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ABSTRACT

This research is a study of demands for books in
library circulation systems. Demand data for random
samples of books were collected and fit to various
standard distributions. The numbers of démands for
collections of books are shown to be Negative Binomially
distributed., As is zhown, this implies that the numbers
of demands for individual books in the collection are
Poisson distributed and that the demand rate varies from
book to book according to a Gamma distribution. Using
these facts and assuming Exponentially distributed loan
intervals, a model is developed which will predict the
availability and unavailability of a book in a library.

The practicality of using the model is demonstrated.
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CIIAPTER 1

INTRODUCTION

1.1 Background

Ever since libraries have been in existence, methods
were used by librarians to control the availability of
library materials so as to satisfy the demands of patrons.
Traditionally, librarians have controlled the availability
of books by setting the loan intervals or by orcdering
nultiple copies of books in high demand. Circulation
department librarians when exercising control in this
manner have agiven attentian, although probal:ly not overtly,
to the two most important objectives of a circulation
department in a library. These are: (1) to have a hool
available wvhen it is demanded and (2) to allow a patron to
charge out a book for as long as he needs 'it. 1In establishing
lcan intervals, the librarian rnust and deces give attention to
these objectives. Little has been dore to analytically
determine these loan intervals. In all cases in all
libraries they have been subjectively, although thought-
fully established. Analytic methods have not been used
probably because the kinds of data which are needecd for

a thorough analytic evaluation are not easily available

ERIC ), 22
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Aruitoxt provided by Eic:

and hecause collection of data of the type neoded is time

consuming and expaensive.

The advocates of the use of comnuters in lihraries
are gquick to point out that automated circulation systems
will not only reduce patron time, but will also provide

data concerning book usage, which will be useful in the

Trueswell (19G4) points

planning functions of the library.

out :

"Mechanization of library proecedure carnot
directly improve the probability of not
finding the lhool: wanted, hut instead merely
makes the statistic more obvious. I!owever,
one of the khenefits of a rechanized punched
card control system is the fact that complete
analyses can be made about the use of hoolks
and their frequency of circulation. From
these analvses it would be possibhle te develop
new operating procedures relative to charge
periods, duplicate copies and non-circulation
copies. These new procedures would reduce the
probability of the user keinc uralle tc find the
book he wanted." "

In undertaking this research, this investigator
contended that librarians and the computer specialists did
not re?lly know how they would use the data which were
soon to inundate them. What does it mean when book X

circulates 1, or 5, or 25 times a year? - llow can the

2
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librarian use this knowledge? Iliorse (19683, pp. 141=142)
apparently shares this investigator's concern vhen he

states:

"Tt is the author's belief hased on discouraging
experience, that neither the corputer experts
nor the librarian (for different reasons)
really knows what data would

be useful for the librarian to have

collected, aralvmed, and displaved, =o he carn
make decisions with some knowledge of what the
decision irplies. 'What is needed hefore the
computer designs are frozen is for models,

of the sort developed irn this bool, tc Fre
nlayed with, to see which of them could be
vseful and to see what data are needed and in
what form, in order that both models and
corputers can ke used most effactively by

the librarian.

If it is so designed, the computer not only can
gather the needed data but also can efficiently
help to carry out the operating policy, once
decided on .... Agair what is needed is

some experimenting with models of operation

of the sort discussed in this heoolk, so as to
insure that the computer will utilize, as
corpletely as possibhle, the data it gathers

and stores and also to prevent the svstem

from being overdesigned to do thincs that

turn out to be inutile or vacucus."”

One of the most important variables that must be
predicted before analytically derived decision rules
concerning library circulation problerns could be formulated

is the demand for a heock. A knowledge of how many times

ERIC 24
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a book is going to be demanded is most important in the
establishing of decision rules for lihrary circulation
systems. Predicting book circulation or book use is not
sufficient for determining circulation department rolicy.
Cne must be able to predict or estimate demand. It is not
unlike the sales problem in which future sales are predicted
on the basis of past sales znd not on demand, possibly
resulting in a significént number of dissatigfied'cr lost

customers.

1.2 Definition of a Demand for a Book

For the purposes of this research, a demand for a
specific book is an expressed or unexpressed need for a
book once it has been identified as being available in the

library.

An expressed need is one in which the lihrary system

knows that the need exists either because the patron found
the book he wanted and charged it out or did not find the

book he wanted and asked that it be saved or located.
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An unexpressed need is one in which the library

system does not Iinow that the need exists either because
the patron found the book he wanted, used the hook in the
library but did not charge it out, or one in which the
patron did not find the book in the library but did not

indicate that the book should he saved or found.

A book found by browsing becomes a demand once a
book is found which the patron will use. &An unsatisfioed
need of a browser then doss not satisfv the definition of

demand made above.

There are also demands for books which are not in
the collection of the library, such as those hooks for which
no cards are found in the card cataloq. This type

demand doesnot meet the definition of demand given ahove.

£

1.3 Distinction between Buok Demand, Boolt Use and Book

Circulation

When a patron has identified that a bnok he needs
is in the library and attempts to get tha book, a demand

has occurred. If he finds the boolk and usas it in the

5
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library or if he charges out the book for home use, we say
that a book use has occurred. The latter type use is called
a circulation. The literature is confusing as to what
actually has been studied in particular investigations.

This research reported here is a study of book demand which
includes book use and circulations as well as unsatisfied

demand.

1.0 Definitions of Terms

1. A leoan interval is the interval of time

for which a library patron may borrow a book from a likrary.

2. A closed stack library is one in whicn access to

the collection is not available to the patr@h {no browsing).

3. 2n open stack lipriry is one in which access to

the collection is available to the patron (browsing allowed).

k., The demand for a library book is an expressed

{known to the library system) or unexpressed
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(unkniown to the library system) need for a kook which has

heen identified as being in the library's collection.

5. A satisfied dermand for a book occurs when the

patron finds the book which he seeks.

€. 2An unsatisfied demand occurs when a patron does

not find the book which he seeks.

7. A hook use occurs when a demand is satisfied ard

the patron uses the book in the library or charges it out.

2. - A book circulation occurs when a demand is

satisfied and the patron charges out the book.

9. A known demand is one which becomes known to the

library system either bgcause the patron charges ocut the ook,
deces not find the book but asks the gcirculation department
staff to find it, or finds that the book is already charged

out and asks that the book be saved when it is returned.
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10. An unknown demand occurs when the patron does

not find the book he seeks, does not ask the circulation staff
to find it, and does not ask that it be saved, or else the

patron finds the book he seeks and uses it in the library.

1.5 Objectives of the Reseaxrch

This investigation is a study of hook demand and was

conducted in order to:

1. Provide evidence that one cannot reject the
hypothesis that both the known and unknown demand for books

is Poisson distributed.

2. Develop a practical model to predict total ard
unknown demand based on known demand data readily availalle

in library circulation systems.

1.6 Approach to the Problem

Tn order to fulfill Objective 1, book demand data
were collected to verify the hypothesis that the number of
demands for individual books is Poisson distributed
cannot be rejected. This was done by randomly selecting

ERIC
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hooks from the entire SUNY/Buffalo Library collection and
collecting data concerning the number of times each hook

was charged out of the library over a period of time.

In addition, for all books i.. the P Class (Languace
and Literature) collection all known and unknown demands
were recorded from February 13, 1968 through May 11, 1962.

Random samples of P Class books were then selected for

analysis.

7ith both sets of demand data, various standard
distributions were fit to the number of demands for
samples of books. Ultimately, the Negative Bincmiél
distribution was £it to the data. This indicated that
the demands for individuzl books are Poisson distributed,
but that the mean dcmand rate varies from book to book,
according to a Gamma distribution. The Poisson hypothesis
was further verified by the data on the number of demands
‘per day of random samples of books, and showed that the

number of demands per day was Poisson distributed.

Further evidence is given to permit non-rejection of

30
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Poisson hypothesis by the #nalysis of 18 samples of data
presented by Fussler and Simon (1961) concerning book use
in various subject areas at the libraries at Yale

University, Northwestern University, the University of

California at Berkeley, and the University of Chicago.

In order to fulfill Objective 2, the knowledge that
demands for individual books is Poisson distributed was
used to develop a model with which the number of demands
for a book could bhe predicted, from information about
known demand, specifically, the number of times the book
circulates over a period of time. At this point, it was
demonstrated that the known demand information could provide
insights as to the future availability, or unavilability,

of the book in the library.

1.7 Conventions Employed in the Report

The decimal numbering system was used to number
Chapters, Sections, and Subsections. Appendices are
distinguished from the body of the report by using capital
letters. When appropriate, equations are numbered

consecutively throughout each chapter. The equation

10
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numbers are enclosed within brackets. Tables are numbered
consecutively throughout each chapter and appendix. The
decimal numbering system is also employed here.

References are always made to the smallest subsection.
Thus, a reference to a section implies a reference to

the appreopriate subsection.




CI'APTELR 2
REVIEW OF RLLATED RESLEARCT

Studies of -he use of hooks, journals and facilities
in libraries are abundant within the literature. Delleesa
(1967), for exarmple, published a hibliography of 547 use
studies found in the literature. In his thesis, Jain
(1967) indicates one of his purposes is to catalog the
important history of statistical analysis and mathenrnatical
modeling of library usage. Ie listed 84 references and

provided detailed appendices so that "in the future,

Hy
2
ia

research workers would only have to consult his thesis
early (up to 1965) references and their summaries.™

Although there are many répcrted studies of book
usage models, there are no reported studies of hool demand.
There is, however, one mathematical prediction model
developed by [forse in a recently published highly
significant book which attempts to apply the analytic
metnod of operations research-systems analysis to the
operating problems in the Library (Morse, 1968). The model
will be explained later in this section.

It is the author's purpose here to review the writings
believed to be relevant to the development of models to
predict demand even though most of the following studies

‘ 1299
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relate to the prediction of book usage and hook
circulations. This review does not cover journal usage

or journal circulations,

2,1 The First Book Use ftudy

The earliest published use study was conducted hy
Pancl: (1911) in the Crand Rapids Public Library. Iliis
study, as do most other use studies, provides brealdowns
of the used books in a library by various characteristics

such as class, grade average of students, etc.

[
[

mhe Fussler and Simon Data at the University

of Chicago Libra vy

The first truly large and thorough study of bool
usage was made by Fussler and Simon (192€1) at the University
of Chicago. The fundamental question to which they directec

their attention was:
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"WWill any kind of statistical procedure
predict with reasonable accuracy, the
frequencies with which groups of books
with defined characteristics are lilkely
to be used in a research library?"

Their study was based on certain assumptions, some
of which were later examined ermpirically. These assumptions
were: (1} The recorded circulation use of bools is a
reasonably reliable index of all use, including hrowsing
use, within the library. (2) There are some patterns in
the use of books common to major research libraries.

(3) Within bomogeneous subject areas and types of books
(i.e.. monographs, serials), use is a suitable initial
criterion for the segregation of materials into different
levels of accessibility. (4) Economic factors make it
highly desirable to segregate books, on the bhasis of their
value and use, into two or more levels of accessibility,

Fussler and Simon used use data on a sample of €00 books
(400 selected using a systematic sampling plan and 200
using a stratified random sampling plan). ith these data,
they studied 22 functional relationships using "use" as

a dependent variakle and various independent variables.

The 22 functions fell into three broad categories:

(1) Functions for libraries with no record of prior use.

1
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(2) PFunctions that require five-vear past use records.
(37 PFunctions employing long records of past use. Tussler

and Simon conclude that:

"Ry far the best predictor of the

future use cof a titla is its past use.
Fecause of the low probability of

use in any cne year for titles in the
marginal-value range of titles in a lihrary
the size of the Uniwversity of Chicago
Library, a fifteen or twenty year long
observation period produces considerably
better results than will an observation
period of five years.

Some research libraries have nc

records of past use. If these lihraries
wish to commence storage immediately our
results also suggest the best

possible functions and suagest to them

the extent of the errors that will arise.
OQur results also suggest the wisdom

of postponing storage for perhaps five years
and collecting records of the use

during that time. If a library does wish to
initiate a storage plan without waitincg

te collect such records, it might well
consider setting up a system by which
high-use bocks that were sent to storage
could easily be restored to the working
collection.,"

Fussler and Siron also point out that their assumption
of a stochastic model does not suggest that the Poisson
distribution will approximate the distrihution of hooks

within a library (or within a given subhject area) by the
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frequency of their use during some period of time. They
say that thaeir ohserved distributions do not reserhle the
Poissen closely, having a much hicgher variance. There are
too many ohservations at "zero" and at rultiple use points.

Chapter € of the research repcrted here is devoted to an

analysis of some of the Fussler and Simon data.

2.3 Deterministic Pook Use Models

iiost of the reported mathematical mocels of hool use
have been deterministic. The first mathematical model was
téparted by Shaffer and Ernst (1954). Their mocdel was
developed from a non-random sample of 237 books which were
horrowed from the M.I.T. Science Lihrary durino the period
May 5 - 10, 1954, After attempting to fiﬁ various models,

thev feound that the average annual circulation I(t) of a

t vear old book was:

T = 10 Lﬁa% + 1.1 2

-0.015¢

Rothkopf (1962) -1sing a non random sample of 87 books
which were at least three years old attempted to fit various
models to the data and considered that a qoott fit was

obtained in which C(t), the average annual circulation of the

16
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Look during the first t vears in the library, was related
to T(3), the average circulation of a hook during the first
three vears in the library by the model:

—

C (£ [¢- =
T (®) \/ &1

Dawson, Aldrin and Gould (1962) using a sample of
202 books developed a mc lel based on two assumptions.

(1) Within a homogeneous class of books, there is a

‘maximum value of initial eirculation rate. The most popular

books in that class will tend to achieve that rate, r.

(2) A particular book will eventually decrease in

popularity and the circulation rate will fall off inversely
with time. They fit various models and found the best fit
which would allow tlie determination of C(t), the cumulative
circulation of a book during the first t years in the 1ibfary,

+to be:

C(¢) = 512 lg (1 + & )
Y

Leirkuhler (1966) proposed a circulation model with
a constant rate of chsolescence in which the average manual
circulation rate for books, C(t), whese age is t, can he

determined using C,, the average annual circulation rate



in the first vear of acquisition (C,20) and E a constant
rate of ohsolescence (0 < B < 1) using the frllowing model:

Ce = Co(1-80°

2.4 Probhabilistic Models of Dook Use

Dawsor. (1962) developed a Markov ma&elrfcr predicting
the future circulation of a hook on the basis of its
immediate past circulation. His model was developed from
a sample of 305 hooks. Ilis states were 0 circulations per
vear, 1 or 2 circulations per year and 3 or more
circulations per year. He tried several functions and
found the following to bhe close approximations to his

observed transition probabhilities:

P (M) = & = (3) (&)
P (0} = & + (3) (N
Pop () = (5) (8"

P () = &

p, () = &

pp (n) = §

p, (n) = & - (£) (&)
p, (n) = é

p,, (n) = (§) ()

139




Morse (1963, 19€5, 1968) has suggested é Markov model
which has heen fit to circulation data of certain classes
of hooks at the Massachusetts Institute of Technology. TFor
all books having a mean circulation m in a giver year, the
mean circulation n for the subsequent year given by his
model is:

7= a + bnm

where a is the "residual circulation"” after time has reroved
the initial popularity and b = rate of diminution of
circulatien with time (0 < b < 1). Morse says that the
actual circulaticns in the subsequent year are clustered
about the expecied value in accord with the Poisson
distribution. Morse suggests that a Markov model is

appropriate in which the transition probability (Pnx) can

= -n
he found by: Pmn = %5 ()
;L = {(a + b""l)ﬂ

J
93 |

The Jain Study at Purdue University

Since Morse (1263, 1965) suggested that the uses
of a hook followed a Poisson distribution, Jain (19€7)
examined the frequencies of uses of homogenecus oaroups of

books from the Chemistry, Physics and Pharmacy Libraries
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at Purdue University and found that the "zero use" class

does not follow the same probability law as the remaining

classes. Jain, because of his findings with the "zero use’
class of books went on to develop a model by splitting the
probability that the book will be used into two components:
(1) the probability of a hook not being used and (2) the
probability of uses if the book is used. FHe called the
latter the "Pn Model." le proposed a truncated Pcisson

distribution as a possible fit to observed frequency

distributions of book uses. He let Xn_a the numher of

acquisition in the library and then:
r . .
P - T
elr j
£ AN e .
)::, zl - L% J 51324..@

(5~ LELRDJ !

P(Xt:j>§ <1="f*n,

b

where 0<'p £ 1 and A,>0 and where, in general ,

Ang # - log p . He then studied the probabhility that

Xﬂ_éi., Py 1 and develcped his "pn function."

| e o
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there A, ¥ are parameters which depend orn the class of hools
of which the hook under consideration is a merher ard n

is the vear after acquisition.

Jain (1266) previously had develeoped a concept which
ne called "relative use" which he used in testing his Prn
rodel and his pn function after he estimated the recuired

hararneters. Jain developed his method of relative use

I

hecause, he felt, that the two methcds previously used to
study samples of boolk usage data were inadequate, namely
the collection methnd in which randon samples (or samples)
of the entire collection were identified through the shelf
list and then studied, and the check out sample rethod in
which bocks checized out for a period of time were studied,

mhe first rethod is criticized because it is difficult to

Pt

collect data and hecause there are prollems of missirg

data and of lack of control on the methods of recording

usage histories in the past. The latter methol is
criticized primarily hLecause one cannot draw inferences

about the entire collection. Decause of these deficiencies,
Jain developed his method of relative use in which three
independent samples of manog-aph titles are ohtained from

tiie total Cﬁlléctiﬁﬂ!(g},.thE-hDﬁE uscl raterisl (I and

Q ‘ %2
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the in-library used material (I). These samples are diviced
into a certain number of groups on the bhasis of the
following characteristics of the title: languade, country
of publication, year of publication and year of accession.
Using §; as the number of titles in sample § which belong
té ﬁhe ith group, Ii; as the numbef of titles in sample T
which belong to the ith group, and I, as the numher of
titles in sample I which belonog to the ith group, he defined
relative use R as follows:

n, + I,

relative use of the ith group = Ef ~ (10n)

. S =
N
As a further illustration of how the relative use

R

method could be used to estimate the percentage of
monographs used in the ith group, Jain presented the
following using as an example only the checkouts for home

use:

let:

m = number of grouyps of monographs.




S. = number of monographs in the
ith group in the shelf list sample,
i = 1,2, 0000,

I

number of monographs in the
ith group in the 196& Spring check-
out sample, i =1, 2, +c.., M.

h: = number of monographs which are
included the ith group of 1966
Spring check out sample and the ith
group of the shelf list sample,
i=1;21 seswyg IMa

then, relative use for the ith group of monographs is:

H;

— (100)
S

while the collection method estimate of the percentage of
monographs used in the ith group is:

aﬁi (100}

S
Tf f = fraction of the total collection includedlin the
shelf list sample S, then the estimate of the percentage
of monographs used in the ith group based on relative use

is:

h
i
o
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Jain points out that it is not clear from the above
that the relative use method of getting the estimate is
superior to the collevtion method, but he states that if
the fraction of the total co'lection is small or if the
period for which usage data is recorded is short then it

seems that the ratio:

hé

expected %éiﬁéraf hé

will fluctuate widely around 1 for a given value of ..
In this case, the relative use estimates are expected to

do mucn better than the collection method estimate.

JTain compared the collection method estirate with
the relative use estimate and the actual number of books
used in selected subsets of a sample of bcaks, Relative
use gave values closer to the true value of use. Jain
tested his Pn model and pn function by comparing estimates

from the model with estirates of the félative use,

After estimating the parameters in his pn function,
he fit the funrition to his relative use estimates for five
subgroups of titles from his shelf list sample. The

subgroups ranged in size from 22 - 67. He used@ the method
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of least sauares, and the fit was poor (r? from .17 to .07).
ile also fit the pr function to four suhgroups fror the
checl: out sample and found n* values of .79 - 00, e then
Zit the function to three subgroups of the in-lilrary use
>le and had poorer results than the hene use sarple aut
hetter results than the shelf list sample. Usino the saro
subgroups he fit his Prn model, a generalirecd exponential
model, a gener-lized logarithric model, ard the lorrce
rmodel . e concluded that each of the models doesz ecually

well for predicting Pn. For certain subcgroups, he showed

that all models were ecgually poor.

Jain concludes that the pn function (no use) is quite
efficiernt in describing the prokahility of no use of a
bool: for various ages and that the Pn Model does as well
as the three other book usage rodels when fitted to the
data from Purdue Libraries. Ile further ccnclgﬁes that age

is a significant variable in studyinc the usace of

. monographs, lIe points out that while usage rates of

O

ERIC

Aruitoxt provided by Eic:

individual rmonographs have considerahle variation even
over a short period of time, the usacge rates of various

age groups do not show any significant difference over

tine.
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. 6 The Morse Eook Demand Model

Morse (1962, pp. 124=132) develops a rodel to estimate
unsatisfied demand for a book. Farlier calling the number
of uses per period of time the serwvice rate of the hool, .,
he shows that the expect=d circulation, R,, is:
R, = 22
L ,QQ—R'

where A is the demand rate. The expected unsatisfied

deriand is:

U, = a-R, = : -

Morse using the conditional probability relationship:

P(mla) PCA) P (AIm)Pwm

it

P(a) = P (A, m)P(m, A)

where P{(A,m} = P(m,A) is the joint probability that a book
has a demand A and also circulates m times a year. Morse
uses this relationship and goes from a formula giving
expected circulation in terms of demand to one cgiving
estimated derrand in terms of known (or predicted)

circulation. He develops the model hecause:

2



"Sore of the things we would like to know,

for each homogeneous class of books, are:

the expected value of the demand for those
books of a class that circulate m times a
year; the mean value 2 = A of the per hook
demand, averaged over all bools of the class;
and thus, by subtraction, the mean unsatisfied
demand U = D - R per boo}l. for al the hooks in
the class. We would like to know how the
unsatisfied demand would change in value

if some of the books were duplicated of if

the lecan period 1/u4 were changed in value.,*"

Morse points out that the calculations aren't easy
recause A 1is not a definite number, the exact numher of
vould-be borrowers who come to the library for a given
ook during the year. It is the expected demand. Ile
>oints out that since A is a continuous variable, P (A|{mM)
aind P(A) are probability densities. Secondly, he points
ut, the conditional probability P(m |A) is a quite
omplicated function and that it is not a bad approxination

-0 use the Poissonn formula: )
7 7 ALAR _
P(mja) ~ Pm J.L-le?\.) |

1 \M - LA
1 AL)HE(\

ml \ e AR )

Vthere:

A

- is the expected circulation.
AL+ A
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lle points out that this approximation is better than some

made later in his development.

lorse points out that there is no way of measuring

the distribution of demand P(A) for a class of hocks. Ille
states that it is possible to determine P(m) however, and
using data collected in three different samples of 876,
204 and 97 titles in the collection of the Library of
Science at MIT, found that the distribution is roughly
geometric, though a semi-log plot showed a slight downward
curvature, rather than a straight line. IHe points out
that P(m) is proportional to ™ put that P(0) is not

1 —¥. The straight line does not extend back to P(n).

Morse states that since the knowledge of P(mld) and
P(m) alone does not enable one to find P(R) and P(2|m),
P(A) has to be guessed and then the guess verified
indirectly. Morse assumes that P(A) is exponential since
it is an extension >f the geometric distribution to the

continuous variable A. He tried:

-A o=
P = ()2 " [ Padasd




as the probability that the demand for a randomly chosen

book of the class is between A and A+1 . Then:

D 3/1¢’CA.):LIL
and since:
Pimy = [ P (mln)P(R)dn

substituting:
o wL 2

MA (A 1
P (m) - miD (AL«‘_FL) P\ #f1>d

Morse states that numerically evaluating the integral for

various values of m, A and D produced a distribution

P(m) which is nearly geometric when plotted acainst m on
semi-log paper. Thus, he approximated f(m) with a2 geometric
distribution designed to produce the same mean circunlation
as does the formula shown above and data collected by

Pourny (1962). Morse found a modified geometric

distribution toc fit:

, 4 a \™
P Om) = 537 Qﬂ,) for m >0
P (o) &a+1-R

Q+l

And PGm)= P(m) + P (ma+1) +

2&+1< >
D+1 Qi*’l




where O is set so that

— o _ a(ary)
T - P 2P(RYTBP(RY T T e
e E
o {R@et]) -3

Constant Q is the parameter of the modified geormetric

distribution.

Morse points out that the value of the mean

circulation D can be calculated from the circulation

- ( - ) d A

but that the individual P(m} cannot. He does this by using
xzz*x+cx%?n*61vsn+i

distribution

P (m) =

miD

the series expansion £

= gf 2 Jxl)z 3 /R \B
Sl A 5
AR 2V Lt B\ r

- 22 NV
! eq7< D ,hﬂﬁj,

MJ —
TR o
i _E—-a( ( ,A+i)€xP (&E—)dﬁ )
= i—{;fw(%Ei(%)]




where Ei(x) is the exponential inteoral of x.

lle gives the arproximate formulas for the ahove as

_ , 1.87 - 2.0
D-R L (B ~ 5(_1_)
o n(2)T x as

Mo

e

Thus given ?jandiig, D can he calculated and once D is
known, Q ran be calculated. Once O is known,P(m} can be

calculated.

Morse points out that D - R is the mean value of the
unsatisfied demand per book of the class, since D is the

estimated value of the mean demand.

Morse étates that his choice of a simple model and
the apprc#imatiens he has made may result in values of D
being off by 10 or eveh 30 percent but that this does not
matter for the needs because one is generally interested
in whether D is 2 or 200 and in whether some action
increases or decreases D - P by factors of 2 or m@ré_ The

formulas, he states are aderuate for such purposes.

W
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CIIAPTER 3
THE HNEGATIVE }T{.IEIDI‘-’IZ‘EZ\.L DISTRIDUTION
The negativé binomial distribution has been uscd in

ranyv diverse experimental situa;}ans. Mne of the oldest
appliéaticns was made by Greenwcod and Yule (1220). They
found that the number of industrial accidents among workers
during relatively short periods of time may follow a
negative binorial distribution. 2Apparently, the |
distribution over periods of equal lengths of tire and for
the ith worlker would be Poisson, but accident pronaness

from worker to worker varies in such a way that the numhers
~f accidents for a group of wcrkers may follow a negative
binomial distribution. It has also been found that cocunts
of insects on experimental plots often conform to a negative
hinomial distribution, presumably hecause their
gregariousness or hatching habits introduce "contagion"

in the sense that the location of one insect in a plot
increases the probability that there are others in the
plot.

| Kendall (1949) reports that when the bkirth and death
rates per individual within a living population are

constant, and there is a constar. ra'e of immigration,
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population size may conform to a negative hinomial

population,

The nu. bers of pinholes in 50N-foot samples of
enameled wire have been found by Wise (1946) to confcm
to a negative binomial distribution. Presumakly, the rare
event of a pinhole in such a wire has a changing probability
from batch to batch. Feller (1957, p. 270) gives an exarple
from records of damage caused by lightning as obse.-ved
during n time intervals of length t. In this situation,
it seems that lightning strikes rarely enough to make a
Poisson distribution applicable but the damage caused
varies from strike to strike in such a way that the total

result is well fitted by a negative binorial distribution.

3.1 Derivation of the Negative Binomial Distribution

The negative binomial distribution can be derived
in several ways. One way produces the negative binomial
distribution in a waiting time experiment under a
binomial sampling situation. The number of trials, n,
are usually fixed and the number of ever s, x, are

observed. In contrast, in a negative hinomial sampling




situation, the number of occurrences of the event, r, are
fixed and the number of failures; x, (x = n - r), is the
random variakle. The total number of trials then is x + r.
The trials always end with the rth occurrence of a success.
For example, when considering the probhability that 3
occurrences of a tail (failure) will occur hefore the
occurrence of a head (suceess) in a coin tessing experirgnt,
the probability is: |
p{rr}= (3

The probability of a success on the fourth toss is:

i
f

Iu—

I {H on ith Téss} = =

M

p{rren} = (§)7 ()

1

If r = 2 and x

i

3, then by the binomial probability

function,
p{3r,n}= )y ()7 ()

and the probabhility that the 5th toss would result

in a head is 1/2, therefore:

E{;;T,zi{}z SEIES (?')




In General, if

P = probability of a success
g = probability of a failure
r = the nurber of successes

The probability of r = 1 successes 1n n - 1 trialsﬁ
(-1 r-t m-r
(Fi)r e

and the probabhility of the rth success on the nth trial

/s -1 | TR - R o N
is: = (i3—1> P i nar

o
Cm

= | O n<r [3.1]

Another development of the negative binomial
distribution follecws. Assume that death occurs after the
rth attack of a poiscn. The probability that an individual
survives n exposures is the probahility that he will bhe
"attacked 0, 1, ..eeeeer =1 times during n exposures is:

r=1 : S ‘
T—' (77.) -y
. J . ﬁ; T
‘jiD

Consider n-1 exposures, death cuccurs after r attacls

the probahility of surviving n ~ 1 exposures is:

Y (")

Be




The probability of dying during the nth exposure is
the probability of surviving n - 1 exposures minus the

probahlllty of surviving n éxposures-

F=1

Z (ﬂ;) T ﬂ' ’. i( ){WJPj | [3.2)

j=o

And since:
< () (5
-1

Fﬁuatién [3.2] above is equal to:

(91 1> ’t*‘JPj [(n ) {"‘3 T ’l’f) c{,n‘j?j ]}
caﬁbining:

i‘ (ﬂj—i) [q'fbi-j Pj‘ -~ c{ﬂ'ij} _ (’;ﬁ) qﬂaj‘P j}

1,

jsg
Factoring out p :
-1 [

Zl(ﬂ;-‘) P e e - () ‘Tﬂ‘PJ}
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Sincep=1-gand 1/g - 1 =1 - q)/q = p/d, [3.2] becomes

=t (Tl*l > AR B\j -1 . "? ) - j -J
q=0

Putting successively j =0, 1, ... , r=1 in the

equation, the positive term of each value of j is cancelled
by the negative term at the next value of j. Only the
positive terms at j = r - 1 remain and the prohability of

death during the nth exposure reduces to:

vl rom-r
Z_%) ? 9 for n2r
O for =m<r [3.2]

mhis form of the negative binomial distribution is

called the Pascal or Polya distribution.

A nore specialized form of the negative binomial
(which genaralizes the Poisson) can be developed by
distribution but with its parameter regarded as a random
variable independently following a particular continuous
probability distribution. This approach was developed by

Greenwood and Yule (1920). They said that while for one




rerson the probahility of 0, 1, 2, vee.., accidents ray

fallow a Poisson distrihution with parareter At

—A xX
, e A :
flzy = = x=0,1,2,... l
4

[3.4]
~he mean nurher, A , of the accidents ray vary fror person
to merson, The particular prokahility distribution proposed
v Greenvood and Yule was +he Carma (or Pearson Type JTIT),
whose continuous density function is:
o —ea -t
A

g(l‘) = ——
e [3.5]

mher the joint density function of % and X is the rroduct

of (3.41 and 13.5]. Thus:

hexay=_C eyt A
(r-)! _ﬁg}_
Since:
w —
7 ' -1 -2
() = (=13 :] z" L ,®oaz
-
Therefore:
' c” -2(C+1) _ Xer-1

o1y
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The density function of x is ohtained by irtegrating
Y b g

on A cver its range, zero o infinity:

(x) c’ ale) mer-t )
£ :?T??7ST'J/§ - A, d

¢’ %0 wer-t -alerb)
s f AL o 2
2 (r-1)! %4
ILet
£ = a2 (C+1)
d Z = <C*i)il
AaA = HtZ
C+i
- =
A =
C+L
Then :

g (%)

A+ -4 -s;E 0L 5
X‘Criﬁl jf (;;+i_> A

C+-1

Cr‘ A )
= — f reelt e
NI R Z o dZ

XL Cr-t CC+1)i*ﬁ




Since:

[((x+r) = Cx+r-1) = _f EIH‘L,@’EJ.:Z

Rearranging:

mj_cyu-r-i)! ( C >"( \ ):& |
200 = Zer \evr/ g+t (.61

This is another form of the negative binomial distrihution.

lLetting x =n = r and p = [C/(C+1)], q is 1/(C + 1), the

probability of x is:

<ﬂ—1) Pr‘q—n‘r (3.7

r-t

[3.7] is identical to .3.1] and [3.3], though now r is not

integer.

rrequently, [3.6] is developed with the following

parameters:

i




p' and ' are not prohabilities. Using these paranreters,

the negative hinomial hccore
-”TL*L ,l
&rfi, 1 . [3.8]

There ' = 1 + p' arnd r is positive. 7 negative hinorial

cetes its name because successive terrs ir the ernarsior

of:
r . =
-? Cl*ii)
are the prohalilities [3.7] and successive terms ir khe
cexpansion of -r

(¢'-2")

are the probakilities [3.°].

mhe parameters of the rnegative binorial [2.7] are
p and r vhereas the parareters of [3.?] are p' and r. The
Gamma distribution used in the developrent of the negative
hinomial distribution has parareters C (Ecalé\ and r (shape

Phe Poisson distribution has the parameter, A

¥



and Variance of the Negative Binomial Dlstrlbutlan

3.3 Mean

T™e probability generating function for the negative

hinomial distribution [3.7] is:

P8 = p" (t-g8) " [3.9]

Then,

Ecx) = P (1)
. - Cpf Y[ rct- q5> L¢- q)?

(g3 (1-g5)" o1

rq
P

i

E(x)

[3.10]

Vorl) = PG+ () [P0

And, since:

R ) q:)[c;ni)C«—q:S) 451 l

(- ({5>r+1ci is)r*i ] }Szl
_ rP g (rmitd)q
) (L-q)** i
= g (rFer)
P° h
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T e,

2
EP Cl)] ZL
F ..
Therefore:
’ 2 2 2 7 2
Var (1) = N MR q;__.

| , r
VS?(?E) = CZL (3.11]
2

P

For the alternate form of the negative binomial
[3.9), the mean and variance are determined by using the

generating function:

PCS} = C’CZ_;J "_'P‘S)‘ri

Then,

E(x)= P (1
P'Ls)z ~~ (qg-Ps) (P

rp

RS,
P
.
e

i

[3.12;

a
LN
2
!
-
o
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ana,  PU(s)= —(re0p'r(q'-p's) T (-p")
P (1) = (ret)r (p")?

Therefore,
Var ()= P’ (P (PTr -rt(p)?

= F?!(l*?{)

1 )
Var(x) = P 9
[3.13]

since r{’ = 1+:}3"

3.4 Estimation of the Parameters of the Negative Binomial

Three methods have been used to estimate parameters
of the negative binomial distribution: The Method of
Moments, The Maximum Likelihood Method, and the Proportion

of Zeros Method.

4y
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3.4.1 The Method of Moments

The parameteis have been shown to be p and r and the
mean and variance were shown to he rq/p and rq/pa . If the
first two moments are estimated from the sample moments,
then the ratio of the mszan to the variagce provides an
estimate of é* That is, if the mean of the sample is m and
the variance is a? , then m/Sa estimates p. fince,

m =.rq/p and noting that g = 1‘s P, an estimate of r is
given bv r = mgﬁi -~ p). The efficiency of estimating p and
r by this method has been derived by Fisher (1921) and
it's reciprocal is given by:

=1+ 2{. % ii’t"%l} v H { (r+2)(r¢3)

W‘HLA

1,3 2¢F.4 '
5 i CF"'&)CF*EDCP*LF) + .. -}

L2 The uethcd af Max;mum LlLellhDDd

The maximum likelihood method of fitting the negative
binomiai distribution has been discussed by Haldane (1981},
Anscombe (1950) and Sichei (1951). Let fi be the chserved

frequency of n events and 7 the highest value of n ohserved.

The total number of cbservatlon%, M, is given by:
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The mean of the sample, m, is given by:
2

{
x“Z )

The likelihood is given by
Z

T [pen]”

7N=0

And the 1agarithm of the likelihocd, L, is given by:

L :Z%"’L log PO
z =

=f,rlgp * Z’ZL

- ]@%71'_ + r‘]og]*: + 72165(1 '_P)}

1@g (r+x)

=

Differentiating with respect to p:

L _sE, [
L5 [ 5 )

,j3 7=0

P (LD



and q for 1 - p, gives:

M [3.10]

The mean of the sample, m, is therefore the maximum

likelihood estimator of the distribution mean.

Differentiating I with respect to r, then,
E b 4 lenr
= 1, 103]3 £71 _ () EP}
br‘ ,
Equating to zero gives;

§ - - \ *Gg —
K ¢ :
??:'i S;C; (I+r) F

Eliminating p from the equation by solving [3.14' for p

vields:
N 1@& (1+?/ —2
_ ;57+£ +. 'i+%ﬁ - £ﬁ - 0
( r'+i.) 7 to (f%EIﬁ“L)

The solution of this equéticn for other than r = infinity
provides an estimate of r. An iterative process must he

used by quessing a value for r and iteratively adjusting

47




r. The estimate obtained by the method of moments is a
good initial guess. The use of computers has greatly
improved this iterative process. This methed of maximum
likelihood was used to estimate the parameters of the

negative bhinomial distribution in this research.

3.8.3 The Proportion of Zeros Methocd

A third method of estimating r is from the piovortion
of zeros. Iff; is the observed number of zeros, then an
estimate of r (Anscombe, 1950) is:

1o

e

N v

Taking logarithms of both sides and putting:

(1+7)

a‘ = — lopg f,
N

%é = ]%% Cif+y¥; )

yields

This equation can also be solved in an iterative

nannex.,
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CHAPTER 4
STATISTICAL TECHNIQUES USED IN THE AITALYSIE OF DATA
Since extensive use has been made of certain
statistical techniques, this chapter will explain the
rationale and subtletiés of applying the techniqgues to the

data used in this research.

.1 Cstimating Parameters of the Negative

Binomial Distribution

In order to calculate the theoretical frequencies
of occurrence of events in the negative binomial
distribution, it is necessary to estimate the parameters

r and p of the distribution:
, /-1 ronor
FOO( | P 7
Using the method of maximum likelihood, it has been
shown in Section 3.4 that an estimate of the mean (n) of
the distribution can be determined by:
rq.

e

In Section 3.3, it was shown that the mean of the

negative binomial distribution was given by:

Ex)=_"%
.??

b9
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anc¢ the variance by:

Var () = —&

2

iy

Tv takino the ratic of the rean tc the variarce of the

Mean

P e ——— = 2
Variance -

2

¥

In order to oktain the estirate of the parareter r

vy the method of maximum likelihood an iterative procedure

rast be used. In Section 3.8, it was

sar~le data, one car oktain an estimate for the rararcter

shovr that the

pararmeter r could he determinred from the equation:

N log (L+78) = f +§5 ¢ £y v +8n

=
A T PR
o (rel)
- ... = - = 0

r = the pa
T o=
f; =
m =

rareoter

the sarple size
the frequency of occurrerce of
the sarple rear

S|

ERIC
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The procedure, then, is to guess at an initial value of

r and solve the above equatiorn, then successively alter

r until the value of the lef% hand side of the ahove
equation becomes zero, It is soratimes judicious to use
the value of r estimated using the method of morents
(Section 3.#). An illustration of the procedure of
estimating p and r is given below for the following boolk:

use data.

No. of Uses ' Frequency

5
21
12

[0y T N I e |
98]

The mean of the above data is .79545 and the variance
is 1.91967. By taking the ratio of the mean to the
variance, it is found that the parameter p = .41437.

Using r = 400, the value of the left hand sice of
the equation is 2.21559. The estimate of r is then

increased by .001 until the value of the left hand side

1 > '




of eguation 4.1 becomes negative. Tahle 4.1 shows the
tabular vaiues of the numeric value of the left hand side

of the egquation.

Since the numeric value of the left hand side of the
equation at r = .427 is ,00841 and the numeric value is
-, 06435 for r = 128, we could use linear interpolation
to determine the r for which the le’ hand side of the
equation is zero. This method was used in all analyses
in which the parameters of the negative binomial

distribution had to be estimated.

h,2 Using the Chi Squared Test of Goodness of Fit

The Chi Squared test is the oldest goodness of fit
test. A random sample of size n is oktained from the
population and £, denotes the frequency of x; in the sample.
If the population is discrete and has the prohability
fuﬁctioﬁ} p{éé]-; P{X = xi}; the expected value, e, eqguals
np{xi}; fi will-not usually be equal to np{xé}-and the

differences f; - np{#i} are related to the extent of
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TARLL 4.1

TABULATION OF VALUES USTED 70 ITLIUSTRATE
TI'E CALCULATIN O r

r nunerical wvalue
400 2.21550
101 5.12070
hE 5 n3075
425 0.15572
T n.09177
“497 n.0nan
“42n - nGu3s
429 - 13652

g




The differences are squared, weighted by the reciprocal
of the theoretical frequencies, np{xi},and summed yielding:
k SN
xX:=5 ($ -np{xi})

T mplrgd

This statistic has approximately the Chi Squared
distribution with k-j-1 degrees of freedom. The value of
j being the number of parameters estimated from the sample

data.

For a test hased on this statistic, we need to be
able to calculate the probability of obtaining a value of
the statistic as large as,or larger than, the ohserved

value.

To illustrate the use of this test, it is hygcthésizeé
that the data shown in Section 8.1 is negative kinomially
distributed. The tabulation of the components of the
negative binomial distribution with parameters p = 41837

and ¥ = U027 are shown in Table 4.2.

The Chi Squared statistic is 10,9543,
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The probability of cbtaining a value as large or larcger
than the observed statistic is .013 (from a chi Squared
table with 3 degrees of freedom). Ve conclude then that
the data are not well fitted to a negative binomial

distribution.

In order to prove the quantity Chi Squared
ﬁfi(fi - np{xé})g/ np{xigis distributed as Chi Squared when
th; null hypothesis is true, it is necessary that the np{xd}'s
be large. That is, the proof is strictly valid when the
np{xg}és tend to infinity in the limit. Because of this
many authors recommend that the np{z;}'s be greater than
or equal to 5., Some auﬁhcrs recommend that the
np-{xi}'s be greater than 10. The point is controversial,
however, and Cochran (1954) using m; as the expected

frequency states that:

"It is my opinion that these recommendations
are too conservative and may on ,
occasion result in a substantial loss

of power in the test, I give this as an
opinion, because not enouch research has
been done to make the situation quite clear.
llowever the exact distribution of

the Zf; -m)y*/m; when the expectations are .
small, has bheen worked out in a number of
particular cases by Sukhatme (12), Nevman
and Pearson (3) and Cochran (4), (5). These
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results indicate that the X* talles cive
an adeauate appro:xiraticor to the exact
distributien cver wher some a; arc

lowver than 5."

The loss of power fror the agreater or equal te five
rule occurs hecause the rule reguires crouping of
frequencies in cells at the tails of the Adistrituticn wvhere
frequently the differerces hetween the alternative
hypothesis and null hypothesis stand out roast clearl-y, sc
that grouping would cover up the most sericus differences
hetween the two distriklutions. Cochrar (1058) uses the
followina illustration. fuprpose that we have a sarple of
M= 100, The null hyrothesis in that the Jdata felloo a

Peisson distribution with krown mean egual to 1, vhern in

fact the data follows a negative birormial distrituticn

(q -5 "

1]

wheren = 2, g = 1.5, and p = N.5, Vhat is the chance of
rejecting the null hypothesis at the 57 level of

sirmificance? Cochran presents the da*a in ™a%le 0,7,

If an m; as low as 1.9 is alloved, 5 cells are use:

fod

in the Chi fquared test with I dearees of freedeon since

O 57
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the mean is known. To make all m; greater thar 5, the last
two classes are pooled and there are 3 degrees of freedom.
To make all the m;'s greater than 10, the last 2 classes
are pooled and there are two degrees of freedom. Cochran

calculates the values of the power function:

A=y (-

"

which is a non-central Chi Squared distribution with
parameter, A , of non-centrality. The larger the value

of A, the higher the power. The contributions to A is

for grouping the frequencies of the last two cells; and,
the last column for grouping the frequencies‘cf the last
three cells. The probabilities of rejecting the null
hypothesis from nom=central Chi Squrared distribution talkles
‘are .56 for the ungrouped data, .Ut3 for an m; greater than
or equal tD S;and .32 for an m; greater than or equal to
10. Cochran points out that the power function slightly
favors the ungrouped data because it is an asymptotic
result. Cochran then calculates the sample N that would

be needed in the grouped cases in order to have the same

power as in the ungrouped case. I'e found that an N of 136
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would be required wher the frequencies of the last two
cells are grouped, and an N of 1921 when the last three are
crouped. These are to be compared against an ¥ = 100 for

the ungrouped data.

Cochran gives the following rule for goodness of fit
tests for unimodal distributions:

"Here the expectations will be small only

at one or both tails. Group so that the

minimum expectation at each tail is at
least 1"

For all uses of the Chi Squared goodness of fit test
in this research, grouping was kept at a ninimum bhecause
of the few number of cells and hecause of the loss of two
degrees of freedom for estimating the parameters of. the
Negative Binomial distribhution. Cochran's rule ahove was
followed in all cases.

4.3 The Variance Test

One of the ways that data distributed according to
a negative binomial distribution is distinguished from the

Poisson is by the magnitude of the variance. The Poisson

60
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distribution has a variance equal to the mean, whercas the

negative binomial distribution always has a variance greater

than the mean. These are contrasted with the binorial
distribution which has a variance which is always less
than the mean. Rejecting the null hypothesis that the
variance is equal to the mean will permit one to conclude
at a specified significance level that there is no reason
to bhelieve that the data is Poisson distributed. Cochran
(1954) states that a comparison between the ohserved
variance of the observations x; and the variance predicted
from Poisson theory will frequently be more sensitive than

the goodness of fit test., The variance test is made by

| ) ,
2 I
X, = § (% %)
.

The quantity Chi Squared is referred to the Chi Squared

calculating

tables with N-1 degrees of freedom.
To illustrate the use of the variance test, the data

in Section 4.1 will be used. The mean of the sample is

.79545 and the variance is 1.91967. An alternative for
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Chi Squared, if the calculation is made from the frequency
distribution of .j,isz

2 (%"
X, = Jrim e
, Z -

{There

= the cell ,
= the mean of the sample 7
: the frequency of occurrence of j

h
| ‘H“l\u\.
g

The calculations for the data of Section ll.3 are talulated
in Table #.4. The calculated Chi Squared is 316,14152, The
value of Chi &quared can be determined using the norrmal
approximation to the Chi Sguared distribution:

; (Zp+ J2k=T )’

2

%s

fl

= 1 - gignificance level

: the standard normal value
at probahility p

k = sample size

(pa ke
)
il
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At a significance level oi 5%, 7 is 1.65, k is 132,

and the value of Chi Squared is calculated to be 159,31,

accepted, that the variance is greater than the mean and
thereby assume that the data is negative binomially

distributed.



CHAPTER 5
TIE COLLECTICH OF DOOK DEMAMD AMND USE DATA

Several tvpes of demand occur for bhools in a library.
This investigator identifies two major kinds of demand:
known and unknown. 72 known demand is a demand by a patron
which the library system knows has been made. TFor example,
if a person charges out a book, the lihrary system knovws
a demand has been made. The particular book has been bhoth
demanded and used. An unknown demand occurs when the
library svstem does not know that a demand has;been made.
For example, a patron ﬁsing the card catalog has identified
that the hook he wants is in the collection, looks for the
book and doesn't find it. He does not check to see if the
book is charged out nor does he ask that the book be found
or held for him. Previous investigators have studied only

known demand.

5.1 Types of Demand

Libraries generally are of two types: closed stack

or open stack. In a closed stack library (one in which
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a natron has no access to the library stacks), a watron
must identify his demand to a library cemplovee in some
manner. Oenerally, he does this by filling out some sort
of form, for example, a book call slip. In this type
library, all demands are known, The demands could he
satisfied or unsatisfied. The satisfied demand can result
in a home use in which tha patron phvsically removes the
ook from the library for a period of time or an in-house
use in which the patron uses the book in the librarv.

This tywe of library can also experience unsatisfied book
demands. Thus, the library has a record of both known and

unknown satisfied or unsatisfied demands.

An open stack library, on the other hand, permits
the natrons access to the hook stacks of the lilrary.
This type library can also experience hoth knowi. and unknown
demands., Both types of demands can be satisfied or
unsatisfied, However, the open stack libfary aqenerally
only has a record of satisfied home use demands. - The
library svstem mav never hecome aware of unsatisfiei demands

or of satisfied in-house demands.
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Studies of book use previously conducted always

consider known home use demands, sometimes consider known

in-house use demands but never consider unsatisfied demands.

< Methods Used For Collectin

Previous use studies generally involve random samnles
or sanples of the books from selected subsets of the entire

collection. Two methods for collecting data will he

described using the terminology used by Jain (1967).

A "check out sample" is one in which the past use

(generally satisfied home use demands) of hooks "checked

out" during a specified period of time are recorded.

Dawson, Aldrin and Gould (1961) used this tvpe of sample.

The second method is called a "collection sample."

This method involves choosing a sample of the collection
of books in the libhrary or of the collection of the selected
subsets of book in the library and collecting information

about past or present use of the hooks.
(1961)

Fussler and Simon
used this type of approach.
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All previous investicators, with the exception of
Jain (1967) who used his "relative use" measure previously
described in Section 2.5, used either the “c@llectién
method" or the "check out" method for the collection of
their use data. This investigator collected random samples

of book demand using the "collection method."

5.3 Problems and Difficulties in Collecting Demanc Data

Certain problems arise with the collection of all
types of book demand data caused by the type of library,
the type of records which are kept and by the method
of collecting data. With regard to the method of collecting
data, Jain [1967) examined the advantages and disadvantages
of the "collection method" and "check out" method and
showed the following advantages and disadvantages of each:

Collection Check-C-t
Characteristics - fample __Sample

Can one draw

inferences about

the whols

collecticn? yes no

%9




Collection Check-0Out
Characteristics __Sample __Sample

Can inforrmation be

obtained on the rate

of usage of the same

group of books over

a long period of

time? yes no

Is it relatively

easy to design a

sampling scheme

and collect data? no ves

Are the problems of

missing data and

of lack of control

on the methods

of recording usage

histories in the

past avoided? no ' ves

The collection method is the only way that inferences
can be made about the entire collection or suhsets of the

collection.

There are problems caused by the type of library and
the method in which book usage is recorded. Theoretically
in a closed stack library, all demand is known. If

the library keeps the recor.s of all demands, demand studies

.would be no problem. This is not the case. Records

generally are not kept. Since the data collected for this
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study were collected in an open stack library, the fourth
characteristic shown above will now he considered. Book
use records are generally available only for home-use
demands. A book card or some record is generally affixed
to the inside back cover of the book and a patron on
checking out a book will sion his name or a date charged
or date due is written or stamped into the book.
Theoretically, this record of home use shﬁuld.prnviﬁe for
a good record of nast home use of the book. Iowever, the
amount of space provided for names or dates is finite.
The cards are generally thrown out when they are "filled
up" with signaturaes or the "aaterdue“ slips are renoved

when they are "filled up" with dates.

When lookinag at these usage records for long periods
of usage, it is sometimnes difficult to determine whether
the first date stamped is the first home use of the boolk
or is the first home use on a new date due slip. That is,
a date due slip had already been filled up withidatés,
removed and discarded. Other problems sometimes arise such
"as attempting to determine the date at which 'a bool: was
added to the collection. Tor exaﬁnle, a book with a date

due slip inside jtg back cover with an imprint date of



1910 and with no record of home use on the date ﬁue slio
may be: (1) a book vhich was added to the collection in
1910 with no home use since that time; (2) A bocok a-lded
in 1910 with a thousand uses until 1968 at which tine a
new date due sli» was nlaced in the bhook; (3) A hoolk which
was added to the collection in 1968 at which time a date

due slir was placed into the hook.

5.4 Identlflcatlcn of Bocks to he Include in Random

Samples

The books identified for the analyses performed
during this investigation were identified using a random
sampling scheme. A random sample of the entire State
vUniversity of New York at Buffalo library collection was
collected from the library's shelf list in order to studv
the number of home uses of books during a periné of time,
and a random sample of Library of Congress P élass'(Laﬁquage
and Literature) books were identified to be studied to

determine the number of demands for the books,

The population sampled was the library's entire hook

collection. This was performed by randomly identifring
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the hooks by using the library's shelf list., The shelf

l1ist consists of anrproximately 400 drawvers (each

)]

approximately 16" in length) of 3 x 5 cards = each
containing catalog card information about one title., The

shelf list is arranged in call number order so that,

theoretically, the cards are arrancecd in the same nanner

i]

as +he hooks are on the shelves.

Tn order to collect a random samnle from the shelf
list, it was decided to randomnly identifv an eighth of an
inch of the total thickness of cards conprising the shelf

list, pull out a card from this eighth of an inch

and record the appropriate identifying information.

To select the random samples, the drawvers were
numberecd, the depths of the drawers mMeasured and a computer
program written to generate as many randon numhers as cards
to be included in the sample. The program then converted
the random number into a drawer number and a depth (in
inches) into the drawer at which a card was to be pulled.

A portion of the output of the nrogram is shown in
Table 5.1. The first line in the Table identifies a card

in the 50th drawer at 4/8 of an inch into the drawver. The
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TABLE 5.1

A PORTION OF THE RANDOMLY
GENERATED SHELF LIST
DEPTHS FOR RANDOM
TITLE IDENTIFICATION

Drawer

Number Inches
50 0 4/8
51 1 4/8
51 9 3/8
53 5 3/8
53 7 7/8
53 14 7/8
54 11 1/8
54 12 7/8
55 1 5/8
55 2 3/8
55 5 7/8
55 12 1/8
55 14 1/8
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second line identifies a hook in drawer 51 at 1 4/2 inches

into the drawer.

Two hundred random shelf list depths were generater
at a time. Tor example, if 1000 random depths were desired,
five sets of 200 random depths were generated. FEach 200
locations were randonmly generated over the entire shelf

list depth.

This was done hecause shelf list drawers are,
necessarily, not full and prior to selecting the desirer
cards, it was necessary to compress the cards toward the
front of the drawer. In all drawers, then, the back portion
of the drawer would contain no cards and the randomly
generated location may be empty. Two hundred (200) random

locations might onlv result in 78 cards or 114 cards, etc,

Upon identification of a card, the_call numher was
recorded as well as some other identifying informaticen,
such as number of copies, location (branch library, ctc.)
and a short title. This information was then used to
retrieve the book for the book demand data to be used in

the analyses.

Q 74,
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Samples of Pook Demand and Uses

h
-
191

Tnis investigator collected demand for known hore
use of books for a sample of 702 books from the lihrary's
entire collection for the period 9/1/66 - 8/31/67. In
addition, all demands (known and unknown) were recorded
for the P class (Language and Literature) bhooks using a
questionnaire method for the periecd March 3, 12€2 throuch
May 11, 1968. During this period, 12,89% demagds were
recorded for 10,422 different books, The P class shelf
list was then sampled and 732 bools randomly selected for

analysis.

>+3.1 The Collection of Home-Use Book Demand Data For The

SUNY Buffalo Collection

Tzn sets of 200 random depths were generated in order
to identify call nurbers of titles f:oﬁ the entire &UN
Buffalo shelf list. The procedure descrihed in 5.0! was
followed. Because éf empty space in shelf list drawers,
1167 titles were identified. A search was made in the

stacks and: (1) if the book was found, the nurher of

charges (home use demand) as recorded in the bhacl of the

Q65’3



book was copied; (2) if the book was not on the shelf,
the book was recalled if it were charged out to another
patron and the number of charges as recorded in the bhack
of the book was coonied upon its returng (3) if the book
was not on the shelf and not charged out, a search for the
book was made one week later and the number of charges
recorded if it were found. If it was not found upon a

second trial, it was assumed to be a missing book.

A tabulation of the number of books identified by
Likrary are shown in Table 5.2. For exanmnple, i#8 titles
were searched for the Health Sciences Library, U4 were.
found, 3 were either not found or not returned by the

borrowar upon recall, 1 did not circulate.

The 1020 books which were found were checked to see
if thev were charged out for home use during the period
9/1/66 through 8/31/67. Because of the missing data or
unceértain data problem described in Section 5.3, 318 books
were eliminated from consideration. The investigator was
sure that a book was on the shelf available to patrons ;f:
(1) a charge date was recorded on the date due slip éarlier

than 9/1/66; (2) the book contained a University of Buffalo

g/
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stamp (this means it was cataloged prior to 1963); (3) an
identifying book plate was in the book (book plates were
not put in books later than 9/1/66). The investigator was
sure that the book was not on the shelf during 9/1/66
through 8/31/67 if the imprint date was later than 1967
(for example, 1%68), and was not sure if the book was on
the shelf for the specified period if none. of the above

described conditions were appropriate.

A tabulation of the number of héma use demands for
the period by sample is shown in Table 5.3. For example,
sample 6 showed that 52 books were not chargéd out during
the period 9/1/66 through 8/31/67, 14 were charged out
once, 7 were charged out twice and one 5ook was charaed

out six times.

5.6 Ccllecticn of Book Demand Data for Language

and Literature (P Class) Books

The Language and Literature collection at the
SUNY/Buffalo Libraries comprises the largest class of books
withir the libraryv system (perhaps one quarter) of the

450,000 title collection. In addition, the entire class
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TABLE 5.3

. HOME USE DEMANDS OF TEN RANDOM SAMPLES
OF BOOKS DURING THE PERIOD 9/1/66 ~ 8/31/67

Sanple Number of Home Use Demands
Number 0 1 _2 3 4 5 6 7 Total
1 41 9 2 0 0 0 0 0 52
2 40 8 2 1 0 0 0 0 51
3 54 12 6 1 2 0 0 0 75
4 61 11 5 2 0 0 0 1 80
5 59 12 4 0 2 0 0 0. 77
6 52 14 7 0 0 0 1 0 74
7 55 14 5 0 0 0 2 0 76
8 53 6 3 2 0 0 0 0 64
9 54 13 3 2 0 1 0 -0 73
10 6 13 5 1 o o ©o o  _80
Totals 530 112 42 9 4 1 3 1 702
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(with the exception of fiction books) are shelved on one
level of Lockwood Library. The level has one stack
entrance. There is an emergency exit which is not to ke
used by patrons. In addition, there are essentially no
reader spaces on the level so that patrons wishing to use
P Class books must physically remove the books froem the

stack level. Because of these reasons, the P Class books

were selected for intensive demand study for this:

investigation. During the time of the data collection
(Spring 19685; Lockwood Library was open 26 hours per week,
(From 7:30 a,m. to 11:00 p.m. on Mondays through Fridays;
from 7:30 a.m., to 5:00 p.m. on Saturdays; and 1:00 p.m.

to 11:00 p.m. on Sundays). It was decided that the best
way to get demand data (both known and unknown) was to ask
patrons what they were looking for. In order to accomplish
this, data collectcocrs were stationed at the stack entrance.
As each patron entered the stack entrance, they were given

a questionnaire (See Figure 5.1 and Appendix A). The
questionnaire was designed to find out what the patron
looked for, what he found, and whether he would use what

he found in the library or charge it out for home ﬁse_

Data collection was begun on February 13, 196 and continued

through MayA11, 1968. Data was collected on each day except

80
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Date

FIGURE 5.1

QUESTIONNAIRE

Time

THE RESULTS OF THIS QUESTIONNAIRE WILL HELP THE LIBRARY IMPROVE ITS SERVICE,
YOUR COOPERATION WILL BE APPRECIATED.
For each book which you looked for, found or used, list the complete eall number on the teft
and circle your answar fo each of the three questions on the right. Please circle the answer

to tha question sven if you did not find the book you wonted.

Coall Number

Question

Answer

1) Did you have the call number when YES
veu came jnto the stacks?
G MO
2) If you had the call number, did you YES
find the book you locked for? NO

3) If you found (or would have found) the
book, will you (would you)?

Use it in the Library
Charge it Out

Mot sure if | wili{weuld)
chorge it out or not

7 Question_ Answer
1) Did yau have the call number when YES
you came into the stacks? NO
2) If you had the call rumber, did you YES
find the ook you locked for. NO

found) the

Uss lr {nrthgrlefury
Charga It Qut

Not sure if | will(would}
charge it aut or net

Question

Answer
1) Did you have the coll number when YES
you came into the stacks? NO
2) If you had the call number, did you ~ YES
find the book you looked for? NO

3) if you féurrurii(iar would huve };und;'ha 7

bock, will yeu (would you)?

Use it in the Librory
Charge it Out

Mot sure if | will(weould)
.chargs it cut or not

Question Answer
1) Did you have the call number, when- .. YES
you cams into the stacks? NO
2) If you had the coll num;r, did your YES -
find the book you looked for? NO

O

ERIC

Aruitoxt provided by Eic:

3) If you found (or would have found) the
book, will you (would you)?
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Wse it in the Library
Charge it Out

Mot sure if | will{would)
charge it out or'not



March 26, 1968 (Easter Sunday) when the library was closed.
The questionnaire was éhecked-for a period of 18 days. At
that time, it was decided to ask the patrons for their
student number if they were a student or their name if they
were a faculty member. It was discovered at that time that
books which were not recorded on the guestionnaires were
being charged out. In addition, call numbers were being
imporperly recorded and coded by the data collectors.
Detailed instructions were prepared and given to the data
collectors (Appendix B). Each demand was recorded, coded
and keypunched. The punched card format is shgwn in
Appendix C. All data collected beyond the eighteen-day

period were used for the analyses in this research.

In addition to the demand data collected on the

guestionnaires at the stack level, the charge cards for
P Class bocks were checked daily to see which P Class books
were charged out. The names or numbers of the person
charging the book were compared with the questionnaires to

- determine if any individuals were not éomglétely filling out
a questionnaire. The data collection procedure was ccmpletedr
on May 11, 1969 and produced 51 days worth of demand infor-
mation. Seven thousand eight hundred ninety-three (7,893)

gquestionnaires were distributed during the 51-day period.
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P Class stack levél is shown in Table 5.4. The table
shows: the day of the study; the number of questionnaires
distributed that day (this number includes a questionnaire
for each patron who refused to fill out a questionnaire);:
the number of questionnaires not returned; the numher that
were useable (some guestionnaires did not include P class
books or contained unintelligible information and were
thus not useabhle); the number of guesticnnaires which
contained no P's; the number of questionnaires which were
refused; the number of questionnaires for patrons who were
browsing but who found nothing; the total number of demands
for the day; the total number of recorded demands for the
day; the total number of unrecorded demands (these were
for books charged ont but which were not recorded on
guestionnaires and are traceable either to those refusing
to fill out a questionnaire or unintelligibly filling out
a questionnaire); and the number of unrecorded traced
demands (these are for books charged out which were
traceable to particular questionnaires but which were not
recorded on the questionnaires). The number of unrecorded
demands appears‘to be high, ranging from 2% to 537 of the
total demands (averaging 33%). The total demands then are
somewhat deflated and the number of demands would be

104
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increased if it were possible to get patrons to cooperate
more with guestionnaire surveys. On the other hand, the
probability of a person havirg an unsatisfied ér satisfied
in-house demand given that he had a home use demand was
calculated to be approximately .2, which is not high

enough to affect the curve fitting analysis which will be
performed in Section 6.2 especially since there is no reason
to believe that unrecorded demands occurred in any sjstematic
manner. It is reasonable to assume that the unrecorded
demands occurred in a random manner. This means that although
the mean number of demands and actual f:equencies of demands
may be understated, the analysis performed should be reasonably
valid. A summary of the totals for the 51-day period are |

shown in Table 5.5.

5.6.1 Records of P Class Demand Data

After keyvpunching and verification, the demand data
was entered onto magnetic tape and maintained in day-time
and call number order.l A page listing Jrom this file is -
‘shown in Figure 5.2. The punched card format and master

file tape record format are shown in Appendix C.
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Questionnaire
_Status

Not Returned
Useable
Without P's
Not Useable
Refused
Browsing

Total

Demand
__Status

Recorded
Unrecorded
Traced

Total

TABLE 5.5

SUMMARY OF P CLASS DATA

Number

805
3,613
2,029

463

636

Number

7,759
4,378
‘761

12,898

1CH

10.27
46.08
25.88
5.91
B.11
_3.75

100.00

Percent

60.16
33.94
—32-90

100.00
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SAMPLE PAGE FROM MASTER FILE

2a&"CALTER
casiBaKTEA
cabFOAETA

LA IDARTEA
Baf3CARTAT
4 ARDTARTARTZ
sadbkRARTGT
AaaTRALTOY
sahABAATHY
AAASPARTOZ
LaSNOARTOR
saaB1BAKRN]
P L ET
saS3IFARARF
AaBaBAKAAT
AaS5FPARANS
2656FAKANS
aaST7PALRAS
aaBSAPARRANS
L 4BUTARRAK
AAONBAKARE
asbioBaRART
L 4ABPOARART
sa&APARRAT
LaBADAKANT
a4 6G08&RAAT
ALGEPAKAART
t4ah7BAAANT
aasBPARANT
LakOPAAANT
asTneasfn?
24T1CALRRT
A4 TEPA&BNT
44T3CALRD)
4aTa2a4023
44 7SPALRIS
AATHEPAKADPS
AaTTEARATS
AaTBRAKEDS
a4 FOPARARS
FYYL.LI-TYS Fi
acB1PALARS
4safPOALRDS
AARAPALAIS
adRADARASS
A&RARDALARS
ALBESAARES
4aRTPALAZS
saBBPasR2S
A4ASPA&ASS
24a90NPAARRS
ca910aaADS
A4920AARSS
44936AKA3G
aa94RAARDS
4495084RPS
2498 ARRDE
AP TCARADS
ALGREBALARDS
IYY- LY F11
a®nNEapAI~

~8

a3

v
v

vy

FIGURE 5.2

1944
194a

o p——
A QD
LR ]

LY ]

1953
1943

1944

409

12127
1231427

121427

142933
121427
121427
121427
121427
142814

147) 74
14AETS
1478 2

114RA%

140920
140910
1349721
140910
148910
142950

125840
14023} 0
1an91hH
140918
ahTS3A
140910
140910

176842
13493]

ne7833
135080
97613
173390

135aR0
125842

175442
140920
123390
152R7%

n9743)
135na0
A9TANY
Ta7812
170442

176447

LISTIN

4910l
4%1all
3A1337
2n1Aad
276932
hQ

2N1 444
n11 658
ELAN T ]
591724
35122
551157
' Yal

231406
5T1520
2n
2n
S01402
25

4517234
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5.6.2 Identifying a P Class Random fample for Analysis

The data collected represents demands for kooks
demanded. Ten thousand four-hundred twenty (10,0420)
different hooks were demanded during the 51-day period.

The collection comprises over 125,000 titles. In order

to analyze the demands for books, a random samrple of titles
was selected from the P Class shelf list using the shelf
list sampling procedure described in Se«iion 5.4. The

rated in samples of

i}

random shelf list locations were gen
200 as described in Section 5.4, Five random samples were
collected. After recording the call numbers from the shelf
list, the call numbers were checked against the calll

number ordered master file to see if the books were demanded

during the period of the study. A summary of the number

of demands for each sample is shown in Table 5.6.




TABLE 5.6

SUMMARY OF RANDOM SAMPLE OF P CLASS BOOK DEMANDS

Sample Number of Demands

Number 0 1 _2 3 4 Total
1 131 10 3 0 0 144
2 137 16 0] 0 0 153
3 122 13 4 2 0 141
4 - 125 16 2 0 0 143
5 135 10 _4 [ 2 _151

Totals 650 €5 13 2 2 732

20




CHAPTER 6
ANMATLYSIS OF FREQUENCIES OF KNOWN AND
UNKNOWN DEMAND FOR BOOKS
The analyses performed in this chapter use the
collected random sample of known demand (described in
Section 5.5.1) and the random sample of total demand for

P class books (described in Section 5.5.2) of the collection

of the State University of New York at Buffalo Libraries.

6.1 The Known Demand Sample

The known demand sample consists of 702 books randomly
identified in the SUNY/Buffalo shelf list. The frequency
distribution of the number of recorded charges are shown
in Table 6.1. The mean number of known demands is .38319,
The variance is .71886. We hypothesize that the number
of known demands for books in the sample can be descriked
by the negative binomial distribution. Using the method
of maximum likelihood, the parametér, r, of the distrihution
was found to be .47066. P was estimated using the ratio

of the mean to the variance and was found to be .53305.

91
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FILMED FROM BEST AVAILABLE COPY

TADRLT 6.1

PREQUENCY DISTRIBUTION OF RNOW:T DFMAMDS PO
A SAMPLE OF BOOKE FRO!M THE SUNMNY-BUFTFATG COTLLFECTION DURIMG
TII PERIOD SEPTEMRER 1, 1966 - August 31, 1967

No. of

Known

Demnands Frequency
0 530
1 112
2 nz2
3 2
4 n
5 1
6 3
7 —

Total = 702

92 143




6.1.1 The Chi Squared Goodness of Fit Test

The negative binomial distribution with parameter :
P = .53305 and r = 47066 was fit to the known demand data
sample. The Chi Squared table is shown in Table 6.2. The
Chi £quared columin shows the individual components of Chi
Squared. The calculated Chi Sguared is 6.7451. The P value
(the probability of getting a value of Chi Squared as high
or highexr than the observed) determined from a Chi Sqguared
table was found to be .24. Since the 7 demand cell had a
theoretical frequency of less than 1, the frequencies of the
6 and 7 cells were combined into cell 6. The theoretical
cell frequencies are less than five ir two of the cells.
Grouping the frequencies of the last two cells would have
resulted in a reduced calculated value of Chi Eguared of
3.6526., At 2 degrees of freedom, the P value would be .17.
Both are reasonabkly high values of P. AAcemplete Chi Sqguared
Table is shown in Appendix D. The results of the test
indicate that the known demands for the sample of books are

" negative binomially distributed.

6.1.2 The Variance Test

The variance test was run in order to test the

hypothesis that the variance was squal to the mean. The

°3 144
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A=W - D

CIlI SQUARED GOODNESS
DINOMIAL IIT TO
FOR A SAMPLI O DOOIS

LIBRARY

Ohserved
Frequency
530
112

u2

= -

TARIT 6.2

OF FIT TADLD

FOIL A NEGATIVE
THE FREQUENCIELS OF ITIOWN DFMAMD
FROM TID

SUNY-LUFTALO

COLLECTION DURING TI' PRERIOD
SCPTEMBER 1, 1966 - August 31, 1967

Probability

» 74370
. 16345
.05612
.02158
.00874
. 00365
«N0276

24

Theoretical
Frequency

522.077
110,742
32,.39%¢
15.14¢
6.135
2,562
1.936

Total Chi Squared

44,

l

43

- Chi Squared

.1203
. 0655
. 1721
2.0959%
.7433
. 9526

2.195n

6.7451



alternative hypothesis was that the wvariance was greater

than the mean, thus,

H,: Variance egquals the mean

A_.: Variance is greater than the mean

The table of computations for the variancg test is shown

in Table 6.3. 2 complete Chi Squared calculstion table

is shown in Appendix E. The calculated value of Chi Squared
is 1322.638,whereas the theoretical Chi Squared calculated
using the normal approximation to Chi Squared at a 57
significance level and 701 degrees of freedom is 764. Ve
would thus not accept the hypothesis that the variance is

equal to the mean and would conclude that the variance is

greater than the mean.

6,2 Sample of P Class Book Demands

A sample of P Class books randomly identified from
the P class shelf list was matched with the magnetic tape
master file in order to determine the number of times that
the 732 books were demanded during the period March 3,

1968 through May 11, 1968. The distribution of the numbher

95




TAELE 6.3

VARIANCE TEST TADRLT FOR ICIOWN DIMAMD
SAMPLE OF BOOKS DLMANDED FROM
_SEPTEMBER 1, 1966 = AUGUST 31, 1967

Value Chi Ffcauared

201.930
112,635
288,947
162,027
137.503

55.99%
248,603
114,990

Total Chi Squared =1322.638

96
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of demands is shown in Table 6.4. The mean of the
distribution is .14344 and the variance is .20785. We
again hypothesize th=at the demand is negative binomially
distributed and, using the method of maximum likelihood,
estimate the parameter r to be .41276. Tre parameter p
was estimated, using the ratio of the mean to the variance,

to be .69011.

The negative binomial distribution with parameters
r = .01276 and p = .69011 was fit to the P class demand
data. The Chi Squared table is shown in Tahle 6.5. No
grouping was done in the tail of the distribution. The
calculated value of Chi Sguared was 6.2817. The P value
was determined from a Chi Sgquared table at 2 degrees of
freedom to be .048, Grouping the frequency for cell 4
with cell 3 would have given a P vaiue of .921. The data
is not exceptionally well fitted by a negative binomial

distribution.

97
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TADRLE 6.0

FREQUINCY DISTRIBUTION OF DEMANDS
FOR P CLASS POOKS DURING TID

PCRIOD MARCH 3, 1968 - MAY 11, 196°

Nlo. of
Denands

0
1

2

3
43

Il
~J
L
o

Total

98

149
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TARLE 6.5

CIII SQUARED GOODIESS OF IrIT TABLE FOR A NEGATIVE
BIMNOMIAL FIT TO THE FREQUENCIES OF DEMAND FOR TIER
SAMPLE OF P CLASS BOOKS DEMANDED DURIMNG

MARCH 3, 1968 - MAY 11, 192f8

Observed Theoretical
Value Frequency Probahility Frequency - Chi Squared
0 650 . 85805 628,093 L7601
1 65 . 10975 80.337 2.9280
2 13 .nN2U02 17.583 1.194n
3 2 .0N599 4,385 1.29€69
i 2 .00219 1.603 .N983

Total Chi Squared = 6.2817

Q 99




The variance test was again run in order to test the
hypothesis that the variance is equal to the mean. The
results of the wvariance test are shown in Table 6.6. The
calculated Chi Syuared is 1062.508., At a 57 level of
significance and 731 degrees of freedom, the theoretical
Chi Sgquared was calculated to be 795. The normal
approximation to Chi Squared was used to calculate the
theoretical chi Sqguared. Thus, we would again not accept
the hypothesis that the variance is egqual to the mean and

conclude that the variance is greater than the mean.

6.3 Analysis of the Distributions of Known and Unknown
Demand

On the basis of the variance test alone, we would
conclude that the variance is greater than the mean which
provides suspicions that the data is negative binomially
distributed. The results of the Chi Squared goodness of
fit test provides reasonably strong evidence that the
known demands (Section 6.1) are negative binomially

distributed, but weak ~vidence f:hat the total demand (known

100 .



TADLE €.6

VARIANCE TEET TARLE FOR DEMANDS FOR
P CLASS SAMPLE OF DOORS DEMAMDED FROM
MARCH 3, 1968 = MAY 11, 1968

Value Frequency Chi Squared
0 650 92.950
1 65 333.840
2 13 313.4095
2 2 114,160
o 2 208,652

Total Chi Sauared = 1062 _.50R

101
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and unknown) for P class books (Section 6.2) are negative
binomially distributed. We are hampered in the latter
goodness of fit test with few cells and the fact that we
lose 3 degrees of freedom because of estimating two
parameters of the distribution. This is typical of book
use studies since exceptionally large samples are required
before a sufficient number of values are found in the tail
of the distribution to reach sound statistical ccnclusichéa
The fact that we accept the alternative hypothesis that the
variance is greater than the mean and have evidence from the
Chi Sqguared tests, the demands for both groups of books

are negative binomially distributed.

6.0 Implications of Negative Binomially Distributed
Demands

In deriving the negative binomial distribution in
Section 3.1, it was shown in equation [3.#)] that if the
probability of 0, 1, 2, .... events follow a Poisson

distribution with parameter A:

P 4 o
fexy = 27 x = 0,1,2,..
x1
e 102
i23




and the mean number,A, of events vary in szuch a way that
they can be described by the Gamma probability distribution
with density function [3.5]:

r -Chn _r-1
s (> =&« A

(e
Then, the joint density of x and Ais the product of the
above equations, and leads to a negative binomial

distribution of the wariahle x. Thus, concluding here

(as was done in the samples analyzed in this section),
permits us to at least assume that the number of demands for
individual kooks varies according to a Poisson distributicn
and ' that the demand rates vary from book to book according

to a Gamma distribution.

. 103 124




CHAPTER 7
DAILY DEMAND TFOR P CLASS BOOKS

Using the master file of demand data for P class
books, ten random samples of 100 demanded books were
collected. The daily demand for each of the samples was
tabulated and analyzed to determine if the numher of demands
per day for each of the samples was Poisson distributed.
The Chi Squared goodness of fit and the variance tests
were used to determine if the number of demands per day,

X, was distributed according to

LX) = 2
7 X!

Where:
A = the mean daily demand
for the sample

P
I

+he number of demands

7 oenrs

et B b

104



7.1 Randomly Selecting Books to be Included in the famples

The P class books denanded during the 51-day period
frorm March 3, 1268 through May 11, 19262 were nunrered from
1 to 14,222, Ten sets of 100 random numbhers ware generated
wi*hin this range identifying those boocks which would he
included in each of the samples. The number of daily
denands was tabulated for each of the boolis in each of the
samples. The demand fiequencies for each of the samrles
are shown in Table 7.1 together with the mean demand and

variance of each of the samples of 100 books.

In general, the demand distribution did not exhikit
very long tails except for sample 3 in which there were
13 demands on one dav. The means and variances were
calculated using the actual data and not the data grouped

into the greateyx than or equal to seven categorv.

105
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7.2 The Chi Squared Goodness of Fit Test

A Chi Squared goodness of fit test was run on each
of the samples. PRecause of the low theoretical cell
frequencies in the tails of the distrilbution (less than
one), it was necessary to group the data in all bhut the
2th sample. These data were grouped into the "greater
than or egual to six" cell except for sample 3 in which
the data was grouped into the "greater than or equal to
seven" cell. Table 7.2 shows the sample number, calculated
value of Chi Sguared (Chi Squared Observed) and P wvalues
for each of the calculated Chi Squared. The P value is
the probability of getting az value of Chi Sguared as high
or higher than the observed if thé hypothesis is true.

A tabulation of the Chi Equared goodness of fit tests for

all samples can be found in Appendix H.

(]
»
s

The Vari;nce Test

The variance test was run on each of the samples in
order to determine whether there is sufficient evidence
to reject the hypothesis that the variance is equal

to the mean. The alternative nhypothesis is that the

107
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TARLE 7.2

SUMMARY OF THE CII SQUARED GOODMIFES OF FIT TrR0OT
FOR A POISSON FIT 70 TR FREQUENCITS OF DAILY DFEMAMND.
FOR SAMPLILS OF BOOKS DEMANDID DURING THR

PERIOD MARCH 3, 1968 - MAY 11, 1967
Sample Ohsexrved Degrees r
'uniher Chi Squared "of Preedon Value
1 3.15 5 o
2 b.16 5 .53
3 5.12 3] U1
i 3.29 5 . &6
5 8.74 5 .13
] 6.U8 5 .27
7 1.36 5 .93
8 13.71 5 .02
2 1.59 5 .90
10 5.85 5 .32

108
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variance is greater than the mean. Concluding that the
variance is equal to the mean is important since we are,

in effect, testing to see if the daily demand is Pcisson
distributed. The values in the tails of the distributions
were not grouped for this test. A summary of the sample
number, means, variances, calculated Chi Squared (Chi
Squared Chserved), degrees of fréedom and P values are
summarized in Table 7.3. The results of the complete tests
are shown in Appendix I. The P value is, as before, the
probability of getting a value of Chi Sguared as high or

higher than observed,

7.4 Analysis of ‘Daily Demand

Nine of the ten Chi Squared goecdness cf fit tests
would tend to confirm the hypothesis of Poisson distributed
daily demand since they shaﬁeé reasonably high P values.
Sample eight has a low P value. The variénce test, on the
other hand, results in the acceptance of the variance equals
mean hypothesis at the 5% level of significance in only six
of the ten samples. Samples 2, 3, 5 and 8_Qou1d tend to be not
acéepted as having their variances equal to the mean. A

closer look at the results of both the Chi Squared goodness

109
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TADRLE 7.3

SUMMARY OF THE RESULTS OF THE VARIAMCE TI'ST

RINT O SAMPLES OF DAIXLY DFMAND FRUQUENICIES

OF P CLASS DOORS DEMANDED DURING THE PPRRIOD
MARCH 3, 1968 - MAY 11, 19¢8

Sample Chi Sqguared Dagrees of b
Tumber Mean Variance Observed . IF'reedon Value
1 2.63 2.36 sn.en 50 L£77
2 2.51 5.01 74,41 50 .N15
3 2.72 3.14 82.20 : 50 . NOS
4 2.24 2.78 62.26 50 .110
5 2,43 4,17 85.76 50 .Nos
6 2.33 3.63 62.29 50 .118
7 2.31 3.8 61.80 50 . 128
2 2.43 4,25 72.60 50 . 021
9 2.01 2,77 57.37 ' 50 . 124
10 2.37 2,92 61,50 50 . 120

11
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of fit test and the results of the variance test shown in
Appendices Il and I reveals some iﬁterésfing facts. Sample 2,
which had a good P value on the goodness of fit test and

has a low P value on the variance test had frequencies of

7 and 9 pulied into the greater than or equal to si+ cell.
Looking at the variance test table shows that the bulk of the
C%i Squared is caused by the value of 9 in the table.
Eiiminating this value would lower the total Ch* Squared which
would give a P value closer to .12 which would be accepted

at the 5% level. Sample 3 has similar characteristics.
liowever, here the distribution would have a better fit if the
one value of 13 were eliminated. Samples 5 and 8 exhibit poor
values of Chi Squared for most of the cells in the goodness
of fit and variance test analyses. A check on confidence
limits for daily mean demand was made and mean aeﬁané was out
of control on days 51, 50 and 66 and almost out of control on
day 52. fThis check was made using the first five samples
(500 books) and calculating a mean demand per day of .254.
The standard deviation of the daily mean demands was
calculated to be .1058. Using 95% confidence limits for the
daily mean demands with the'normal distribution, the limits
were 0467 and .U4613. No days wvere éutside the lower

confidence limit. Day 51 showed a mean demand of .520,

111



day 52 showed .4U40, day 60 showed ;ugo; and day 66 showed

. 520, Interestingly, thé problems with the variance test

in samples 2 and 3 cccﬁrred with frequenciegs for both of
those days. We could conclude that something peculiar
occurred on those days to cause a shift in the mean demand
for books. One could possibly conclude that the mean demand
varies on a daily basis. If this is so, the daily demand
data would fit a negative binomial distribution if the
demand rates for the group of bhooks varied from day to day
according to a cgamma distribution. A further peoint could be
made here concerning a possible shift in the mean demand
late in the semester. All four of the high mean demand days
occurred in the last 20 days of the 51-day collection procedure.
Although analysis of the demand data summary appeared to
indicate a slight shift in the number Qf‘demands late in the
semester, no attempt was made in this study to determine
where the shift occurred. Also, there appeared to be no
significant day to day wvariation in mean demand although

the point was not formally ﬁursued. The data collected

in the ten random samples, déés appear to support, although
not exceptionally strongly, the Poisson distributed demand
hypothesis. This evidence, again, does not support the
hypothesis that the demand fér individual. books is Poisson

distributed. It does support the hypothesis that daily

112 233
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demand is Poisson distributed. Fot rejecting this
hypothesis, hcowever, does provide evidence that the demnand
for individual books is Poisson distributed. This point

will be pursued in Section 7.5.

7.5 Significance of the Distribution of Daily Demands

It is assumed here that the demand (¥, ,....,x,) for
individual bocks are independently distributed with

parameters (jg;......,/%L. Then,

"
? Xy
(=l

has the Poisson distribution with parareter,
e
E/ﬂtg
=1

Consider the case for n = 2. The variables x,, x, takes
the values 0, 1, 2, .... We find the prohahility that

their sum (x, + x,) is equal to r. The probakility that

x, has the value s and x, the value (r—s) is:
wy . (775
p{x,=s} P{x,=r-5}= P T
. S| (r-5!
113 '



“he probability that x = r is given hy summing the ahove

equation over all values of s (N to r):

Z A, S (re8) S A € s (078)
- = - ,777 '———&'7 . = ,
g=0 st(r-s)! o G 53!
: [7.1]
r
the binomial expansion of (M, + AL, ) iz
- | . 5 (r-5)
i M 5 (r-5) 7 ) .
(5) A My = V. : “M—Z, -
{'- 5=0 : 5-0 5“ Cr,g) _

the summation in [7.1] is

r

!

and,

P{x=r}= RIS

r

which is a Poisson frequency distribution function with

parareter (Ja2+gu2). "his can be extended to n values.




.
%5
4
A

Thus, when we te=st the daily demand for a sarple of
hbooks (not necessarily random), we are, in addition to
showing that the demand for the whole sample is Peisson
dizcributed, providing evidence that the demands for the
individual books comprising the sample are Poisson
distributed. It could happen that scme arhitrary
distributed demands for books could corhine in such a way
that the demand for the whole sarple is Poisson, but it

is unlikely.
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CIAPTET 8
BOOK USE IN SEVERAL INSTITITIONS
As part of their study, "Patterns In The Use Of Bmoks
In Large Research Libraries," Fussler and Simon collected
data and made comparisons of beok-use in several
institutions. They usaed their collected data to attemnpt
to find out if their findings could be gensralized to other

libraries.

B.1 The Fussler and Simon Data

The Fussler and Simon data collection procedure
involved deriving lists of books that were held at the
University of Chicage library and other university
libraries. They compared sample lists in hiology, Teutonic
languages and literature, and philosophy against the
holdings of the Yale University library; the lists of
physics, Teutonic languages and literature, and economics
against the holdings of the Northwestern University library:
and the lists of economics, Teutonic languages and .
literature, and biology with the lists of the University
of California at Berkeley library. The original University

of Chicago lists were developed by a random systematic

116 1
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sampling scheme for selecting monoagraphs for the use studies
in the University of Chicago library. For each comparison
sample, the titles on the original list that were held by
both institutions formed the new sample. Zach comparison-
sample formed a group of similar items that were available
to patrons in different institutions. Fussler and Sirmon
selected the particular libraries so as to include one
much larger library, one smaller library, and one about
the same size as the University of Chicago library. They
then attempted to answer the guestion, "Are titles that
are used little or much in one institution used little or
much in the other?" They examined each use-=groun of titles
(identified by use in 1949=1953) in each compariscn-=sample
to see how the groups behaved in 1954-1958 in the two
institutions in each pair. For example, the data presented
for the Chicago-Yale comparison fcr Philosophy are shown
in Table 8.1. Of the titles that had no use at Yale in
1949-1953, 58 were not used at Chicago in 1954-1958; 70

were not used. at Yale during the same period,

- 117 4

&




S0l nsi g8 9 £ L 8L «0s SOl ust L &% € TLLT S8 68 STHIOL

95 SOl T T vV 7T v T Z £t 1T €% 9 ) T

g ] I 0 9 0ot 0 £ £ ¢ 0 L 00 1 9 £

Li Li 0 2 v L b 9 8l 81 Z 0 L L g L fl A

hi iri 9 L 0 € % 0 L L ¢ 0 06 € £ €l iz i

Zl zy 0O 0 1 L L 0L Zh LS € L b 9 1L 85 o 0

{5~-0) +45 % £ £ L 0 {g~0) ¥ % £ 2 b 0 OIS TEo-onol

85 850 25N JEN

e300l TeB3I0L pas[ EJ5R) JO I9Gunj] Te305 1e30L poas[ SISeD JO JacuIng Ut ur ITeR
856L~hS6L @TeX € 95 856,-n561 ObedTUD e asp JaquInLy 32 o8]

STYA QUV ODYOIND IV SATLIL AidOSUTINA
JWYS dHL JO dsn d3ilE J0 SHOSINVdN0D

i'8 FIANL

118

IC

Aruitoxt provided by Eic:

E



8.2 Fitting the lNegative Binomial Distribution

Although the PFussler and Simon data are used in this
research to perform an analvsis to determine if book use
for samples of books at other institutions is negative
binomially distributed, Fussler and Simon collected and
used the data for a much different purpose. For the
research reported here, the frequency of book use during
the period 1954-1958 in the specified library and subject
area were extracted from the Fussler and Simon data. The
data are presented in Table 8.2.

The mean use for each sample was calculated by using
the total number of uses for the books in the sample and
the total number of books in the sample. This results in
a different mean for sach sample than that which would be
calculated using the frequéncy data, since the number of
uses of frequently used books are necessarily grouped into
the 5+ use category. Using the mean calculated in this
latter manner would, in general, resuli in an inaccurate
fit of the negative binomial distribution to the data.

The parameter, r, was estimated for each of the samples

using the method of maximum likelihood. The estimated
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value of p, was thereiore determiﬁéﬂ by using the
relaticnship; o = r/(m+r) . After astimating the nparameters
from the sample data, the negative binomial distribution
was fit to the data using Pearson's Chi Squared Goodness
of it test. A summary éf the sample szsize (H), saﬁple
mean (m), frecquency of use, values of the parameters r and
p, calculated values of Chi Squared, degrees of freedom
(df) and P walues are displayed in Table 8.3. The P value
is the vprobahility of getting a value of the Chi Squared
statistic as high or higher than the cobkserved Chi Squared.
The original data presented by Fussler and Simon and the
results of th; Goodness of Fit test on each sample are

shown in Appendix J. An analysis is given in Section 8.%4.

8.3 Variance Test

A variance test was run on each of the samples using
the following hypotheses:

Ilypothesis: CT’E

Alternative: o ? 7 M
For each of the samples a Chi Squared statistic was

calculated using:

K
XE Z £ (c-m)*
" absarved h r— r R
(=1t
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Vthere:

{ = the number of uses

$¢ = the frequency of occurence of the
ith use

M = the mean of the sample

A theoretical Chi Squared was calculated using the normal

approximaticn for Chi Squared:

=3

' 2
‘x ‘thicfgtiacal = % sz + \/—2—"‘T :)

Where:

value of a standard normal
deviate at a significance level
of 1-p

k = degrees of freedom = N-1

Zp

The normal approximation was used since there are
greater than 60 degrees of freedom. For all samﬁles the
value of Chi Squared was calculated at a significance level
of 5%. A summary of the :esulﬁs of the test is displayed
in Table 8.4. It should be pointed out that the vafiance
test tables are shown in Appendix K. The Chi Squared

observed will be understated in all samples because Fussler
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and Simon grouped frequencies with greater than 5 uses

into their 5+ use category.

8.4 Analysis

Although not spnecifically for their comparisons of
book~use in several instituions, bui elsewhere in their
study, Fussler and Simon make the point that the
distribution of books by the fregquency of their use is not
Poisson distributed. Fussler and Simon devoted their

Avpendix H to this premise and state:

"The assumption of a stochastic model does
not suggest that the Poisson distribution
will approximate the distribution of books
within a library (or within a given subject
area) by the frequency of their use during
some period of time. If a libraxry
contained 10 books, each with an expectation
of 1,000 uses per year and 100 books with
an expectation of .0l uses per year, the
expected distribution of a sample drawn
from such a library, instead of being
Poisson will show a scatter of books

e¢round 1,000 uses, and a scatter of books
at: zero use and slightly above, with
practically nothing between the scatters.
We make this point because the fast-
falling, convex-to-the-origin curve
stemming from a binomial process may
immediately suggest the Poisson to many
readsars.
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And, in fact, the observed distributions
do not resemble the Poisson closely,
having a much higher variance. There are
too many observations at "zero" and at
maltiple use points....."

Fussler and Simon then demonstrate this point by
showing the distribution of the number of uses for
mgncéraphs in economics and Teutonic languages and
literature samples with the points of a Poisson distribution

superimposed on the actual distribution.

Indeed Fussler and Simon are correct in their
conclusions that the frequencies of number of uses of books
in collections are not Poisson distributed. Their example
using the 10 high use books and 100 low use books is,
however, somewhat ambiguous. Their point is wvalid. Such
use would not lead to a Poisson distribution just as
normally distributed frequency of use or some other
arbitrarily distributed frequency of use would prokably
not fit, It is the intention here to show that the Fussler
and Simon data do fit the negative binomial distribution

reasonably well.
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In all cases, the hypothesis that the variance
is equal to the mean was not accepted at the 5% level of
significance. This is an important point since negative
binomially distributed random variables necessarily have
a variance higher than the mean, whereas the variance
would be equal to the mean for the Poisson distribution
and less than the mean for the>bincmial distribution. The
variance test is frequently used when there are too few
values to use a Chi Squared Goodness of Fit test. Cochran
(1954) makes the point that he has fréquently found the
variance test to be significant when the Goodness of Fit
test was not. He indicates that there is a striking
difference in the power of the variance test over the.
Goodness of Fit test. Concluding that the variance is not
equal to the mean here does not in itself lead one to the
conclusion that the data are negative binomially distributed.
It does lead one to conclude that the data a:e not Poisson
distributed and provides evidence.that the sample data are
negative bincmiallﬁ distzibutedisiﬁce the alternative

hypothesis is that the variance is greater than the mean.
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The results of the eighteen gcodness of fit tests
indicate that the sample data fits the negative binomial
distribution in 13 of the 18 samples. "he samples which
do not fit well are the four samples in the economics
subject area at the Chicago, Nortwestern and University
of California at Berkeley libraries, and the Teutonic
language sample collected at the University of Chicago
library in order to cormpare use at that library with the
use at the University of California at Ferkeley likrary.
One could probably conclude by looking at the results of
these Goodness of Fit tests that perhaps there is something
peculiar about the usage of economics books which causes
the poor fit of economics book usage data with a negative
binomial distribution and thus would lead one to conclude
that number of uses of individual economics books in‘

libraries are not Poisson distributed.

A closer look at the economics samples reveals that
the ratio of the number of books with zero use to the -
number of books with greater than five uses is quite high.
2s a matter of fact, theée ratios for the economics samples

at Chicago when compared with California, and the Northwestern
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samples have the highest ratios of all the samples. The
economics sample at Chicago (when compared with Northwestern)
does not. However, of the 89 books in the sample, 71 were

not used or used once, eight books had 17 uses and 10 books
had 173 uses. This is indeed a most peculiar distribution.
The fit of all the distributions would have been more accurate
if it were possible to analyze the data in the tail of the
distribution. One could only conclude that there is something
which causes the uses of these sanples of economics books to
be not negative binomially distributed. Thé aﬁher samples

do, however, support the hypothesis of negative binomially
distributed uses of samples of hooks both with the variance
test and the Chi Squared Goodness of Fit test. Thus, the

hypothesis of Poisson distributed uses of individual books

tends to be supported by the Fussler and Simon data.

1 29’(
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CHAPTER 9
THE PREDICTION OF DEMAND FOR BOOKS
The models developed in this chapter with the
exception of that in Section 9.7, are models for a boolk
which has only one copy available. Models for multiple

copy books have not heen considered in this investigation.

9.1 A Iwo Stage PBook Use Model

Consider a book which has a demand rate equal to A
per year and which is permitted to be charged out of the
library for a period of time 1/u where u is the permissible
loan rate per year for the book. 1/u is called the loan
interval. Suppose that we say that a book is in state 0
when it is on the shelf and available for use,and is in
state 1 when the book is charged out. Assume that only
the two states i&re permissible, specifically, the book is
in state 0 if it is not charged out and state 1 if it is
charged cut;_ Given that the book is in state 0 at time

t there is a probability aat+0(at) of a transition to

.state 1 during the interval (t,t+ At), independently of

all cccurreﬁces before t. If the book is in state 1 at
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be a transition to state 0 during the interval (t, t + At),
independently of all occurrences before t. We assume that
the probability of more than one transition during the
interval (t, t + At) is negligible and designate these
prcﬁabilities above as 0At. An alternate specification

of this process is in terms of twc sequences of mutually
independent random variables (T,,T,,....) and (T;,T;,,!._)
exponentially distributed with parameters equal respectively
“toAand u. If the process starts in state 0 there is a
transition to state 1 at time 7,, a transition to state

0 after a further time, T;_ This two stage book use process
is shown in Figure 2.1. Let p, (t) and p,{t) be the
probability distributions at time t and let p, (0) and

p(0) = 1 - p;(O) be specified.

Using the above probabilities., it follows that:
Poltrat) = Ppy(4) [t +Clat)]+ pa (L) [1-(rat+elat))

Paft),[,lét + O(Ait)]aej»‘!(f_)cj _ ().!.A’t+QCé'€)j] o

PLU:*A'E)

Then letting 0 (at)—0
p(t1at) = P (Dust * Palt) = Po(d20¢
pa (€488 = P (DXAL +py ) -, (B uat
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FIGURE 9.1

A TWOQ STAGE BOOK USE PROCESS
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And 7
Po CtrAL) - p (&) = ——PQC*:) AAL v Bét)&é't

1

P, (t+AE) - p, (&) P (YAt - p(Bluat

Dividing by At

Po (L 44D ~Polt)

= = APa )+ _p, (€D
ot

Pa ‘it*i*;3 P AP, (4D = Py (€2

Letting 4t —> 0

OL?& Ct\ = = AP (XD ¥ MPy (€

P [9.1]

dt : [9.2])

We know

P (&) = 1 - PCE

Therefore for [9.1]

ii‘:&é_g) = - l}’aﬁﬁ\)éfi}&[iﬂ?@(t}]

PACEY = = ARG - MFp(E)
133
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Rearranging
o (¢) = ’?‘ii*gﬂbj:ﬁ(‘:{;)*‘#

Taking La Place transforms

L{n®}
L{z.®F
L{s}= 5

u ()

1

s u(s)-p (07

N

Then

SU(s) - P (O + (AF MOIU(S) ~ J-L_s,'_ O

w(sd[ s+ (A+ud] = *—‘*g——a-?g(O)

AL +.(0)
w (%)= - o+ ”:3 _
s [ s +(Aew)] s « ()
'By partial fractions
A - Ay | _ Az
s[s+(z2rmd] S S+ (A+MD

= Ajler(arad]+A,S
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When 5 = 0

JU- = Al(;"v’&)

When s = = (A+u)

Then substituting into [9.3]

L A i { (o)
(At uds (A+ M) [s+(Atw)] [s+(a+tw]

Taking Inverse La Place transforms

p7 ) (At )t
) = . + Pel0)- nll'S
1:'
° At A At

[9.4]

We know p.(t) = 1 = p, (t)
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Therefore for [9.2]

AP® 2 [1-P0] - wPy(E)

ot

2, () = A - AP ) P )

Pa (e = A - (Aradp (6
Rearranging

P () + (A+ )P E) = A

As before
- a ) _ A 7—’(1*}1-)1:-
Py () A {?1(0) m}i’ [9.51

For po(t) and p; (t) when t-¥° we have the equilibrium

distribution:
Lo M
Po ° X+ AL [9.6]
Py = - A : :
t A+ AL | [9.7]

From the above development, we could determine the
probability of the availability of the book, p,, and the
probahility that the book is unavailahle, pl(the probabhility

that the book is charged out).
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9.2 Comments Concerning the Two Stage Book Use Model

The model for the availability and unavailahility
of a book was developed on the assumption that the number
of demands are Poisson distributed with mean )\ and that
the loan intervals are exponentially distributed with mean
TGH- The model further explicit;y considered only kﬁown
demands (book charges) as pérmiséible uses and a book which
was charged out was in state 1 aﬁd unavailable whereas a
book which was not charged out was available. This latter
point, however, does not consider unknown demands which
are satisfied but for which the book is used in the
library. Considered in this way, the P, and Py developed

in Section 9.1 could be considered as:

the probability that the book is
demanded and not available or is
demarded, is available and used in
the library (i.e., the probability
the book is not charged out).

h

Pg

p, = the procbability that the book is
charged out.

s

Thus, we are sure of the probability that the book is

charged out, P4, and we are sure of the probability that

Ic | 37 458
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the book is not charged out, Po+ We are unsure, however,
of the components of p,, namely, the probability that the
book is used in the library or is unavailable. The latter
probaliility, the prababiiity of a book being used in the
library is, however, very small when one considers the
demand rates for books in libraries (such as they are),
since books used within libraries are generally off the
shelf for at most a day whereas books charged out of the
library are off the thelf for 2 weeks, a month, a semester
or for a longer period of time. The P class demand data
(Section 5.6) showed no day in which there were two demands
for the same book. Thus, unavailability of books in a
library is not caused by unknown satisfied demands but by
known satisfied éaﬁanﬂs and the p, could be considered as

described with little error.

9.3 Use of the Two Stage Book Use Model for Loan Interval

Establishment for a Book with a Known Demand Rate

It is assumed that the demand rate for a book,
_A, is known and that the mean loan interval is the
loan interval, 144; established by the library.

The numher of demands for the book is P@isson

138

q oy



distributed with mean, A, above. The particular library
can establish a goal as to the percent of the time that
the library wishes to have the book available for a patron.
Using [2.6] and [2.7], it is possihle to establish a loan
interval for the book. Thus, if the prcbabilit%rof

availability is:

_ AL
Po = TFx

Then .
AL P?l

Pi

Since p,= 1 - p,

For example, if the library had as its goal an availability

of 75% and the book had a demand rate of 3 demands per

year: _ (.15
A= \TEE )CB)
u = 9.

Thus, the loan interval for the book should be 1/9 year
or approximately six weeks. This model assumes the A is

known.




/
9.4 Use of the Two Stage Bock Use Model for Loan Interval

Establishment for a Pook with a Demand Rate Which is

Unknown

o m—

Using equations [9.6] and [9.7], it is possikle to
determine the mean rate of book charges and the mean rate
of uﬁsatisfied and unknown demands. Since a patron could
charge out a bocklonly if it is available, p,, and the
demand rate is A, the mean number of persons charging out

a book is p,A or

;\(A ) A
Py

If thE%ﬂ?mbe; of charges, N, for a period of time and u for

(
|

the period of time were known, it is possible to estimate A

by

A AL
At AL

H=N | [e.91
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For example, if a library had a loan interval, 1/u, equal
to 1 month (uwould be 12) which was charged out five times

during the past year, we could estimate A as

L = (2)(5)
12-5
;{ = 8551

the availability of the boeck could be determined by substi-

tuting [9.9] in [9.6]:

2~
L ME XN
?é = )LA —
o Ly ()(s)
Yo = — > :
P = .582

In this way, the book is estimated to be unavailahle

slightly more than 58% of the time.

The problem in estimating the demand rate and
unavailability from this approach lies in the_fact that
the charge rate must be estimated firom the number of charges
of the book for a period of time. Two problems exist with
this approach: (1) as Jain (1967), Morse (1965), and others

have shown that book use diminishes as time increases.
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Since this is so, it is necessary to select a reascnahly
short period of recent book use history for determining
N. As a result, (2) bhecause of the small sample sirze,

he confidence interval estimate for the mean is rather

\[‘"‘

wide. Brownlee (1960 p. 140) shows that it is possibhle
to establish confidence intervals for the population
parameter for a Poisson distribution from an observation

as follows:

2

My = 5 Xy, L2 +1)] [9.10]
= 1 X, L2%]
Ay =5 A=y LT , [9.11]

Where u,is the upper confidence interval for the population
parameter, a:, is the lower confidence interval for the
population parameter, 1 -°¥2 is the cumulative probability
at the upper 1limit, /2 is the cumulative probhahility at
the lower iimit, X, is the observation and the term in
brackets is the degrees of freedom. Ix%'is the value of

Chi Squared from a Chi 5quareﬂ table at the specified level
of confidence and degrees of freedom. For examplg, in the

problem given above, a library observing five charges in



the past year would be 957 confident that the mean number
of charges for the book is between 1.62 and 11.f5 as

calculated by:

N, =

= 11.L5S
N. = & X, [(2)()]
_ 1 r
= 1 (3.29)
- 1.62

It is thus possible from a single observation of the
two stage book use process to establish confidence intervals
for the mean number of uses of the book. 2 lihﬁary could,
if it wished, determine the percent unavailability of a

book based on the methods developed in this section.
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9.5 The Concept of Critical A

There is a certain demand rate at which it will be
impossible for the library to meet its availability goal.
This investigator calls this demand rate the "critical 2°.
Using equations [9.6] and [9.7], it is possihle to determine
the critical A for a book based on the library's
availability goal. Thus:

A
A M

"

Po

M=o M
To

A o= R

Po

Since p,= 1 = p,

Thus; a library with an availability goal of 75% and
a u of 12 per year would have a critical demand rate, A, ,of

A, = (22(.25)

A, = 2 =4



I

Any bock in the écllection which would have a demand rate
higher than # would be unavailable more than 25% of the |
time. Further, this book would have a critical charge
rate N, (known demand rate) of PoA. and using [9.8]:

(4) (12)

T = B
12 +Y4

N, =

Tf a book in this library would have a charge rate higher
than 3 per year, the library would ncot meet its
availability goal.

9.6 Using the Critical A. Concept

Based on the c~ritical deﬁand rate, A,, and the

critical charge rate, N,., the library could annually

statistically determine which books are not available more

than 109p§§ of the time in the following manner. The
library wants to test a null hypothesis ¥ = N. and in so
doing is testing the hypothesis that A =23, . ‘They do this
by observing the number of charges, X.. which the hoék had
in the past year and use the fﬁllgwing test statistic:

AETSA = 1- P2 (x+ 1] < 2N ] [5;121
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Where‘xgris the observed number of charges, X* is the value
of Chi Squared from a Chi Squared table, the term in |
brackets is the number of degrees of freedom, and N is the
critical demand rate. To illustrate the use of the test,
suppose a library had auw = 12, po = .75, A, = U, N, = 3

and observed X, = 7. We calculate the prohahility of

getting x = 7 by using [9.12] and thus:
P{xe7|N=31=1-f[X*[t6]}<c}

1-.014%

986

P{x<7|N=3}
PLxa7[N=3}

I

Thus the probability of observing 7 charges or less if

the book had a charge rate of 3 is .986.

The library could further determine a critical number
of charges. That is, that number of charges at which they
would conclude that their availability goal is not being
met. Suppose the library wants to determine the numher
of observed charges X. at which they are willing to conclude
that the charge rate is equal to the critical charge rate.
Using [9.12], | |

P{x< xc}:pf:{f{axﬂd]fzzﬂh}  19.13]
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We calculate [9.13], for a X, 0of 0, 1, 2, ..... until the
probability is at a level at which the library is willing
to risk rejecting the hypothesis that N = Ne when it is
true. To illustrate the use of [9.13]1, assume that a
library has a Ae = 4, p,= .75, N, = 3 and is willing to
take a 5% risk of rejecting the hypothesis that N, = 3
when it is true. We caiculate [2.13] for x, =0, 1, 2,

P {x<o} = .n5
P {x<1} = .20
P {x:f:z} = 43
P {x=3} = .65
P {x<u} = .82
P {xs5} = .92
P {x<6} = .97
P {x<7} = .99

A library then which is trying to maintain the goals stated
in this illustration and would not want to reject their
hypothesis of an N, = 3 when it is trﬁe of .N5 (1 - .95)
would have to estalklish a critical number of charges, X_»

of 5. A library using this critical numher of charges

concept could, upon observing 7 charges of a bool;, concluc?
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that the demand rate for the book is at least at the
critical level A, and could adjust their charce rate.
They could, for example, cut their locan interval in half.
If u were thus doubled in this manner, the new critical
demand rate would be (using Section 9.5):

A = CZ"F)V('.EE?

[ _
¢18)

A, = 8

The charge rates for the specific books could be adjusted

on an annual (or periodic) basis in this manner.

9.7 Establishing Confidence Intervals for Demand Rates -

for Books in a Collection

One cof the questions which could be answered from

this investigation is, "what is the probability of a specific

book in a collection having a demand rate exceeding some

specific value?" Concluding, as has been done in Chapters
6, 7 and 8, that the number of demands for a groupvnf hooks
is negative binomially distributed permits the conclusion

that not only are the number of demands for specific books



P

Poisson distributed but that the demand rates for these
b@oks'vary according to a Gamma distribution. Using the
Gamma distribution and collected known demand data (such
as that of Section ¢é.1) or of total demand data (such as
that of Section 6.2) it is possible to predict the
probability of getting demand rates or charge rates of
specified values. Prior to doing this, however, it will
be worthwhile to look at the Gamma distribution and its
peculiarities. From [3.5],A is distributed as

gy - S 2
where the parameters are C and r. r is the shape parameter
and C is the scale parameter. Changing C changes the scale of
the two axes. When r = 1 the distfibution,beccmes the
exponential distribution. The cumulative distribution is

2 .
F(x) = f c” M ahda
5 Mo [9.14]
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when A>0 and is 0 when A< (0 . The integral must be evaluated
by numerical methods unless r is integer in which case

F(2A) could be found by:

r=1 Cc
Fon=1-2"" 5 (0
g?g (S

The r's for the collected demand data are not integer.

In order to calculate probabilities from this function,

it is necessary to numerically calculate probabilities

from [9.14] or use the tables of the Incomplete Gamma

Function which were developed by Pearson (1265). The

tables present tabular values of an I(v,p) function where:
vaJbA’VPciV
°

Tevp) = [9.15]

(- =] v -
h/ 2V vT dv

[+

where the I(v,p) function always falls between N and 1.
Pearson makes a further transformation because of the

wide range of the value of thz argqument v. HHe uses
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EAY

Pearson's tables thus really present

WL TSN )
_ g{vvfdv
Tupy = e
27 v¥idv

I (u,p) provides the probability of a deviation exceeding

a certain zize,

In order to use Pearson's tables, it is necessary
to transform [9.74] in the following way. 'We substitute

p + 1 for r and get:

o a_F
F(a) = f = o A dA [9.16]
[ (1—“‘1 A

This transformation prevents a negative factorial in the
P g

gamma function. Ve then let L1=R/Vp+'. Ve then get:

wpst R
— = 7 da

A T (p+ D)
I(u,p)= ,
e Prd -cA P
C 0. A A2
o (Pt

which upon cancelling common terms becomes
wVpHi

-2 _F ,
— f £ A dA
Llupy= *

r16?+1>l
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which is identical to [9.15] and we are prepared to use
Fearson's tahles. We illustrate their use for estaklishing
a corfidence interval for the I class demand data (Sectinn
6.2). Ve concluded that the number of demands for the
sample of books 1in that class was negative hinomially
distributed with mean = ,14340 and variance = .20785, The
parameters r and p were calculated to be 41275 and .f0011,
We want to determine a one sided 957 confidence interval
for the variable A knowing that r = 41277, e consult
Pearson's tables to find the value of u for which p = 1.0127¢

and I(u,p) = .05. We find that:

Y(.3,1.4) .0386136

T 0,1.0)

.N693255
T(.3,1.5) = .0330023

06149905

I(.2,1.5)
Using 2 way interpolation, we calculate u, for .05 to bhe
.33967. We transform u to A using the transformation
A= u vp+t1l and A is .5278. Since the A is the demand rate for
only a 51 day period, we extend the rate to a yeérly hasis,

and say that we are 957 confident that hLhoolks in the P class
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have derand rates which do not exceed 3.77 per year. The
methods of the previous sections could ther ke used to

determrine the consequences of such a demand rate.

9.9 Comments and Constraints Concerning Use of the Demand

ﬁcdéls

The models and use of the models in this Chapter
assurme that the nurmber of demands for a hoolk are Poisson
distributed, the number of demands for a grcupkgf hooks
is negative hinorially distributed and that the demand
rates vary from hook to hook according to a Garma
distribution. Sections 9.1 through 9.6 deal with a hool
in which it is assumed that a single copy of the book is
in the collection. The nodels and their use do not apply
to multiple copy books. The establishment of a confidence
interval for the demand rate in Section 2.7 does not assure
that there is only one copy of the book availakle. Total
demand is independent of the number of copies of the book
which are available. Known demand (homrz2 use) is not. The
models developed in 9.1 throuch 9.€¢ further assume that

loan intervals are exponentially distributed. This
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investigator was unable to verify that the loan intervals
were exponentially distributed using SUNY/Buffalo data
because of the peculiar nature of the loan policy at that
institution. The policy is that any book may be charged
out for a semester loan subject to recall if it is
requested. The minimum loan interval is three weeks.

This investigator was unable to fit a known distribution
to the SUNY/Buffalo loan interval data although, if
anything, the data was possibly Gamma distributed although
there was insufficient evidence to reach this conclusion.
The SUNY/Buffalo syst:«m assumes that a person needing a
book will request it if it is unavailable., This is simply
not the case., Virtually all of the respondents in the P
class demand study did not ask that the hook be saved or
found when they did not f£ind the bcék; The SUMY/Ruffalo
loan interval data showed a mean'ﬁf about one half of a
semester. This would be expected in an institution which
has a semester loan policy since we would expect half of
the book charges to occur before and half afte: the
midsemester point. WNevertheless, the developed models
would be applicable to a library which had a fixead

loan interval (2 weeks, 5 weeks, a month, etc.). A study




performed at Purdue University* showed that the loan
intervals for books at that library were, in fact,
exponentially distributed with a mean equal to about the
specified loan interval. We would conclude then that the
models would be applicable in a typical library environment
if the number of demands for a bock are Poisson distributed

and the loan intervals are exponentially distributed.

*Informal communication from Edward O'Neill presently at

the State University of New York at Buffalo.

K
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CHAPTER 10
SUMMARY OF RESULTE, OBSLERVATIONE

ANID RECCMMENDATIONE IFOR
FPURTIIER V/ORK

of Results and Observations

In proposing this research, this investigator had

two objectives: (1) to provide evidence that one cannot

is Poisson distributed and (2) to develop a practical model

with which it would be possible to predict demand based on

known demand data generated in library circulation systems.

An attempt was made to fulfill objective 1 by
collecting data about the number of demands for books and
determining how the demands for bcoks»we:e distributed.

Since there is so little data available about the demand

for any one book to statistically conclue the type of
distribution, demands for groups of books were used. The
investigation disclosed that the number of demands for groups
of books appears to Fe negative binomially distributed.
Reaching this conclusion establishes an experimental basis
for concluding that the number of demands for indiviaual
books is Poisson distributed and that £he demand rate varies

from book to book according to a Gamma distribution.
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svidence of this was provided by using the number
of demands for a large sample of P class books in the
collection of the SUNY-Buffalo libraries anﬂ by using a
large random sample of books from the entire SUNY-Buffalo
library collection. Both these samples appeared to have
Negative Binomially distributed demands, although the P class
demand sample provided weaker evidence with the Chi Squared
goodness of fit test. A further analysis of the number of
demands per day for samples of P class demanded hooks showed
that the demand per day for these samples was distributed
according to Poisson distributions. As has been shown, the
results of the analyses on all three sets of data pe;mits the
inference that the number of demands for individual boeoks is,
indeed, Poisson distributed. Using the sample from the entire
collection permits the conclusion that notonly do P class
books exhibit Poisson distributed demand properties bhut that
there is evidence that the demand for all bocks is Poissén
distributed. To permiﬁﬁgenEfalizaticn of these results to
other libraries, 18 samples of book use data in several
subject areas at four other libraries showed that, for the
most part, with the exception of economics bécks, the number
of uses for groups éf books at other libraries was Negative
Biﬁ@mially distributed permitting some generalization of the
results to other subject areas and libraries.

ERIC | 5T




Although this investigator wanted to develop a
practical mcdel for predicting demand for individual books
(Chjective 2), the results here provide a good mechanism
for predicting demand for collections of hooks. By accepting
the Negative Binomial distribution as an adequate represen-
tation of the distribution of demands for a collection of
books, any library can, with the collection of demand
about the demand for the entire collection. This was
demonstrated in Chapter 9 using the Gamma Distribution.

The investigation also showed that it is possible to predict
the demand rate for a bock by usiﬁ§ an observation of the
number of known demands for a period of time although the
confidence interval estimate for the demand rates are somewhat
broad. A more practical approach may depend on a library
availability goal and the predetermination of a critical
demand rate. Using the critical demand rate permits testing
a hypothesis that the demand rate is at a critical level
and provides an action point for:.permitting library managers
to alter their loan interval or add a copy of a hook. The
prediction of a demand rate as developed in this research is
based on the assumption that only one copy of afbcak is

available.




10,2 Recommendations for Further Work

This research has merely presented a heginning for
demand model development. The results presented here are
based on Poisson distributed demand and expcnentiall? dis-
tributed loan intervals. Further work should bhe performed
in order to determine the nature of the distribution of
loan intervals so that models could be Szveloped for
predicting demand for other distributions of loan intervals.
Investigations should also be performed for predicting demand
based on the availability of multiple copies of a particular
book. The effects of deviations, in practice, from Pcisson
distributed demand and exponentially distributed service
times should also be examined. Such an investigation may
show that it is not necessary to collect extensive loan
interval or demand data because, perhaps, an assumption of
a Poisson distribution for demand and an exgonential
distribution for loan intervals may be more than adequate for
a library's purpose in attempting to determine book availa-
bility or unavailability. Further impetus is given to this
recommendation by the fact that collecting data écncerning
demand for books in libraries is tedious, time-consuming

and expensive.
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APPENDIX A

QUESTIOWNAIRE FOR P CLASS BOOK DEMANDS

Date Time

THE RESULTS OF THIS GUESTIONNAIRE WILL FELP THE LIBRARY IMPROVE ITS SERVICE,

YOUR COOPERATION WILL BE APPRECIATED,

For each book which you locked for, found or used, list the complate call numbar on the left
and circle your answer to each of the three questions on the right, Please circle the anewer

to the question even if you did not find the book you wonted.

Coll RHumber Glyestion

- Answer

1) Did you have the call number when YES
you came into the stacks? NO
©2) If you had the call umber, did you YES
find the book you looked for? MO

3) i you found (or would have found) the

Use it in the Librry

— bodk, will you (would you)? Charge 1t Out
Not syre if.1 willi{fwsuld)
charge it out or not
Call Rymber Question Answer
- 1) Did you have the call numbsr when YES
) I you came into the stacks? NO
- 2) If you had the call number, did you YES
—_— find the book you locked for, )
NO
. . 3) If you found (or would have Fwn:]) the Usa [t in the Library
bouk, will you (would you)? Charge 1t Out
Mot sure if 1 will(weuld)
charge it out or not
Call Number Question Anwer
1) Did you havz the cali number when YES
- o you came into the stacks? NO
—— 2) If you iiad the call number, did you YES
find the book you locked for?
NO
_ 3) If you found (or would have found) the Usa it in the Library
boolk, will you (would yau)? Charga it Out
Mot sure if | will(would)
charge it out or not
Call Nu-ber Que;ﬁg! Answat
—_— 1) Did yeu have the call numbsr, whan: . YES
B B you cama into the =tacks? NG
) - 2} If you had the call number, did yaur YES
— find the book you looked for? NO

book, will you (would you)?
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3) If you found (or would have found) the

ke it in the Library

Charge it Out

Mot sra If | will{would)
chorge it out oF not



o APPENDIX B

INSTRUCTIONS TO DATA COLLECTORS

1) Assign a patron number to a sheet, record the date and time and hand the sheet
to the patron. Tell him that if he needs additionai sheets tha: they are avallable.

Patrons are to be assigned numbers sequentially beginning in the morriing of each
day with "001."

NOTE: A patron Is to be assigned a number even if he refuses a sheet. The word
"Re fused” is to be written in the top right hand corner of the sheet of a patron
who refuses to take one or who turns it in uncompleted.

2) When the sheet is turned In, the data collector is to scan the sheet and
a) If the sheet contalns no call numbers baginning with "P", he is to write
the phrase, "Not Applicable” in the top right hand corner of the sheet.
b) If the sheet contains call numbers beginning with "P" but call numbers
are not complete; the handwriting is tllegible, or it Is clear that the
patron did not answer the questions properly, the phrase "Can't Use"
is to be written on tha sheet.
3) Apfter the patron has filled out and turned in the data sheet, the data collector

Is to mnter the appropriate data on an 80 column data sheet. The following
codes are to be used.

Columns

1-10 Classification Letters (e.g: PB, PA, PQ, P)
11-20 Classification (e.g: P23, PB15, PQ2673, PAT)
21-30 Second Line of Call Number (e.g: 04273,

186, G5, G8G83)

31-40 Third Lire of Call Number if there is one
41-50C Fourth Line of Call Mumber
51-60 Leave Blank
61862 Day of the Study (e.g: 15, 19, 63)

Note: This is not the day of the month. The
first day of the study was day 01. The
last day is day 70.

&3, 64,65, 66 The time of the day on the 24 hour clock.
(e.g: 1213, 1516, 2202)

Note: The 24 hour clock begins at midright, one
minute afier midnight would be G001, 1:00A.M.
would be 0100, 3:15 in the afternoon would be
1515, B:00 P.M. would be 1600.

71 Enter a "1" if the answer to question 1 was "YES."
Enter "2" if it was "NO."
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Columns

72 Enter "1" if the answer to question 2 was "YES."
Enter a "2" if the answer to question 2 was "NO."

73 Enter "1" if the answer to question 3 was "Use It
In the Library," Enter a "2" if the answar was
"Charge it Out." Enter "3" if the answer was
"Not sure if | will{would) charge it out er not."

74 Leave Blank

75 Enter "1" if the patron's data sheet was useable.

Enter "2" if the patron's data sheet contained no
“p" classifications. Enter "3" if the data sheet
was unuseable but cantained "P" classiflcations.
Enter "4" if the person refused to cooperate. Enter
5" 1f the person browsed but used no books.

78,79,80 The patron's number.

4) The data collector Is to Initial each data sheet after he has transferred the information
to the 80 column summary sheet.

5) It Is important to Print Clearly on the data sheet and to distinguish between the letter
2 ard the numeral 2. 2's written as @ look like Z's. Therefore, always cross
hatch the Z e.g. 2 . Alse the letter | sometimes locks ltke a 1. Therefore, always
write the | as IT° . The letter O Is written as (P . :

Examples

Attached s a Xerox Copy of some entrles on a sample 80 column summary sheet.

Examples:
ist Line
Patron 001 listed the book PR 3142
Géb

Columns

61-62 [t was the 15th day of the study

63-66 1t was 7:20 A. M.

71-73 His amwers to the three questions were:"YES", "YES", and "Charge it Out"
75 His data sheet was useatle g

Zl:léf- 7th Line
Patron 002 listed six books with the call numbers shown.

Columns

61-62 1t was the 15th day of the study

63-66 1t was 8:22 A, M,

71-73 His arswers were: "YES", "NO", "Use in Library"
75 His data sheets were useable.



6)

7)

8th Line ,

Patron 005 refused to cooperate

Column

75 Coding "4" Indicates he refused to cooperate
9th Line

- Patron 003 turned in o data sheet which contalned no "P" classification. He

arrived on the 15th day at 11:120 A M.
10th Line
Patron 004 turned in a useable data sheet with one "P" [tem on it and one "J" item
on 1t. No entry Is made for the "J" item. The call number of the "P" item was:
PQ56
A 123256

Vol 2
1945

He arrlved on the 15th day at 1:20 P.M. He didn't answer the Ist and 2nd questlons,
but answered the 3rd question, "Not Sure If | will(would) charge It out or not."
His data sheet wds useable.
11th Line
Patren 006 turned in a data sheet which contained the following coll number.
PE42
This is not a complete call number and is unuseable. He arrived at 3:10 P.M.
on the 15th day. '

The last data collector working each day will tcke the 80 column data sheets and the
questicnnaires for that day end put them all in a brown envelope. He will mark the

number of the day on the envelope. The circulation data collector will pick this up
the followlng morning.

If tn doubt ab.ut the correct day number
‘Monday March 4 =day 2
H L1} H

11 =day 9
" " 18 = day 16
" " 25 = day 23
" April 1 =day 30
u " 8 = day 37
" " 15 =day 44
" " 22 = day 51
" " 29 =dev 58
" May 6 = day &5

Saturday May 11 =day 70 (last day)

171



1)
2)

3)

4)

5)

é)

" Cireulation Data Collector

Pick up the 80 column summary sheet downstairs.
From the clrculation desk you will receive:

a) A stack of "P" classification charge zards

b) A list of "P" classlflcation "saves" and "traces"

c) A list of "P" classification saved books which were charged out.
You are to compare the charge cards with the 80 column list. If ihe item was
charged out, you are to enter o "1 " [ column 74. 1f 1t was not charged out
you are to enter a "2" In column 74. .
You will probably have some cards for books which were not listed on the 80 column
summary sheat. If you do, fill outa small data sheet For each book. Do net enter
any Information on the 80 column summary sheet.

You sheuld then hava:

a) 80 column summary sheets
b) A list of "P" classification saves and traces
c) A list of "P" classification saved books which were charged out

d | stock of small data sheets from (4] c iy
e; %’sse"gjvless:?%i\r& resgarresp%ég?negtstg ?ﬁ‘e(éa)ac%%eﬁm data sheets. . o

Put al! the Information in a brown envelope and deliver to Rolph Hall.
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APPENDIX C

PUNCHED CARD FORMAT

1 - 4 Classification letter

11 - 20 Classification

21 - 30 2nd line of call number

31 - 40 3rd line of call number

41 - 50 4th 1line of call number

51 - 60 Last name or student number of patron
61 - 62 Day of the study

63 - 66 Time of the day

if patron had call number

if patron did not have call number
if desired book was found

if desired book was not found

if patron said he would use it in
the library

if patron said they would charge
it out

if patron did not know

if book was charged out

if book was not charged out

if book was charged out and did not
appear on the guestionnaire

if the questlcnnaire was useable
if no P's on questlcnnalre

if the questlcnnalre was not useable
if guestionnaire was refused

if patron was a browser and found
nothing

if request that a book be saved

if request that a book be traced
if a book from the save shelf was
charged out

if a book was charged out but not
recorded on the guestionnaire

74

75

W~ b= ONFW N HFNEHEMDHE

ls]
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APPENDIX D

TABLE USED TO CALCULATE CH: SQUARED
FOR FITTING THE NEGATIVE BINOMIAL
DISTRIBUTION TO THE SHELI LIST SAMPLE

FROM THE SUNY-BUFFALO COLLECTION '

The table in this appendix shows the cell value,
cell frequency, theoretical probability, theoretical
cell frequency, differenc= between the observed cell
frequency and theoretical frequency, the sguare of the
difference, and the component of Chi Squared for each
cell for the shelf list sample data in Chapter 6.
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TABLE D.1

CHI SQUARED TEST TABLE FOR KNOWN DEMAND SAMPLE

COLLECTED FOR THE SUNY - BUFFALO COLLECTION
1966 - AUGUST 31,

DURING THE PERIOD SEPTEMRER 1,

OBSERVED THEORETICAL
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE

0 530 . 74370 522.077 7.9226
1 112 .16345 114.742 -2.7419
2 42 .05612 39.396 2.6038
3 9 .02158 15,149 -6,1492
4 L .00874 6.135 -2.1355
5 1 .00365 2.562 -1.5623
) 4 .00276 1.938 2,0625

702 1.00000 702.000 .0000
.
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1967

CHI
SQUARED

.1202
.0655
« 1721
2.4960
« 7433
.9526
2.1955




EL
»

/ APPENDIX E

! TABLE USED TO CALCULATE CHI SQUARED
FOR THE VARIANCE TEST ON THE SHELF LIST
SAMPLE FROM THE SUNY-BUFFALO COLLECTION

The table in this appendix shows the cell
value, cell frequency, the square of the difference
of the cell value and mean, the frequency of occurrence
of the cell value multiplied by the difference, and the
component of Chi Squared for the cell for the shelf
list sample in Chapter 6.
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TABLE E.1

VARIANCE TEST TABLE FOR KNOWN DEMAND SAMPLE
COLLECTED FOR THE SUNY - BUFFALO COLLECTION
DURING THE PERIOD SEPTEMBER 1, 1966 - AUGUST 31, 1967

., . - . P . 2
ﬁﬁ (i - m) ﬁi(l = m) fi(; = m) /m
530 . 145 76.935 201,230
112 .383 42,914 112,635
42 2,621 110.089 288.947
o 6.859 61,732 162,027
it 13,097 52.389 137.503
1 21.335 21,335 55.998
3
1

i

31.573 94,719 248,608
43.811 43,811 114,990

1322,638

w] U B S D e D
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TABLE USED TO CALCULATE CHI SQUARED
FOR FITTING THE NEGATIVE BINOMIAL
DISTRIBUTION TO THE SAMPLE OF P CLASS BOOKS

The following table shows the cell value,
cell frequency, theoretical probabilities, theoretical
cell frequencies, the difference between the observed
and theoretical cell frequencies, and the component of
Chi Squared for each cell for the P class demand data
in Chapter 7.
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TABLE F,1

CHI SQUARED TEST TABLE FOR P CLASS SAMPLE
COLLECTED FOR THE SUNY - BUFFALO P CLASS
COLLECTION DURING THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI

VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
0 650 . 85805 628,093 21,9074 L7641

1 65 . 10975 80.337 -=15,3370 2,9280

2 13 02402 17.583 ~-4,5826 1.,1944

3 2 .00599 4,385 ~-2,3847 1.2969

u 2 .00219 1.603 .3969 .0983
732 1.00000 732,000 .0000 6.2817
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APPENDIX G

TABLE USED TO CALCULATE CHI SQUARED
FOR THE VARIANCE TEST ON THE
RANDOM SAMPLE OF P CL™"S BOOKS

The following takle shows the cell value,
cell frequency, the square of the difference
between the cell value and the mean, the frequency
of the cell value multiplie’ by the difference,
and the component of Chi Squared for the cell for
the data in Chapter 6.



TABLE G,1

VARIANCE TEST TABLE FOR P CLASS DEMAND SAMPLE ;
COLLECTED FOR THE SUNY - BUFFALO P CLASS COLLECTION
DURING THE PERIOD MARCH 3, 1968 - MAY 11, 1968

. . i . o . . =
i £, (i - m) fj_(;—im) fj;(l—m) /m
650 .020 13.292 92.950
65 . 734 47,739 - 333.840
13 3.448 44,830 313,495
2 8.162 16.325 114,160
2 14,876 29.753 208,062

B Wl = O

1062.508
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APPENDIX H

TABLES USED TO CALCULATE ChI SQUARED
FOR FITTING THE POISSON DISTRIBUTION TO THE
RANDOM SAMPLES OF P CLASS DEMANDED BOOKS

The following tables show the cell value,
cell fregquency, theoretical probabilities, theoretical
cell frequencies, the difference between the observed
and theoretical cell frequencies, the square of the
difference, and the component of Chi Squared for each
cell for the data in Chapter 7.

183

w03



TABLE H.1

CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSON DISTRIBUTION TO SAMPLE 1
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

4 OBSERVED THEORETICAL CHI
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
2 .07226 3.635 =1.6853 .7707
9 . 18986 9.683 -.6829 0482
16 24943 12,721 3.2791 . 8452
13 .21845 11.141 1.8591 .3102
6 14349 7.318 -1.3180 .2374
2 07540 3.845 -1.8458 . 8856
3 05111 2.607 . 3934 . 0594

Loy I Uy I = FU N B

51 1.00000 51.000 .0000 3.1566

TABLE H,2

CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSON DISTRIBUTION TO SAMPLE 2
. OF P CLASS DEMANDS FOR THE PERIOD.
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL - CHI
VALUE FREQUENCY PROBABILITY FREGUENCY DIFFERENCE SQUARED

.08128 4,145 . 8547 1762
.20400 10,404 3.5960 1.2429
.25600 13.056 ~-3.0560 .7153
21417 10,923 -1.9227 .3384
.13438 6,853 -,8534 .1063
06745 3.440 -.4399 .0563
.04272 2,179 1.8213 1.5225

R B WK O
1 —
| E—JR V% e RN e e R~ 1

1.00000 51.000 .0000 4,1579

wn
-
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CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING

TABLE H.3

THE POISSON DISTRIBUTIiCN TO SAMPLE 3
OF P CLASS DEMANDS FOR THE PERIOD

MARCII 3, 1968 = MAY 11, 1968
OBSERVED THEORETICAL CIiI

VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
0 b .05384 2.746 1.2542 .5728
1 10 .15732 8.023 1.9767 L4870
2 13 .22981 11,720  1,2797 .1397
3 6 .22380 11.414 -5.4138 2.5679
5 7 . 09551 4.871 2.1290 . 9305
6 2 .08650 2.371 -.3715 .0582
7 2 .02976 1.518 Lu822 .1532
51 1.00000 51.000 .0000 5.1236

TABLE H.4
CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSON DISTRIBUTION TO SAMPLE 4
OF P CLASS DEMANDS FOR THE PERIGD

MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI

VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
0 7 .10696 5.U455 1.5450 4376

1 14 .23908 12.193 1.8069 .2678

2 10 .26721 13.628 -3.6277 .9657

3 8 . 19910 10.154 =2.1541 L4570

4 6 »11126 5.674 .3257 .0187

5 b LOu974 2,537 1.4633 . 8440

6 2 .02665 1.359 .6409 .3022
51 1.00000 51.000 . 0000 3.2930
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TABLE H,5

CII SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSCN DISTRIBUTION TO SAMPLL 5
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 = MAY 11, 1963

OBSERVED THEORETICAL CHIY
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED

8 .08791 L,483 3.5166 2,.7583
12 .21375 10,201 1.0987 . 1107
8 .25986 13.253 -5.2529 2,0820
11 .21060" 10.741 .2594 .0063

7 . 12801 6.529 LU715 L0341
1 .06225 3.175 -2,1747 1.4897
il .03762 1.919 2,0814 2.2579

S A I b - O
-
_—

51 1.00000 51,000 .0000 8.7390

TABLE H.6

CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSNOM DISTRIBUTION TO SAMPLE 6
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED

8 .09697 4.945 3.0545 1.8866
10 .22626 11.539 -1.5353 .2053
11 .26397 13,462 -2.4625 LU504
10 .20531 10.471 ~.4708 .0212

5 . 11976 6,108 -1.1078 . .2009

6 .05589 2,850 3.1496 3.4802

1 .03184 1.624 -,6238 .2397

LT EWN 2O

51 1.00000 - 51,000 .0000 6.4843
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TABLE H.7

CHT SQUARED GOODNESS OF FIT TABLE FOR FITTIMNG
THE POISSON DISTRIBUTION TO SAMPLE 7
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
7 .09889 5.043 1.9566 . 7591
10 .22880 11.669 -1.6638 .2387
13 . 26470 13,500 -.4997 .0185
11 .20414 10.411 .5889 .0333
5 .11808 6.022 -1.0221 .1735
3 05464 2,787 2134 .0163
2 .03075 ‘ 1.568 L4317 . 1189
51 1.00000 51.000 .0060 1.3582

R WA -0

TABLE H.8

CHI SQUARED GOODNESS OF FIT TABLE FOR. FITTING
THE POISSON DISTRIBUTION TO SAMPLE 8
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI

VALUE FRECUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
9 .08791 4.483 4,.5166 4,.5500

7 .21375 10.901 -3,9013 1.3961

13 ,25986 13.253 -.2529 L0045

11 .21060 10.741 .2594 .0063

2 .12801 6.5290 -4.5285 3.1412

7 .06225 3.175 3.8253 4.6090

2 .03762 1.919 .0814 ,0035

51 1.00000 51.000 .0000 13.7109
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TABLE H.9

CHI SQUARED GOODNESS OF FIT TABLE FOR FITTING
THE POISSON DISTRIBUTION TO SAMPLE 9
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 19638

OBSERVED THECRETICAL CHI
VALUE FREQUENCY PROBABILITY FREQUINCY IFFLRENCE SQUARLD
0 6 .08965 4,572 1.4279 L4059
1 11 .21623 11,028 -.0277 .0001
2 12 . 26075 13.298 -1,2982 1267
3 9 .20962 10.691 =1.6906 L2674
4 7 .12638 6.445 .5546 0877
5 3 .06096 3.109 -.1090 .0038
6 3 .03641 1.857 1.1431 .7037
51 1.00000 51.000 .0000 1.5953
TABLE H.10

CHI SQUARED GOODNESS OF FIT TABEE FOR FITTING
THE POISSON DISTRIBUTION TG SAMPLE 10
OF P CLASS DEMANDS FOR THE PERIOD
MARCH 3, 1968 - MAY 11, 1968

OBSERVED THEORETICAL CHI
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED
0 7 .09324 4,755 2.2448 1.0597
1 9 .22122 11.282 -2,2822 L4617
2 14 .26243 13.384 .6161 .0284
3 10 20754 10.585 -.58U5 .0323
4 6 .12310 6.278 -.2781 .0123
5 1 .058u1 2,979 -1.9789 1.3146
6 4 .03406 1.737 2.2629 '+ 2.9480
51 1.00000 51,000 .0000 5.8569
188
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APPENDIX I

TABLES USED TO CALCULATE CHI SQUARED
FOR THE VARIANCE TEST ON THE RANDOM
SAMPLES OF P CLASS DEMANDED BOOKS

The following tables show the cell value,
cell frequency, the square of the difference between
the cell value and the mean, the frequency of the
cell value multiplied by the difference, and the
component of Chi Squared for the cell for the data
in Chapter 7.

189



TABLE I.1

VARIANCE TEST TABLE FOR SAMPLE 1
OF THE P CLASS DEMANDS DURING
THE PERIGCD MARCH 3, 1968 - MAY 11, 1963

‘ . . 2 X e R S

i £, (i = m) £,(1 - m) fj;_(; - n) /m

0 2 6.903 13.807 5,255

1 9 2.640 23.837 9,072

2 16 .394 6.299 2.397

3 13 .139 1.804 .687

4 6 1.884 11.303 4,302

5 2 5.629 11.258 4,285

6 2 11.374 22.748 8.658

7 1 19.119 15.119 7.277
41,933

TABLE T.2
VARIANCE TEST TABLE FOR SAMPLE 2
OF TIE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 19268

i £, (i m) fj..(;t - m) f*(l m) /m

0 5 6.299 31.495 12.549

1 14 2.279 31.913 12.715

2 10 .260 2,599 1.036

3 9 L 240 2.163 .862

4 6 2.221 13.324 5.309

5 3 6.201 18,603 7.412

6 2 12.181 24,363 9,707

7 1 20.162 20.162 8.033

8 0 30,142 0.000 0.000

9 1 42,123 42,123 16.783
74,406
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APLE I.3

=
-

VARIANCE TEST TXBLE FOR SAMPLE 3
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

iofgy (i -m* £ -mT £, - mTm
0 4 8.536 34,142 11.686
1 10 3.692 36.924 12.638
2 13 . 84Y 11,041 3.779
3 6 .006 .037 .013
4 7 1.163 8.141 2.787
5 7 4,320 30.239 10.350
6 2 9,477 18.954 6.487
7 1 16.634 16.634 5.693
8 0 25,791 0.000 0.000
9 0 36,947 0.000 0.000
10 0 56,104 0.000 0.000
11 0 65.261 0.000 0.000
12 0 82,418 0.000 0.000
13 1 101.575 101.575 34,767
88.202
TABLE I.4
~VARIANCE TEST TABLE FOR SAMPLE 4§
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

i £y (i = m) £ =-m° | £.(i~m) /m
0 7 4.997 34,976 15.647
1 14 1.526 21.363 9.557
2 10 .055 L5504 .248
3 8 .585 4.678 2,093
4 6 3,114 18.685 8.359
5 4 7.644 3o.574 13.678
6 2, 14,173 28,346 12.681

210
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TABLE I.5

VARIANCE TEST TABLE FOR SAMPLE 5
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11; 1968
. - o , . 2
(i ~ m) £ oG- mP £ i - mm

[
N

5.912 47.292 19. 451
2,049 24,586 10.112

. 186 1.489 .62

.323 3.557 1.463
2.461 17.2214 7.084
6.598 6.598 2,714
12.73% 12,735 5.238
20.8% 20,872 8.585
31.010 31.010 12.754
43.147 43,147 17.7U46

85.758

WONAUEWN = O
e i

TABLE I.6

VARIANCE TEST TABLE FOR SAMPLE 6
OF TiE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968
a (i - m) Qd;—m) iél ) /m

b

5.440 43,555 18.667
1.778 17.778 7.619
111 1.222 .524

< L4an 4,444 1.905
2,778 13.889 5.952
7.111 42,667 18,286
13.444 0.000 0,000
21,778 21,778 9.333

ank md

—
CORNO 1O ®

N E - O

62,286
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TABLE I.7

VARIANCE TEST TABLE FOR SAMPLE 7
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

S (1~ m* ol - m) £ (i = m)*7/m
0 7 5,353 37.473 16.196
1 10 1.726 17.259 7.459
2 13 .098 1.280 .553
3 11 471 5.181 2.239
I 5 2.844 14,218 6.145
5 3 7.216 21.64U8 9,356
6 1 13,589 13.589 5.873
7 0 21.961 0.000 0.000
8 1 32.334 32,334 13.975

TABLE I.8
VARIANCE TEST TABLE FOR SAMPLE 8
CF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

_ i P i o i R

i £ (1 -m* E£gi-mT £, -m/m
0 9 5.912 53,204 21.882
1 7 2.049 14,342 5.899
2 13 . 186 2.419 .995
3 11 .323 3.557 1.463
] 2 2,461 4,921 2.024
5 7 6.598 46,185 18.995
6 0 12.735 0.000 0.000
7 1 20.872 20.872 | 8.585
8 0 31.010 0.000 0.000
59,843
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TABLE I.9

VARIANCE TEST TABLE FOR SAMPLE 9
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

. .. . E o s y . s =

i %é‘ (i - m) gé(; - m) fe(i - m)  /m

0 6 5.817 34,900 14,471

1 11 1.993 21.924 5.090

2 12 . 170 2.035 . 844

3 9 . 346 3.114 1.291

i} 7 2.523 17.658 7.321

5 3 6.699 20,097 8.333

6 3 12.875 38.626 16.016
57.366

TABLE I.10
VARIANCE TEST TABLE FOR SAMPLE 10
OF THE P CLASS DEMANDS DURING
THE PERIOD MARCH 3, 1968 - MAY 11, 1968

i EL (1 - m) E{(l = m) £oli - m) /m

0 7 5.629 39,403 16,608

1 9 1.884 16.955 7.146

2 14 . 139 1.943 .819

3 10 . 394 3.937 1.659

y 6 2.649 15,892 6.698

5 1 6.903 6.903 2,910

6 3 13.158 39,475 16.638

7 1 21,413 21.413 9.025
61.504
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APPENDIX J

TABLES USED TO CALCULATE CHI SQUARED
FOR FITTING THE NEGATIVE BINOMIAL DISTRIBUTION

TO THE FUSSLER AND SIMON BOOK USE DATA

The following tables show the cell value, cell
frequency, theoretical probabilities, theoretical cell
frequencies, the difference between the observed and
theoretical cell frequencies, the differences squared,
and the component of Chi Squared for each cell for the
data in Chapter 8.
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TABLE T.1

CHI SQUARED TABLE FOR FITTING
TIE NEGATIVE BIMOMIAL DISTRINUTION

T™0 SAMPLES OF ROOK

USE

FOR T™HE PHILOSOPIY SAMPLF AT CHICAGO

WHET COMPARFED WITH YALE

NBSERVED THECGRETICAL cnx
VALUE FREQUFNCY PROBABILITY FREQUFNCY DIFFERFMCE SOUARED
0 85 66136 87.300 -2.2005 LNE0E
1 21 .12826 16.230 b, nNea7 .9783
2 12 .06562 8.662 3.33R2 1.2865
3 3 .04ns53 5.350 -2,3500 1.n1322
i o .02717 3.586 L1386 LNE77
5+ 7 07706 10.172 =3.1719 .9891
132 1.00000 132,000 .NNNN u4.3943
TABLE J.2
CHI SQUARED TABLE FOR FITTING
THE NEGATIVFE BINOMIAL DISTRIRUTION
™0 SAMPLES OF BOOK UST
FOR THE PHILOSOPHY SAMPLE AT YAILT
OBSERVED THEORETICAL CHi
VALUE FREQUENCY PROBABILITY FREQUEMNCY DIFFERENCE SOUARED
0 90 .69357 91.5512 ~1.5512 .N?2E63
1 18 .10983 1M.08975 3.5025 LRRED
2 7 .05616 7.4131 -. 0131 .N230
3 3 .03532 h,6622 =1.6€22 .Ha2F
4 6 024829 3.2063 . 2,79237 2.,43042
S5+ 8 .08083 10,6€95 =2,6€95 .6€79
132 1.00000 132.000 L0000 h,50N02
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TABLE J.3

CIII SQUARED TABLE FOP FITTING
TIE NMEGATIVE BINOMIAL DISTRIBUTIONM
T0 SAMPLES OF BOOK USH
FOR THE TEUTONIC LANGUAGES SAMPLE AT CIICAGO
WHEN COMPARED WITI! YALR

OBSERVED THEORETICAL
VALUE FREQUENCY PROBABILITY FREQUIENCY DIFFRRENCE

N 109 . 74362 110.729 -1.7994
1 19 .09162 13.651 5.3486
2 7 .08592 6,802 . 1579
3 5 .N2880 4,291 .7088
4 2 .01988 2.962 -, 0621
5+ 7 . 07016 ie.u50 -3.0538

149 1.00006 149,000 L0ONNO

TABLE J.H4

CHI SQUARED TABLL FOR FPITTING
THHE NEGATIVE BINOMIAYL, DISTRIBRUTIONM
T0 SAMPLES OF BOOK UFE
FOR THE TEUTONIC LANGUAGES SAMPLE AT YALF

OBSERVED THEORETICAL
VALUE FREQUENCY PROBABILITY FREQUEMNCY DIFFIRIENMCE
0 112 .76432 113.284 -1.8837
1 22 .09542 11,218 7.7824
3 3 .02733 4.072 =1.0722
[} 1 .01795 2.675 =1.67L5
149 1.00000 149,000 L0000
197
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CnI
SCUARED

0292
2,00956
L0036
L1171
.3125
1.1011

3.A002

cnI
SQUARED

.0312
4,2599
LNA75
.2R23
1.048Y
S .7083
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TARLE J.5

CHI SQUARTD TARLE FOR FITTING
THE NDGATIVE BINOMIAIL DISTRIDUTION

70O SAMPLES OF ROOK

CNICACO

FOR THE TEUTONIC LANGUAGES SAMPLE AT
HEN COMPARED VITH NORTIWESTEPI
OBSERVED THEORETICAL
VALUE FREQUENCY PROBABILITY FREQUEMCY DIFFERCMCE
0 39 64543 39.374 -.3743
1 5 .10277 6.269 -1.2690
2 3 .N55u7 3.384 -.3837
3 1 .03698 2.256 -1.2558
4 4 .02700 T.6U47 2.,3530
5+ 9 .13230 8.070 . 9297
61 1.00000 61.00N .AN00

TABLE J.6

CIII SQUARED TARLE FOR TIiITTING
TIIE NEGATIVE BINOMIAL DISTRIBUTION

TO SAMPLES OF BOOK

CHI
SQUARED

.0036
«25€9
LNU35
.£091
3.3616
. 1071

b, 4717

. FOR THE TEUTONIC LANGUAGES SAMPLF AT MNORTHWESTERN

DIFFERENCE

-.3960
1.1239
-.8273
1.3054
-.1157
-1.0003

OBSERVED THEORETICAL

VALUE FREQUENCY PROBABILITY TREQUENCY
0 46 .76059 46,396

1 7 .09633 5.876

2 2 . 01635 2.827

3 3 .02778 1.695

I 1 .01820 1.116
5+ 2 .N5066 3.000
61  1.00000 61.000
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cnI
SQUARED

.NO3L
.2150
2821
1.N1056
.N120
. 3806

1.8627



TAB#E J.7

CHII SQUARED TAQLE FOR FITTIVG
THE NEGATIVE BINOMIAL DISTRIDUTION
™0 SAMPLES OF BOOI USE
FOR THE TEUTONIC LANGUAGES SAMPLE AT CIIIC2GO
WIIEN COMPARED VITH CALIFCRMNIA

OBSERVED | THEORETTCAT, CHT

VALUE FREQUENCY PROBABILITY FREQUENCY DIFFEPTNCE  SOUARED
0 125 .75067 126,263 =1.8632 0275

1 23 .08872 14,000 8.00€3 y,2752

2 2 04030 7.502 =5.5010 n.0351

3 8 02787 B.710 3.2000 2.2001

l 1 .01927 3,257 =2.7566 1.5637
5. 10 06908 11.€75 =1.Ff7U5 .onn?
169 1.00000 169.000 .an0n 12.1396

TABLE J.8

CHI SQUARED TABLL FOR FITTING
TIE NEGATIVE BINOMIAL DISTRIBUTION
TO SAMPLES OF BOOK USE
FOR THE TEUTONIC LANGUAGES S:MPLE AT CALIFORNIA

OBSERVED THEORETICAT CFT ;
VALUE TFREQUENCY PROBABILITY FREQUILNCY DIFFFRENCE ESQUARED ;
0 125 .74685 126.218 =1.2176 .N117 s
1 21 .10427 17.622 3.373n L6077 ;
2 7 .05002 8,053 =1.4530 .2n00
3 7 .02967 5.010 1.99858 .7R6D I
i 3 .01628 3,258 -.2583 .0205 3
5+ 6 .08991 8,035 = 01348 L7020 ;
169 1.00000 169.000 .nnnn 2.1190
199
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TARTE J.9

CHI SQUARED TABLE FOR FITTING
THE NEGATIVE BINOMIAIL, DISTRIBUTION
TO SAMPLES OF PROOKX USE
FOR THE BIOLOGY SAMPLE AT CHICAGO
WIIEN COMPARLED VIITH YALE

OBSERVED THEORFTICAL
VALUE FREQUENCY PRCEBARILITY FREQUENCY DIFFIREMNCF

0 81 . 71655 82.403 =1.4032
1 10 07755 8.918 1.0817
2 o .080688 4,699 -. 60809

7 02724 3.133 3.8671
4 2 . 02005 2.306 -.3057
' 11 11775 13.511 -2.5092

115 1.00000 115.000 .0000

TABLE J.10

- CHI SQUARED TABLE FOR FITTING
THE MNEGATIVE EBINCMIAIL DISTRIDBUTION
TQ SAMPLES O ROOK USE

FOR THE BIOLOGY SAMPLE AT YALR

OBSERVED THEORETICAL
VALUE FREQUENCY PRODABILITY TREQUIMNCY DIFFERENCE

0 89 .78055 89,763 -.7632
7 .05782 6.619 .3507
3 .02088 3,136 -. 1362
3 .01086 2.280 L7161
2 01LGE 1.626 L3101
1 .09723 11.181 - 1811

1S B~ WS I, N P

115 1.00000 115.000 .Nnno
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L1000
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TARLE J.11

CI'I SQUARED TABLE FOR FITTING
THE NEGATIVE EINOMIAL DISTRIBUTION
TO SAMPLES OF DBOOK USE
FOR TIIE BIOLOGY SAMPLE AT CHICAGO
WHEN COMPARED WITII CALIFORMNIA

OBSERVED THEORLTICAL CnnIx
VALUE FREQUENCY PROBABILITY FREQURNCY DIPFERENCE SOUARFD

72 .6877¢F 72,903 -.0026 .N112
17 . 12406 13.150 3.3496 1.126°
7 .06181 6,552 L0081 .N307
: .N03735 3.259 1.04009 « 2737
n . 02455 2.602 =2.6023 2.60N23
+ 5 LNRB0T 6.830 -1.233° 11921

L

106 1.00000 106,000 . 0000 4,53R8

TARBLE J.12

CHI SQUARFED TABDLE FOR FITTING
TIIE NEGATIVE BINOMIAL DISTRIPUTION
TO SAMPLES OF BONI UESE
FOR THE EBEIOLOGY SAMPLE AT CALIFORMIA

NBSTRVED THEORET ICAL crT
VALUE FREQUENCY PROBABILITY FREQUFMCY DIFFFRENCE  SOUARFD

59 .57919 61,2900 -2.3981 .0N034
18 TUny3 15.310 2,900 LUT28
10 .07880 8.353 1.60472 .32048
5 . 05077 5.382 -.3816 .N271
6 .03521 . 3.732 2.2677 - 1.377¢
+ 8 . 11160 11.830 =3.2296 1.72392

MW D

106 1.00000 106.000 .No0n 3,5357
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TADLE J.13

CHI SOUARTD TABLE TFOR FITTING
TIE MEGATIVE BINOMIAL DISTRIBUTION
TO SAMPLES OF DOOK UEE
FOR THE PHYSICS SAMPLL AT CIIICAGO
UHEN COMPARED WITH HNORTHVESTEPRH

OBSERVED THEORETICAL - onr

VALUE FREQUENCY PROBABILITY FREQUEHCY DIFFERENCE  SOQUARED
0 - 28 12207 34.188 -6.1877 1.11992

1 ia .12089 9.792 4.207° 1.8082

2 9 07420 6.010 2.989°2 1.4873

3 4 .05365 4.306 -.3456 .0275

4 6 .08171 3.379 2.6215 2.03481
5+ 20 .28748 23.286 -3.2859 L0637
a1 1.00000 31.000 .00N0 6.9U07

TABLE J.10

CHI SQUARED TAPRLE FOR FITTIMNG
THE NEGATIVE BINOMIAL DISTRIPUTION
TO SAMPLES OF PBOOK USE.
FOR TIE PHYSICS SAMPLE AT NORTHUESTERN

OBSERVED THEORETICAL cnI

VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARTD
0 un .55442 44,908 -.9040 .N184

1 13 . 1u421 11.681 1.23190 . 1489

2 4 .08052 6.522 -2,5221 L9753

3 3 .05297 4,291 -7.2906 .3882

4 3 .03743 3.Nn36 -.0359 .00t
5+ 14 . 13040 10.562 3.037¢€ 1.1188
81! 1.00000 81.000 - .0000 2.6500
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TABLE J.15

CHI SOUARED TADBLE FOR FITTING
THE NEGATIVE BIMOMIAL DISTRIBUTION
' TO SAMPLES OF BOOK USE
FOR THE ECOMOMICS SAMPLE AT CHICAGO
WIIEM COMPARED WITH MNORTINDSTERN

OBSLERVED TIIEORETICAL cnTy

VALUE FREQUENCY PROEABILITY FREQUENCY DIFPFFRENCE  SQUARED
0 55 .39353 35.024 19,9758 11.3931

1 16 .18809 16.740 -, 7400 .0327

2 7 .1185¢ 10.555 -3.5545 1.1971

3 1 .08079 7.190 ~6.1903 5.3294

b 0 .05710 5.082 -5.,0R19 5.n0819

5 10 .16190 14,009 -0, 0091 1.30492
89 1.00000 89.000 .0NON 20,3833

TARLE ~.16

CHI SQUARED TABLE FOR FITTING
THE NEGATIVE BINOMIAL DISTRIBUTICN
TO SAMPLES OF EOOK USE
FOR TIIE ECONOMICS SAMPLE AT MNORTINWESTERM

OBSERVFED THEORETICAL CHI
VALUL FREQUENCY PROBABILIT™Y FREQUENCY DIFFERENCE SOUARED
0 55 17636 42,396 12.6000 .3,7470
1 20 .29814 26.538 -f.5345 1,6N92
2 6 .13726 12.216 «6.2161 3.1631
3 2 .05562 1,950 -2.0502 1,7582
1 2 .N02101 1.270 .1301 .Nno1
5+ ] 01161 1,133 2.9667 2.517¢2
89 1.00000 40,000 .0nnn 19,0000
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TABLE J.17

CHI SQUAPED TABLE I'or FITTING
TIE NIDGATIVE BI!NOMIAL DISTRIRUTION
TO SAMPLES OF DROCK UFE
FOR THE ECOMNMOMICS SAMPLE AT CIIICAGO
WHEN COMPARED WITHT CALIFORNIA

OBSERVED THEORETICAL CII
VAILUE FREQUENCY PRORBABILITY FREQUDINICY DIFFEREMNCE SQUARED

69 .63967 60.129 8.871¢0 1.3088
16 . 286123 23.202 -7.2020 2.2355
.07968 7.490 -2.4899 « 2277
.02405 2.261 -, 2607 .0301
. 00700 . 658 -.6580 L6580
.00277 « 260 1.7396 11.6225

MEWN=O

e . - I —

1.00000 20,000 L0000 16.6R27

+
Ta) 1
= ] nmonwn

TABLE J.18

CHI SQUARED TABLE FOR FYXITTIHNG
TIIE NEGATIVE BINOMIAL DISTRIBUTION
TO SAMPLES OF POOK UEE
FOR THE LECONCMICS SAMPLE AT CALIFORIIA

OBSERVED THEORETICAL CIT
VALUE FREQUENCY PROBABILITY FREQUENCY DIFFERENCE SQUARED

57 .21030 38,572 18.4280 e.8041
.31876 29,963 -12.92630 5.6085
.16277 15.300 -7.3004 3.0833
. 06867 6.U455 -3.4550 1.8493
.02593 2,437 ° .562€ .1228
.01353 _ 7.272 4,.,7282 17.5455

NMEWN=O

| -
| aowwo

1.00000 94,000 .0onn 37.5U455

o)
=
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APPENDIX K

TABLES USED TO CALCULATE CHI SQUARED
FOR THE VARIANCE TEST FOR THE
FUSSLER AND SIMON BOOK USE DATA

The following tables show the cell value,
cell frequency, the square cf the difference
between the cell value and the mean, the frequency
of the cell value multiplied by the difference,
and the component of Chi Sqguared for the cell for
the data in Chapter 8.
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TABLE I.1

VARIANCE TEST TARLT FOR DOOK USE OF
THF PHILOSOPHY SAMPLE AT CI'ICAGO

WHEN COMPARFED WITIT YALE

) 2 X R r r.
i £ (i - m) £ (i = m) £, (i = m/m
n 85 1.291 100.762 96,521
1 21 .019 .390 L3nn
2 12 746 8.050 7.276
3 3 3.473 10.1119 9.169
u 1] 8.200 32.802 28.0GH
5 7 14,928 100,094 91,955
234,200
TARLE K.?2
VARTANCE TEST TABLE FOR DBOOI USE
OF THE PHILOSOPHY SAMPLFE AT YZTLE
2 z %
i 'fi (i -~ m) £, (i - m) v (i = m) /m
) 9n 1.361 122.496 ,i.Nes8
1 18 - .028 .50" TS
2 7 . 6ol n,.858 n.1cn
3 3 3.361 10,083 8,FND
1 6 2.028 4u8.168 - 4,129
5 8 14,694 117.552 100,758
223.113
206




mAPLE I, 3

VARIANCE TEST TABLE FOR BOOK USE OF
THE TEUTONIC LANGUAGES SAMPLE AT CHICAGO
THEN COMPARLED WITH YALF

L] ' z = ; F 5 '; = 3 _ z _

i £, (i = m) £, (i = m) £ (i - m) /m

0 109 1.041 113,433 111.1904

1 19 . 000 .N08 . 00"

2 7 . 960 6.721 6.588

3 5 3.920 19,.59° 19.213

i 2 8.880 17.75° 17.409

5 7 15.839 110,876 1N8.€R8
263.09°

TARLE K.l

VARIANCE TEST TABLE FOR BOOK USE
OF TIE TEUTONIC LANGUAGES SAMPLE AT YALFE

i g (i - m) £, (i = m) £.(1 = m) /m
0 112 .565 63.783 84,189
1 22 . 062 1.357 1.805
2 6 1.558 9.350 12,430
3 3 5.055 15.165 20.175
4 1 10.552 10,552 14,037
5 5 18,048 90.241 120,053

252.69€



TARBLE K.5

VARIANCE TEST TABLE FOR BOOKX USE OF
THE TLRUTONIC LANGUAGES SAMPLE AT CHICAGO
WHEN COMPARED WITH MNORTHWESTERN

i . 2 . F . 2z
i il (1 - m) £, (i = m) fi (i - m)/m
0 39 h.o00 156.090 78.000
1 5 1.000 5.000 ' 2.6500
2 3 0.000 0.N00 0.000
3 1 1.000 1.000 . 50N
u o .000 16.000 8.000
5 9 9,n00 21.000 nn,500

129.500

TAPLL IK.6

VARIAMCE TES™ TARLE FOR POOY UST
OF THT DRUTONIC LANCUAGES SAMPLE AT NORTIVFSTRRM

& e ) z = L) z [} z
i £, (i = m) £fr(1 - m) £: (i - m) /m
; : L L

0 ue . 590N 27.3082 35,443

1 7 .N53 . 369 .79

2 2 1.512 3.023 3.020

3 3 4,071 14,912 10,3508

o 1 10,430 10.430 13.536

5 2 17.889 35.778 he.035
119.170
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TABLE K.7

VARIANCE TEST TARLI! FOR ROOK UFE OF
THE TLRUTONIC LANGUAGES SAMPLE AT CHICAGO
VIIEN COMPARED WITH CALITFORIIIA

(1 - m) £ (i = m) £, (i = mt/m
125,740
001
1.965
31.620
8.912
158,588

126,484
.001
1.976
31.211
B.965
159.527

125 1.012
23 . 000
2 .988
: 3.976
1 8.965
10 15.953

S I o BV IR N s |
o

326.829

TABRLE IKK.8

VARIANCE TEST TABLE FOP BOOX USFE
OF THE TLUTONIC LANGUAGES SAMPLE AT CALITFORMIA

£ (1 - m)’ £, (1 - m) £ (i - m)/m

L

e

s bl N - O

125
21

W d

601
.N51
1.500
4,950
10.400
17.849

209
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75.167
1.0€2
1n.502
34,650
31.199
107.096

96,3904

1.370
13.548
nn 701
uo,.249
138.1€2

334,923



TABLE K.9

VAPIANCE TEST TABLE FOR EOQOK USE OF
TIIE BINLOGY SAMPLE AT CHICAGO
WIIEN COMPARED WITII YALE

- 2 . 2 o 2

i fi (i = m) fi. (i = m) fé (i = m)/m

0 21 3.965 321,187 161.7205

1 10 .083 9,027 h,035

2 u .N00 .N00 .000

3 7 1.017 7.122 3.577

4 2 b,035 8.070 n,n5x

5 11 9,052 92,575 50,0N%
223.865

TARLFE .10
VARIANCE TEST TARLE FOR BOOK USE
OF THLE BIOLOGY SAMFPLE AT YALE
_ 2 , 2 - y N

i £, (1 - m) £, (i = m) £L(1L - m) /m

0 89 3.366 299,611 163.295

1 7 .697 4,278 2.650

2 3 027 ,N82 Lous

3 3 1.358 4,073 2.220

] 2 4,688 9,376 5.110

5 11 10.019 110,205 60.060
233.393
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TADBLE .11

VARIANCE TEST TABLE FOR EONK USFE Or
THE BIOLOGY SAMPLE AT CIIICAGO
WHEN COMPARED WITH CALIFORMIA

, o, 2 2

i £ (i = mf £.(i = m) £, (i - m)/m

0 72 . 963 69.309 70,601

1 17 .N00 .006 .06

2 7 1.038 7.267 7.006

3 5 4.076 20.379 20,771

u 0 9.1 0.000 0.000

5 5 16.151 80.757 82.310

181.135
TABLE K. 12
VARIANCE TEST TABLE FOR DBOOK USE
OF TIE DBIOLOGY SAMPLE AT CALIFORNIA

, , . 2 . 2 2

i £, (i -~ m) £, (i = m) fi (i - m)/m

0 59 2.482 146. 404 92.953

1 18 .331 5.961 3.788

2 10 . 180 1.802 | 1,180

3 5 2.029 10. 146 6.000

l 6 5.878 35.270 22,387

5 3 11.727 93.819 59.550

126.259

211




TAPLF IN.13

VARIAMCE TEST TABLE FOR BOOK USE OF
THE PIIYSICS SAMPLE AT CHICAGO
WIIEM COMPARED WITH NORTIUFETERN

i £ (1 - m £, (i - m) £, (1 - m’/m
o 28 23.781 665.858 136,543
1 18 15.028 210.386 ERTE
2 o 8.274 78,170 15.271
3 y 3.521 14,086 2.888
4 6 .768 n.610 .ous
5 20 .015 2305 . .063

198,853

TABLE K.1&

VARIANCE TEST TABLE FOR BGOK USE
OF THE PHYSICS SAMPLE AT MNORTHWESTERN

, 2 2 2
i £, (i = m) £, (1 - m) f:(i - m) /m
L

0 uy 3.294 178,916 79.852

1 13 . 66U 8.631 4 756

2 L L0308 « 137 .N76

3 3 1.005 n.214 2.322

i} 3 bh,775 14,325 7.8293

5 14 70.145 1u2.n36 72.265
173.164
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TABLE I.15

VARIANCE TIET TABLLE FOR DBOOIT USE OF e
THE ECONOMICS 3SAMPLIT AT CIIICAGO
WHEN COMPARED VWITH IORTHULSTERN

) . 2 . 2 . 2
i fi (i = m) f':(,l = m) fi (i = m)/m
0 55 u.,85n0n 266,705 121,121
1 16 1.445 23.126 10.501
2 7 .01 « 286 130
3 1 -636 + 636 .289
] 0 3.232 0.n0o0 n.non
5 10 7.827 7828.274 35.543
167 .587

TABLE K.16

: VARIANCE TEST TAPRLE FOR BOOK USE
OF THE ECONOMICS SAMPLE AT NORTHULSTERM

L) L] . z g g o= :- - ; F__
i fi (i - m) f&: (i - m) fl; (i - m) /m
0 55 .788 - 43,335 48.820
1 20 .N13 .252 .280
2 G 1.237 7.02U 8.360
3 2 n. 462 8.924 10. 054
L 2 9.687 19,372 21.826
5 1] 16.912 ' 67.60L6 76.2009

213
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TABLE K.17

VARIANCE TEST TARLE FOR POOKX USE OF
THE ECONCMICS SAMPLE AT CHICAGO
WIIEN COMPARED WITH CALIT'ORNIA

R ) . _ & 5 2 = L 1,,,
fi (i = m) f.;(l - m) fz. (i - m)/m
692 272 18.750 35.9268
16 «229 3.667 7.N34

5 2.187 13.933 20.973

2 6.144 12.288 23.573

0 12.101 0.0n0N 0.000

2 20.059 np.118 76.960

1648 .509

TABLE K.18

VARIAMCE TEST TARLE FOR BOOK USE
OF T{IE ECONOMICS SAMPLE AT CALIFORNIA

. 2 . . 7 2 £ . 2./

ii_ (i = m) f'_ (i - m) £, (i - m)/m
57 1.065 © 60.696 58.710
17 . 001 017 .017
8 .937 7.498 7.266
3 3.873 11.620 11.261
3 8.210 26.420 25.611
6 15.746 oun, n7h 91.553
194,527
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