An analysis of circulation statistics in a university library
collection

Author:
Condous, Crystal

Publication Date:
1985

DOI:
https://doi.org/10.26190/unsworks/7969

License:
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
Link to license to see what you are allowed to do with this resource.

Downloaded from http://hdl.handle.net/1959.4/62513 in https://
unsworks.unsw.edu.au on 2024-04-30


http://dx.doi.org/https://doi.org/10.26190/unsworks/7969
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
http://hdl.handle.net/1959.4/62513
https://unsworks.unsw.edu.au
https://unsworks.unsw.edu.au

AN ANALYSIS OF CIRCULATION STATISTICS

IN A UNIVERSITY LIBRARY COLLECTION

Thesis submitted in part fulfilment of the

Master of Librarianship (Research).

by

CRYSTAL CONDOUS

1985



UNIVERSITY OF NSW. |

18 MAR 1987
LIBRARY




ACKNOWLEDGMENT

I  would like to thank my
supervisor, Professor John Hiller,
for his patience, encouragement and
guidance. I would also 1like to
thank my family and friends for
their perseverance, and a special
thank you to my secretary who typed
the thesis. ,



ABSTRACT

This thesis examines use patterns of
circulation data gathered from the University
of New South Wales library's external
circulation records; it reports on an
in-house survey and a limited reserve section
room study.

The discussion 1is related to determining
'core' and to establishing whether 'core'
differs between user groups. The thesis
surveys the notion of 'core' and addresses
the characteristics it should have with
regard to stock relegation, weeding and the
purchasing of multiple copies.

The thesis proposes an operational definition
of ‘'core'.

The in-house and reserve room surveys were
included to provided a basis of comparison
with the external circulation data.
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1.1 Introduction

This chapter reviews the literature that has significantly

contributed to the theory of collection development.
Section 1.2 relates the thesis to the literature.

Sections 1.3 and 1.4 provide two reviews, both of which
afe on an 'individual paper' basis. These show the role
and results of the early»thedry. Section 1.3 deals with
articles associated With the generalktheory of library
use, while 1.4 deals with obsolescence theory. The latter

is sufficiently important to warrant separate treatment.’

Section 1.5 provides a table which enables the literature

to be considered on topic, author, time period, bases.

This chapter treats twenty to thirty references. A list
of references for additional reading is included after

Chapter 5.



1.2 Overview

This chapter reviews the literature which is generally
considered to have made a significant contribution to the

general theory of collection use in libraries.

The intention is to provide an overview of the libraryb
literature which deals with the issues of "library use",
including use patterns, obsolescence, stock relegation,

collection weeding, and the concept of 'core'.

An analyéis of the literature reveals that in monograph
and journal use patterns, the following relationships

exist:

1. with age, the use of certain types of material

diminishes;

2. that circulation use patterns, either current or
past, are appropriate indicators of future use

patterns;

3. that most use'in a library can be attributed to a

small core of frequently-used material.

Analyses of circulation use over time have provided
the basis for the development of several theories of

collection development. These have. been prompted by



diminishing budgets and a concern by management with

efficiency.

There has been much criticism about the results and their
applicability to some libraries. However, the primary

purpose of such research has been to establish:

* a methodology for removing.volumes from collections

that have exhausted their usefulness;

* a basis for decision—making re the relegation of
material to storage, the purchase of additional

copies, and the modification of acquisition policies.

Although the literature has been exhaustive in the areas
of obsolescence and use patterns, little research has been
done on whether the 'core' in‘a university library is the
same for different user groups aﬁd whether the concept of
'core; is relevant if the user groups are considered

separately.

One aim of the thesis is to examine use patterns of
monographs in an undergraduate university collection and\
to determine whethef the 'core' collection is similar for
different user Qroups in a university library and whether
the concept of 'core' is relevant if_the groups are

separated.



The intention is to provide an evaluative tool that will
assist in coilection review leading to building and
maintenance procedures that distinguish between the

disciplines and their requireménts.
Specifically the thesis will:

1. Determine the shape of use curves for two disciplines

in the monograph collection.

2. Determine whether past use histories are predictors

of future use in the two disciplines chosen.

3. Determine usage patterns for two different

disciplines.

4. Determine whether core collections are similar for

different groups of users.

The results of such a study should assist university

librarians to answer the following questions:

* What holdings would be required to satisfy a
substantial proportion 6f undergraduate needs in a

given discipline?






* What are the éonsiderations involved in the purchase
of an additional copy of an old title as opposed to

the use of more recently published substitutes?

* Is the cost of binding (rebinding) of material
justified in various disciplines when considered in

terms of the use patterns displayed?

* What materials can be weeded without serious

repercussions to the users?

* What material can practically be moved to secondary
storage?
* Is there justification for separate collections for-

different user groups?

The thesis also aims to remdve a totally subjective
approach to the weeding policy of a libréry,,and to
minimise_tﬁe staff time required for the initial
assessment of whatrvolumes.are likely contenders_fqr
weeding. In all collections, some subjective analysis"
will still be necessary; the purpose is to‘aQCid the
handling of all volumes and to diréét attention to the

titles having the highest probability of being needed.



1.3 General Theory - Papers - Review

This section deals with the significant literature-

associated with the general theory of use.

Philip Morse undertook a study at the MIT in 1968. His

purpose was to provide:

"...an effective and efficient procedure for
determining how well a library is satisfying the needs
of its users."l
Morse suggested this could be‘best achieved by both data
gathering and data analysis. His study applied techniques
of probability theory to avoid the need for intensive data

gathering in future years.
The aim was to‘provide:

"...a prediction of next year's operation"., by

2
"extrapolation of the few items of gathered data; the

models then provide the details of the prediction.”,

Morse suggested that librarians, up until the time of the
study, relied heavily on experience and intuition; the
availability of quantitative data, using the models he

suggested, would assist decisions concerning the services



that should be provided, patterns of attendance, and -

patterns of book use.

Morse applied probability distributions to library use,
and used queuing theory, Poisson distributions and Markov

models to look at book use.

These models were then applied in the Science Library at
MIT éhowing both their application and relevance to

library collection analysis.
However, Morse did suggest that use of:

"...mathematical models, corresponding to past
operations, are of real value only when they can be

extended into the future."4

His analysis of book use was intended to discover patterns

for the present year in order to predict future patterns.
In his analysis of book circulation, Morse found that:

"Thus, the conclusion that our year to year analysis
led ué,'that the circulation behavior of a book aepends
(onvaverage)-on its\previéus-yearfs circulation and not
exp;icitly on i£s age or still earlier circulation
enabiés us to combine the data and improve the accuracy

.of‘the«results.“s



Buckland undertook two studies; one in 1970 and, the other
in 1975. The first of these was a broad study at the
University of Lancaster with the view of obtaining
objective information on ways of providing a better

library service.

"The study was designed to provide computer-compatible
mathematical models based on the 'Bradford Law of

Scattering'."6

One of the key elements of the research was to determine

how long material should be retained. Using a mathematical

model for evidence, the study concluded:

"Effective is the policy of retaining heavily-used
titles for a longer period than the less heavily used

ones.",
The study further concluded that it:

"...would be cheaper to satisfy, by inter-library loan,
such requests as still occur rather than continue to

incur storage costs."8

In his analysis of core collections, Buckland reported
that:
"20 per cent of the Lancaster stock generates 80 per

cent of borrowing."9
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Buckland also recognised the weakness of subjective

weeding and supported the notion that:

"Records of past use are the simplest and best

available predictors of future use."lo

Buckland's second study (1975) analysed features of stock
control. He stresséd that the study aimed to relate
acquisition, duplication, binding and weeding to the needs
and behaviour of the library users. The aim was to manage
titles that are in heavy demand, as opposed ;o other use .
studies which focused on least-used ﬁitles and secondary
storage. In looking at book availability, apart from the
number of copies held, he suggested other critical factors

determining availability were:

"- the frequency with which the book is sought (its

popularity), and
- the length of time it is off the shelf when used."ll

He concluded that the following relationship existed

between factors associated with loan policies:

~"- For any given loan period, the chances of a copy
being.on the shelves when sought varies inversely with
the popularity of the book. The greater the

popularity, the lower the immediate availability; the
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less the popularity, the higher the immediate

availability.

" - For any given popularity, the length of the loan
period and the immediate availability are inversely
related. The longer the loan period, the lower the
immediate availability; the shorter the loan period}

the higher the immediate availability.

" - For any given level of immediate availability, the
popularity and the length of the loan period are

necessarily also related. The greater the popularity,

the shorter the loan period has to be; the less the

popularity, the longer the loan can be.

" - Duplication. Increasing the number of copies
available, like shortening the length of the loan

periods,bincreases immediate availability..."12

make material available promptly Buckland suggested:

"...the cardinal rule of library stock control is that
both the loan period and duplication policy should be
related to the level of demand forAthé title and to

each other. 13

Buckland extended the study to look at loan and

duplication poliéies for open shelf collections.
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Open shelf (access) collections have three major problems:

1. Lack of a single loan period.
2. Difficult data collection.
3. The importance of reservations.

Buckland used Monte Carlo simulation in his aﬁalysis.
Instead of more conventional solutions, e.g. secondary
storage, Buckland introduced variable loan periods for the
University of Lancaster Library. Items having more than
threé loans per year were categorised as 'popular' and
given a shorter loan period. To remain in the popular
category the items had to be issued four or more times in

one year, otherwise they were demoted.

Buckland's variable loan and duplication policy, on

examination, revealed strong support for the theory that:

"...the demand for library services is elastic... in
that (improvements) in the provision of services will

increase'demand."14

Improvement in book availability at Lancaster was followed

by an increase in book usage.

Buckland indicated that the use of documents follows
certain patterns. The most relevant patterns for managing

library stock, according to Buckland are:
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"(a) The distribution of demand over titles in a
pattern usually known as Bradford's Law of

scattering;

(b) The distribution of demand over time in a

well-established pattern of obsolescence."ls

Using these for analysis is not without difficulties,
especially in data collection and behavioural response of

users.

Lister, in 1967, focused his study on the costs involved
in compact storage. He accepted findings that the best
two predictors of future usage are age and book usage
rates. He studied the economic impact that resulted when
these two criteria were used to select books for compact
storage. Lister looked at three branch libraries at
Purdue University using a 20 per cent sample of the titles
from the shelf-list and tabulating use and age data by

computer.
Lister believed that:

"...selection of an item for storage should be based
entirely upon its current (or immediate past) rate of
usage...age criterion...was found to be far inferior to

the usage rate criterion for scientific monographs."16
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Lister found that there was evidence which illustrated

variability in the:

"...current usage rates of books of a common age,
demonstrating the infeasilibity of a single age-related

obsolescence function..."17

His reasoning for declaring that the age criterion was

deficient was:

"The age model is based upon the average behavior of
obsolescence with age...The variability about the
average rate of usage for each age group is completely
ignored. It is because this dispersion about the meén
is often very significant that causes some authors to
protest a storage decision rule predicated upon the
ages of books and to support the usage rate

criterion. (51c)18
Cost was the major focus of the study and formulae were
developed to measure total cost for decision-making. The

weeding criterion was a secondary element in the study.

Trueswell's thesis (1964) approached the weeding problem
from the point of view of the applicability of data |
processing and computer techniques. The emphasis was on
behavioural patterns and-usér requirements in a university

library.
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The other part of the study, using current circulation

samples, determined:

"...circulation rates, charge data distributions and

book age distributions"19

The purpose was to establish a core collection. Based on
the previous literature that only a small portion of a
library's holdings are in circulation very frequently,
Trueswell suggested that this subset of volumes was core

and defined it as:

"...core collection as a percentage of the collection
that should satisfy a given level of the user

circulation,requirements."20

He undertook in 1964 an analysis designed to evaluate the
need to prepare punched book cards for all volumes in the
library. The data used was circulation figures from the
Deering Library and the Téchnological Institute Library of
Northwestern University. His analysis considered two
factors: the length of time the book had been in the
library and the last previous circulation date.  1In
relation to the age factor (based on accession date), he
made broad assumptions about future circulation patterns
and assumed there would be nd change. However, he did

indicate that additional data would be required.
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The last circulation date factor was seen as a more
productive approach. From his sample at the Technological

Institute Library, he concluded that:

"...74 per cent of the sample had been through the
circulation control function of the library one or more

times during the preceding five-month period."21

He extended the argument to consider the value of

mechanised procedures for circulation using the 'frequency
of book use' concept. Given his Technological Institute
sample, he indicated that, had a circulation system been put

into operation 18 months previously,

"...one could expect...only 9 per cent of the books

currently borrowed to be lacking book cards."22

He went on to assume that the frequency distribution of
the circulation sample was representative of future

circulation. In so doing, he put forward the following

analysis about loan patterns:

"Thus the statistic of the previous charge date
apparently gives a good indication of the time and
workload requirements for‘the implementation of a

punched book and circulation control system..."23
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He concluded that only a small conversion workload of the
daily circulation would be necessary. His Technological
Institute Library example reveals a three per cent current
conversion after the circulation system had been in

operation for 36 months.
One of his more important findings was that:

"It indicates a very small portion of the library's
holdings is accounting for a large fraction of the

daily circulation."24
In addition, he saw the last circulation date as having:

"...potential in the preparation of a decision rule for

a quantitative method of thinning sta<_:ks."25

Although not stated, it may be assumed that since he was
discussing circulation, he referred to volume thinning not
titles. He concluded that the last circulation date may

be used to:

"...define quantitatively a core collection of well
under 50 per cent of the present holdings that will
satisfy over 99 per cent of user circulation

requirements."26
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He did not, at this stage, define 'core' and suggested

that such a definition was in progress.

He saw other implications resulting, e.g. multiple copy
needs, non-circulating volumes, and size of library's

holdings being quantitatively measured.

He concluded that the future could see restricted

collection growth with no loss to user needs.

Trueswell's extension of this work (1965) looked at a
methodology for weeding collections based on the last

circulation date and the focus was on monographs.

He suggested that:

"...the criteria for stack thinning should be designed
to help the library satisfy the requirements of the

useré of the library."27

The relationship that he established used the éercentage
of the circulation sample circulated within a cértain time
frame. If, in the sample of 36'months circﬁlation, only
three per cent had not been charged out, then if the books
not circulated af£er the given time period were discarded,

three per cent of user needs would not be fulfilled.



-19-

He developed a decision rule for the "cut-off date" for

weeding collections which suggests:

"Remove all books that have not been circulated during

the previous eight-year period."28

In this analysis Trueswell did not consider either
in-house use or browsing and further assumed that the
current circulation frequency distribution patterns would

be valid for the life of the library's circulation.

In his next work (1966) Trueswell re-affirmed the findings

of his previous research and suggested that:

"...last circulation date may be an ideal statistic to
define and measure circulation requirements and

patterns. 29

He assumed that the circulation pattern, as measured at

the present, is typical of the circulation patterns of 5,

10 or 12 years in the past.
The most significant of his findings was that:
"...it may be possible to predict the subset of the

library's holdings (core collection) that will satisfy

a given percentage of user circulation requirements."30
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Trueswell did not take the argument further. Debate has
developed around the core/circulation concept. Having
determined core and nominated the percentage of
transactions that can be defined as core, e.g. 80-90 per
cent, the Trueswell analysis was based on the conéept of a
full collection, hence the specified titles would account
for the percentage of core as indicated. However, if
non-core material is removed, the remaining titles would
not necessarily handle as many transactions as would be
the case with the full collection. Ultimately, each core
redetermination over time would reduce the use of the

collection though it may increase its efficiency.

In a study undertaken at the AF Cambridge Research Library
in 1968, Trueswell looked at the percentage of users
accounting for corresponding circulation. The results
indicated that a high proportion of the circulation could

be attributed to a low proportion of active borrowers.

The collection was in the physical and environmental
sciences and contained 125,000 volumes. The user
population was approximately 1,000 professional people
(scientists, éngineers, laboratory staff). Of these, 835
borrowed at least one book. Aithough the results
indicated a pattern that would be expected, Trueswell's
study provided a quantitative picture. The analysis was, .

however, undertaken in a particular library. Trueswell
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suggested that results from other libraries may not be

similar and would require further analysis.

In 1969 Trueswell studied two more libraries: Holyoke
College Library and Goodwell Library, University of
Massachusetts, in addition to the Deering Library.
Although all three showed similar stack/circulation
curves, the two new libraries were.far more comparable. He
did, however, indicate that the sample sizes were only a

small proportion of the libraries' holdings.
Trueswell indicated that by using stack/circulation data:

"...it is now possible to define core collections at

any desired percentage of circulation satisfaction."31

He provided a methodology for identifying core collections
where there were no adequate circulation records. He

concluded that more work was required in:

"...evaluating the use of the last circulation date
cumulative distribution as a‘ parameter for defining and

predicting ‘library circulation patterns."32

He re-affirmed its use in identifying multiple copies,
automated circulation system introduction, high/low use

material and weeding of volumes from collections. 1In a
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more detailed analysis (1968) Trueswell re-affirmed the

use of the:

"...last circulation date as a statistic to help

describe library user circulation requirements."33

He recommended use of circulation data for decisions on
purchasing multiple copies and for identifying material

for weeding.

The approach of cumulative distribution functions of last
circulation dates takes out the subjective elements in

weeding collections, and

"...allows a quantitative approach to an otherwise

subjectively treated phenomena."34
He restated his earlier advice:

"...there is a group of books that could be called a
core collection that circulates quite frequently and...
only a very small percentage of circulation represents
books that have not circulated within a relatively

short time period. 35
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None of the research undertaken by Trueswell looked at the
concept of 'core' in relation to differing user
characteristics, and he concentrated on what in this

thesis is termed 'total core'.

Jain (1967) in his detailed study on book use was
concerned with the inadequacies of the data collection
techniques for book usage studies. He considered two
methods, the "collection sample" and the "check-out
sample"”. The former provided information on usage over a
longer period of time with results valid for the entire

library collection. Jain concluded that:

"It is difficult to design and operate a good sampling

plan for data collection."36

This method has problems of missing data and the
interpretation of circulation usage as circulation rules
change in libraries over the years. The main problems of
the checkout sample method arise from the fact that it
relies on a sample of books charged out over a period of
time. Consequently it may be difficult to extend the
findings to the total collection and it is not possible to
obtain information on the rate of usage of the same group

of books over a long period of time.
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To minimise the disadvantages in both methods and to

maximise the advantages of each method, Jain deveioped the

concept of "relative use".

He defines this as:

Ri = percentage of relative use of the ith group

= Hi + Ti

Si X (100)

where:
Si = number of titles in sample S which belongs to the
ith group
Hi = number of titles in sample H which belongs to the
ith group
Ii = number of titles in sample I which belongs to the

ith group

Each is an independent sample of monograph titles obtained

from:
(1) Total collection (S)
(ii) Home used collection (H)

(iii) In-library used material (I)
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The samples are then further divided into a number of

groups on the basis of the following characteristics:

" (i) Language
(ii) Country of publication
(iii) Year of publication

(iv) Year of accession"37

In his analysis using all three methods, the relative use
method estimates were much closer to the true values than

the other methods. Hence he concluded;

"Sampling methods and the concept of relative use
developed in this research study, are more efficient in
studying usage of books than the usual method

employed."38

Jain reviewed the mathematical models employed in book
usage studies and indicates that all are deterministic in
nature, except Morse's Markov model. (This suggests use

of a book follows a Poisson distribution.)

In Jain's analysis he found that "...zero-uée class does
not follow the same probability law as the remaining
classes".;4 To deal with this, Jain developed his Pn
model which emphasises the probability of a book not being

used.
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Jain's other concern was the over-emphasis on usage

histories in book usage studies and he commented:

"...that age is a significant variable in studying

usage of monographs."40
In addition, he observed:

"While usage rates of individual monographs have
considerable variation even over a short period of
time, the usage rates of various age groups do not show

significant differences over time."41

Jain's major aim was to examine mathematical models for

studying the dependence of circulation rate on age.

Fussler's and Simon's (1969) research aim was to find a
characteristic or variable that would predict which books

were most likely and least likely to be used.

Data was gathered from the entire collection, as distinct

from current circulation (which is obtainable at the loan

desk) .

They added the concept of "cross-sectional approach", as
total data was unavailable, and recorded use in
predetermined periods of time. They assumed future usage

would continue at the same rate as in the past. This use
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ranking was then related to the variables to be studied,

e.g. age, use, year since last use. The best function is
then considered to be the one which identifies the fewest
books in the core which can maintain a predetermined level

of use.

The major findings relating to shelf-time period and the

age of the volume were:

1. Using years since last use as the only variable gave
good results.
2. Age of the book and language characteristics are less

satisfactory in predicting future use than in past use.

Past use, where sufficient data are available, was found
to be the best single predictor of the future use.
However, it was implied that differences in libraries

necessitate individual study for each collection.

McGrath (1975), although agreeing‘that circulation
variability in subject areas is partly dependent on the
teaching program, suggested that if the number of students
enrolled is the same, and variations still exist in
circulation, that the variation could be attributed to the
nature of the subjécts themselves.

In his study he considered categorisations of hard/soft,

pure/applied, and life/non-life to subjects and determined
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the relationship between these characteristics and the

number of books charged out of an academic library.

The hard/soft distinction is developed out of Kuhn's
theory of paradigm development. According to Kuhn a

paradigm:

"...stands for the entire constellation of beliefs,
values, techniques and so on shared by the members of a

given (scientific) community."42

According to Biglan:

"...a high paradigm, or well developed discipline,

would be 'hard' and a low paradigm discipline would be

] [} [1]
soft'. 43

Using the premise that a high paradigm discipline
communicates through journals and a low péradigm
discipline through books( McGrath suggested that it could
account for differences between disciplines in book and

journal use.

McGrath defined pure/applied as being applied = action;
pure = knowing, life as being life systems, e.qg.

biological sciences, and non-life representing abstract,

e.g. mathematical concepts.
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McGrath's major findings were:

The hard/soft characteristic was significantly-
correlated with subject‘book use when the number of
books held by the library and masters enrolments were
held constant. However, when strong variables are not
controlled, there is no significant correlation between
subject book use and hard/soft. If the pure/applied is
controlled, McGrath did find a significant correlation,

accounting for 11 per cent of the variance.

There was no support for the hypothesis that the more
applied the subject, the fewer the number of books
borrowed and conversely the purer the subject, the

greater the number of books borrowed.

McGrath also could not support life-oriented subjects

as having more books borrowed than non-life oriented

subjects.

Urquhart and Urquhart's study (1976) at Newcastle-upon-Tyne
was looking for procedures for relegating stock that would
be applicable to all university‘libraries. They, like
McGrath, found that the difference in circulation_patterns
in different subject areas were not significant. Hence,
there was reason for using a ﬁniform cut-off point for all

subjects in the area.
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They also found that recently acquired stock is most used

in academic libraries.

The most recent use study is that of Allen Kent et al.

(1968-1975) known as the University of Pittsburg Study.

The Kent study examined both book and serial use in a
research collection, emphasising the humanities and social

sciences. The purpose was:

"To develop measures for determining the extent to
which library materials (books/monographs and

journals) are used, and the full cost of such use."44

The study looked at complete acquisition and transaction
records for monographs made by the library from 1968 to
1975. It looked at items rather than titles, but
suggested that there were fewer than 5 per cent of titles
with duplicate copies available. Although the use of
unique items will give some 'error', it was not considered

to be significant to their findings.

Their results support the hypothesis that a small
proportion of the library collection of book titles
accounts for the major portion of circulation use, 51.63
‘per cent of items circulated externally during the period;
i.e. 48.37 per cent were not used through external

circulation. The other emphasis of book use was to look
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at use in terms of newly acquired materials to discover
the relationship between use and time. Some of the

questions addressed were:
Are they used at all?
If so, what time frame?
How does use change over time?

Can probabilities be assigned for materials that have

never been used after a certain time period?

Fussler and Simon, Trueswell and Morse have looked at
these questions using only sample data. The Kent group
attempted to analyse full population data. Their approach
was historical with the intention of developing sampling

methodology for future studies.

The study found that a definite aging pattern emerges. As
books getvolder, first time ﬁse is feduced in each
following year. By the end of 1975, 60 per cent of the
1969 acquisitions had been used at least once. The
greatest increases occurred in. the first two years. It
was found that each yeér's acquisitions behave much like
any other year; the percentage of thé new items entering
the circulation collection peaks in the first year, then

rapidly declines.
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This suggested that the distribution is some sort of
exponential function that approaches an asymptote. The
Kent team developed a model using asymptotic regression to

predict the use of acquisitions. They found that:

"The model appears to predict more accurately for the
years earlier in the life of a year of acquisitions

than it does for later years."45

They attribute this to the availability of more data for
the earlier years, and suggest that for the later years
the collection had not aged sufficiently. They go on to

suggest that:

"...the potential circulating collection that will ever
be used will settle somewhere between 60% and 70% of

acquisitions for any single year."46
Their data also revealed that:

"...75-78% of those books and monographs that circulate

in-house also have circulated externally."47
and it was concluded:
"...in terms of whether or not a book or monograph is

ever used, it is sufficient to examine the external

patron circulation data."48
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It was found that 84 per cent of reserve book room
transactions (i.e. charges to reserve and not loans in
reserve) also circulate externally, and further that the
items were high-use items in their own right. Reserve
book room materials average 7.2 external circulations per

item to their reserve book room transaction.

In the study, frequency of use analysis supported the
hypothesis that a small portion of the book collection

accounts for total use and further that:

"...a one year period shows a log-normal distribution
and is, in fact, an almost straight line when graphed

on a semi-log scale."49
It also revealed that:

"...the number of items that circulated twice, is
approximately half the number that circulated once; the
number that circulated three times is approximately
half the number that circulated twice and so on for a

fairly regqular progression."50
It goes on to say:

"It appears that circulating books form a Bradford set
and that the distribution of circulation over a

population of items is a Bradford-Zipf distribution."51
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The Kent group advocated objective techniques for weeding.
Like Trueswell they included in 'core' any item that has
circulated externally one or more times. Once the item
enters 'core' it remains there. The potential circulating
collection is defined as containing core and items never
circulated. The model was seen to be useful in moving

items to secondary storage as well as weeding.

Slote, whose work spans the period 1969-1980, tried to
establish variables that would be useful and provide
meaningful criteria for weeding. In his original study
(1969) he examined the use of 'shelf-time period', i.e.
"...the time a book remains on the shelf between
successive uses; and the age of a book as indicated by the

most recent date printed on the title page...'imprint

L} n
age'."¢,

The study also aimed to establish a better criterion, i.e.
"...which would yield a smaller core collection that would

satisfy a given level of predicted future use."53

The third aim was to indicate whether the "...pattern of
use of volumes currently in circ¢ulation...was as valid a
predictdr of future use as are historical reconstructions

of usage over much longer periods of time."54
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His findings were:

"1l. Past use patterns...are highly predictive of future

use.-

"2. ...'imprint age' is a weaker predictor of future

use than 'shelf-time period'.

"3. The 'shelf-time period' is a predictor of a
'better' core collection...because it describes a
smaller core collection for the same level of

predicted future use."55

("Better" is defined in terms of a 'smaller’
core. Further, he suggested that shelf-time period

patterns also predict future use patterns.)

"4. Each library tends to have its own unique patterns
of circulation and each needs to be studied

individually.

(Slote suggests that no weeding criterion can be
applied from onellibrary‘to another, although he

gives no explanation why.)

"5. That the 'current circulation' method...[is] as
valid for predicting future use as is the method of

historical reconstruction."56
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His application of the criteria in the Harrison Public

Library revealed the following:57

1. Using shelf-time period as a criterion, circulation
actually increased in the area weeded, and did not
reduce circulation as expected. The rest of the

collection did not show similar increases to the

weeded area.
2. Shelf time varied between classes of books.

3. The library's holdings were not in proportion to

the uses being made in those classes.

(Slote suggested that there could be improved

optimisation of book investment based on use.)

4. Monthly variations called for caution. Slote
suggested a sample of at least 400 cases and
indicated that final weeding should not be

undertaken too rapidly.

5. Non-core volumes retaineé should have been weeded.
This applied to those volumes maintained as a

result of professional subjective criteria.

In his third study, he compared [the] "'current

circulation method' of creating shelf-time periods, from a
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sample of the most recent week's usage, with the
'historical reconstruction methbd', which creates
shelf-time periods from a sample of 10 years' usage".58
The study revealed that no significant differences could
be detected and confirmed that usage patterns do not
change over extended periods of time at levels that might

be used for weeding.

Voigt (1979) criticised Kent on the basis that circulation
is not an adequate indicator of research use in a research
library. He suggested that research use can only be
studied by concentrating on that research use, not on the
statistics that result from intensive use of a few volumes

by undergraduates.

Voigt suggested that research patterns aré not the same as
undergraduate patterns. He stated that there are basic
assumptions which must be considered in thé study of
research use and which must be disproved before being

discarded.
The assumptions are:59

* That in-house use of research material to

circulation may be as high as 50 to 1.

* Books circulated to faculty have a low correlation

with material they use in-house for research.



-38-

* Faculty and researchers do not leave books on

return shelves or tables.
* Research material circulates infrequently.

Voigt criticised ‘the Kent team for discarding these
assumptions without proof and for basing their work on the
assumption that résearch use follows the same patterns of
use as that of undergraduates, which he suggested was

simplistic.

Voigt was also critical of the journal analysis,
suggesting it did not give reasons for why a periodical is
used, nor did he feel that the Kent team had allowed for

multiple in-house use.

Voigt agreed that the study reinforced what had been found

previously, i.e. that:
"Academic library circulation is concentrated in a

small number of books withdrawn primarily by

undergfaduates and beginning graduate students."60
However, Voigt went on to state that:

"(Kent)...can contribute little to our knowledge of

collection development or maintenance of what the
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limits of resource sharing are for universities with

heavy commitments to research."61

Massman (1979) suggested the Kent study would make library
administrators more aware of what they were doing, and
would force them to re-examine their theoretical base for

collection development.

He indicated that reliance on circulation studies has
pitfalls. For example, it is difficult to predict what
will be of value ten years hence because of changing
issues. The missions.of the institutions also vary
producing differences in the libraries which serve those
educational missions. He pointed out that access through
inter-library loan is now much easier than ten years ago,
so libraries have no need to collect everything. However,
there must be a base; inter-library loan is not a

substitute for quality ‘local collections.

Massman said that by definition research materials are low
use materials and inter-library loan access is no

substitute for the scholar's access to books and journals.

Although the principle of supplying current interest
materials in a small public library may work, the
principle "...[applied to] academic libfaries [will]
severely limiﬁ the-possibility of real scholarship and

research. 62
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Massman concluded that:

"...circulation statistics are a useful management
tool, but their application still requires all the

knowledge, judgement and wisdom we can’muster‘."63

Trueswell (1979) in reply to Schad's criticism of Kent

indicated that there were three issues:
1. "The results of the research study,
2. "the effects of these results on library budgets,
3. "the appropriate size of library budgets."64

Trueswell stated that, even if there is criticism re

Kent's data collection, the numbers are secondary.

He noted that it is clear that the research, Kent's,

his, and others' reveals:

"(1) There is a fairly large number of books that are

never used, and

(2) most circulation use comes from a small portion of

the holdings (80/20 rule, etc.)". o

Trueswell felt the central issue revolved around the

objectives of a library and how one should react to them.
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If it is a research library, then it should have
everything; if it is for undergraduates, then they can be
served with fewer volumes. The problem is that most

libraries have a mission that is between the two extremes.

Another problem with the research is that it indicates
user behaviour after the event and does not indicate what
ought to be purchased. He argued that research libraries
have two types of use: one of instruction; the other

research.

Trueswell suggested that research to determine the
magnitude of each of these two kinds of use in a library,
perhaps by subject, might shed more 1ight on the financial
support needed for collection building of each type of

use. He states that:

"...infrequently used books must be made available to
all users through one medium or another...what medium

should be used is the question."66
Trueswell commented:

"What needs to be done is to use the results of these
studies in conjunction with current technology and
systems analyses, to meet most, if not all, of the

needs of library users." .
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Schad's criticism of Kent (1979) centred around the
conclusions of the study. First, he criticised the data
used. Schad suggested it was incomplete, e.g. 1969
acquisition figures were inaccurate and did not include
all acquisitions as losses were not included; the 1oans
manually charged were not included in the study, which was
as high as 5 per cent and, finally; the unaccounted

misreads in the automated system had also been excluded.

Schad criticised the assumption stated by the Kent group
that external use is an adequate measure of total use. He
indicated that Kent's study showed that a large number of
books not circulated were used internally. The converse
statement is made in the report. The study does not deal

with returns to the shelf by the user. Schad suggested

that accurate figures re in-house use cannot be obtained

unless this in-house use is studied in more detail.

Other criticism made by Schad was more subjective and

centred around the role of the research library.

He mentioned two types of use in academic libraries. One
is instruction, the other is research. He indicated that
the two cannot be measured together. Based on this
premise he considered the use of a single insfrument to

evaluate library use inappropriate.
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He defined instructional use as providing intensive use
dependent on a small body of material, often requiring
multiple copies. Research use is less intensive and relies
on a broader range of materials. The other characteristic
that Schad said had been ignored was significant changes
in research interests and the changing composition of
faculties, both of which will often result in significant

shifts in the use of titles.
Finally, Schad suggested that:

"...collections for research are built knowing that
many volumes may not be used heavily either immediately
or at any time...expenditures for research materials
must be considered as an investment in that funds are
spent in the hope of realizing a return in the future

and the knowledge to be obtained cannot be specified."68

Kent's rebuttal (1979) was directed at Schad. He
‘questioned Schad's interpretation of his conclusions which

Kent states are the results of the data analysis. The

conclusions Kent suggests relate to opportunities for
weeding and low cost storage of-material which is not high
use; resource sharing and tracking use over time as an aid

in collections' development.

Kent indicated that the missing data re 1969 acquisitions

arose because the study took a conservative approach and
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based the data on calendar, not fiscal, year acquisitions.
(The annual report figures quoted by Schad relate to the

fiscal year.)

He also pointed out that the manual charges were for
pre-1969 acquisitions and were not part of the study. In
terms of misreads the error was calculated at 2-3 per
cent, the use distribution of this percentage would not be
likely to differ significantly to the other 97-98 per
cent. He further added.that this percentage (97—98 per

cent) must be indicative of total use.

The in-house use criticisms levelled by Schad are also
rebutted by Kent. The reshelved book argument, Kent
claimed, is a matter of opinion. The extrapolation to
later years, according to Kent, is possible provided there

is continuous analysis.

The relationship of in-house use to circulation, Kent
suggested, was a limited statement indicating that
external circulation data can be utilised with a high
level Qf confidence to measure total book use in terms of

books used at least once.

McClellan (1978) introduced measures for stock control
purposes. The system he discussed was clerical, but
computer-adaptable. McClellan suggested that the model

was both theofetical and pragmatic.
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His purpose was to propose a methodology that could be
applied which would both give priorities and maintain
stock qualitatively and quantitatively at the best levels
the resources would permit. His methodology attempted to
ensure that less popular categories of stock achieve a
viable level of provision for smaller readership groups

without penalising the more popular levels.

McClellan does this by the maintenance of desirable stock
levels and introduces square root weighting. Within the
total bookstock "...[it] introduces a bias which takes
account of the need for the smaller interest groups to
have a larger'selection to choose from than their actual

size would warrant on a strictly proportional basis".69

In applying the square root method, McClellan goes further

and develops a formula for desired shelf stock, which is:

Ts S/(Ll)
R
where:
Ts = target shelf stock for an Interest Category
S = total‘circulatioﬁ shelf capacity of library
L1 = highest number of books on loan as shown by
the issue 'counts' of the previous year |
R = total all square roots (J-) for all Interest

categories (L1 to Ln)70
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In addition, McClellan considered in his analysis

depreciation rates (physical decay) and obsolescence and

developed a formula for an annual replacement target.
McClellan tried to achieve the following with his method:

"Essentially, it is concerned with sensing the
condition of the stock throughout all its categories to
ensure that they are maintained at a continuously
uniform level of effectiveness consistent with their

varying current and potential readerships."71

He further stated that the method must be used in
conjunction with the aims and objectives of the total

library system and, where possible, in its own situation.

"...to see itself (the library) as one segment of an
entire retrieval system for the whole field of
literature and aiming within the segment to offer the
highest levels of accessibility possible thereto for as

many readers as possible."72
Finally, McClellan stated that:

"...(the method) is designed not only to minimize the

occurrence of unsatisfied demand by setting up alarm
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signals about the condition of the stock, it is also
sensitive to any demand for the greater representation

of an 'interest' if not of specific titles."73

McLellan stated that it was not a method of book selection

but was concerned with the quantitative aspect of book

provision.

"It takes into account, the number of readers and the
distribution of their interest...the shelving capacity
of the library, the freshness of the stock, the V
accumulated actions of the book selector to date and

the costs of replacement of the stock."74

Although in some of the use studies examined in this
chapter use-obsolescence in time-related aspects of
collection use are discussed, there is a body of
literature that deals specifically with the obsolescence
of library materials. It was felt that this area relating

to collection use should be discussed separately.
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1.4 Obsolescence - Papers - Review

This section deals with papers that have contributed to

the theory of obsolescence.

The first significant paper on obsolescence of library

material was due to Maurice Line. - This introduced the

following measures:

"l. Apparent obsolescence factor.
2. Corrected half-life.

3. Corrected obsolescence factor.
4. Half life.

5. Item half 1life.

6. Median citation age."75

These measures were applied to use curves of serial

literature to ascertain obsolescence rates.

Apart from these measures, Line also suggested that a
direct relationship existed between the growth rate of the
literature and obsolescence rates, adding a further

dimension to the obsolescence theory.

Brookes (1970) pointed out that the concept of a
relationship'between the growth of literature and
obsolescence rates fequired techniques that were so

precise that they were probably unattainable.
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His concern was with Line's sampling techniques and his

measurement of the growth of literature.

Brookes also suggested that Line's measures had omitted
the inclusion of what he considered to be an important
factor. He called this the utility factor, i.e. the need
to specify the group of users, because of differing needs

of particular user groups in varying situations.

He further suggested that to obtain a rate of obsolescence
for a particular library it is not sufficient to 'correct'
Line's general measure (as suggested by Line). He states
that what is required is the sampling of the actual usage
of the literature within the library. If this is correct,
then it must be assumed that a general theory may have

limited applicability.

Brookes also draws attention to the importance of the type
of study undertaken. He suggested that synchronous
studies, as opposed to diachronous studies, would reveal

quite different results.

A further éxtension of the Line/Brookes theory has been
made by Buckland (1972). A small study undertaken by
Buckland, suggesteé a relationship between Bradford's Law
and obsolescence rates. If such a relationship exists, -
core collection material would become obsolete at a slower

rate than non-core collections. If this is so, then
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smaller collections would not seriously affect the quality
of service. Another aspect that arises out of this
concept is, if either the obsolescence rate or scattering
is known, can the other, which is not known, be
determined? If this is proven to be pdssible, then a

further dimension will be added to the obsolescence theory.

The measures introduced by Line and Brookes have been used
in a number of studies, usually in an attempt to look at a

specific problem the library was facing at the time.

Chen (1972) based her study on usage of journals and the
"half-1ife" concept with the intention of setting up a
core collection of physics journals which would satisfy 90

per cent of the users' needs.

Rao (1973 and 1974) undertook two studies, one in the
social sciences and the other in engineering. The aim was
to determine whether the obsolescence patterns were the
same in the two areas chosen. He used all the measures as

put forward by Line to determine these patterns.

Kohut's study (1974), apart from using the basic Line
measurements, extended his stuay further by incorporating
Line's concept of the growth of literature into his

methodology.
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A study on agronomy journals by Lawani introduced a new
concept which has yet to be proven. He suggested that, if
the subject area cﬁosen is extremely narrow, then the
Line/Brookes measures are not fine enough for accurate

measurement.
There are several important aspects of these studies:
1. All were undertaken for serial collections.

2. Results show heavy usage in the first two or three
years and slow decay after this point in the hard
sciences. The social sciences, on the other hand, have
a much slower decline. This indicates that the hard
sciences have a comparatively short "half-1l1ife"; the

social sciences a long "half-life".

3. All the studies reveal exponential decay and this has
been disputed only once. A study by Line and Carter
(1974) revealed linear decay. Further examination
shows that the Line/Carter study was diachronous.

This may well support Brooke's argument that
diachronous and synchronous 'studies have varying
results. As suggested by Line/Carter, the rapid
decline experienced in most studies may be a résult of
synchronous studies (i.e. not allowing for the
differen£ size of the literature available at the

time).
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A report by Rouse and Rouse (1979) looked at monograph
obsolescence through inter-library loan demand which

represents both satisfied and unsatisfied requests.

They suggested that it was necessary to look at demand in
relation to the annual growth rate of the literature or the
book stock. To deal with the data they collapsed the Dewey

classes to four major categories:

General
Science and Technology
Social Sciences

Arts and Humanities

They looked at actual demand as well as normalised demand.

Normalised demand is defined by the ratio obtained from:76

actual demand

number of tities available from American

Book Publishers
The analysis looked at two distributions:77

actual demand -v- publication date

normalized demand -v- publication date.

They found that correcting for the growth of the 1iterature

results in substantially longer half-lives, and that the
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exponential distribution is a reasonable representation of
both corrected and uncorrected data for each subject

category examined.

In 1978 Gosnell looked at subject area obsolescence as
opposed to individual or specific title obsolescence in

college libraries. He suggested:

"The rate of obsolescence to be a property peculiar to
each subject and not a variable dependent upon some

other continuous variable."78

He found that larger subjects had a lower rate of
obsolescence and hypothesised that lower rate subjects may
accumulate more titles. (Lower rate subjects include
history, english, philosophy.) He further hypothesised
small subjects may be small because the obsolescence rate
is high. e.g. chemistry and physics. Hé suggested it is
necessary to include the expansion of interest in a
subject, and different approaches to the subject, all of

which will affect the rate of obsolescence.

Hindle's (1979) study extended the Morse Markov model use
to British libraries. His study was undertaken at the
General Pool Stock, Wakefield. Thié collection is used as
a resource for inter-library loan by eleven public

libraries and five university libraries. It is a



-54-

non-growth collection and at the time of the study no

material had been added since 1974.
In his studies Hindle found that:

"...Morse's Markov model provided a close approximation
to the pattern of use of a closed access collection
serving inter-library loan requests only."

79

and that:

"Sufficient data were available on old date due labels
to study the pattern of use prior to being consigned to
the General Pool Stock."80

The aim of the study was to obtain:

"...prediction of the probable future level of use on the
Pool given that it was an obsolescent collection with no
titles being"added."81

and:

"...prediction of the additional usage that could be
expected if the collection was dispersed to open

access collections."82
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Hindle found that the collection was at sucﬁ a low level

of average use that usage was close to the asymptotic level.
He concluded that in the foreseeable future the overall
level of demand would remain stable and that distribution
to open-access collections would provide only a minimal

increase in use.

Brown's (1980) principal aim was to show that
"...obsolescence, or decrease in incidence of citation, 1is
scientifically measureable, and can be defined by the same
mathematical relation which describes radioactive decay,

namely the Poisson distribution."83

Brown sampled eleven major chemical journals and plotted
the average number of citétions per article for the total
over several years and obtained a graph which peaked at
citations two years after publication of an article. She
found the best fit to the average citation per article,
according to a chi-squared test, was 2.9 years, énd foﬁnd
that the half-life, allowing for the growth of the

literature, was 9.3 years. She also indicated that:

"The tails of any such distribution show relatively
large statistical fluctations...[and]...account for the
variety of values of the half-life calculated on the

basis of the negative exponential model".84
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She concluded that the Poisson distribution should give an
accurate method of calculation of half-life.

Generally, what has evolved is a theory containing a number
of basic measures which can be applied to individual
situations that may or may not, depending on individual
library needs, take into account particular user groups,
the type of literature being examined and the amount of

literature available.
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1.5 Major Literature Table

The following table provides an alphabetical listing of
the literature considered to have had a significant part

in the development of the theory concerning collection use.

It provides a schematic view of the purpose of the

research, the topic of the research and the researcher.



Researcher Data Collection Type of Purpose Criterion
Manual = Computer Library Theory Weeding Acquisitions
Brookes 1970 ~ N/A N/A Serial Utility
Brown 1980 * Academic Serial Poisson Distribution
Buckland 1970 *? Academic * Core Stocking Usage
Buckland 1972 N/A N/A Serial Scattering Obsolescence
Buckland 1975 *? Academic * Stock Control Variable loans, duplication policy
Chen 1972 * Acadenmic * Markov Model Analysis
Fussler/Simon 1969 *? Research Secondary Use in Predetermined Periods
Storage
Gosnell,l943 *? Academic Mongraphs| Monographs Obsolescence ‘
Hindle 1977 * Public Secondary Material in Store Used for
Storage Inter-library Loan
Jain 1966 *? Academic Secondary Relative Usage
Storage
“Kent 1975 * Research * * * Past Use Analysis
Kohut 1974 * Academic Serial Citation Analysis - Obsolescence
Lawani 1975 * N/A Serial Serial Citation Analysis
| Line 1970 N/A N/A Serial Growth of Literature - Half
, Life Concept
Lister 1967 * Academic Secondary * Usage
Storage
McClellan 1978 * Public * Square Root Weighting
McGrath 1971 *? Academic Policy * Usage

Develop.




Data Collection

*?

 Indicates that there is some doubt in the method of data collection

Researcher Type of Purpose Criterion
Manual  Computer Library ‘Theory Weeding Acquisitions

McGrath 1978 *? Academic * Subject Usage

Morse 1968 * Academic * Previous Year

Rao 1973/1974 *? N/A Serial Obsolescence

Rouse 1979 * Public ILL/Monographs | Half Life/Growth Literature

Sandison 1971 * National Serial Use per Item. Types of Users,
Types of Literature, Types of
Search

Slote 1969 through *? Public * Past/Current Usage, Age

to 1980

Trueswell 1965 * Academic * Past Use

Trueswell 1966 * Academic * Last Circulation Date

Trueswell 1968 * Research * Items Circulated/User
Identification

Trueswell 1968 * Academic Core Weeding Last Circulation Date

Trueswell 1969 * Academic Core Definition| Last Circulation Date

Urquhart/Urquhart *? Academic Secondary -Circulation

1976 Storage
. ’ [
- N/A = Not Applicable

—AGC-—
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2.1 Introduction

This chapter deals with the data sources that were
available for the thesis. Data was gathered from the
University of New South Wales library's external
circulation records, an in-house survey and a limited

reserve room collection survey.

This chapter discusses the choice of ranges of the Dewey
disciplines, indicates the manner in which circuiation
data was collected, the period of data collection, and
some of the problems encountered in using full population

files.

Further, there is discussion of the need for an in-house
survey and the relevance of such a survey to this thesis.
In-house survey data collection methods are discusséd and
the problems of the movement of books befween
sub-libraries are explained in flow chart form. To
provide a simple basis for comparison (and to eliminate
the criticism of not having included reserve material) a
short reserve collection study waS'undertaken.’ The
methodology and data collection methods are addfessed in

this chapter.
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2.2 Population

2.2.1 Sections of the Dewey Classification to be

surveyed.

The intention was to find disciplines that would be
representative of one 'soft' science and one 'hard'
science. It was seen as desirable to be able to provide a
basis for comparison with research undertaken over the
past few years into varying use patterns between subject
areas, éspecially the work undertaken by McGrathl who
developed the concept of the 'hard' and 'soft' sciences

variations.
The requirements were:

i. The size of the enrolment in the faculties likely to
be using the sections of the collection to be
surveyed should be sufficiently high to provide an

adequate sample.

ii. That the two "sciences" chosen would be in areas that-

were expected to show significant contrast in use.

iii. That the faculties using the chosen parts of the
collection provided a core of subjects with high

enrolment. Despite specialisation within the faculty.
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The options available included:

a. The arts/humanities area.

b. The economics/management area.
c. The pure sciences area.

d. The engineering area.

e. The medical area.

f. The law area.

Of these, two that met the requirements listed were the

economics /management and the engineering areas.

The arts/humanities and the pure sciences were considered
to be too diversified and would pose problems providing a

core.

Though the enrolments in arts/pure science subjects were
high, the subjects taken were largely of a service nature.
This contrasted with the economics/manaéement/engineering.
areas where therstﬁdeht programs tended to be fixed in the
early years, providing concentrated use and, it was

assumed, a substantial core that could be analeed.

The médical and law areas were too specialised and faculty
enrolments too low to provide an acceétable sample. A
further probleﬁ with these areas was the lack of
machine-readable data._'(Thé circulation systems of the

medical and law. sub-libraries were manual.)
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It was decided that the Dewey sections to be considered in

the final analysis wére:
330—339. General Economics
657-658 Management
These were to represent the"softf sciences.
The 'hard' sciences section wgs:
620-629 Engineering

The chosen areas provided sufficient data for analysis
and, in retrospect, if the exercise was to be redone the

same areas would be selected.

In addition to the selection of Dewey éectiohs, a class
breakdown was also necessary. Initially, a manuai review
of the 19th edition Dewey tables was undertaken. Selection
was based on the librarian's perspective of what would be
considered relevant areas for review, based on collection
development and use knowledge gained over several years of

work with the undergraduate collection.
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The type Qf choices made included the following classes:
330.1 Systems‘and.theofy
331.1 Labour force and market
331L8 La?our unions
332.1 Banks‘and banking
332.6 Investment and investments

This librarian's approach to the selection of Dewey
classes was adequate. However, it did not provide a clear
view of the use patterns of classes within the sections.
The researcher recognised that it was iikely that these |
were extremely specialised classes in the sections with
low, research-type, use characterisfics. It was also
apparent that there were likely to be claéses with many

titles and high use that may warrant separate analysis.

To provide a more detailed view of uée, computer analysis
of the transaction tapes, which gave tables of title/class
breakdown and transactions associated with them, was

undertaken.
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Some of the high moving classes that were candidates for

analysis were:

331.8 606 Titles 3460 Transactions (1979/80)
338 953 5671
338.9 792 4226
658.4 728 3421

Classes that seemed unlikely to provide meaningful results

(few titles/low transactions) were:

334-334.9 34 Titles 79 Transactions (1979/80)
337-337.9 47 231

339.5-339.9 35 147

626-6216.9 1 0

This computer analysis provided support for the
librarian's manual approach and assisted in the

development of a more viable class analysis.
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2.2.2 Areas of the Collection to be Used.

The intention was to determine which areas of the
collection would need to be examined to provide a complete

analysis of use statistics.

The University of New South Wales library houses several
sub-libraries within the one library building. The
purpose of dividing the collection was to provide relevant

and more accessible material to specific user groups.

There are two major special collections that are easily

accessible in the same building. These are:
i. Physical Sciences, covering two floors, and
ii. Social Sciences, also covering two floors.

Both collections contain some undergraduate material for
final year students in addition to research material.
Loans for all the sub-libraries are issued at a central
circulation desk located on the ground floor. Borrowers
are able to move freely between all floors and
collectiong, and direct'access is available to them. No
restrictibn is placed oh borrowing monographs from any of
the collections, i.e. Undergraduate, Physical and Social

Science libraries.
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Material in the three collections is distinguished by call

number prefix:
No prefix is used for undergraduate material,

'S' is the first letter of the prefix for social

science items,

'P' is the first letter of the prefix for physical

science items,

and within the prefix there is also a size factor

incorporated with the use of:
'Q' for quarto
'F' for folio.

Location and size of materials is easily identified through

this prefix system.

The two other special collections in the University of New

South Wales system are:
the Law collection, and

the Biomedical collection.
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Although in close proximity, neither collection was as
easily accessible as the Undergraduate, Social Science or
Physical Science libraries. This material has the

prefixes,
‘L' for law
'MB' for biomedical.

All monograph material (both undergraduate and research)
can be considered as interfiled in each of these
collections. There were a few exceptions arising from the
use of a separate numbering system for quarto material
which was in operation for a few years. In a few cases
the same call number was used more than once during that
period. The errors arising from discounting this were
considered to be acceptable and consistent with certain
other errors involved in the data processing. This

simplification'greatly assisted the processing.

All material is available for loan (except for 'reserve'
items and works held in reference collections) and the
prefixes are recorded as part of the call number field in
the loan record. This unique prefixing enables external
circulation comparisons to be made for use of thevsame
work from the different sub-libraries and duplicate copies
of undergraduate material in the special libraries can be

easily recognised.
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2.2.3 Material formats surveyed

Consistent with research undertaken by Kent2 and others,
the aim of this study was to examine the use by

undergraduates of monographs.

Monographé were considered to be iﬁportant in their own
right and a comprehensive study was seen as essential.
The questions of 'core' and the relationship between user
groups and 'core' in monograph collections was the primary
concern of this thesis, with the ultimate intention of
providing data for improved collections for teaching; and

more cost-effective use of acquisition funds.

A monograph study in the University of New South Wales
library provided a large exercise. The addition of other
formats, e.g. serials and audio-visual material, would

have made the research unworkable because of the size.

The serial collection requires separate study. ©Not all
serials are available for loan, consequently the
methodélogy used to examine monographs might not be
applicable. Further, the way in which this part of the
collection is used cénnot be expected to bé necessarily

similar to that of monographs.
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2.3 External Circulation

2.3.1 Data Collection

At the time of circulation automation, all copies of
monograph material in the undergraduate collection had a
machine-readable 80 column card inserted. All subsequent

material had cards inserted at the cataloguing stage.

With the transfer of material to the special libraries in
1975, machine-readable cards were inserted with the

library's prefix incorporated into the call number.
Upon completion of the loan transaction, the data is
transferred to a statistics file held on magnetic tape.

The statistics record includes the following data:

* Call number (prefix plus Dewey classification number)

together with book, cutter and copy numbe?s.
* The date the item was borrowed.
*  The date the item was returned.
* Borrower identification -- a unique number indicating

year of enrolment for undergraduates with special

indicators for postgraduate and academic staff.
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1

Schad, in his criticism of Kent, discussed the problems of
errors in loan records. To establish whether this was to
be a‘problem with this research, an analysis of the error
reports associated with the circulation system was
undertaken. It was found that it was highly unlikely that
there was any significant error in the records maintained
for loan transactions, apart from the occasional misread
oi either book or borrower identification. From all

indications, the error rate was very low.

Note that what goes on the statistics file is the record
of the completed transaction. If there was an error made
at the time of borrowing in, say, the call number, then it
will not be possible to cancel that loan unless the
original data is corrected. The date information is not
encoded on a per item basis but is set up by the computer.
The IPL incorporates checks that should make the dates
very reliable. The only field that may contain errors is
the borrower identification number. The borrower card is
made of strong material so errors there are not likely.

If they do occur then the only digits of significance to
this research are the first two digits of the
identification number. In short, one may expect that the

data as it went onto the tape had a very low error level.
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In the initial analysis of the data, items that were on loan

to:

*  Open reserve (reading room material in high use,
usually text and reference material for undergraduate
students),

* binding section, for repairs and rebinding,

* other libraries (outside the University system),
were removed from the data.

The removal of the data was possible since in all cases
the material on loaﬁ to the three sections indicated had a
special borrower identification number. Elimination of
these transactions (as part of the‘data) removed any

distortion they may have caused.

Material in Open Reserve is assumed to have high
(internal) use. The material does not figure in
(external) éirculation analysis since it is not borrowed
in the sense in which that term 'is used in circulation
studies. The only way in which the reserve copy appears
is on réturn from reserve to the open stacks; the "loan"

is then over and the historical record is written.
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It is difficult to resolve how best to incorporate
internal reserve "loans" and external loans into the
analysis. Each represents a different use and it may not
be possible to add the figures directly without producing
misleading results. The reasons for the analysis may well
be different in the two cases so only one of the two
figures may be relevant. For example, a decision has to
be»made whether reserve items should be returned to the
open stacks. Here QQEE internal and external use are
relevant though they are not directly added. An absence of
reserve use (internal circulation) coupled with some
external borrowing conveys a picture where both numbers
afe relevant. Such use may imply that copies afe not used
in reserve.because adequate numbers are available in open
access. If only the reserve (internal) use was examined
it would be assumed that the item was not a high mover.
Effectively, there is a range of problems where one really

needs a multi-dimensional description of use.

This thesis did not 1look at such issues, though the author
had been involved with them. The paper written on the

Macquarie weeding experiment discusses them more fully.

2.3.2 Period of data collection

To establish use pétterns, the completed transaction
records were analysed for the following periods:

1971, 1972, 1973, 1976, 1978-80.
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Problems experienced with the data files are discussed in

detail in Chapter 3.2.1.

However, since the data analysed represented the total
extefnal circulation of monographs3 from the collection,
it was considered that the results obtained would reflect
use in the three years omitted. (There were, however,
-coneiderable difficulties in the longitudinal analysis due

to absence of this data.)

2.3.3 Data analysis

The analysis of data required flexibility and had to be
handled on a trial and error basis. Analysis options and

aspects of computer processing are dealt with in detail in

Chapterv3 et seq.
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2.4 In-house Survey

In examining the extefnal circulation data to determine
criteria for weeding and the relegation of material and
when looking at the 'core' that may be applicable in
undergraduate collections, it was apparent that in-house
use may need to be considered.

Kent, remarks that this group is mutually exclusive of

4
external circulation since material used in-house is not
available at that time for (external) borrowing. (In the
University of New South Wales delays in reshelving, as

discussed later in this chapter, would need to be

considered when assessing multiple use of items.)

The importance of an in-house survey is that it provides
some insight into the total use patterns. It gives a
feeling for what may be excluded if external circulation

was all that was surveyed.

In this thesis, in-house use has been_examined from a
particular perspective, Here we provide the rudimentary
development of a cluster theory-analysis. This may be
continued at a later‘date to look more closely into the
specific behaviour patterns'of in-house use. The results

of this analysis are contained in Chapter 4.6.
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This section looks at the data collection aspects of the
in-house survey. In particular we examine the decisions
made at the time on the length of survey and the areas of
classification which were surveyed. Here are outlined
many of the problems experienced and the implications on
the interpretation of the results that arose from the

procedures.

The criticism levelled at the Kent Study by Borkowski5 of’
the validity of a small in-house sample was not overcome
in this study. (Borkowski's criticism was that a 30-day
in-house sample and its extrapolation as the basis for a

seven-year study was flawed.)

Some of the literature on in-house surveys expressed
concern that senior faculty and librarians reshelvé
material after use, as part of the consultative and.
browsing aspects of research. Fﬁrther, these users are
likely to look at obscure material‘that does not appear on
circulation records. Such behaviour, it was felt, would

distort both in-house and external use patterns.

This study was analysing use of material located for use
by undergraduates and it seemed unlikely that such use

wouid distort the results of the in-house analysis.
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2.4.1 Period of data collection

The intention was to monitor activity during a normal
teaching period. This would mean that there could be
contributions to in-house use due to several user
categories, including undergraduates, academics and

postgraduates.

The period selected was the three weeks from September 30,
to October 21, 1978. This was chosen after examining the
previous two years' circulation statistics. It was
considered that this period would reflect use of material
with fewer distortions (e.g. examinations, low or heavy
assignment loads, semester breaks, etc.) than other

periods.

The options, available for the sampling interval, were:
i. Monitor the full semester,
ii. within the teaching period
a. at the start of semester
b. at the end of semester
c. near the mid-semester break
d. within the semester and away from the break,
‘beginning and end of the semester,
iii. before and after thehteachiné weeks,’

iv. over a period that included the mid-semester break.

The option chosen was (ii) (d).
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Option (i) was not workable because of the volume of data
that would be generated. Options (iii) and (iv) were
rejected on the basis of not being able to monitor a
teaching démand (Option (iv) may be regarded as "teaching"”

but there may be atypical influences of assignments, etc.)

There was concern with Option (ii) (c) due to the effects

of the break and it, too, was rejected.

It is the experience of reference and circulation
librarians that the pattern of use alters towards the end
of the session. The presence of examinations leads to a
wider use in terms of the topics considered and yet a more
concentrated use of particular material than normal. This

was the reason that Option (ii) (b) was not chosen.

At the start of semester, use is normally low since
assignments ére seldom due in the first few weeks of
semester. The use of Option (ii) (a) would have produced a
distorted sample in that there was unlikely to be an

assignment component and it was also eliminated.

It may be be argued that this line could be used to
suggest that no part of the semester was "normal". This
is a reasonable proposition. A simple view of "normal"
may be non-sustainable. Rather, use may have a pattern
over time and it may be only realistic to look at one

feature of that pattern. This may be a topic for
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subsequent study and attention here will be directed to a

simplistically defined "normal".

A requirement in the sampling was for a sample size of at

least 2000. This figure was chosen as it was sufficiently
large, both to be representative of the population and to

permit estimates that were valid in the development of the
cluster analysié. The sample was to include all eligible

material, i.e. all material in the DeWey classes chosen

for study, during the survey period.

A pilot survey was carried out over three days prior to
the main survey. It yielded 100 monographs per day from

the chosen Dewey classes.

Based on the pilot study, in order to obtain the 2000
items for the sample, the study was run over three weeks.
The time period chosen for the sample is considefed

‘to have achieved what was required.

Additional information that may have proved relevant in

determining the most suitable interval for sampling, was
knowledge of the "due dates" of assignmenté'fromrlarge .
enrolment subjects that may have been uéing thé areaé of

the collection being surveyed.

This survey, of course, is unable to indicate whether any

section of the collection sampled was experiencing unusual
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use resulting from assignments or to make assessments of

use patterns before and after the survey period.

The unique prefixing, as discussed in 2.2.2, enabled the

tagging of material in two ways:

Firstly, by use of 'home' floors, i.e. material being
used on the floors on which it was shelved,

and,
‘secondly,Aby use Qf material away from its 'home'
floors, i.e. material from a specific collection that
had moved to areas other than those on which it was

shelved.

This helped to determine whether there was movement across
collections. Relevant questions were whether students
sought high demand material in other parts of the building
if -unavailable on the 'home' floor, and aléo whether
material used in-house travelled across collections. 1In
the latter case it may have been used on a floor away from
its 'home' locations by students looking for quiet spots

to study.
The options available for the in-house study included:
(i) All research collections only,

(ii) one research collection and undergraduate

collection,
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(iii) two research collections and undergraduate in the
same building,

(iv) undergraduate only,

(v) undergraduate, research collections in the
building, and Law and Biomedical collections,

(vi) Law and Biomedical collections and undergraduate.

(i) would not be consistent with the aim of the research,
which was primarily to look at undergraduate material of

interest to undergraduates.

(ii) was eliminated. The physical layout of the University
of New South Wales library system provides easy movement
through two research collections, coupled with the fact that
the choice of one research collection (either Social |
Sciences or Physical Sciences) would not give an adequate
picture of the areas chosen since a choice of one would
eliminate either the 'hard' sciences area or the 'soft'

sciences area.

(iv) would miss final year undergraduate courses whose
material was housed in the research collections, and would

make the survey incomplete. This option was also rejected.

(v) and (vi) include the two special collections that were

not as easily accessible.
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It was assumed that there would be only casual use in
these libraries of the parts of the collection under

review.

Although both the Law and Biomedical libraries have a core
of material that covers all the classes of interest to
this thesis, they only provide basic support material

related to the specialist libraries.

Although the undergraduate, social sciences and physical
sciences collections are physically separated, iﬁ was
considered that there was likely to be interchangeable use
between them. That is, if a work is he;d in more than one
sub-collection, then the user who does not find what he is
looking for in one élace will look elsewhere. For this to
occur, it is necessary that the catalogue entry indicates
the holdings of the various sub-libraries. This is so at

the University of New South Wales.

Option (iii) was considered the most valid and was

consequently chosen.

As discussed in Section 2.4.1, monographs were the

material format analysed in this work.
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The in-house Study was to be supportive of the external
use study. An in-house survey that included serials would
.have introduced a host of new issues that could not easily
be explored. (For example, in the preparation of
assignments, Jjournal articles may have a place in
Economics that they do not occupy in the handling of

tutorials or the review of lecture material.)

2.4.2 Data Collection

A number of issues were critical in determining both the
best method and the period for data collection. Opening
hours, staffing levels and varying shelving procedures in
the sub-libraries were important. The movement of
monographs across floors required the researcher to make
additional adjustments to the data collection. These

issues are discussed in detail in this section.

LIBRARY HOURS

Over the survey period, the library was open in the hours:
Monday-Thursday 8.30 am to 10 pm

Friday 8.30 am to 6 pm

Weekends ' 12 noon to 6 pm
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STAFF

The staff organisation of the Readers Services' Division

in 1978 is shown on the organisation chart (Figure 2.1). .

Attendants collect and discharge returned material for the
undergraduate collection. These staff are also
responsible for the collection and shelving of material

used within the library.

The attendants perform these functions on a roster basis
in order to fulfil the other requirements of their jobs,

e.g. security duties, maintenance of equipment, etc.

The Social Sciences library also uses its attendants to
collect books used within that library, to sort books
(both those used within the library‘and those returned
from loan whose location is the Social Sciences and

Humanities library), and to shelve this material.

In both the Undergraduate and Social Sciences and
Humanities library at the time of the survey, the
full-time attendant staff was supplemented by part-time
student assistants who helped in the tasks of discharging,

collection, sorting and shelving.

The Physical Sciences library employed twolattendants

daily, one on each level of the library, for the



UNIVERSITY LIBRARIAN

I T

1
Relief Unit

Technical Services Reader Services Administration
. Division Division Unit
Deputy and Readers
Services Librarian
| I | | | | | I
Audio-Visual Reader Education Biomedical Law Library Physical Sciences Social Sciences Undergraduate Joint Services
Consul tancy Consul tancy Library Library Library Library Unit
Senior Librarian Senior Librarian
Librarian Librarian U/G Librarian Librarian
Library Assistant Library Assistant
General Library General Library
Assistants (3) Assistants (4)
Senior Attendant
Attendants (3) Attendants (4) Attendants (8) Attendants (9)
Open Reserve Circulation Dept
r i - Librarian Librarian
Camputing Water Library Assistany|Liprary Assistant
Services Reference - . ~
Library Library General Library |[|General Library

Figure 2.1 Organisational Chart of the University of New South Wales Library as at January 1978

Note that it is not representative of all Library staff, but it does show staff

Assistant (1)

Readers
Assistance Unit

Senior Librarian

Librarians

Assistants (9)

._'[6_



-92-

collection, sorting and shelving of material. There was

no student support.

Returned material from the Undergraduate library or the
Social Sciences and Humanities library was sorted into
classification order in the basement and returned to its
appropriate location. Unsorted material was sent back to

the Physical Sciences library.

(1) Undergraduate Library

Material received from the basement was shelved

immediately.

Material that had been used within the library was
collected and placed in the sorting room where it was
sorted into classification order and placed on trolleys

for shelving.

To determine what material was being used in-house, it was
necessary to distinguish between monographs which had been
on loan and those that had appeared in the sorting room as

part of the general in-house use.

For the survey, in-house trolleys were marked by the
attendants, indicating that the material was in-house use
only,-and also the date that the material was placed on

the trolley.
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Eligible survey material was taken from:

(i) trolleys of sorted monographs which had been
marked by the library attendants as having been
collected in-house,
and,

(ii) unsorted monographs still located in the sorting

room.

To avoid including monographs that had been on loan and
which may have been missed in the initial checks, én added
check was done. The last cancellation stamp on the date
due slip for all monographs was checked. TIf the cancelled
stamp was either the same day or the previous day's (the
sample day), it was assumed that the book had been on loan
and it was not included in the sample. (It was necessary
to include the previous day because of time delays
involved in getting books from the discharge point in the

basement to the relevant floor for reshelving.)

To avoid duplication of the sample at a later date,
trolleys were marked with yellow spots showing the date
and the floor on which they had been previously checked.
Material is housed over several floors in the
Undergfaduate library and it was not uncommon for the
checked trolleys to appear on another floor at a iater

date.
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The material that was to be included from these levels was
all monographs with no prefix, i.e. undergraduate material

in the Dewey classes

330-339, 620-629, and 657-658
. Any prefixed material from either the Social Sciences and
Humanities library'or the Physical Sciences library
collected on these floors was recorded as a use on the

floor on which it was found.

This was necessary to determine whether there were

significant use patterns across libraries.

Movement of Undergraduate Library Material (loan and

in-house)

The following flow chart (Figure 2.2) indicates the

movement of material in the Undergraduate library.

Monographs could be picked up on Levels 3-7. Consequently,
material needed to be sorted and sent to the appropriate

home level.

The shelving procedures may have led to sample monographs

being counted three times:
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- a. in the sorting room,

b. waiting outside the sorting room to be sent to the
home 1level,

c. On the home level awaiting shelving.

This problem was overcome by using the methodology

discussed earlier.

(ii) Social Sciences and Humanities Library

Material in the Social Sciences and Humanities library
was also surveyed and it was necessary to distinguish

material that had been on loan from that used in-house.

Material that was returned from loan was interfiled in the
sorting room with material that had been collected
in-house, thus making it difficult to easily distinguish

material eligible for the sample.

To determine which monographs had been used in-house,
every monograph in the sorting room and any sorted

trolleys waiting for reshelving had to be checked.

This was done by checking the cancellation stamp on each
date due slip and applying the same criteria as were used
in the Undergraduate library to determine whether a

monograph would be included in the sample.



-97-

At the time of the survey there was a backlog of shelving

which caused some duplication of the sample.

Movement of Social Sciences and Humanities Library Material

(loan and in-house)

The following flow chart (Figure 2.3) indicates the
movement of material in the Social Sciences and Humanities

library.

As in the Undergraduate library shelving procedures may

have led to sample monographs being counted three times,

(i) in the sorting room,

(i) waiting outside on trolleys,

(iii) on the home level awaiting shelving.

This duplication occurred despite the marking with yellow

spots, giving the date and floor. Material included:.

All social science, physical science and
undergraduate material found in the Dewey classes

-being reviewed.
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Figure 2.3.

Material is collected on Levels 4 and 5 and sent to appropriate home floor.
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(iii) Physical Sciences Library

Returned loan material sent up from the basement is kept

separate from the material picked up from in-house use.

There is no sorting room facility in this library, making
it necessary to have designated deposit points for

returned material on Floors 6 and 7.

On Floor 7 the cancellation stamp was checked and the
determination of whether the item had been used in-house
was made by applying the same criteria as those used in

the other two libraries.

The sample collected was small as Very"little_material
gathered at the deposit point on this floor and clearing

and reshelving were done daily.

Floor 6 posed some problems. Material at the deposit

pbint on this floor was normally shelved by 10 am.

To simplify the survey task for the attendant all material
used in-house was recorded. At a later date, serials and
monographs not belonging to the sample Dewey classes were

eliminated.

Material belonging,to'the Physical Sciences library, but

found on other floors, was added to the sample on those
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floors. This was necessary because shelving on Levels 6

and 7 was done promptly each day.

Movement of Physical Sciences Material

The following flow chart (Figure 2.4) indicates the

movement of material in the Physical Sciences library.

2.4.3 Data Design

To assist in the development of the cluster analysis, it

was necessary to include:

1. full call number, including copy number and prefix
(prefix»indicates special library location),

2. day of year surveyed,

3. floor on which the material was found,

4. Julian day and month surveyed.

This data was collected manually and each transaction was

recorded separately on an 80 column cafd.

2.4.4 Card Format

For processing purposes, the transactions were recorded on

80 column cards in thé~following format:
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Column 1-34 expanded call number

Column 73-75 day of year surveyed

Column 76 floor on which monograph found
Column 77 and 78 Julian day surveyed

Column 79 and 80 Julian month in which surveyed.

The sample was to be collected daily over the three week

period, including weekends.

All eligible material used daily in-house was included.
Early Friday night closing necessitated coilection of the
sample at opening time on Saturday. This was deemed
equivalent since no material would have been collected or
shelved between closing time Friday and opening time

Saturday.

Sunday surveys were not undertaken until late afternoon to
allow material from Saturday to be collected and sorted.
This was necessary as there were fewer staff to do these

tasks on the weekends.

Flows of material through the special libraries differed

and different sampling techniques were required.

Floor 6 material was recorded in the morning rather than
the afternoon since the flow of material would have made

this sample invaiid. (See Figure 2.4.)
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2.4.5 Sample Data

The material flow, discussed earlier, created some
problems. The Undergraduate library and the Social
Sciences ana Humahities‘iibrary during the pilot study and
the sample period, were experiencing some delays in the

reshelving of material.

The undergraduate material, however, was separated into
loans and infhouse use. Dating the in-house use trolleys
avoided the inclusion of the same matefial twice as it
moved from the receiving'floor (Level 4) to the location

floor (Levels 5, 4, or 3).

The problem of overflow reshelving‘in the Undergraduate
library occurred daily but was more pronounced on
weekends. Early (6 pm) Friday night closing meant that a
proportion of the weekly shelving was not compieted and

flowed into the weekends.

The Socia1<Sciences and Humanities library Was a more
serious problem. The material was not divided into two
categories'and was required all to‘passkthrough the
sorting room (Level 5) for resorting..‘This created

reshelving delays of up to four days.

All material for reshelving was located outside the Level

5 sorting room until the reshelvers collected trolleys for
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shelving on the location floor (Levels 4 and 5).

The Social Sciences reshelving problem was not limited to
particular days and for the whole sample period it
occurred cbntinually. Distortion through duplication in
the saﬁple of this collection was unavoidable unless‘

certain adjustments were made.

The speed of reshelving in the Physical Sciences library
eliminated the problems experienced in the other two

libraries.

The pilot survey revealed that duplication would occur for
other reasons apart from the major reshelving problem

discussed above.
These included:

1. The movement of sorted material to its location
floor on the same day would, on first assessment,

be considered two uses.

2. There was evidence that some material was being
found on consécutive days on the same floor.
Genuine two-use material would have to be

separated from reshelving delays.
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3. Material on a non-location floor on Day 1 and on
its location floor on Day 2 could also have been
perceived as two uses. Some decision would be

necessary, based on the flow of materials.

The following adjustments were to be made to the data from
the in-house survey to eliminate any duplication that‘may

have occurred from the factors in 1-3 above.

a. Material found on a non-location floor and on
its location floor on the same day was assumed
to be in the process of normal reshelving. In

this case, location floor data would be eliminated.

b. The need to determine genuine consecutive day use
of certain material could only be achieved 5y
eliminating material not in that category. ‘It was
felt that the introduction of a yellow spot on
‘each trolley (with a date indicating that that
material had alréady‘been included in the sample)
would overcome the double counting of material

subject to reshelving delays.

c. Matérial moving from a non-location floor to its
location flobr on consecutive days was to be
considered ‘as part of the‘normal reshelving process.
Location floor data was to be eiiminated and the

material was to be recorded as having one use.
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d. The special problems in the Social Sciences and
Humanities library required additional adjustments
If materials appeared on both the sorting floor
(Level 5) and the location floor up to or
including two days later, the location floor use

was not included.

Material appearing more than once, up to or
including four days later on the sorting floor,
was considered as one use only. This type of

delay was assumed to be a reshelving problem.

The flow of material not only created the duplication

problems listed above but a number of other combinations
of movement regquired decisions to be made regarding the
number of times material was to be considered as having

been used.

e. Material foﬁnd on a non-location floor, on a
second non-location floor, and on its location
floor, all on Day 2, on first appearance,

indicated three uses.

Use of this fype was seen to have been used only

_ twice. The movement from a non-location floor on
Day 2 to the location floor in Day 2 was seen to
be part of the reshelving process and not as

another use.
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f. Material found on its location floor on Day 1
and on a non-location floor on Day 2, indicating
movement away from its location floor, showed more

than one use.

Use of this type indicated movement away from the
location floor. This was perceived as being extra
use and was, therefore, to be recorded as having

been used twice.
The different shelving procedures on Level 6 (Physical
Sciences library) created further combinations of material
movement requiring some decisions to be made regarding use.

These procedures included:

g. Floor 6 Non Location Location Floor 6

Day X |——p | Day x + 1 [ —— Day x + 3

and

h. Floor 6 Non Location

Day x ) Day x
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Use of the type discussed in (gf was seen to be
three uses and (h) was to be treated as having

been used twice.

To avoid excessive handling, the adjustments were to be

made after all the data was collected.

This was done by sorting the data<in such a way that

combinations would be easily observed.
The sorts were:

1. Call number as the primary sort and date as the
secondary sort. The call number prefix was included

in this sort.

2. Call number as the primary sort and date as the
secondary sort. However, in this case the call number
prefiX'was excluded, permitting consecutive day

duplication to be easily determined.
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2.5 Reserve Room Survey

Material placed in reserve 'is expected to be high-use text
and reference material. Since thié thesis is primarily
concerned with the concept of 'core' with the view to
addressing such issues as multiple copy purchaée; stock
relegation, seéondary storage and weeding, any analysis
that did not include at least a brief overview of this
high-use area would be incomplete. It is by no means an
exhaustive study but a three-week sample was seen as
providing a reasonable basis for comparison. The results

of this reserve sufvey are given in Chapter 4.7.

Material placed in this collection is captured by the
circulation system,. providing a machine-readable record of
‘material on loan to the reserve collection. At the time
.0f the study, use within phe-reserve collection was a

manual process.

Items in reserve were charged out for a four hour period,
renewals were possible provided other stuaents had not
reserved the matérial, and use was liﬁited to wifhin the
library, although some material could be borrowed after
9.45 pm for errnith use. Material in reserve included
monoéraphs, reprints of journal articles and perSénal
copies of books and journals bélonging to lecturers
(usually out-of-print material, or material not available

in the library).
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The reserve room operated on an open stack basis for
monographs. Students obtained the monograph they required
from the shelf, took the item to the desk where it was
date stamped in the book, and were given a time card
(punched on a Bundy machine) that showed when it should be
returned. No other record of the loan was maintained.
This made it difficult for the research study to collect

data at the time of the 1loan.

The Kent Study6 looked at loans to the reserve room
collection but did not capture data for loans within
reserve. Since this area is considered high-use, it was
thought essential to provide at least a limited comparison

of reserve use and external circulation.

As indicated in 2.4 the In-house Survey, the period chosen
was one which would indicate normal teaching activity and,
to make a valid comparison, the reserve survey was

conducted during the three weeks selected for the in-house

survey, September 30 to October 21, 1978.

Material borrowed from 'Open Reserve' was date-stamped
every time the book was lent, making it possible to
collect loan statistics retrospectively. Data could

therefore be collected without time constraints.
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2.5.1 Data Collection

Data collection was in the reserve book area of the

library.

All monographs in the chosen disciplines were checked for
date-due stamps from the period September 30 to October
21, 1978. The call number of the book was recorded
manuallfvundef date, and where more than one loan had
occurred on a volume in a day, the number of times issued

was also recorded.

This data was then ﬁransferred to 80 column cards to
pro&ide machine-readable records. This would allow easier
manipulation of the data for comparison of reserve room
use curvés, with in-house and external circulation use

.curves.

The daté recorded were:
. a consecutive control numbef for identification of
each record,
. the call number of the volume,
. the date borrowed,

. an open reserve indicator (for ease of processing).

Data was sorted by call number as the primary sort and
date as the secondary sort. Call number prefix was

excluded in this sort.
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2.6 Conclusion

This chapter has dealt with the data sources and the
collection problems experienced in the establishment of
relevant data for external use, in-house use and reserve
collection surveys. Some of the problems discussed were
unique to the University of New South Wales library and
could not be ajoided. The factors of duplication and
shelving delays can cause major problems in this type of

survey but control of these can be difficult.

Future work, in the area of in-house surveys, would
require more control over these problems, especially if a

detailed long-term study was undertaken.

The problems of file structures and procesSing of data are

dealt with in the following chapters.
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3.1 Introduction

This chaptef deals with the circulation statistical files
that were available for analysis and discusses some of the

problems associated with these files.

Discussion of the available processing options gives a
brief overview of the'packages used and looks in some
detail at issues associated with the choice of a database

management system.

Section 3.3., "Aspects of Computer Processing", introduces
several important issues. Included is a short discussion
on processor requirements and the problems encountered in
this research in dealing with several computer
installations. There is 1engthy>discussiOn on "file
development"”". This looks at the procedures used to create

the files required for the analysis of data.

The section on "Ingres Processing" discusses the analysis
and the form of the "arrays" that enable comparative
review of use by academics, postgraduates and

undergraduates for the years under review.

Two appendices have been included. The first is a review
of relational database structures. This should assist

understanding the use of these file‘structures and it will
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provide some explanation of jargon. The second lists and
describes functions of the Quel (query language) commands

used with the database management system Ingres.

Overall, the chapter is designed to give an overview of

computer processing used in this thesis.
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3.2 Data Files

3.2.1 Circulation Statistical Data Files

The files recording historical transaction detail provided
the basic data. These were generated as a byproduct of

the circulation loan recording and discharging system.

Data to establish a loan record comes from three sources.
A machine-readable card held in a pocket in the book
contains unique identification of the book; from the
user's identification card comes unique patron
information; and from the system comes the dates of

borrowing and when the book is due for return.

After the item has been returned the data associated with
the loan is written to an archive tape. The data recorded

included:

1. call number,
2. borrower's identification number,
3. a shortened version of author/title for

identification purposes (for the user not the
computer),

4. date borrowed, date due and date returned.

The analysis of thé_thesis, like the Kent study, intended
to focus on the entire population of items on loan, since

complete historical data was thought to be available.
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Some of the files, however, had undergone formatting
changes in 1976 and 1977 which made that data unusable.
The date part of the record had been corrupted by a

"tidying" operation and was not reliable.

Some of the tapes had not been properly stored and, over a
period of years, they had become unreadable. 1In other
cases there were large numbers of blocks that were
unreadéble. Thus, a read of the good blocks could have
caused errors in the statistics if there were bad blocks
in the Dewey ranges of interest. Further, the tape |
handling routines available on the VAX 780 were primitive
and recovery procedures that could have been practicable

on sophisticated drives were not possible.

In shqrt, at the start of the project it appeared as
though a definitive longitudinal study was possible. But
a brief skirmish with the tapes showed that the 1l0-year
period had many gaps. Accordingly the’emphasis had to be

shifted to a series of one-year analyses.

Wherever possible full statistical files were used to
produce frequency distributions' and for establishing
comparative analyses of various parts of the collection;

these will be discussed further in Section 3.3.

The circulation programs that existed for analysing these

files provided only the capability of borrower-type
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breakdowns with overall totals of the number of loans on a
user category basis. The type of analysis this thesis

required was more detailed.

3.2.2. Analysis Options

Statistical packages such as SPSS.X and BDMP statistical
software were considered and compared with use of
high-level query languages on a database management
system. In all cases data would need to be downloaded from
the tapes. SPSS.X and BDMP supported a range of
sophisticated analysis procedures, e.g. regression
analysis, cross-tabulations for various characteristics,

]f tests and t-tests.

However, the type of questions that this thesis was
attempting to answer were simple. Examples are 'What
portion of the collection accounted for what percentage of
use? What titles are high movers? How do various areas
of the Dewey disciplines compare?' These require only
simple processing of the 'count' and 'Boolean selection'
type and do nbt need the sophistication of SPSS.X or BDMP.
Both these packages were capable of doing the task but
their use required some detailed record formatting and

specification.

The library's statistical file format and application

programs were data dependent. This means that the data
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was organised and accessed accbrding to the requiréments
of the circulation system application and the data
organisation and éccess techniques were built into the
application logic. For example, sort orde: was important
and applications relied on the files being in some
predétermined form that was specified on a byte basis.
This format and application method was effiéient for the
type of analysis and record keeping done by a circulétion
system; indeed the efficiency that results from it is
importaht in transaction handling. Howeﬁer, it was
apparent that for the'vafiety of purposes of this thesis a
prefefable approach would be one that did not presuppose.
sequencing, indexing or the like. It was useful to have
research programs that were not dependent on the storage
structure or access strategies. Note that this opened the
application to the uée of high-level query languages which
do not reéuire pgrticular storage arfangements. Following
this line, it was natural to look to use of a database

management system.

The prime advantages of such systems include integration
and support of the amalgamation (i.e. the 'joining') of
distinct data files with centralised control. At the
1ogical level there is no dependence on a particulér
storage structure or acceés method. This simplifies the
applications code and makes it more readable. It
facilitates development in that concentration is on the

concepts rather than on matters such as byte positions.
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Database systems typically have data dictionaries which
allow access to the data through the high-level query

languages which are usually provided.

The user can perform all functions of retrieval, creation,
deletion and modification without knowing any details of

the physical data storage.

There is no need to be eoncerned about formats, to pack or
unpack records, to maintain 1link lists, to refer to
specific volumes or for any of the specifics that
accompany languages such as Fortran, Cobol, Basic or the

1ike.

There can be a price to be paid fof these advantages.
Often it is slower execution. This need not be the case.
(There is much confused thinking around that fails to
distinguish logical and physical representations apd which
estimates operating_epeeds onithe basis of logical
structures -- a nonsense. It is unfortunately true that
the databases as they are often set up do not take
advantage of the storage structure and index options that

will permit rapid response to be obtained.)

Note the difference between the requirements for an
operational procedure and for a research exercise. In the
former, consideration of efficiency and speed loom large.

In the latter, it is the ability to work at the
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appropriate intellectual level that is important. The
reader with experience of procedural systems that require
‘the user to concentrate on byte positions will recognise
thé inability to focus on the formulation of ill-defined
problems that comes from this. In research such as that
reportéd in this thééis, much of the computing effort was
directed to developing sfrategies that wefe subsequently
discarded or extensively developed as the understanding of
the situation deepened. Flexibility and ability to work
at the problem rather than program level were important.

Dbms was most useful.

The reader should recognise that the results given here,
and the algorithms provided, represent only a sméll part
of the total computing carried out. 1If it had been clear
that these results were what was useful, then the choice
of coding procedure could have been considered in the
light of that requirement. It may have been that a
patterﬁ matching proéramming language such as the}UNIX awk
would have been.preferred to Ingres and Quel. However,
that was not the situation faced when the Dbms road was

followed.

The choice of the researcher was for a relational database

‘and this is discussed further in 3.3.1 Data Analysis.

At this point in the discussion it is apt to note that the

only Dbms available were rélational. Had there been a
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choice between types of database, the decision would have
been made on the basis of the capability of the high ievel
query language. It was important to achieve the isolation
from physical cohsiderations that is available with a
mapping language such as Sequel (or SQL) or the relational
calculus of Quel. The latter is preferable to the former
on the grounds of superior writeability. Though SQL is
virtually 'the' preferred high level query language these
days, its strength is in its readability and not its

writeability;

Analysis required the facility for data definition,
retrieval, update, and integrity verification that is not

bound and defined by the application software.

The data dictiénaries found in moét database management
systems provides this flexibility. Data dictionaries are
effectively a @atabase in their oWn right. A dictionéry
contains "descriptions of other objects in the system
rather "than simple 'raw data'...A comprehensive.
diétidnary_will also include cross-reference informatién
showing, for instance, which prOgréms’use.which pieces of

data, which departments require which réports."l

In'generai, this researcher and the library management are
only interested in the information in the database and
what operations could be performed on it. It is

recognised- that such analysés are carried out infrequently
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and thus computing efficiency does not figure highly. A
database management system and a high level query language

fit the requirements here.

Some of the basic notions of relational database
management systems are included in Appendix 3.1 to

facilitate the reading of subsequent sections.
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3.3 Aspects of Computer Processing

3.3.1 Processor Requirements

The analyses discussed here require substantial computing
resources. This section looks at the needs met during the
course of the study. Comment is directed also at the
implications of using a processor that is "too small" for
the task. 1Initially the analysis of circulation
transaction data were to be analysed using an IBM

mainframe and Fortran programs that had been developed.
The initial analysis was to be based on use (for each
Dewey section under review) of the following transaction

information:

1. call number (in expanded form for processing

convenience),

2. borrower's identification numbers,

3. date borrowed, date due, date returned.
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Processing options that were available included extraction

of distributions and statistical measures including:
a. number of transactions (for the period under review),

b. number of titles with cumulations based on activity

level,
c. 'per-copy' loan information on a title basis,

d. detail of the time interval over which there was

substantial loan activity.

The analysis was intended to span tén years. This did not
present any storage problems on the IBM mainframe and
analysis using Fortran programs and various standard
utilities; such as sort and_tape handling routines, were

available.

During theAperiod of the research it became necessary to

transfer the work to a VAX 780 running UNIX.

Although this was a large installation by both research
and library standards, it did not have the capacity to
handle the lafge‘files without some segmentation. It was
necessary td préprocess the files furthér than was
desirablé and to work subsequently with the summaries thié

produced. Further, although high level languages such as
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Fortran wefe available, the execution times involved in
their use were prohibitive. Accdrdingly the UNIX commands
sort, awk*, etc. were used for the preprocessing. In
effect there was avutility-oriented analysis rather than a

program-oriented analysis.

In retrospect, it is apparent that the limitations
encountered in the latter stages of this research are
representative of those that would apply'in practi¢al
library situations. It is thus worth dwelling on their
implications. As the research was commenced with use of
an installation without these drawbacks this project has

shown clearly the implications of the restrictions.

* Awk is a UNIX command that can carry out pattern
matching exercises. It can bnly execute with a'single
pass on the data. This can give rise to substantial

limitations.
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3.3.2 File Development

Analysis of the tapes revealed a number of problems that

required attention. These included:

1. Incomplete years of statistics, and in some cases full

years of statistics unavailable.
2. Overlap of statistical data into the following year.

3. Changes in processing over the years had produced a

variety of record formats.

4. Practices on allocation of borrower number had varied

over the period of the analysis.

5. The records for several of the years had bad blocks
(there had been no practice of regular reading and

rewriting of the tapes).

There are processing implications of several of the above.
Point (2) requires sorting to remove duplicates. It is
also desirable to run off an anélysis of loans on a daily
basis to verify that there are no gaps (e.g. a missing
week) in the data. Point (3) requires a preprocessing
program that can handle a variety of input formats and
produce oniy the one format for the analysis routine.

Point (4) needed to be considered when the loans were
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being classified by type of borrower. The algorithm used
varied with the year being analysed. Point (5), though
avoidable if care is taken with tape storage procedures,

is, unfortunately, to be expected with long term studies.

It is valuable if the tape units and tape handling
software used have sophisticated error recovery routines.
This was the case with the IBM installation used initially
and its absence posed major problems in the VAX 780
installation. Since libraries are so dependent on tape
files, this feature is quite important to them. It is
also helpful if the processor is equipped with multiple
tape units since the‘absence of such devices can render
'proper' tape maintenance difficult and thus make it more
likely that it will not be carried.out. (Multiple devices
can also assist processing such as large sorts.) The VAX

780 had only one tape unit.

To handle some of these problems, a series of programs
were written in 'C' which stripped all transactions having
particular Dewey or class numbers. The intention was to
produce a set of records with the same structure for each
vyear, adding 'year' to those cases which did not have it
as part of their format. (This programming was not done

by the researcher.)
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Some of the early years did not have the date borrowed --
a field of interest to this research. The fields required
included the complete call number (with copy number),
borrower identification, and date detail. Other fields,

such as fine action and short author/title were not used.

For every year that could be handled, transaction records
for the part of the collection of interest, were put into
separate files which were subsequently merged. (The need
for separate intermediate files came from the different

processing requirements used for each year.)

'Sorts' of the files were necessary at this stage for two
main reasons. Firstly, there were transaction records
where material had been borrowed in one year but returned
in another year. This resulted in duplicate entries (i.e.
one entry each year). Secondly, for some years there were
partial tapes and these overlapped creating duplicate
records. These duplicates needed to be removed (in this
case duplicate means records with the same call number,
borrower number and date returned). Thirdly, the sort was
used to bring together everything relating to one title by
eliminating copy numbers and location prefix from the

sorted files.
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In summary these 'C' programs and sorts provided:

1. The removal of duplicate transaction entries and
deletion of prefix and copy detail with an output

file sorted by title.

2. The selection of classes as required with provision
of an output format that was the same for each year.
This gave the call number (in expanded format) and

date detail.

3. The arrangement by borrower-type determined from the
first two digits of the borrower identification
number; and arrangement by year of borrowing also
identified by the first two-digits of the date

borrowed.

The 'undergraduate' borrower group was split into 'new'

undergraduates (students enrolled in the year under review
and the previous year) and 'old' undergraduates (students
enrolled prior to the current and previous year). This

could be deduced from the borrower identification number.

The strength of 'awk' is pattern matching and this proved

very useful in preparing the data for input to the Dbms.

The classification of the borrowers was part of the 'awk'

processing. So too was the summarising of activity on a
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per title/year/borrower class basis.

'"Awk' was also used to process summaries of activity on a

titles/transaction basis by Dewey class.

The type of detail obtained here was:

Call number Number of Number of
Class Titles Transactions
330.01 20 79, 80: 31, 30
330.015 2 79, 80: 0, 1
330.0151 38 79, 80: 81, 87
330.0973 2 79, 80: 1, 2

1979/80 Activity Summary on title/
transaction basis by Dewey class

Table 3.1

In addition to the title/transaction display, a total

summary count was provided as per:

Dewey Section 330
Total number of titles active 257

Total Transactions 508 (Year 1) 534 (Year 2)

These summaries provided a comparative analysis by class

within each section of the Dewey under review. Areas of
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little or excessive use became quickly apparent and acted

as a basis for selection of classes for further analysis.

3.3.3 Ingres Processing

Once the files had been established, they were then
downloaded for processing on the Ingres (Interactive
Graphics and Retrieval System) relational database system.
A 'copy' command allowed transfer of UNIX files to Ingres

files.

The high level query language provided is Quel. This
frees the data user from concern about data structures and
storage. The user concentrates on his problem and not on

detailed aspects of the way it is processed.

Ingres Version 7 (1981) was available on the University of

NSW Electrical Engineering VAX 780 computer.

It was considered appropriate for circulation data

analysis because:
1. It can handle large files.
2. It supports aggregate operations such as:

Count -- Count of occurrences

Countu -- Count of unique occurrences
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Sum Summation
Sumu Summation of unique values
Avg Average (sum/count)
Avgu Unique average (sumu/countu)
Max Maximum
Min Minimum
and has 'group by' capability.
3. There is a macro facility. This provides the user with

the ability to tailor Quel to the current problems.

Part of user friendliness desirable when one is trying to

determine how to approach an analysis (rather than when

one is trying to carry out the analysis) is achieved if

involved command sequences can be turned into procedures.

For example,

if the problem being studied is to determine

a relation between a threshold and the number of titles

meeting a condition, it helps to issue a command like

number (thresh = 5)

The investigator is concerned with the relationship and

his primary focus is not on the method of calculation.

This can be particularly useful where 'number' involves

selection of tuples, grouping, selection of groups and

then the counting operation. Effectively it helps to

parametise the operations and then merely to pass
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parameters to a defined procedure. The macro feature
simplifies this and thus promotes thinking at an

appropriate intellectual level.

In short, the macro facility allows strings of text to be
removed from the query stream and replaced with other
text. This facility's advantage is that it can be used to
shorten search statements used often and consequently
making the search strategy less cumbersome and more user

friendly.

3.3.4 Circulation Relations

It was neither necessary nor efficient to look at
individual loans when studying the usage patterns of most
interest in this thesis. Accordingly, the processing was

carried out on summaries.

There were two main studies made. One was concerned with
usage on a per title basis over an extended period; the
other looked at one year only. Naturally the amount of

detail differed in the two cases.

With the longitudinal study the attributes required were
total transaction counts for the individual years. 4With
the shorter time period it was practical to study the user
tYpes. Naturally it was possible to link the two files

and to permit a selection on the basis of one set of
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relations to be joined to the other relations.

Specifically, the relations were:

1. RELATION FULLSTATS (Class, cutter, cterm, YR1l, YR2Z,

YR3, etc)

PRIMARY KEY: Class, cutter, cterm

ATTRIBUTE: CLASS -- the domain includes all class

numbers in the areas chosen for analysis, i.e.

520.1, 330.9, etc.

ATTRIBUTE: cTERM -- includes book number

ATTRIBUTE: CUTTER -- includes cutter numbers where
relevant

ATTRIBUTE: YR1l, YR2, ETC -- includes all circulation

transactions for the years under review (in the

extended period analysis) for each title;

RELATION FULLSTATS -- Example
| Attributes
Class cTerm YR1 - YR2 'YR3
62011 2 12 17 24 ¢—
6201101 3 ' 14 10 564— Tuples

62002425 1 ‘ 15 2 10—
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This relation was used in the extended period analysis.

2. The array established for the two-year study was a
development that included attributes for use by type of

borrower.

RELATION YEAR (class, cutter, cterm, NYR1l, NYR2, nal,

na2, npl, np2, nnl, nol, nn2, no2)

ATTRIBUTE: CLASS -- includes all call numbers in the
(CHARACTER) chosen area for the two year
analysis.

ATTRIBUTE: CUTTER -- cutter number where applicable.

(CHARACTER)
ATTRIBUTE: CTERM -- book number
ATTRIBUTE: NYR1 -- represent the years being

analysed and provide a total
transaction NYR2 figure for each

tuple under review

ATTRIBUTE: nal -- Academic use for year 1 and 2
naz2 under review (number of
transactions)
ATTRIBUTE: npi -- Postgraduate use for year 1 and 2
np2 - under review
ATTRIBUTE: nnl -- New?* undergraduate use figure

for year 1 under review.
* (New is defined as current year lst
year enrolments and the previous

year enrolments)
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nol -- 01d* undergraduate use figure

for year 1 under review

* (01d is defined as undergraduate

enrolments 2 2 years)

ATTRIBUTE: nn2 -- New undergraduate use figure for

year 2 under review

noz2 -- 01d undergraduate use figure for

year 2 under review

This array was used in analysis which gave a comparative
review of use by academics, postgraduates and

undergraduates.



-139-

3.4 Conclusions

The sections in this chapter which deal with processor
requirements, file development and Ingres processing
provide only ‘a summary of what occurred in development of

files and their subsequent analysis.

It shoﬁld be remembered that, at each stage of the file
stripping, file development and file processing, a number
of alternative methods were used and discarded as not
meeting the requirements of the research. Some
methodology in fact needed to be adjusted to be consistent

with efficient processing.

The review, as it appears here, is the final version of
the methods employed and was deemed to have been the most

appropriate for this research's requirements.
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APPENDIX 3.1: RELATIONAL DATABASE STRUCTURE

3.1.1 Definition

"Given a collection of sets Dl’ D2”"’Dn (not necessarily

distinct), R is a relation on those n sets if it is a set

of ordered n-tuples ( dl’ CPYRRREE dn ) such that d1
belong to Dl' d2 belongs to D2, ..... dn belongs to Dn‘
Sets Dl’ D2, ..... Dn are the domains of R. The value n is

is the degree of R 1,2

Relational models typically build on the familiar
rectangular array (or table). The terminology associated
with the rational data bases follows the usage of set

theory.
3.1.2 Relation
In common practice this is the table. A relation is

defined over sets Dl’ D2, ..... Dn; Each of these sets

gives the domain of one attribute of the relation.
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3.1.3 Domain
Is the pool of values from which actual values of one
attribute (i.e. values is one column of the table) are

drawn. Domains have within them all components that are

valid.

Note, however, that all entries from a domain need not

actually appear in a relation at any one time.
3.1.4 Attributes

Attributes have values that are drawn from the domains and

appear as the columns in the rectangular array.
ATTRIBUTE: BOOK #, Domain Book Number
ATTRIBUTE: BOOK-Name, Domain Book Name

This description of the database is called a schema. The

database has:
1 Relation (Books)
2 Attributes (Book number, book name)

2 Domains (Book number, book name)
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3.1.5 Tuples

Tuples appear as rows in the rectangular arrays. A
crucial feature of relational data structure is that
associations between tuples are represented solely by data

values in columns drawn from a common domain.

A relation is chcerned with representation of
information. If you are told the item with call number
330.1/11 had five loans in a period and you are told that
330.1/12 had ten loans in the same period, then you have
been given some information. You do not have any more
information or any less information if you are told that
330.1/12 had ten loans and 33.1/11 had five loans. There

is no information in the order; there may be convenience

in being given information in a certain order but no more

information.

Relations and relational data bases are on about
information. Given this, it is reasonable that a relation
has the following properties (following Codd3):

1. Each row represents an n-tuple of R.

2. The ordering of rows is immaterial.

3. All rows are distinct.
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4. The ordering of columns is significant -- it
corresponds to the ordering of Dl’ D2, ..... Dn of the

domains on which R is defined.

5. The significance of each column is partially conveyed

by labelling it with the name of the corresponding

domain.

Since a relation is concerned with giving information,
then these requirements can be seen to follow. For
example, repeating a tuple gives no new information and
thus repetition of tuples is not permitted. Likewise,
there is no additional information in order. Consequently
ordering is unimportant in relations. The column sort
also adds no more information but it is necessary to know

what the order is.

It is common (though not necessary) to require that each
domain value is a single non-decomposable data item. This
requirement relates to normalised relations in first
normal form. Depending on the analysis to be done it may
be necessary to have access to parts of the domain. For
example, depending on research requirements, access to'the
call number of a book as a single data item may be
sufficient. However, in some cases access to Cutter
number and copy number would require that the domain be

decomposable.
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Often this amounts to the ability to specify string
requirements. If string processing is not well supported
by the Dbms, it may be simpler to decompose the data on
input, i.e. in the above example to consider the call
number as a concatenation of values for attributes like

class, cutter, book number, copy number.
The crucial feature of the relational data structure is
that association between attributes is represented solely

by data values in columns drawn from a common tuple.

A Rectangular Array

Relation Year
Class Cutter Cterm Nyrl Nyr?2 nal na?2
330942 121 3 14 1 O4—
330973 107 2 15 0 0 &—
330973 76 2 15 0 l¢— [tuples
620 ' 70 1 16 0 2 —
6201 26 3 12 1 2¢—
Table 3.2
Class -- class number
Cterm -- copy number
Nyrl =-- Transactions for ¥Yr 1 for all users
Nyr2 -- Transactions for Yr 2 for all users
nal -- Transactions (academic) for Yr 1

na?z2 -~ Transactions (academic) for Yr 2
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Keys

Tuples within a relation need to be uniquely identified.
Within each relation there is at least oné collection of
attributes with values such that the combination is unique
and conSequently it can be used to identify tuples. For
example, if circulation records aré under scrutiny the
call number of the item and the borrower number and the
date of borrowing together identify the transaction.

These three attributes thus provide a key for identifying

tuples.

Since each tuple contains a distinct set of attribute
values, each tuple can be distinguished from others within

the relation.

For example, in relation of Table 3.2 (p. 145) the
attributés ‘class' and 'cterm' of the relation year can be
used as the key. Each tuplé has a distinct value for this
attribute combination whiéh will distinguish it from all
other tuples.in—the relation. This combinaﬁion is a way
of distinguishing tuples (i.e. they have unique

identification purposes) and it is thus a candidate key.

One candidate key is allocated as the key and is often
known as the primary key. (It is necessary that the

attributes of the pfiméry key be fully defined.)
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As shown, the primary key is not restricted to a single
attribute and may be a combination of attributes that when
taken together meet the unique identification property.
Note that the combination of attributes must be the same
for ali tuples of the relation. Candidate keys that are

not used as primary keys are referred to as alternate keys.
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APPENDIX 3.2: INGRES COMMANDS

3.2.1 Quel

'Quel' (QUEry Language) operates within Ingres and is a
complete query language freeing the user from concern for
how data structures are implemented and what algorithms

are operating on the data.

Some of the major commands and features used in Quel are

given below.

Copy allows the user to move data between Ingres and
standard UNIX files. Direction is either "into" or
"from". The format must be written for each domain and is
a description of how it will appear (or appears) in the
UNIX file. The relation must exist and have domain names
identical to the ones appearing in the "copy" coﬁmand.
However, formats need not be the same in the domains and

UNIX files as "éopy" will automatically convert the data

types.
It has two inconvenient features:

i. "Copy" will cease operating at the first error,
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ii. When specifying the "filename", the entire UNIX

directory path name must be provided.

This is because Ingres operates out of a different

directory than the user's working directory.

The first of these may sometimes be a blessing in

disguise; the latter is a nuisance.
3.2.3 Print

Copies a relation onto the user's terminal, formatting it
as a report. It is a stylized version of "copy":; and no

formatting is required on the part of the user.

One of its major drawbacks is its inability to print
directly to a line printer. To obtain hard copy it is
necessary to write to an output file and then to dispose

it to a printer.
Other disadvantages are:

* Does not handle long lines of output correctly as there
is no wrap around.
* Domain names will be truncated to fit into the specified

width.
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Its major advantage is that the system does the

bformatting, requiring no input from the user.

This provides information about how -to use Ingres or about

relations in the database.

It may be used to provide sections of the manual.
However, its major use is to give information about_all
relations in the database currently in use, or about

.specified relations.

It provides the following information:

Relation: CcC

Owner: ‘ Crystal»C
Tuple width: 44

Saved until: 12 Nov 1984

Number of tuples: 7
Storage structure: Compressed page heap

Relation type: User relation
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Attribute name ‘ ' Type : _ Length
Class | v C 23
Term o 11
n76 i ‘ 2
n77 N : i 2
n78 | i 2
n79 i 2

n80 ) i 2

Once in Ingres, the user is reliant on the system defaults
for precision and these may often be deemed excessive or
inadequate, depending on how the system waé set up. There
may be advantages in changing_these<during the start up

procedure.

3.2.5 Quel Syntax-

Within 'Quel' there are syntactic classes from which the
constitutent parts of Quel statements are drawn. - Some of

the major ones used in this research are listed below.

i. Comparison Operators

=, > £

ii. Logical Operators

not, and, or



-152-

iii. Aggregate Expressions

Used to provide aggregations over sets of tuples.

The major aggregate operators are:

count -- count occurrences
sum -- summation

avg -- average (sum count)
max -- maximum

min -- minimum

Evaluation is to a single scalar value. Average and sum
operate on numeric values; count, max, and min permit a
character-type attribute as well as a numeric type. A
small amount of care is required in deciding whether a
variable such as nyrl is integer or character. 1In the

latter case arithmetic operations are not possible.

3.2.6 Range

A 'Quel' interaction includes at least one 'Range'

statement of the form

RANGE OF [variable-list] IS [relation-name]l

The symbols declared in the range statement are variables
which will be used as arguments for tuples. These are

called tuple variables. The purpose is to specify the

relation over which each variable ranges.
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Only ten variable declarations may be in effect at any one

time.
3.2.7 Retrieve

Retrieve will get all tuples which satisfy the
qualification and either display them on the terminal or

store them in a new relation (if specified).

If all domains are to be retrieved, the keyword 'all' can

be used.

Sample format is:
RETRIEVE [ (into)relname] (target list) [where Quel]
e.g. retrieve into temp (e.all) where e. nyrl » 10

This must be preceded by a range statement, e.g. range of

e. is year.

The search statements using retrieve syntax can often be
long and cumbersome. Since they'must appear for each
search done on the data, re-input of the retrieve
statement is necessary. If a number of comparisons are
being made within the one retrieve statement, the syntax .
and ihput of the statemen£ may becéme the primary concern

of the users, forcing them to think at the wrong level,
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i.e. at the syntax and input level rather than at the

problem level.

Ingrés has developed within Quel a function known as
'Macros', which provides the user with the ability to

handle retrieve statements easily.

The Macro facility provides the mechanism for tailoring
'Quel' to the user's own tastes. It provides the facility
to remove strings of text from the query string and be
replaced with other text. Also, some built-in Macros

change the environment upon execution.

The Macros can be defined using the special command

"define".

The usefulness of the Macro facility is the ability to
shorten the retrieve statements and to replace attributes

being tested easily.

Sample Macro statements are:

Macro 1
[define; rt; retrieve]
Macro 1 _is a simple macro designed to assist in reducing.

the amount of typing required but has no intellectual

content.
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Macro 2

* The frequency macro (as of 3/1/86) *
* » *
* Use this as: *
* frequency relation attribute *

*

[define; frequency $1 $2;
range of xyz is $1
destroy zza

destroy frql

destroy frq2

destroy frqg3

index on $1 is zza ($2)

retrieve into frgl (value = xyz.$2, cases = count (xyz.$2

by xyz.$2))

range of zx is frql

retrieve into frg2 (zx.value, zx.cases, trans = (zx.value

* zX. cases))
range of zy is frq2

range of zz is frq2

retrieve into frg3 (zy.value, zy.cases,‘zy.trans, ctrans

= sum (zz.trans), ctit = sum (zZ.cases))

Print frg3]

Macro 2 is an operational macro.

It has intellectual

content and is designed to provide calculations, and to

store and reformat data.
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