximum number of consoles on line to it would only be 30; this was
‘very few in'i ,é.__context of a large university. He agreed that it was necessary te plan
for the next 5, 10, 2C years, but at the same time it was necessary to be realistic
about what 11brar1es uould afford. S1mp1e models were essential so that the 11brar1an
could understand the system: it was no good des1gn1ng a system to collect masses of
data wh1ch took up computer space but wh1ch the 11brar1an ,would never use.

Referr1ng to Mr. Ford's comments ‘on 1nterv1ew1ng, Mr. V1ckery sa1d that
although he acknowledged the shortcommgs of the 1nterv1ewmg technlque a8 a
method of collect1ng data, interviews could often reveal facts which ‘would be m1ssed

_by instant diaries and questionnaires. Librarians as managers needed two sorts of

ta: survey data for partlcular investigations, and routine control data; an efficient
, tgﬂement 1nformat1on sy stem should be able to give both types The -control data .
ded so that the 11brar1an could see how the 11brary was functmnmg, e.g.

- -whether there was a backlog of books awa1t1ng catalogumg. Mr. Dammers agreed

with this and said that unfortunately sometimes computers had been introduced to

~ deal with muddled situations where the objectives had not been precmely defined; in

such cases the computer only made the 'tuatlon worse Dr bxguhart sa1d that the
management problems 1n 11brar1ansh1p were bas1ca11y so s1mp1e that usually the .




introduction of a computer was not necessary. Mr. Snape observed that Dr. Urquhart
had a closed access library which was simpler to run than an open access one. Dr.
Thompson agreed: it was much easier to obtain usage data when a slip was filled in
for each issue than in an open access library which had almost no control of, or

even data on, in-library or reference use of books.

Mr. 3uckland said that there was a Pavlovian response amongst librarians,
who seemed to assume that research on library's problems necessarily implied
questionnaires: he was proud of the fact that during the thirty months of the research
project at Lancaster only 14 questions had been asked of the readers. It was im-
portant to decide first which data were relevant to a particular management decision
and. only then to decide how to collect the data: once you knew the precise information
you wanted it was often quite ¢ trivial matter to collect it. He described an experi-
ment which was carried out at Lancaster to collect information on the use of
scientific periodicals by use of booby-traps.

Mr. Brookes said that one aspect of data collection which interested him was
that often he had to analyse data from a computer print-out; this took a long time
and often the analysis could have been completed in a few seconds by the computer
if it had been incorporated in the programme. One example of this was the fitting of
Bradford-Zipf curves to MEDLARS data: he regretted that there was no programme
for this incorporated in the MEDLARS system. Dr. Urquhart said that the purpose
of MEDLARS was to provide references in reply to questions, and not to turn out
Bradford~Zipf curves; there was, however, a programme at Newcastle which listed
references under periodical titles. Mr. Brookes agreed that the purpose of MEDLARS
was not to turn out Bradford-Zipf curves but said that a few years ago, when the
organizers of MEDLARS wanted information about the productivity of the periodicals
scanned, they had to obta1n this information by clerical means, and he found it
surpr1s1ng that the system d1d ot prOV1de such control 1nformat10n automatically.,

Dr. Thompson said that 11brar1ans often thought that the only way they could
analyse data obtained from surveys was by a computer; but the data which librarians
gathered could usually be sorted mechan1cally and this was much cheaper than
computer. sort1ng. Dr. Urquhart sa1d that at the NLL mechanwal sort1ng was used
when- the number of cards involved was of the order of a few thousand, ‘and computer

' sortmg was only used when the number reached the hundred thousand mark

Mr. Duchesné said that there was a tendency for librarians to think that if they
recruited a systems analyst then they could delegate all their problems to. him.
Often the systems analyst ‘fnade a good JOb of des1gn1ng the computer system but if

“the librarian has not told h1m the r1ght quest1ons to put to the computer then the
system would be useless. o

PR}

“Miss O'Connor said that often when the results of l1brary surveys were publ1shed
not enough background 1nformat1on was given to enable the reader to extrapolate the,

‘results to his own 11hrary, one example of this was giving the 1SSLe figures but not

the number of reg1stered undergraduates

Dr. Thompson asked Mr. Mackenz1e what cons1derat1ons he had taken into
account ‘when he had dec1ded ona centralﬂ y_ers1ty l1brary at Lancaster as opposed

‘to a number of departmental libraries. 'Mr. Mackenzie said that he had not used’

O.R. techniques, but had looked at older un_n_r,ers1t1es, with fragmented departmental

v sl
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libraries, and this seemed to be a very expensive way of providing a library service.
He said that on the whole there had been no moves from departments to set up their
own collections, so they were probably satisfied with the service; even when there
were 8, 000 students at Lancaster the farthest point from the library would be less
than five minutes walk under cover. One of the advantages of the college system

was that there was a good deal of traffic past the library during the normal daily
activities of students and staff, which made it very convenient for them to visit
casually.

Mr. Mackenzie asked how was it possible to evaluate the benefit gained from
"ew:anous library services; e.g. the value of one inter-library loan as opposed to
ten ‘Fooks issued in the library. Dr. Hindle agreed that these were fundamental
questions which were difficult to answer but tham some extension of the technique
which he had just outlined might be applicable. Dr. Thompson said that it was nec-
essary to know how important expenditure was in relation to the success in achieve-
ment of various objectives. Mr. Morley said that in defining objectives it was
important to get the opinion of the user. Mr. Mackenzie agreed with this but pointed
out that the librarian didn't always want improvement in the same things as the user;
it was necessary tc define objectives first; he cited as an example of this the Chicago
library staff survey of automation objectives. Mr. Morley said that one way of
analysing the expenditure was to measure the output from certain activities. Mr,
Dammers said that one factor was that of the user's time: the cost of delay to the

‘user must be incorporated with the cost of borrowing an item from outside. Dr.

Hindle agreed that this was often neglected and that more work was needed here,

Mr. Dammers said that it should be possibie to attribute a definite value to the delay
in getting material for a research worker; the speed of access to literature had
implications for research programme development - the more difficult the access
the greater delay in the programme; delay would also break the user's train of

‘thought. Mr. Mackenzie said that the delay (at least in universities) was often filled

in with other activities which the research worker had to do and that this penalty
might in some circums:cances be illusory. Mr. Brookes disagreed: when scientists
did not get the specialist information services which they were used to in industry,

the nature of their research was often amended, becoming more fundamental and
futile.
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Planning library services (Uni#ersity of Lancaster seminar)
Aspects of library manngement research ‘
BeCQa Vickery, Aslib ‘ ' ‘ o

. The title of this seminar clearly indicates the purpose of library
management ‘research - to aid the planning of library servicess If we look
ot the matter in its simplest terms, there axre four services that a user can -
expect from a library: ' :

to provide documents from stock 3

to provide references from a file EO
to provide information from documents S ‘ B
to provide locations of documents, stock or fies,

"Lach of these services involves both storage and retrieval, On the one hand, stocks, -
files, documents and location lists must be constructed - this is information i
storage. On the other hand, they must be searched - this is information retrieval,
Thede two phases need not be, and usually are not carried out by the same people.
So we have eight basic activities:

Storage Retrieval
Document X b4
Reference - x X
"Data! x X
Location X x

These activities can be carried out by various "centres of action'", At one extreme),
all the retrieval activities can be performed by the individual library customer.
He does not perform storage activities(except in his potential‘capacity as an
author). The construction of document, reference, data and location stores may

all be the function of institutions. These institutions can be local, regional,
national oxr international, and can vary in subject coverage.

A simple illustration’will help to malke my point. An academic researcher
wants some information on the #toxicity of certain chemicals. He searches the 4

(locally constructed)'librar&‘stock. He interrogates his local librarian, who
scans the-(nationally_cgnstrqcted) Aslib directory, and suggests an approach: to ‘
the British Industrial Biological Resecarch Association and MEDLARS, 'The Association
. searches its ipdex,}UKvMEDLARS;searches its (internationally qonstructed)_tapes. ;
References from these:searqhes'arejsqught_inrthe Regiona;'union‘catalogue;’and ;
documents provi¢ed’byfother'locaxllibrariesg_The procedure can be outlined ag 3
.- followss C T e RN ST 5
i 7 Store construction ]
' ﬁdéalfﬁ}_ﬁégibﬂéi_ﬂNational.*Inﬁernatiohal3.’;“
Fibraty S . L
shelves _ B
shelves: . ' . N directory - | -
-~ Mational :
The purposé.of'this.Simpiified_anlysis is to sugg t asic prob: , ,i; &

that-facellibraryumanagement.‘U

oint.of: view, .t

(1) Looked at ‘from the mational peint. iews ‘there is the problem of
‘efa;lobayiqhydffactiyitieéjamongJcéntrgs.With=:§ggrd ﬁcl¢ach.ofiphg eight

ties, what is the best dis ibutior
dinteérnational centres What . de




speciglisaticn are appre)griate in each case? Here we are considering Zhe
optimisation of the h:i.ezl'\ hical library systeme

X

A - #(2) From the vidpoint of an individual library, there is a similar problem
- of respurce allocatione Given the existing library system, what stock will be

. locally provided? What reference files and location indexes will be locally

-. constructed? To what extent will external stores be used? How much sgarching will

" be left to the individual customer?

: (3) Having deéided on the activities to be undertaken locally, each library
i - he== the problem of organising each of them optimallye

, (4) Once in operation, library management needs to momitor activities
- coriinually so as to be able to react to change.

The solution of these probiems is the task of systems smnalysis, Zesigrn. znd
— ¢ =ol: it is the development aspect of library management. Bejy.nd thi= dis tue
o arch aspects It seems to me that library management res-:arch has tk—ee tasizs:
. to provide background data about system components; (b, ta estabiish relatinms
-+ ween system variables; and (c¢) to develop new technigues of systems analysis.

™+ about system components

There are several groups of components in a library sysstem: Gocumenzs, ¢
zcot 2, and records of documents; equipment and accommoditiicr: :zhe proc=sses Sh=
‘77 . these  togetherj operators (library staff); system aidds 'manuals, —ules., =tc, ok

userse. Factual data - both qualitative and quantitatiwe --ahout the characger-

1es of possible system components is needed to aid ths :sresiems desipgner Tr

se among them.

L . Librarians already know a good deal about the choremzeristics of documerts.
L rhysical bibliography of the bound book is being extemded to cover physicsT:
esomucteristics of other media such as wicrofilme Informmtion about the varies:
‘& -racteristics of origin (author, publisher, etc.) is =mmhrined in our catalyoming
s :zie The characteristics of subject literatures (volume, vate of growth, forms
. af wygblication, links with othexr subjects, etc.) have beer explored haphazardlyy
- &% . 2eed continual updating as The field of knowledge devellopse i

~Although library activity makes immense use of every kind of bibliogragnic
Tecwird, only the catalogue entry has had much systematic study. Recently - sftimmi~
akr/ by the MARC project - research into records has incremsede At Aslib we Z=ve
x:-de an analysis of the bibliographic and administrative d=tz elements used 3in
~e'4rds. of each library activity (ref§l)}, C .

S . Data .about’ equipment is available ih scattered form in manufacturers!

.. cmtalogues, and more substantial evaluative information i= becoming avzilabie oo
. such-agencies .as the National Reprographic Centre, but there is no: doubt much tha%
can be done to organise all this material; particulerly == regards relative cosize

..  The:most pressing need as.far as processes are concvesmned is omce again costs
We need .tp analyse processes into individual tasks, to estmhlish umit coosts — im
hie' pense. of -the effort expended ‘by a’ certain gride of staff under wertain
onditions; As well ds the time it takes to do.a job, we almo require knowledge

PR e i . A . st

‘of ‘the real time intervdls involved '~ how long it takes far m book -or a request
+ te workiits way through the ‘processing systeme A fair amommi of such information
-~ een reported in. the literature and: also =ollectef by wecent UK iesearch

L. e cotset SRR

2o ooy - Lastly Iowill mention usérse Studies of user behavimur, statys: wants xzd

" ‘needs have proliferated in recent years. Despite much critdcism of t 2 quality

“-of “these studies; a good deal of kmowledge that was previamdly impre sionisti-

+;/has been quantifieds We'are now' moving.into a‘period. of spmenlist sfhdies -
‘more .. specific user gr s particular kinds: of information e documesdis, GF

tudy of user failures:

ind what, th@ sesk

iy they de not f
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is the cost to the user of using the library - recognising that we éslwogpute most R
retrjeval activities to hime - !

Rela;i:ions between system variables
3

Some relations between variables in a library sysztem are no mc—=z then
roughly quantified common knowledge - for example, scientists use 1=t—=—ies more
than engineerse. Other relations may take the form of complex mathems=iZcal models -
as in Buckland and Woodburrlé') study of the implications of scatteriing and
obsolescence, .

. Since a library system comprises many compone=nts, and many ch,,.zcteristics
of each zomponent may vary, and many of these wvariables may interact, .z= scope
for resemrch in this area is very wide. As an illustration of the comy: =ity ,

I have ir Fipure 1 set down over two dozen variables that may atfect t' . -3ucewss
of user = arch for documents 3in =a library, and hypothesised interaci = . (hetireen
them. For ewm=mple, search success may be affected by the modes of apimoarit the
user adop®s (author, subject, title,etce) What modes are used mzy depsyod oz wWmat
modes are ;vovided on the shelves or in secondary access tools {(cato’ TTES 4,
bibliographre=, etce)e The mpodes provided may depend upon the librar--+= =stinmte

of its users" needs, and this in turn on the methods it adopts to esmimmt: ne~dse

Ho. 'z resemrch to chwose what relations to investigate? Cleariy . thr: =
criteria c:~ he adapted. First, 4% must be possible to categorise (mrefesalsly =n
a scalar or juantitative way) botik the influencing and the dependenz ~ar AW,
Second, the influerncing variable should be one that library manageme=t c¢.» in
fact manipuilate, Third, the depemdent variable shotitd as directly as= Do=: sle-
relate to the serwices that the Iibrary exists to provide. To know ithzxt = ortists
read more Zhan engineers is usefwul ‘background information for the 1ferar=iy o, out
he must accept the (g?}ers his environment offerse. To know that discardimg # .
literature more than twenty years old will only affect his userd success Tate

by one percent {(or whatever the figure might be) can directly influerze i3izco-qd
policy.. - ' :

g There is a danger, howevere. As soon as. we have quantified a particulizr
‘relation, established a particular model, there is a natural tendency 1o optimise
.on it = eegey; to shelve books most economically by dividing them into 2 or 3
height sequences, But because of the complexity of interactions, suggest4d tin .
Figure 1, this may not be optimal for other library objectives -~ to hawe several |

. book Sequences may lower search successe

: _:Egchniques of systems analysis ' _

In Figure 2 are listed a couple of dozen techniques available €tz t3s= ,
library systems analyste Most of them have been developed in the general mmimgement | |
field, though a few are native to libraries (eege in section 1, citation ar=liysisy |
-in section 5, statistical bibliography)e. Even to apply standard analytIcel S
techniques to libraries is a form .of developmental research, for they zeed to be 1

adapted ‘amd tested. At Aslib we have- been. evaluating a technique of dai= cellection ,
Jfirst tried out at Lehigh University (ref.2g)s ‘ , . e

- . Library-management research needs to be particularly active in develoming
-measures of ‘effectiveness. The iniportance of even a simple measure of user success
‘has been =tressed.at this: seminar. Several types of measure have been emplayed: - ;'
(a) What proportion of potential users do use ‘documents, (b) what proportfon of = i
sewghd documents are found, (¢) is needed informatian obtained from Gocuments

s pplied (relevance assessmemt). (d) is- the user a better man for h: ‘iypg the
information (assessing ueer morformance or pr=ference), '

- ~ Evalnating ,'ﬁne_'effec%i*v'eness of .our services is indeed the crucially
difficult problem facing library mamagemente It becomes ‘more difficult as we
widen'the objectives of 'the-librar; onsider: the following hierarchy of et

objectivess (1) to. ‘mcquire one . copy’ 1:1:::::{‘eeail’.og:,'r;i2

36
¥

};;

very document ‘published on, say,
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(2) to meet without delay 90% of requests for documents on toxicology; (3) to

satisfy 90¥% of user needs for information on toxicology; (4) to provide optimum

information backup to those working on toxicologys There is no guarantee that

meetire an earlier objectiwe in the hierarchy is either necessary or sufficient to

safi=fy its euccessore Each successive objective is nearer to what we think of as

the trme purpsse of = library, yet it is successively more difficult both to

_ specify the objective in detail and to determine whether it is attained. It is in

| this =rea of ewaluation that new research ideas are most urgently needede '

In conclusion

_ 71 have mwesented a view of library management research as a back-up to the
practical tasks of Ifbrary systems analysis, design and control, To my mind, it
includes descriztive mnalysis to provide data about system components; factor

. assessment to establEsh relations between system variables; and the development
of zrmiytical and evsiluztive techniquess I have sugpested areas where research is
neecsei. The topic is mow open for discussion — and actions ’

Referemces i L . o

. (1) Pahe Thomas znd T.East "The use of bibliographic records in libraries'', Aslib
2069 (Part 2 &= dr=ft)e. S , _ T -
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Pl=nming & niversity Library Serviices: an .overview

By: F.F. Leimkuhler,
Purdue University,
U.S_A.

Umiversity librariex are growimg at a steadly rate according to a rigid manual

' ==chnolegy that projects propertional increases in all inputs without a clear under-
standing of the economic ﬁdv&ﬁﬁtages and indir=ct cosrs of continued development
along these lines. The cummitment to collect everything that is relevant to a very
‘zeterogeneous group of us=rs and to hold large collections indefinitely; the need to

' %e.consistent with past prrocefinres and mational standards; the absence of good
marketmg mechanisris, the imck of funds to experiment with new methods; and the
=xample of larger libraries =lsewhere all seem m indiicate that university ﬁbrariés
will continue to grow along fairly conventional linres. Because this projectionAc-:alls.'
for exponential increases im both materijal and persomnel costs, libraries can expecf

'. to be even harder pressed in the future to devote all available resources to the |

— ‘maintenamce of programs which offer little promise of fundamental innovation, Inaeéd

' the larger the scale of operations the mare difficult it is to foster innovations.

~ Same relieef is amticipatad th]gough the establisiment of national, regional‘, and
commezcial services which can provide some additional économies of scale. But there
izs no firm schedizle for these services nor hope that they will do much more than
==place existing im-kovse actiwities. The abseence aif or adelay in swbstantial library
zmmovation Is enconrsging the proliferation of =m=all scale information services
which compete with ~he libmarfies foij funds amd usfer =upport. These services ére
Am'a,bemrpositionm explait mewer technologies andl develop specialized user markets.
‘Guch competition, while . |

ulating innovation, can lead to serious inequities in the
o rorovision of information servimes to the academic cammunity and actually distort

sthe coHectiwe mission of the university.

» There is z need to fimd mew ways in whica the: traditional mission of the
univesrsity lifrary can be sustained and yet ajlllow for a much greater degree of .
flexibility and resourcefulness: in devglop_ihg amd exploitimg technical innovations.
Tﬁis would allow the libraries to respond poéitiveﬁy to the canforming pressur_e‘s' of
ixiterlibrarv netwerrks and the changing den‘iands and evaluations being made by
U.nbrary usexrs. The libraries need to be able to bargain effecnvely wn:h the new

‘ cem;rahzed services belng made avalla.ble to them, and thls bargammg power must be
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based on ihe strength of their own techkniczl competence and professional responsivezess
to the university community. ALt the sam= time, the libraries must be able to
compete with the new kinds of specialized information services being offered to the

users on an ad-loc basis.

University libraries shoulgd be z=ble to draw considerable economic advantage
from their size, reputation, and monopolistic position on the caIIipus. Furthermore,
their proximity ©o university research programs should provide them with a
priwileged access to the latest developments in information technology. To take
advantage of these opportumues, the libraries must develop the organizational
competence that can emter into experu:nem:al ventures and carry out effective market

research to justlfy the introduction of new services. It is important that libraries

" re-examine their planning doctrines so as to justify and secure the additional

funding these ventures will require both by augmented budgets and by diverting
existing funds into more innovative programs. The recruiting of research personnel
and the indoctrination of present personnel to this end is no small part of the effort

needed for a farsrghted progra:m of fibrary development.

The Computer and the Book

The techmical issue:s- in libbrawy development revolve around the c'ompu'ter and!
the book, two of man®s more resmarkable inVentions. In looking back over the past
one hundred years of 11h:rary deveilopment 1t seems clear that the quest has always
been for greater comprehenswe:ness and aceessability of collections. The ultimate
goal seems to be instant access to all of the world's recorded knowledge. No
iibrary is s0 big that it does nat a.nt1c1pate doublmg its size in the next ten to twenty
years. No Iibrary is satisfied with its ab111ty to sat1sfy all user requests qulckly
and completély. It should be mo surprisethat some prophet1c persons see in the
computer the realizatiom of tris goal and anticipate the day when a giant electronic
brain will prov1d1e man with instant access to a11 that is warth knowwg. But that
day still seems so far away that it does not OCCUpy a s1gn1f1cant place in plans

for libranem of the 1mrned1at.. upcommg generat1on.

The compumr does create an immediate challenge to libraries, not in its

abihty to replace the book but in its ab111ty to replace the catalog. Before the

-
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computer, the main technical issue in libraries was between the book and the card
catalog, that is, between the book and records about books. Books are handy
devices when used individually, but collectively they are cumbersome, difficult
to manipulate, and wasteful of space. Manual card recoxrds are easier to handle
in large numbers, and one can afford to file similar records under different
headings to allow a variety of ~ccess points to the same store of information. Like
books, cards make manual random access to any point i~ the file relati\'relyeasy
for both purposes of retrieval and for the inter-filing of new items. However, this
ease of access and ability to accomodate steady expansien is obtained at the price of
.a rigid conformity to common rules and lack of adaptation to new needs and
circumstances. The economies achieved through standardized procedures are
eventually offset by the increasing cost of lost opportunities to provide specialize.d
services as the need arises.
. i
Computer -based information systems offer the advantage of ease and economy ‘ ;

in the manipulation of machine-readable records. For large record systems like

i s TR

libraries it costs more both to enter new information and to store old information

in machine-retrievable form. Technical advances in both data origination equipment

SRS AP

and storage equipment should reduce these costs substantially in the long rum.
Operational changes which minimize the amount of original entry work and make
possible shared use of large data banks will also reduce the costs substantially.
The net effect of these reductions should be to force the cost per record down to
a point which is competitive with manual record systems. Even so, the library
cannot expect to save money on a cost per record basis by adopting computer
methods; the advantages must come through the computer's ability to process' data
et fan!:/astic speeds and to manipulate records in a manner which would be unthinkable
by ma.nual}_lfvl‘lett_lodsT ~How to translate these opportunities into enough tangible |
benefits fo_r library patrons and lotlg run economies in library budgeting so as.to
justify the introduction of computer technology, is a difficult taslt:_ it took SO
years to win acceptance of thetype;&riter,asthe standard way of producing catalog

records.

There are perhaps two positive approaches to the introduction of computers
in'the libra‘ry in addition to the obvibus negative one. . A conservative approach .

o rould be to encourage the development of systems which, emulate existing manual

ERIC
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ystems and compete favourable on a cost basis. This is the “"cardless catalog"
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approach and it offers perhaps the least mental resistance to change on the part of
the library profession. However, it runs the risk of slavish adherence to certain
features of manual systems which are unrecessary in a mechanical system. A
more optimistic approach is to begin with a thorough re-examination of the purpose
and functions of libraries. This is the management systems approach, that is,

by working backwards from the ends to the means of accomplishing given objectives
subject to certain criteria of performance and limitations on inputs.” Where the
necessary technical detail is unavailable for completing some juncture between

an output and an input, a "'black box'' is substituted and earmarked for future study
and development. This permits one to continue to sketch in the larger plan of a
hypothetical system and identify those key points where basic research is called for.
In practice we can expect to see developments on both fronts. Both approaches are
valid and should be exercised fully at all levels of the development effort with one
as a check on the other. Libraries should seize every opportunity to make use of
the computer in order to familiarize themselves with its use. It is likely that
university libraries and computing centres will be merged someday under the same

management.

The Problems of Size and Retrieval

Operations research concentrates on problems of innovation and transition.
The use of a team of analysts with different scientific backgrounds and operational
experience is intended to provide a balanced, objective view of problermatic
situations.  The focus is on problems and the main effort is to define a set of
research problems which closely approximate the real world problems of a
. particular decision-maker. - This process of abstraction permits the use of analytic
" methods and insights from the entire world of applied science. Problems in
production scheduling may suddenly have important ramifications for problems in
bobk pfoc‘essi.ng, ‘queneing models may provide important insights for loan and
- duplication policies, military search theory may apply in certain ways to the
. pfoblems of. information retrieval. Model building in operatiohs research begins
~and ends with problem formulation. A model is a problem statement in solution
form and is thus the most precise way of stating a problem. The search for
appropriate models which capture the essential features of problematic situations

'is the main thrust of operations résearch,

HHAD
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Some attempts have been made -to define '‘the library problem" as the problem
of information storage and retrieval or more specifically as the problem of document
storage and retrieval. With document storage there is a problem of size and space.
Partly it is a problem of growth, and partly it is the problem of arranging items in
space and time in a relatively efficient manner. Decimal ciassification is a model
for solving the book shelving problem. It is an orderly, linear way of using space
which works reasonably well in open-stack storage, but is not necessarily the most
efficient way of using space in all circumstances. It has its drawbacks as does any
idealized model, Its chief advantage is that it allows for the indefinite interspersion
of new acdquisitions while maimtaining some kind of logical order. In practice it
accumulates obsolete, redundant, and mismatched inforiixé.ti on which tends toinhibit
search (but may give rise to serendipity). Orderly violations of the system are
usually necessary for items with unusual usage patirerns or unusual-dimensions.
Prime space is sacrificed and reshelving is required to allow for continued expansion.
Discard policies are difficult since there is no age control, and the control of losses

and mis-shelvings is also made more difficult.

All of these indictments of the decimal system are not new and have been
considered before. While some modifications of uniform shelving have been made
in certain situations, it still remains the standard for library practice. However,
as libraries get larger and funds get tighter, the advantages of adopting unconventional
storage patterns should be reconsidered both with respect to library costs and service

to patrons. In recent years, theoretical approaches to problems of storage have

received more attention and should pi:ovide- more powerful methods of identifying
and evaluating alternative storage schemes for libraries. These methods may find
their first applications in.the spatial arrangements of microform storage systems,
since, whil‘e_ miniaturization provicles an enormous reduction in the scale of a file,
it does nothing ,to:change the problem of arrangement except to make it even more
necessary to make a precise mathematical statement of the storage policies adopted.
The use. of unconventional storage policies and microform files usually deny
direct user access to the collection and greatly increase the problem of retrieval.
In fact v1rtua11y every proposal for ;solving the. problems of. library size (inter -

Q )rary networks dgpos_lt_p_lj_les, clearmghouses and. central lending. serv1ces
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information centres, and miniaturization), depend heavily onthe notion of remote
access, i.e. the separation of the storage and retrieval functions. It follows that
the highest priority must be given to the intellectual, technical, and social problems
of providing remote bibliographic access to sources of information. The problem
of retrieval is seen as the most iinportant ""black box'' in the development of large-
scale, automated information systems, and to some researchers it is considered
nthe library problem'. The retrieval problem and related problems of awareness
and selection have been a central concern of much of the basic research in library
science for a long time. However, progress in this area of research has proven
to be more difficult and more costly than originally anticipated and we seem to be
many years awayfram largescale operational retrieval systems of the kind needed
by a university library. Meanwh11e we can expect to see greater immediate use of
the computer in exploiting the more limited opportunities available in the

management of conventional library materials.

The Library and Its Users

In his recent book, The Systems Approach, C.W. Churchman argues that the

user should be the most important consideration in the design of libraries and
information systems. He is sceptical about the design of traditional libraries.
He finds that th_ey pursue programs without re1ating them to the needs and
activities of the larger commnnities which they serve; and that libraries do not

determine the true requ1rements and costs of their programs, nor do they evaluate

programs in terms of the user's measure of performance, i.e. beneﬁt minus cost.

Churchman is also critical of efforts to measure performance in terms of physical
actiirityand'transactions rather than benefits. He says that the true benefit of an
information system must be measured in terms of the meaning of information for
the user, and the value of acquisition. Thus, the mere computerizing of a
trad1t1ona1 library does not constitute a systems approach For example, the
computerulng of the Library of Congress catalog fails in this regard because the
basic system questions associated with the catalog and its usage have not been
answered by putting the catalog into machine—read'able form.

To Churchman; the more 1mportant and d1ff1cu1t questlon in the design of

1nformatlon systems is what model of the user should be mcorporated into the
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system. If behaviour is the guide to value, then the model must evaluate information
in terms of user behaviour. But this raises serious questions about the implicit
philosophic assumptions which must be built into such user models and into the
systems which contain them. Even a speculative or "dialectical’ information
system which could examine its own premises and argue from different points of
view, does nctescape the spectre of dehumanization which Churchman finds implicit
to the whole systems approach. The attempt to use human benefit as the formal
criterion for systems design becomes largely self-defeating to the analyst, who
deals in ideas rather than people. Churchman concludes his discussion with the
remark that: ''"People are not ‘better' just because they process information more
rapidly or more coherently. People are better because they are better in a moral

or aesthetic sense."

Because conventional libraries are essentially manual systems which depend
heavily on the notion of direct user access to stored materials; because they deal
primarily with books, which are large, coherent chunks of information bearing
the personal stamp of authors; because most serious readers have been schooled in
the use of these materials; and because libraries are staffed by trained professionals
who make a personal commitment in vouching for the quality and integrity of their
collections, there are many built-in controls which tend to keep libraries relevant
to the needs of the users, There is always room for improvement and the possibility
of outmoded practices, but the more important problem is how to expand the
traditional system to accomodate the flood of new information and technology and
still preserve a'.cluality" of’re’levance. It is in the design of new systems that can
handle a many-fold 1ncrease in the’ ﬂow of information, that we need to examine
carefully the soc1a1 context in wh1ch the system is to operate espec1a11y with -
respect to fact retr1eva1 systems as Churchman po1nts out. The promise’ of these
new systems and the pressures ‘for’ greater serv1ce make it necessary to try to use
the systems approach to 1dent1fy the cr1t1ca1 problems wh1ch are likely to arise in the

}

projected growth of conventional libraries.

One way to expand theé concept of a library and imbed it in a system which - '
includes the user as an active component is the model proposed by N. R. Baker.

‘Baker dep1cts the 11brary as part of a serv1ce system cons1st1ng of three principal

components the 11brary 1tse1f :commuﬁ1ty of: potent1a1 and actual users, and
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an administrative or funding agency which supplies the library with resources in
anticipation of user needs. By introducing the funder as the final arbiter of the

proper use of library resources, Baker can examine library performance relative

to user needs and university policies in a formal way. From a study of the interactions
among the three components, Baker concludes that the library can expect to become
increasingly constrained in its decision-making unless it can demonstrate its ability

to make satisfactory decisions before users exercise their influence and before

funders exercise their powers to force decisions in the directions they favour.

, Libraries must convince the others that learning, not influence and control, is the
vmost product1ve approach to the solution of library problems, and that librarians

] are maklng full and effective use of the pol1t1ca1 econom1c. and technical resources

which have been made available to them. Furthermore, because of the behavioural
conditioning which guides users in their evaluation of library services, the library
must be qu1ck to advertise any changes and improvements in the services offered if
they wish to get actual and potential users to respond to these changes. The initiative

must rest with the library.

~ Planning and Programming

By viewing the library as part of a 1arger system which includes users and

funders, it.can be seen that the problem of measur1ng the performance of libraries

_ is first of all a problem of defining the context with which performance is to be

meastired.- If the library is seen prirnarily as a sexvant of its users, then the users
call the tune and costs become just a matter of getting as much money as possible to
satisfydemands.,,. The management of such a library would have to be particularly
sensitive to the whims of those users who protested. the 'loudest in order to allocate
resources so as to minimize the general level of diSSatisfaction that would prevail.
If on the other hand, the library is seen primarily as the local branch office of an

1nternat1ona1 system which has cornered the market in recorded knowledge, then

~local costs and local benefits would play a relatively 1ns1gni,f1cant role in the

determinatlon of operating pol1c1es. Local users would be offered service on a

tdke it or 1eave it basis at a price which would ingure tne continuance c¢f the system'

' monopohstm pos1t1on.

. Both of the above views are obvious distortions of reality, but are not entirely
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fictitious. A thixd approach is to view the library as an information service agency
for the organization which funds it. Benefits and cost would be determined relative to
the goals and resources of the larger institution which the library serves. The
measurement of performance of a university library would depend on the per-
formance measurements of the university itself, since the critical question in a
decision to add one more dollar to the library budget would be whether or not it
would benefit the university more than if the dollar were spent elsewhere. Exactly
how the library spends the money or exactly which user wiil benefit directly from

the expenditure is of secondary importance to the first test of benefit to the universi'y

In some respects, it seems that this latter approach merely exchanges one

. complex measurement problem for another, i.e., the measurement of universirw

benefit instead of user benefit. It is conceivable even that university benefit
might be defined as being the same as user benefit, in which case we weculd be back
where we started. But there is an important difference in that the responsibility
for validating the measurement of benefit rests with the university and not with the

library nor with the users. This does not mean that the university must or should

_establish the appropriate measures of performance for a library. It would be better

for the library to retain the freedom to do this, but the library should try to make
its measures explicit and the university should approve those measures which are

used in the justification of requests for funds.

This approach to library planning is most consistent with the current interest
in us1ng program budgeting techniques for un1vers1ty administration Recently, in

the journal College and Research Libraries, J. E Keller of Un1vers1ty of Califorma

points out that ",sooner., _rather than later these techniques of program budgeting and

cost benefit analysis will be applied to library operations. '"" The idea behind the

- re-organization of budgets along the: lines of specifig programs is to facilitate the

assessment of the benefits. In a program budget for the M.I.T. Libraries, R.Shisko
divided,library costs between tWo major programs,:, instruction and research. This

makes it easier for university management toevaluate the budget relative to the

-goals of the university , in terms of both the absolute values for each program and the

- relative s1zes of. the various programs. ‘The or1entation is defmitely m the direction

~of, the umvers1ty 8. goals rather than those of the library or. 1ts 1nd1v1dual users.
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While there is a tendency for program budgeting to make the library sub-
servient to the university administration, it is not necessary for this to be the custom;
and in order to avoid this the library must take the jnitiative in developing the manner
in which library programs are presented and justified. " There is no reason why the
library should not shape as well as respond to the goal structure of the university.

If library effort is reduced :ompletely to sugporting roles in teaching and research
then the description of those missions should include a more precise definition of
how the library is expected to contribute to them. If it is left to the arbitrary

judgmient of certain teachers or certain researchers and exercised after the costs

aie in, then the library cannot develop the kind of long run plans it needs.

Benefits and Costs

e

The search for acceptable ways of evaluating the benefits and costs of library

services is complicated by the tendency of libraries to rest their case on a single

total cost f1gure. with the implication that the mternal problems of resource

- 'allocation are not subject to analytic scrutiny outside the 11braryr and only the total
'cost f1gure can make any sense relative to ‘the goals of the 1arger university environ-
_' ment. The p0551b111ty of finding a single comparable benefit measufe is extremely

_ d1ff1cu1t if not impossible. Program budgets, on the other ‘hand, tend to cut across

established organizational lines and are even devisive in their effort to restructure

the - library into a large number of programs which are competing for funds and
resources from a common 11m1ted pool. This makes it possmle to focus attention

on the development of cost-benefit techniques ‘within the context of individual programs,
and it is not uncommon to find most of the formal analytlc work at this level. The
1arger problem of reconciling the differences between the measures of effectiveniess
for dlfferent programs is ‘often left to the ]udgrnent of top level decision-makers,

although the formal analys1s should help in estabhshmg program trade-offs.

At the program level the first conceérn is to establish the correspondence

between ‘valuable 1nputs ‘and those outputs which contribute to the stated mission of

L the program. In general .one expects a greater degree of program sliccess as’

The 1mportant thmg is fo find’
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methods of actomplishing the program which are relatively efficient over some
range of actiwity level for the program. Cost-benefit relationships which include
shifts to new methods zre needed for long-range planning, while those withotzt

such shifts describe the shoxrt-run possibilities. Short-run patterns tend to hawe
relatively limited ranges over which they are most effeczive, aind me=yond which
costs begin to rise steeply, relative to benefits, as program activity increases.
“The more difficult problems in planning are those situations where process changes
are indicated and substantial amounts of new investment are r=quired to effect the
change and permit continued expansion of a program in an effiicient manner.

This is similar to the problem of whether or not to introduce new programs.

Library progtams fall into two main groups: reader service programs and
supporting technical processing activities. The service programs should have a
- strong voice in the evaluation of the support programs, since she former are
more difé.ctly related to the goals of the university. In a similar way, the users

- of library Serﬁices should have a strong voice in the evaluation of the service

programs. From an analytic standpoint, user acceptance of a library service is

i atrsbn bt e b STt 08

reflected in its demand pattern, that is, in the relationship between the price -

users must pay for a service and the use which is made of it. *""Price'" is defined

_here as the effort required of the patron and it is directly related to the time

‘ requu:ed of the user and mversely related to the probability of sausfactron.
Another important factor in thg determination of a user’s price is the value he
places Qn. time and succéss. .. For example, faculty and students probably apply
different valuations to th’e.s_'e: factors; and by making the saxﬁe service available

to both without distinction, the library in effect prices thefaculty member out of

the market for a library service. - . !

The hbrarv can reduce the user's price and increase the demand for serxrvice
hy mcreasmg its own cests, and the important question in program planning is to
know where to establish an optimal level of program activity. One approach is

' to find that level where the average cost to the library per unit of service is
‘minimized, ¢x he averagz number of service units rendered per dollar spent
is maximizéd Yiis is a conservative approach which promotes technical

'efﬁmency m thies i weuulture of hbrary funds, and under certain conditions it

E TC may aclueve a pgal ﬂptimal solunon relauve to user- expectatmns aIso. if it is

fo
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coupled wizh a wigorous cammaign to ziztract users to the service, this approach
is not unlike bussinerss policies whic™ promote the dual objectivve of producing at
minimum aver::ge cost and selling 7 1l that is produced at a favourable price.
“owever, serious izequities can arise from a policy based on benefit-cost ratios,
‘;uch as the exclusiom of certain use rs from needed services or the failure to
~xrovide necessary services to the cniversity which may be relatively inefficient:
om a libi:ary cost basis. Hence, the ne=d for comtinual refinement and auditing
of program descriptions and the methods of analysis, as Well as provision for

inrefligent intervention by higher decision-makers.

Some Final Remarks

Various problems in the planning of university libraries have been discussed
in terms of what seems to be the most important issues at stake today. The main
purpose in doiné this was to try to identify those short-run approaches to the
resolution of these Droblems which are the most promising for implementation ' -
now in the ~pla_nningaof libraries. However, such planning should be consistent

with the most likely trends over the long run. ‘.With respect to certain problems a - »
hlgh degree of experimentation and adaptatlon is required. The main conclusion
to be drawn from this review is that libraries must find a way to divert a
s1gmf1cant portlon of their budgets into such staff activities as planmng, control,.

techmcal development and market research, A ten percent budget allocatlon does

not seem to be unusually hlgh foxr these purposes, but the spec1f1c amount should be

sub]ected to.the same kind of program rev1ew as'is mdlcated for servlce and-

processmg act1v1t1es A ﬁnal conclusion is tha,t these hhrary development programs

‘should be staffed and organized so that they are in close communrication W1th -the

entire university communlty
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Discussion

Mr. Morley asked if it was possible to put a value -on the cost of a document:
you either know the inforrmation in a documerit .and therefore didgn't want it, or you
didn't know, and therefore couldn't find it; Mr. Mackenzie said that he had come
to the same conclusion bw a slightly different route: a person searching for in-
formation finds some which is relevant and some which is not, and it was only
possible to deduce an average cost or value of all the bits of information he has
collected.

Dr. Thompson said that when assessing the value of library services te readers
the moment of truth came when it was decided to charze for a service; it was possible
to cost on paper, for inter-library loans for example but this costing only becomes
meaningful if the user is actually charged for the service. Nevertheless this practice
would only determine the subjective value placed on such services, which might be
quite different from their absolute value. Mr. Mackenzie said that about a year ago
a coin-in-the-slot copying service was installed in the library at Lancaster and it
was found that 90% of the users were undergraduates, who spent on average £100
a month on it. Thus undergraduates were prepared to pay for photocopylng, although
they could borrow most of the contents of the library.

Dr. Thompson said that the National Libraries Committee asked a number of
commercial firms how much they used the National Reference Library of Science
and Invention; most replied that they could not afford to send staff to London to do
literature searches, but usz:d local resources and borrowed from NLIL. Thus for
some commercial firms it was worth while to borrow material from NLL, but not
to send staff to London to look at literature. Mr. Dammers said that the costs of
maintaining a library in a firm and borrowing literature from NLL were far less
than the costs involved in sending staff to a central library in London.

Mr. Mackenzie said that clearly more research was needed into library manage-
ment problems and wondered what part OSTI would take in this in the future. Dr.
Thompson described the structure of the recent reorganization at the Department of
Education and Science and the formation of the Library and Information Systems Branch,
and said that OSTI's terms of reference were the same as before. Mr. Brookes
asked about the overlap of the responsibilities of OSTI and the Ministry of Technology.
Dr. Thompson replied that in general terms, OSTI was responsible for research and
development, whilst the Ministry of Technology's interest was in operational systems.
Dr. Urquhart said that OSTI had recently established a Library Management Research
Unit at Cambridge whose brief included 11brar1es for the humanities.

. Dr. Thompson said that £60m of public money was spent annually on libraries,
“while expenditure on research was probably only about 1% of this figure. Mr.
" Mackenzie said that it was easier for industrial firms to decide how much to spend
on research and development, because ultimately there was a pay -off in the form of
sales of new products; there was not often such a tangible pay -off for university
libraries, many vice-chancellors, and even librarians, would be unwilling to sacri-~
fice a single book for the sake of research. Nevertheless, he felt that 5% of income
would not be an unreasonable price to pay for the benefits which would accrue. Dr.
“Thompson said that perhaps libraries would have to cut down on their services, if
they wished to finance research.

249
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