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Trade List Annual (PILA), etc,

§EE!2£I
Bibliographic searching ig the establishment of the

correct name of'the author, title, publisher and. date of

pnblication of a- book by means of various tools 1. e.

. Iibrary of COngresa Catalogue (LC), Library of COngress .

Proofslips (Ps), Cnmnlative Book Index ICBI), Pnblishers

¥

At the rmiveraity of Windsor, this task is carried

; aut by the Bibliographic Searching Department of the
Pechnical Servicea Division of the Library. This is

done to avoid duplication and is éssential in central
eataloguing ‘process,

A8 a first atep, tosat up a methodology for predict—

.ing the time of searching and other clarical activitiea in
« the Bibliographic Searching Department, the least time

' mequences of searching o: various tools were sought F¥or '
least time or searching, it was Iound that the sequences of é.

tools were:

_ " Lox” monographai
lat ggblishors Trade List Annual

2nd Libnary of Congreas Préofaliﬁs

3rd ILibr rary of Congress Cataloggg

-4th iCumnlative Book Index T

- 141



L -/
. for serials )

1lst New Serial. Pitles

'.'2nd- Bnion List of Serials T . - o

.*:'

3rd . Library of cbngr;ss Catalogue
4th = Library of'COngreoe'Proofalipa
After the establishment of least'ume cequenoes,:

7]

‘mcdel was formulated to predict the time for bibliographic

searching and other clerical activities in the above

department by taking the data of Bixty days and using the

_ multiple regreseion technique., Thc model could be expreso-

_ed as: _ - S S

T = 47 778 + 0795511 + .11492212 + .00315X4 where

= Humber of hours required

T

L = Humber-or-requisitions of booka'searChed |

I2 = Humber of Bearch—on-arrival books oearched
o,

I4 = Nnmber of proofslipl filcd

The, model was tested atatistically ror its reliability
_and its validity vas checked by testing ag&inat monthly
"atatistical reports and wag found to be satisfactory.

<
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CHAPTER I | -
. ' S ‘Imnomcmloﬁ
' Libraries, like other organizations, are concerned
' with operating requirements that include scheduling,
planning work assignments, cost estimation, forecasting,
; .j, budgeting, manpower control,” and performance evaluationf
Many of these requirements may have been performed in-"

adequately because of the inability to estimate manpower

"\réouirements for a given volume of work, _
£ Thetmanagement~gf the Library of the University of
§Windsor.desired to explore the possibility of developing
a methodology which could be used in studying‘andlestab—
lighing manpower requirements, setting production stand-
ards ‘and thus being able to evaluate and control the per-
formance of . various departments of the Library. .
Technical Services are an essential to any library
!and are responsible for the acquisitioning,
gearching, and cataloguing of books. The tecbnical
.'ices Division of the University Library (Pig. 1) is com-
_Prised of threermain departments— Acquisitions, Bibliogra—
phic searching, and Cataloguing. In- order to” make the
books available to “the reader in-a short span of time, the
three departments have to work together as one systematic
pnit.‘ The Bibliogrgphic Searching Department acts ag
-che intermediary department betwe Acquisitions and
‘Cataloguing (Pig. 2). A1l requisitions for the books re~
- - . \ ; 48 /

Ay




celved from academic departments through faculty bib-
liographers are eearched hy this department for their
bibliographic inrormation which means the establish—

ment of the author 8 correct name, title, publisher, date
qf publication, edition, series statement, main entry
heading, contributor'e name etc. through various bib—

liographic tools i. e. Library of Congress Eatalogue, L1~

brary oi‘ Congress Proofslips, Cux ulative Book Index, New

Serial Titles, Union List of Serials, before they are _
handed over.to the AcquiSition Department for ordering.
When the books are received fro the vendor, they are
sent direct from Acquisitlon Department to Cataloguing
Department
: All requisitions of books whose complete biblio-
graphic infbrmatlon can not be found, are marked 'search-
on—arrival' and are handed over for ordering. When the
. books with requisitions marked 'search—on—arrival' are
received from the vendor, they are- reeearched by the Blb-
1iographic Searching Department,before sending them over
to Cataloguing Dep'artment |

. Por purpoeee of this study, the Bibliographic Search-
ing Department was eelected In a report of the Biblio-
graphic Searching Dapartment of Oct. S5, 1970 it was
Iound.that there existed a backlog of 16,925 books ta be

eearched, catalogued and eventually made available to the -

readers. In order to fing outttheAreason for the backlog,

, #

C



] .- } . ’ 3
further probe was made into the working-and'previous
statistical reports ofuthe d epartments, In a study
conducted by the Technical Services Division in 1968 it .
was found  that a’cataloguer catalogned an average of 185 5
books in a month, Aesuming this study as reliable, the
number of books that oould be catalogued in the year 1969—
70, was 84,588 books with 38 cataloguers, fThe total
searches done by the Bibliographdo Searching Department in
the game period was 50,077 with 14 .8earchers,

Aesuming a eteady»state condition, there was a dis-
'crhoancy between the searching dep ent's output and the
cataloguing department's output, On of!the remedies wasg '
to use eemi-profeeeional cataloguers from the CataloguingL//
Department for the searching but that was not the optimal
solution. This, of couree, 'ae done by the Technical
Services Divieion on &n 1nterim basis, Another remedy
was to employ a fer more searchers. The third and perma-
nent remedy was to find an efficient method of searching
and also a model to predict the output of the Bibliographic
Searching Department using various techniques available to
an industrial engineer. . ' '

The normal day~to-day work in the Bibliographic Search-
- ing Department ooneieta of the fe lowing details: | |

a) to determine if the rezzleitioned book is already
available in the library,

b) to determine whether the book is in print or
\ : K .



out of print ‘ . . -
e) to find the correct bibliographic information of
‘J - :. the book
' d). to stamp 'eearch;on;arriveIJ-on the reqnfeition
if no hibliographic'information is found
e). eesign a vendor ,
T) research the 'search-on-arrival! booke when re—~
e ceived from vendor.
) The other functions included filing of Library of Congress ‘
proofel\pe and taking photographs of the lerary of Con- |
gress entries which are used as a substitute when Library
of Congrees proofslips are not available. 7
Most of the functions performed by the staff of the
Bibliographic Searching Department consiet of long cycles,
have random demand patterns,- and involve clerical as well
ae manual operatione. The eonventlonal techniques aVallable
for study work can not adequately measure such activities.
For estimating time/feanlreﬁtfor similar condltions, regres-
sion technique has been used successfully in some instances.o
Before developing ‘a prediction model, studies were
made to determine the eearching sequence so that the expected
time of eearching wae minimized. For this conditional prob-
abilitiee indicatlng success of various searching tools '
along with the time for Varioue searching Sequences Pere
calculated The relatlonehip between the time needed to
procese a ‘requisition ang other variables was studied, A

" linear regregsion model for predlctlng the productivity of,
/

L



: >
the qﬁpliographic Searching Department waa doveloped !ha_
) validation '0of the model wae carried out using the dayato—
day functioning of the Bibliographic Searching Department,

The object of this thesis is to determine the least \,
time aearching sgquences for Bibliographic Searching and
vto explore the possibilities of using the Regreaaion .
htechnique for predicting, evaluating and controlling the
perforﬁance of the Bibliographic Searching Department.



SR . CHAPPER II
| LITERATURE SURVEY -

+

231 Introduction '

The literature pertain}ng to this study’ is very scanty,
The aVailable literature can be summarized under the follow-
ing headinge' ‘ : :

ay <Sequencing as Applied to Search?operations
ic b) Regression Technique as Applied to Work Measurement

2,2 Sequencing"es Applied to’ Search Operations

L. o

The operation of bibliographic searching can be viewed

as an 1nspection operation in' which the searcher uses vari-
ous available tools to check the correctness of the reoul-_y
sition. lhe operation is completed ag soon as the entriesju/
made or the requisition forms are checked out completely.

| Some work related to sequencing of the inspection\task,ﬁas

been done in the past,

a. Denby's Sequencing Technigue

" Denby (2) used a method by which he found out the

expected maintenance time of examining the components in

a particular sequence., Accordimg to him the expected time oo

‘required to determine the defective components, if the
.. components are examined in the sequence i, j,k is the
-time to examine i times the probability that 1 caused

the failure, plus the time reouired to examiqp J added

6,

)
v -t
v ’ *- ’
.



.S

X

to the wasted time of examining i times, the Probability" .

thaf 3 éansed the failure, plus the time required to ex-

amine k added to‘%he wasted times of examining i .and J

times the Probability that X caused the fd&lure. Calcu-

lating the qxpected time of the aequences, one chooses the

sequence which gives the minimum expected time.

‘Expreased Hathematically

ECT\ijk) T *P(i\?)+(Ti+'r)*P(J\P)+

o (ri+g:j+rk)*p(k\r)-".....'

It can be extended to any number  of components. ,
According to Denby (2)~"when a aystem or asaembly

Tails, the cause of failure is not immediately obvioua,

" t00 often the trouble 1is sought in a most haphazard manner

even by the moat experienced repairman. His attempt was)to

develop the moat efficient method of trouble-ahooting.

b. litten'a Leaat Cost Sequence

>
solved it asm follows-

This is a apecial case of sequencing. litten (7)
1) For-each test, he compufed.tha‘ratia c/n, where C is |
the coat of the test and R the probability of rejection
',in that test, _
2):hRun'the test with amallest value for the above ratio‘
firat the one ‘with the second smallest ratio second

evevey and the test -with the largest ratio last,

~




- searching sequence with the help of Mitten's (7 ) solution K

R ’ 4
: ' +
-
AT - s
' . ey
A
‘ P

This gave the Optimal.sequence. ‘}qr v .

. ¢. Leasat coet.Techniquee ; - T 7

Lazorick and Hinder (5) tried to:find a leasthoet \
to least cost testing eequence problem. They took a ran-

dom sample of twenty—five Englieh language requieitioﬁ”'

e \“

ﬁgg'aeked the searchers to check each of_ five sources name—'.

ly, LC, CBI, BIP, PTLA and PS to see if the items could be
identified with adequate bibliographlc detells. The per—
centage of time adequate information was found was record-
ed Ior each bibliographic tool. Another searcher was

given five random samples of ten order forms and was asked

.to search the samples in ‘the five bibliographic seurces

‘while being timed eeparately for- each eource. The optimum

aequence in this case was determined by taking the time

consumed to the percent of success and ordering the tests

l

Buch that the ratios will be in increaeing eequence. Thelir

resultant sequence was BIP, PTLA, PS, CBI and LC,
Pristoe 3), a librarian by profeesion ‘tried to find.
a8 sequence involving leaet number of eearches in btbliograph-

ic tools. He: etarted his_project with 100 requisitions of .
Current American imprints (all in Mglieh) and going '

through six bibliographic tools namely PS, NUC BFR, PV,

PWA and CBI to see if the adequate inf%rmation is available.‘
After initial search he found that whatever inforlation he

found in EUC was aleo found in PS P¥ and BPR. So he



-

eliminated those tools except PS and was left over with
PS, PWA and CBI. He then .conducted searches through these

~ three tools in their six possfgle combinations. He found

'y

: e ‘?;_* -
that the sequence PS, PWA and CBI was the one which re-

quired least number of searches. -

2.3 Regression Techinique as Applied to Work Measurement,

2. Least Squares and Regression

. Least squares, Regression Multinle Regression are
2ll the methods of forecastlng or predicting the value of
some nrocess variable from knowvm er related Variables.
The 1ndustr1al engineer of a manufacturlng plant would .
like to relate yield of,product to a number of variables,
He will then use the predlctlon equatlon to find the set-
tings of the variable that would provide the maximum yield
of thaf‘product.. The simplest form of predtction gquation ‘
is Y = a + bx where Y is dependent variable, x is indepen-‘
dent and a, b are empirically derived constants. Thia‘ia L
based on method of least square. The value of independentj“i
- variable and dependent variable when plotted on a graph iar
in a scattered shape. The straight line that best Tits
‘those point and whlch mlnlmlzes the sum of the squares of
distance between the. point and the straight line 1s a good
predlctor. Thls prediction.equation is also ¥nown as re-
gression line.. |

A prediction equation based upon a.%nmber of variables

is known as multiple regreselon line or curve. The meth-



s

: to predict production standard for a machine room inra

10

\odology to find the prediction eouation is known as mul-

tiple regression technique. The prediction equation can
be linear,-chVLlinear, exponential or géometric denending
on the nature-of the data. The strength of the relatlon—,
shlp between several variables independent of their scales
of measurement is known as correlation. The measure is

known as coefficient of multiple correlation,

'The miltiple predictor is like_this:

where Y, Xl, XQ, X3 are variables,

a is the 1ntercept and bl, b2, b3 are regression coefficients,

b, Multiple Regression Techniques for the Measurement .

of Indirect Work

According to Industrial Engineering Handbook (6),
all the operations of a rvice nature are usuelly referred
as indirect Indirect work includes clerical, material
handling, maintenance and sanitationswcrk ete, . .

Regression Analysis technique for the indirect vork
measurement is fairly new. Richardson (8), Barta (1),

Krick (4), Shell and Shupe (9) have used the technique of

q multiple regre551on technique for estimating production

standards for specific instances, Richardson (8) used it

!
sales office., His model was:

T=a+h Xl + b X2 + b3X3 + b4X4 + b5 5 + bGXG

_where T = Time in minutes

A
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a is the 1ntercept and hl; b2, b3, b4, bS’ bs‘are reéres- .
sion coefficients. 11 was the number of orders proc-

essed, X, the number of immediate orders processed, X3 the T
numberiof p?iority orders processed,_x4 the number of re~
;-ﬁgisterBQProcessed; x5 fhe nﬁﬁber of back ordérs'procesaed,
Xslthe number‘éfchange‘o;Qers pyocessed.

Barta (1) used it for,prédicting the time in unloading a
truck carrying drums and.cardboard boxes. His model iaé:QI

Standard minuteadper truck ;.a‘+ by (weight)
+ b, (cardboard boxes) + by (drums)

where a is the intercept and by, by, b; are reggeﬁﬁ;én
coefficientsy. | '{fw? .

Krick (4) uped the method to find out the time to clean

the office.

His model wag:- | . | -

. Timg to clean office = a + blvl + bévz + b373-

Pyva t 55“’6’6

"where a is the intercept and bl, b,y b3,.by, bg, bg are all
regression coefficients.

vi\L,Square feet of bare floor, wood or tile
Vo, = Square feet jof rug

-f3 = Number of moveable objects

4 = Number of stationary objects, floor Accessible LT

o
n
-

Number of stétionary objects, floor inaccessible



Ly

-l

_g=a+br+cL-m~.ep+g3‘-rrR

12
*6 = Square feet vf area to be iuated. )
Shell and Shupe (9) used multiple\linear regression

‘technique to find the work time (T ) rbquired for collect—

ing,s0lid waste in the city of Cincinnati Ohie. The re—
sult is the equation computing the work ﬁime in minutea for'

each sub-&istrict- ' | “

where a ia the 1ntercept énd b,e,d, e,f,g are regreaﬂion

‘,coerficienta.

2, = Work time in minutes’

T = Average number of toms

.-

" L = Average number of loads times the distance to

the nearest incinerator
= Number of élpera
= Number of famildes

- Number of stops

gm'ﬂﬁﬂ
I}

|

Number of trucks

2.4 Review
Lazorick and Minder (f5) treated BIP as a bibliographic

' searching tool in their sequence. BIP is an essential tool
and -every requisition of book should alwayaﬁbe aearched in

it first,to determine whether the book is in print or 70t

A

therefore 1% should not be 1ncluded in the sequence.

'!heir sample was small and contained only English 1anguage

.. o

requisitiona.
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Fristoe (3) based his sequence on the 'minimum number

of searches! and utilized current American Imprints re- ‘
quisitions only. As he was dealing with current books,
he missed out an important Bibliographic Searching tool
i.e. Library of Congress Catalogue asauming that all of

the requiaitioned booksa could be found in Library- of Con-

'gresa Proofslips.

There. is no evidence available that regreesion tech-
nique -has ‘been used for predicting the output ofﬂlibrary

operations previously. : ' ' .

.
-




CHArTsR III - °

. PROCEDURE

-

" 3,1 Introduction

The study was conducted by first finding the condi-
tional probabilities of Bibliographic tools given success
(1.e, cBI ».LC, LG Proof Slips, NST, PLTS and ULS) for mono-
graphs and serials separately. Then requisitions for mono-
graphs and serials were timed for the bibliographic search
* by changing the sequence of the Bibliographic tools. These
two elcments of study ars needed to calculate the least ex-

pccted time of search ' ,
| Once the least ;1m% Beqpences for monographs and se-
rials were established the output data of the Bibliographic
Scerching Department was collected for a sixty day period
and using this data, regression coefficients for prediction

- model were computed Later on, the model was tested statis-

tically for its reliability and validity,

3.2 Finding the conditional Probability of Successful Search

Five hundred requisitions of monographs and one hundred
requisitions of sefials over a period of a year (Oct. 70 -
| '71) to cover as many departments and languages as possible .
were randomly selcctcd. The staff of the Bibliographic '
Searching Department was asked to go through.CBI, BNB, ¥B,
PS, LG, CAN, PTLA for monographs NST, ULS, PS, Ls, and ULR
for serials and try to find adequate bibliographic im-
rormation in each one of them, The data collected and the

14
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calculation of conditional probabilities are attached in
Appendix A, This study showed tNat in case of monographs,

‘- L¢, PS, CBI, fénd PTLA were significant Bibliographic tools

and in case of serials, LC, PS, NS?. and ULS. ‘ N
Cp : o | . '
3.3 Finding the Least ®ime Sequence

?5 random sample requis tions of monog aphs and 25 of
serial were Bc}ectad over a eriod frOm Oct \le to J&n.

172. The staff of Bibliographic Searching De artmeng wau
i-asked to go ~through 24 possible sequehces/pf Lé‘\PS CBI,
and PTLA for monographa and LS PS, NST and ULS for serials .
and record the time on the proforma attached as sample in
;‘ | vAppendix B. . The summary of data of 25 requisitions: for
I ‘”;x -monographe and 10 requisitions for serials out of 100 re=
' :.quisitiona originally aelected\for this study, ia also at- ‘
‘lc,,f ' tached in Appendix B.- The reason for. aelecting 35 requiai- _
L tions was to: have only those requisitions, which were found
in g1l the Bibliographic tools.- = -

The expected timé was calculated by using Denby 8 (2)
method using conditional probabilities calcula#cd in section
o '13 2: r . —
| (T} 1,1, k) =Ty *P(1\8) + (2 + 1)) * P(3\|s) |

' + (R 424 T) * Rk \a) S

+ (mi * mj + % + 1) % Pe \a)

b .

-where Tﬁ = Time oi_gearch in the m*h tool were

¢

mal, 2, 3, 4.
P(m \s) = Conditional Probability of Search 1n the lth Fcol

L . . ~



given success (sj where m = 1, 243, 4.
S and i, J, k, e are 1, 2, 3, 4.

- Thia relationahip could be extended to any number of
'tools. A computer Program was run having the above equation
.to find the leaat time sequences for monographs and serlals -
' d8 attached in Appendix C. _ e 3

&

,_3;4.'-Data Collection and Réggeasion Model T

Once the least1ime sequence were eatablished the staff
of the Bibliographic Searching Department was asked to record
the daily output in the proforma attached as a sample in Ap- :
pendix D. mhe Ssumnary data for a period of 60 days from
Jan, 17._'72 - Feb,. 28 '72 and Irom lay 23 '72 - July 4, '72
15 also attached in the same appendix. The total time in 2
day (!) was calculated ‘a8 number of searchera into seven
working hours eachmday and was treaebd as dependent variable.
' liacellaneoue.jdba reriormed like preparing mdnthly statig-
-ticn-eic. pere a ed to be indirectly related to other
- works, The other independent variables were the number of
requisitions processed 11 the number of Search—on-nrrival
Books 12, the number of photographs taken for Lc entry 13, |
and the number of proof slips filed 14. ,

The relationship was established by theuhelp 9% computer

aa::
T ma + blxl + bzxz + b3 3 + b4 4

where a ia the intercopt and’ b1 b2,b3,b4 are regreasion

coefficlents.

- ]
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The validity of the model was checked by day to day

the Bibliographic Saaréhing Department.as ex-
plainkdlin Chapter. IV, ' -

17
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CHAPTER IV
RESULTS AHD ANALYSIS

41 The'lLeast Time Sequence for Monographs and Serials
mhe time study data for twenty five moncgrapha and

ten serials in twenty four poeeible eequencee af four

"reapective bibliographic tools has been attached in ap-

pendix B. -

The conditional probabilities of the bibliographic toola
as calculated.tn Appendix A, and the time study in Ap—

| pendix B, were uaed to calculate the least time eequencea,

in the following equation-with the help of computer:
E(?) 1,5,%) = 2, * P(1\8) + (75 + 74) * B(§) 8)
+ (T, + Tyt D) * Pk \8)
t+ (2, + Ty o+ T, + T,) * P(e \s)
where T, = Time of searching m 'l tool'anc |
| . N m=1, 2,3, 4.
P(m \ 8) = corgditiona.]} probabillty of m'E tool given
success (s) ihere n =l1, 2, 3, 4.
' and -1, j, k, e are 1 2, 3, 4'“\l,~\
The computer program and the print-out .are attached in.
Appendix. .C. The resulte are sumnarized as follows:krk

Monographs Sequence:

1st PILA - Publishers Trade List Annual

2nd PS : Library‘of-Coggreae}Proof Slips
_ 3rd LC ' Library of Congress Catalogue’
P 3

o 18
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4th CBI qumuiative Book'Indei

Serials Sequence:

.1st NST New Serial Tit;es o ‘
2nd’ ULS - Union List of Serials
_3rd-“LC '~ Library of Congress cd%nlogue

- 4th  PS Library of Congress - oof Slips"

4.2 Prediction Model+Result-~I

'~ The data summary of all the elcrical/;nd manual vgrk
in Bibliographic Searching Departmeng Ior sixty days‘haa
Abeen attached in Appendix D. Treating time () as a de-
pendent Variable and the number of requisitions of books
searched (Xl), the number of Search-on—Arrival books
searched (xz), the number of photographs taken (23) and
the number of proof slips filed (x4) as 1ndependent vari-
ablea. a computer program was run using mmltiple linear
regression technique to compute the intercept, the re-

" gression coefficients and the statistical detaiis i.e.
't—values, miltiple correlation, F—valug and standard error
of estimate. . |

The model was:

P =a+ blxl + b2X2 +

n3x3 + b,X, (1)
where T = Pime of search in ﬁoufs‘

a= Intercept

Xl Variable No, 2 in the computer Program
. No. of requisitions of books .Bearched

bl'g regression coefficlent for variable Ro, 2

<&
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xz,; Variable No. 3 in the computer program
No, of Search-on-Arrival booke“aearché@-

. by = regression coefficient for variable No. 3

X; =3Variable Bo. 4 in the computer program
No. of LC Photographs taken :

b; = regression coefficient for variable Ho. 4
14 = Variablé5Ho. 5 in the computer'prpgran
Ho. of Proof slips %&%ed

o e
b4 = regression coefficient for variable FNo. 5

The'resnlts obtained by the computer run (see details
in Appendix B) are as follows:

. a) Vardiable Correla- Regression . Computed

. Ho. tion* Coefficient I-Value
Xy 2 - | 140 b, = .0818 ~4.00
I, 3 .  .408 b, = 1144 | 5.34
1, | 4: . ;001' bj'-';01£9 | | ;75
1, 5. | © .386 b, = .0032 . 3.90

Intercept: a - 46.842 _ ' ‘
Substitntigg the faiuea of the intercept, fﬁe regreﬁsion
coefficients bl,-bz;AHE; and b, in fhp rggfession equation
(1), the model would be:. - |
g = 46.842 +.0818L, + <1144, + .0139K, +;0032i4
b) Multiple Correlation: ,671 _
| c) Standard Error of Estimate: 7.9

% The correlation values are significat at a 90 percent

level of confidence.

-

-



d) Analysis of Variance

-
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Source of 7ariat1on Degrees

Sum of . Mean F-Value
" of Freedonm Squares Squares
Attributable ¢ ~— e .
Regression / ~ , 4 2936 733.8 - -11.8 .
Deviation firom . o
Regression . 55 3433 62.4
Potal /’ © % 59 6369

4.3 Anéfzsis-ﬁeault-I}

The statistical details of the model are analyzed as

follows:

Correlation

All the iﬁdependent variables have positive correia—

atien.

There is nohéigniricant postive correlation

in case of third independent variable (LC Photographa

taken)
t-values

~  Keeping 90 percent confidence, it 1g observed theat the

value of t for 59 degrees of freedom is 1.68 from the

tablea.

Looking at the computed t-values it is found

that a1l are aignificant except 13 (No. of Lc Photo-

- graphs taken) which is 0. 754.

Multiple COrrelation !

The coefficient is ,67 which 1s considered to be

. adequate.
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Standard Error of Estimate

With 95 percent confldence 1nterval the errors of pre-
- diction should bde within ¢ 1.96Se where Se ir the
Standard Error of Estimate, -
+1.965e = 1.95 * 7.9 = + 15.484
Fr;m the residual tables—I in Annendix E, it i-
observed that only one observation lies onteide the
‘integval So ﬁhe predictioniis fairly good.
F—test
With numerator n as 4 and denominator m as 55, from
the F-dlstributlon table, it is found that P-ratio is
2.55 under 95.percent-confidence. - The computer result
’ shoxs that it is 11.8. This means'that a significant
relationship exists between dependent varmable and. in-

dependent variables..

Final Remarks:

As X3 (Lc Photogranhs te?en) was not signliicant’(as

proved by t—values), it was dropped from the ne\t com—‘

) puter run,

4.4 Predication Model—-Result—IT

As number of photographs taken (X3) was statistical-
ly insignificant so:this variable was drooped. .The model
after exclusion of X3 wasg:

' 2
where T -, Tlme in hours

a = Intercept



g

X, ={Variable No, 2 in the computer Program
" . No. of requisition of books Bearched

b, = regression coefficient for variable No. 2~ '

X2‘= Varigble No. 3 in the computer ﬁrogram
- No. of searchwon-arrival books searched

e b, = regression coefficient for variable No, 3

14 =}Variable KNo. 4‘in the computer program
' No. of proof slips filed

b4 = regression coefficient for variable No. 4

/

-

‘..ffqrhe program was run again foi_aﬁother set of results )

“-as followe;

e

a). Variable Correla- Regression Computed
No. _ tign* Coefficient 'T~Vglue‘
2 14 by = .07955 395
X, 3 .. b, = .11492 5.39
X, _ 39 b, = .00515 ' 3,84

Intercept: a =~ 47,778
Substituting the values of intercept, the regression
' -coe:fnggntfbl,hﬁé,“énd b4 in regréssion-equation (2), 'the
model-would bq€} ‘
T = 47.778 +.0796I1 + .115;2 + 00}14

b) Multiple correlation: .675 .
c)‘ Standard Error of Estimate: 7.87 .

* The correlation values are significant at a 90 pér-

. cent level of confidence,
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d) Analyais of Variance
Source of ?ariation.-négreea ' sum-of  Mean - F-Valuéﬂi
' . of Freedom  Squares Squares <

Attributable to 3 2900 o966 15.6
Regreagion - . -

Déviation from . ' | L
Regregsion , 56 3468 . 61.9

Total 59 . 6368
- 4.5 mnelysis-Result-if. - .

The atatistical details oi the model are analyzed as

follows; - _ :

CO:relatioh:

'All the independent_variables bave significant positive

correlation, o e

4

t-values: .

 From the tables.for 90 percent confidence and ?g'dégrees of_'.
freedom the value of t 18 1.68. All t-values. shown’in the |
computer results preaented in section 4, 4 are highly aignif—
ricant when compared with the table value.

NMultiple Correlation- . ‘ ' oo “;f

It is 0.675, which shows an improvement over the Re-
sult-I, It means the model haa a better Prediction value.
Standard Errors of Estimate: ' o

The errors of‘prediction should 1ie within 4 1.9633r
where Se is the Standard Error of Bstimate.
+.1.9650 = £ 1.96 * 7.87 = + 15.47
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From the table of residuals - II in Appendix E it is seen

that only one residual observation lies outside + 15.47 .

4.6

' ‘ the prediction is congidergd to be reasonably adequate.
~Test:

‘The F-value from the result is 15.6 and from the table

-—-—"”/
| )
with n as 3 and m as 55 it is 2.78, so it means signif-~

icant relation eiists between dependent and indevendent

variables under 95 percent level of confidence.’

Validity of Prediction Model From Day to Day Work.

The model is:

='47.778 + .07961{1 + .115}(2 + .00'514
where
T = Number of hours

Xl = Number of reouiéition of books searched

"

X2 = Number of Search—on—Arrival booke gearched -

X4 = Number of Proof Slips filed _

Substituting the value of xl 12 and 14 from the monthly

statistical reports of Bibliogranhic Searching Department
for the month of March, December, 1972 and January, Peb-

.ruary, 1973 1n the equation above we get'

MARCH , 1972

X, = 2829

o~

© X, = 1641'

L]

X4 = 25684



. . . . .
.
: - ‘
AN . -
i . et . X . .
-, . . ,
. .
.

Number of working days = 25

.079 * 2829 . .115 % 1641 .00% * 25684 * 8

- 88.97
_.Nﬁmber of w&fking‘hburs per day = 7
'Prgdicted nﬁmbe; of Searchers ='§§?§Z =13
Actual number of Searchers = 15 |

DECEMBER, 1972

1287 .

' X, = 121
;4 = 8896

Number of working days o 17

T 47,77 + 20796 > 1267 s 2115 % 721 4 003 * 8896 x &

= .24
Number of working hours per day = 7
Predicted number of Séarchers = Zlﬁgi = 10

Actual numbe: of Searchers = 12

c :
JANUARY, 1973

227

iy

~X4 = 24601

Number of working days = 22

- 88029

i
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Y
'y

‘Number of working hou;s per day = 7

Predicted number of Searchers‘=-§§§3§ < 13
Actual humbef of Searchers = 1%
FEBRUARY, 1973
X, = 2179
X, = 1290 | »
X, = 11702-

Number of working days = 19

oy
2115 * 1280 . ,00% % 11702 * 8

T = 47.77 + .0796 * 2179

9 t. T3 + 19 -
= 79.51 | | \
Number of working hours per day = 7
Predicted number of Searchers = Zgﬁél - 12 -
Actual number of Searchers = 12 '
_Sumgary
. : _ /
| Month Year Predicted No. = Actusl No.
C of Searchers of Searchers -
March 1972 13 15
. December 1972 , 10 ) : 12
January 1973 13 . 13

February 1973 L 12 12
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CHAPTER v f‘ )
CONCLUSION AND SUGGESTIOH FOR- PURTHER RESEARCH

& \. e

v 5 l €onclu51on

Previous reserchers have derived 1east tim® | sequences
of bibliographic searching but they only included English
: Language monographs and American Imprints// Lazorick and - -

-Minder (5) based their-least time sequence on'Mitten‘s (7)
technique of least cost sequence and Pristoe (3) based his
,._1east fime sequence on:a purely non—mathematical approach
of 'minimum number of searches' to get adequate biblio— vn‘
‘graphic information. :_ e
The present work in deriving least time sequehces in
‘bibl graphic searching included as much diversification
" as it could by including languages 1ike Spanish French ‘
“eté. and - scientific, nonyscientific books.“ It also developL
_ ed a least time sequence in bibliographic searching of
Serials. Denby%s (2) technique was used to arrive at both
the sequences. ‘Phe’ bibliographic searching tools in order
of sequence are Publisher Trade List Annual Library of

Congress Proof slips, Library of Congress Catalogue, Cumu—.

lative Book Index for monographs and Hew Serial Titles

Union List of Serials, Library of Congresé Catalogue, Li-

" brary of Congress @roof 8lips for serials. The existing
_procedures of bibliographic searching and . the pro”osed
'procedures with the least time sequences are shown as in

Fig. (3) ‘ ‘ . L " _’
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. After establishing the leaettdme eequencee, 4 pre-

, dietion model was formulated with the- help of the computer,

that could estimate all ‘the clerical and manual work in the '

Bibliogrephic Searching Department, using. multiple linear

regression technique. The model rormulated ie ad followe-‘
?e 47 778 +.079551 + .,1149212 1- 00315I4‘-v S o

where
T o Pime in hours . ‘o

'Xl = Number of requiaition of . booka eearched

124(/Hnmber of aearch—on—arrival booke aearéhEdﬁ‘-*‘;‘—‘_*““f
- :
x4 - Number of Proorelipe filed
mhie model has been teated for ita reliabjiity by statietical
means and validity by day-to—day work of the. Bibliographic
Searching Department and has proved to be, eatiafactory. c T
Hence it is concluded that this model nay be used for ex—

ercising control over the output and manpover requirement,

f}

5.2 Suggeationj for Further Reeearch. . -“
The multi ¢ regression thodel for Prediction of work

in Bibliographic Sqarching Department has been tested ror
its atatiatical _BigniTicance and reliability of prediction.
The eame -type of approach can be applied to varioua other -

departmente of libriary 1.e. cataloguing, binding, oircula—

tion, . etc. o

b
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APPENDIX A

e

- FINDING THE CONDITIONAL PROBABILYTIES
' OF SUCCESSFUL SEARCH
<IN BIBLIOGRAPHIC ToOLS [
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GENERAL, INFORMATION

¥

The requisitions g}vmonographsand serials from va-
rious academic departments of the University of Windsor
were searched through their respective bibliographic tools
to find out the ovcrall Probability of success and the pro-
bability of success of the 1nd1vidnal tools. Then the con-
ditional probabilityx/; the individual tool given success

wasg caleulated,

at
e
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.The condltlonal Probabilities of BibliogFaphic Search-
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ing tools for MOnographs are as follows-
A

Tool 1 =, Tl - LC

Tool 2 = T2 - PS ' " .

Tool 3 =« T3 = (¢BI

Tool 4 = T4 = PPLA

P(Success) < g%%ﬁ o

"

P(Tbol 1 ."Success) = %8%6 <\

X

P(Tool 2 . Success) = %g%ﬁ

- P(Tool 3 - Success) ='%§%§

P(Tool 4 .. 'Success) %%gﬁ

'ﬁ‘?* .. P(Tool 3 . Success) 161 . 2000
CBI = P(23 |5) = . P(5uccess) =3500 * &35

, _“, | : = 3 = 1035
Similarly
PS = P(22 | §) - %%% = .1¢35

LC

]

g

P(T1 \s) = 297 _ zg5~

PILA = P (T4 \s) = %3? - .244
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The Conditlonal Probabilities of Bibllographlc Search-

ing tools for Serlals are as fOllOWo.

Tool 1 = 71 g'Lc

Tool 2 = 12 = PS e )

P00l 3 = T3 = NST %
= T4 = ULS

Tocol 4

P(Success) = 353
,.iP(?;oi 1.8) = s
P(fool 2 . ) - IGU:
.P(¢§ol 3 .’s) - 35

P(Tool 4 . 5) 4 oy

/ .
NST = P(13 \s)n= ££T°§%Szcée2§§°ess) - 705 * 190
) o 46 _
| 115
| A N

Sim*larly

LG % P(T1 \s) = %%g\, 2322

ULS?F.?(T4A\S)-= %%5 = 156
PS = P(D2 \s) = %%g = .122

]



.+ APPENDIX B

SANPLE PROFORMA AND TIME STUDY DATA FOR SEARCHING
. OF MONOGRAPHS AND SERIALS IN THEIR
REstCTIYE BIBLIOGRAPHIC TOOLS WITH
DIFFERENT SEQUENCES
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Q - SERIALS . S
o . REQUISITION - " LEAST TIME
- No. - .- _.SEQUENCE}
1 : 3142°
z 143 2 .
3 3412
4 4312
5 3412, 4' .
R 4321 ‘
\ 7 321 4
. 8. 4321
* 9. 3412
" 10 3412

~

By observ1ng above, it- can be 1nferred that the most
preferred least time sequence of searchlng is 3 41 2 or

‘New Serial Titles, Union List. of Serials, L1brary of Congress

- Catalogue and Proofslips.
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saicéme PROFORMA AND
DATA SUMMARY OF THE WORK IN
mmocmmc smcmnc DEPARTMENT
FOR 60 WORKING DAYS
(FROK JAN. 17, 1972 T0 FEB. 28, 1972)
| | AHD
(FROM MAY, 23, 1972 T0 JUL. 4, "1972)



) SPATISTICS -
d . —~ . ll | * f/" ) = -
Years of Service: Date:
. - "Bo. of No. of No. of Photos No. of.
- ?ime  Requisitions ‘Books taken - P.3,
Searched , -Search on ', filed
, ‘ -axr@val X . :
@) @) (x;) X - (x,)
8:30 ~ 9:30
. |
9:30 - 10:30 \
10:30 - 12:00
. 'Y
12:00 = 1:00
4 0
- 7
1:00 - 2:00 ’
- . l.
12:00 - 3:00
3:00 - 4:00
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?

NO. OF OBSERVATIONS — 60

NO. OF VARIABLES - 5

" DATE
. {1972)

Jan, 17

~Jan. 18-

‘éJan. 19
Jan. 20
:Jan. 21
Jen, 24
Jan. 25

AT

Jari,
Jan., 27
Jan. 28
Jan, 31

y Feb.

1
Feb. 2
Feb., 3
Eeﬁ. 4'
Feb, 7

b, 8

D

Feb., 9

Feb,

Feb. 10

.Feba ‘_‘11 :

Feb, 14
Fed. 15

. Feb. 16

\

DAYS

.10

11

L4

13

14

15 -
16 °

17
18
19

20
21

22

23

1
2
3
t
5
6
7
8
9

T

91.0

91.0

88.0
N\

89.0

96.0

o 89.0

91.0
70.0

84.0

56.0
63.0
77.0
81,0
70.0
58.0
63.0
70.0

56.0

56.0

63,0

70.0
” 70,0

INPUT I

X1

'272 .0 v

. 125.0

LY

184,0

( LDDEL 1 )

X5

95.0

. 82.D

154,0

210.0
204.0
121.0
i§4.o

1 165.0
©196.0

151.0
138.0

~

183.0 |

147.0

119.0
171.0
96.0
13130

-
152.0

132.0
106.0

'177.0 -
N 158-0 .

-

135

89.0

54,0

102.0
'49.0
75,0
34.0
50.0
18:0
J 4?;-.'0
39.0

- 86,0

. 119.0

26,0
26}0
32;0
- 14.0
40,0

78.0

95,0

© 125.0.

X3

) 10‘70’0 ) 0.0
. A

0.0

115.0
40.0

0.0

.. 0.0

43.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0

152.0 .
0.0 .
0.0.

X

4 .

© 2116.0

2189.0
1251.0
2800,0
1270.0
5164.0
49450
3851.0

-+ 2013.0

4062,0

' 2057.0
- 1051.0

3459.0
1269.0

1751.0

1182,0
700.0

' 1488.0
1 1445.0 .
- 963.0

44.0
307.0

1138.0



 -DATE
(2972)

" Feb.
¥eb.
?eb.

~ Feb,
_ng.
Feb,

" Feb.

May
May
‘May‘
May
'May
May
Jun.
Jun,
-dJuny
. Jun, -
Jun,
Jun.;
Jun,
:Jun.
~Jun.
"lﬁun.

. Jun.

17
18

21

22
23

24

28

93

24
25
26

29 -

30
31

12
13
14
15

[ R R R T I

DAYS

24

© 25

26
27
28
29
30
31
32
33
34

35 -

36

3T .-

38
39
0
41
42

45
46
47

T

77.0

63.0
66.0 -
| 70.0
74.0
73.0
1 70.0

70.0
77.0

77,0
84.0
- 89.0
84.0

84.0

82,0

83.0

63.0

75.0
717.0

68.0 -

77.0

'80.0,
73.0

70.0
70,0

X -

142.0
aso
125,0
~ 144.0
139.0
"155.0
118.0

pé.o'

64.0
40.0
85.0
41.0
68.0
89.0
4 89;6
) 46.0
,44.0
40,0
55.0

"131.0
195.0
110.0

93,0
60.0

.

. 39.0

%9

134.0

27.0

" 56,0

49.0

64,0+

55,0
50.0

119.0

118.0
130.0
126.0
125.0

70.0°
89.0

190.0
154,0
90,0

94.0

.95.0

98,0

106,0

71.0

'94.0.

134.,0

. :x3-

0.0
0'0-

264.,0

- 0.0
0.0
0.0

- 100.0

£ 90.0

8.0
175.0
12.0

lp 13.9

125.0
92.0
9.0

¥

4.0

'.3.00

4.0
80,0 -

60.0
7.0

6.0
20.0
7.0

9.0

*4

2845.0
920.0

1971.0
2626.0

2276.0
2363.0
2348.0
1970.0 |
2716.0
4727.0
3155;0:.
3299.0
2102.0
234.0
5667.0
1751.0
2143.0
2876,0
3414.0
2803.0
3428,0
2291.0

3871;0'" :
. 27T17.0



@

DATE

(a9r2)

Jun,
Jun,.
" Jun.
- Jun,
Jun,
Jun,
Jun.
Jun.
Jun,’
Jun,
Jul.
..Jul.-

16
19

20

21
22

26
27"

28
29

DAYS T

49 70.0
50 84,0
51 91,0 ¢
52 91,0
53 77.0
54  70.0
55 81,0

56 84,0
-57 . 11.0 |
58 63.0
59 68.0

60 . 56,0

142 .0

110.0

159.0

28,0

720
25,0
34.0

13.0 .
- 103.0
18,0

32.0._

18,0

'182.0

42,0

34.0

13.0.

16,0

30,0
36.0
27.0
185.0 °

26,0

© 40.0

3663.0
1182.0
2869.,0

| 3421,0

2496.0
2926.0
1502.,0
351.0
0.0

1642.0

2802,0
2408,0
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COMPUTER PROGRAH FOR .
CALCULATIOH OF: REGRESSION CORFFICIENTS
FOR- PREDIGTIOH MODEL IN ';f‘

A BIBLIOGRAPHIC SEARCHING DEPARTMENT '
. USING MUETIPLE LINEAR REGRESSION,

TECHNIQUE AHD ITS OUTPUT
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M ‘ C ° Fap PFSIDHAL ANALYSTS. - = o
:.u.' - R } A ]
6021 ' . REWIND 13 ‘ . \ . £ |
0022 * . ICCiNTs rcnuwr+1 KA " L s | :
SRS ¢ 5o IE . TR PR
0023 . 10=0 - ° T . Lo, o SR \ ~ -
0024 Xx=0.,0 . : . C R : !
o R A : &

RO e ° E

._1-..._3'_ (W] 3 e b ;’4... B )



. \l
-t

N

LI ) ’ [ .

. :'.,"‘nl .oy . . P . ..

ORTRAN IV G LEVEL 20 VAIN | _ RATE = 72537 7 3171373
‘nr“ c A N . . . ‘- ‘ . ) . ’ A i . _:
0025 HRITE(&-?Oll MeM,TO . : v
0026 201 FIRMATL' NO, OF OESFRVATIDNT - YS¥37
’ 1. ' NA, OF VARTARLFS -'v,12/ ‘ : . ,
2 .Y OPT, CONF - 0 VEANS PEADDATS THRA PROCCAN _ 1 17
0027 , CaLL EUFPF IN.N rn.x.;nnn.srn PX 4R, P R, T)
ooza 'PEHIND 13 ' L. _— - . ‘
.C ) N . ‘ . . . .
. £ TEST-NUMPFR OF SELECTIONS ; )
.'“ - C s - N - . . B :
0029 N TF{NS) 108, 108, 109 e . C L -
0030 . (108 WRITE (&,13) = . . ’ o e ]
0031 G TO 300 - - . L ' ‘
c | S ~ - . e
00T 109 DI 200 T=1,8S8 .. . . : Co
0033 . "~ WRITE -(&,42) PR ,PE],T ' ' : v
' - C * o . i’ LY -
e .0 . READ SUPSFT SELECTION Tapn o
. £ N b ’ B ’
0034 ) READ {5,10) Nnrsr.Mhro.x.(!9~v=tJ).J I,K) .
C 0 IF IT % NNt DESIRED, "
o 1 IF IT IS DESIeFD, . "
L C Man......nEDFNDFNT VARIARLE . ' ) R
€ Keasooeoe s NUMRED ‘F [NDEPENNERT VARYARL 25" INCLJ”-u ‘ L
c ISAVEawaaeh VFCTOR CONTAINI MG Tws Imcogn.nrur vncT'Pr ec
c" . . !NCLHﬁFﬂ . -
. & c . ‘ . .

-0035 NRITF(6.2041 NRE ST mnso WRe CISAVE(Y), 3=1,K] ' .
0036 204 FIRMAT{117,40PT, ZONE ~ 0 -MEANS TAPLE DF PESUDIALS YOF ©oan, -,
. 11279 NQ. OF DEPENDENT VARI ABLES — '.12/ . - : -

2 ' NO. OF: INDEPENDANT VARTAPLES - w1277 .36151
0037 - CALL QRPER (M, PIKNEP,KyI SAVE,2X,PY) ‘ :
c N ¢ . ’ T . ’
0038 ' CALL MINV (RXyRGDET,2,T) * ..
e - ;_ S ) ) , R I S
- C  TEST SINGULARITY NE THF - uarnlx IPVFRTF“ Lo Co \
. C R . . e ' A '
0039 IF{DET) 112. 110. 112 . S w .
0040 L10 WRITE (6,14) N . . '
0041 - 6D TO 200 _ ‘ o e : -7
'ﬁﬁﬁéf"}”“'T”'ilz CALL MULTP N, K'XRAQ,QTZQW PXLRY, 1<AVF q :q Tyang) ST
C £ o ,
C’. PRINT MEANS, STANDAPD PEVIATINNG, INTFarnnerarrraﬁ PETRE Y
_C X AND Y, REGRFSSTON COFFFICIENTS, STANNAFN NEVIATIANS [F
e C - VPEGQFSSION COEFFICIENTS, AND COMPHTEDR T=vApLIES .
o .
TR . IR ,,;A.mp__l-. EER e
0044 . -WRITE {6,43) - : . : ' T
0045 - DO 115 J=1,K _ - - R : ‘
0046 - L=ISAVE({J) R _ .
0047 115 WRITE (644) L, XRAR(L), <TntL).°v(J1 R{Jl.ﬁﬂ{J).T(JJ ,
0048 i CHRITE {6,5) o - : o
0049 CUSTSAVE(MMY e T
0050 WRITE {6,4) L.xnnp(L) srnlLJ cte ' .
p ,;!ﬂ";f't‘:; N -n l’;Ta;:.:A'l {‘ . K w',.'r T . "--';J N . - ’ . ' . " -
,.lﬁUﬂ U.'iEfl ULHih... : o . _ - : B ‘
. . | SRR o f ) - LT




C - L ’ . ’ .

ORTRAN TV G LEVEL™ 20 MAIN T T DATE = 72237 . T 2471372
~ ’ c CPRINT INTERCEPT, MULTIPLF CORRELATION FHCFFICIc\Tv AND STANNAZD
C £enn OF ESTIMATE .
S - .
0051 - : WRITE (6,6) ANS(l).n~5125.ANSt3) -
. - . — =
C PRINT nnachrs ala VARIANFF QR THE' DrnnF<srnN ' =~
N N
0052 DT OWRITE (6,7) o T
0053, | L=ANS( 8)
0054 WRITE (6,8) Ky avctai.AMS(s).ANSIIOJ.L.ANS(7).awcca;'
0055 SL=N=]
0056 . .. SUMSANSI4)+ANS(T) .
0051 ‘ . WRITE (6,0} L,Sim o
0058 "IF(NREST) 200, zoo. 130
c ' .
c PRINT TARLE nF QESIDUALS ‘ : : ¢
0059 .. 120 wITE (&,2) pr,oap,y
0060 . WRITF 16411) "
0061 UN=TSAVE(K¥1) T
0062 N 140 TI=1,N .
0063 READ {12) (W{J),d=1,M) B
0064 SUM=ANS(1) . .
0065 . M) 130 J=1,k :
0066 . L=ISAVE(J) i o i
0067 ' 130, SUMZSUMEWT L) %R [ J) o s b ;
0068 - : ~ PEST=W(MM)-SUM - T :
0069 . . 140 WIITE (6,12) 1T, wth),quu 2F ST R . |
0070 . -~ 7 PEWIND 13 R
o071 200 CINTINUE. - T,
0072 . JF SICOUNT LT, IS5) se TC 109 ol e
0073 T 300 CONTINUF YT T R . T
0074 . 7 END PN T . -
LY
/
- AS
H
S , 142 \ ‘
‘ ' b2y
- e o ':’ »



. / . " . iR

DRTRAN IV G LFVFL

0001
0002

0003

000%

2o\r DATA NATE =
SUHRD!JTTNF DATA{M, D}

DIMENSION nte).thl
M=5 \

) PEAD[5'11{J(I, I—I'M’ n v

72227

2171372

0005 -

0006
0007
0008
0009
0o10

1 FJRHAT(S!4) .
D3 TEY, M
S——1 % A TN T § N |
3 CJNTINUF
WRITE(6,2)(N{1},I=

1.M

0011
0012
0013

2 FIRMAT('0',F6.1,3X,Fb6.1],3X, F6 143X3F6.1,3X4F6a1)

WRITEC13)IN(L),T=1,Mm)
. RETURN
CEND

b

s it\L R N | LT

v
S
..-..._,_.....___._.-..h_.___..._._v...__'.._"_.i:__'_‘,.\.._~_-,..._-.k,,,,__'-,. T e e b -
’
A3
hr-
1 . . ?
— I -
[
o~ ———— e e - = e
4 -
A
=
1
\
A
SN -
e
"
.
‘ /“‘/ ' :
[ .
. — - ~ g -
t .
B .
-
AS t
.\ . R - . e a Y
# | 143y - £ 2 5
. . ) i% 4
- - —
SR TRTE S oy o '
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- CASE NO,

D= DN
: s

- 31

MULTIPLE REGRESSIC

™

SELECTION waus. 1

Y VALUE ©
91. 00000

. 91.00000
88.00000
....84.00000 -

89.00000
96.00000
89.00000
91.00000
70.00000

__ Ba,coo0p

- 56.CC000

63.00000°

" T7.00000
81.00000
70.00000

. _58.00000 .

63.00000
.. "70.00000
56.00000

. 56.C0000

63.C0000

_._10.,00000 .

“70.00000
17.00000
63.00090
66.00000
7€.00000

—_...14.00000 .
.73.00000

70.00000
" 70.00000

© . 7700000

03000

_ 84.00000

89.00000"
84.0000C
84.00000.

. 82.00070,

83.00000
63.00000
75. 00000
77.00000
68.,00000
77.00000
80.00000

___'13.00000

70.¢C000"
70.00000
70.00000
84.00000
91.00000
91.£0000_

N+ s SAMPLE

L3

Y ESTIMATE
88420480
. 75.87932
75.33659
80.31311

74.87621

' 91.86464
78.41650
81.94746
70.76874

_8l.79437
67.93652"
'66.92082
77.51289
72.82675

-~ 75.87856

67,

59.9 R 6
66.05289

" 65.57147

© 65434334
66.68402

- 73.18282

17.76186"

82.60881
71.11850
70.12132

© 10.63069

4. 06671 "
73.20801
T1.27927
74.07809 .

72.08893 -

. 76423891

_.83.73837

T4.,92978
72.86705
12.40967

. 16.T74081

86.69640

Y 66446913

69.26035
72.55054
72.82790
- TT. 97415
- 86.14098
71.68417 -
- T7.88037
" 76403400
85.44249
81.75055
100.06381

316 .

81.21814

_TABLE_OF PESINUALS = I

T RFESIDUAL
‘$2.79520
15.12068
12.66341

...3.68689 .

l4.12379
- 4.13538%
10.58350Q
9.05254
-0.76874
2.20563

e

R —

'—11-93652'
-3.92082 -

-0.51289

8.17325

-5.8785¢
. ,—9 ...64316
3.05714

T e e e

3.94711

-9.57147
=-9.34334
“3.68402
- _=3.18282
-7.76186
-5.60881
. —8.11850
-4.12132
~0.63069
_70.06671
-0.20801

*1.27927-

-4.07809

4.91107
0.76109
 0.26163

14.07022 . 7

11.13295
11.59033
5.25919
=3.,69640

-, -3046913
5.73965
4.44946
-4.82790
-0.97415%

. =6.1409¢
 "1.31583

~T.88037

=6.03400
=15.44249

2424945

-9.06381

145

9.78186




T6.98665

54 . 70.00000 72.87289 -=2.87289
55 81.00000 73.17407 , 7.82593
.56 " B4.00000 76.77242 7.22758
- 57 77.C0000 68.98485 . 8.01515
——— 58 . 163.C0000 - 19.52588 | -16.5258e .
59 68.C0paQ ° 70.93779 ~2.93770 .
60 " 56.0C000 69.96654 ~13.96654 !
. - . %
N ' ;
—'h—-f'\ :
- .r n
v

146




- NO. OF OBSERVATIONS - 60 -
.- NO, OF VARIABLES - 4

- PATE

‘-;(1972)-

Jan. 17
Ja.n. 18
Jan. 19
~ Jan. 20

Jan, 2.

. Jég;)24

Jan, 25
Fan. 26
. Jan. 27
_Jan..28

.Jan, 31

Feb.
Febo
Feb,

DAYS

e I~ I
- NN N U R N S o

NN N N M
TN O v

N A NS, B S Ut R U R

Lt
~

147

&
INPUT II
'3 Xy
9.0 27200
91.0 - 125.0
88.0 ° 184.0
84.0.  154.0
89.0  210.0
. 96.0 . 204.0
89.0 . 121.,0
9.0  164.0
70,0 165.0
'~B4-0' -196.0
.56.0  151.0 -
63.0  138:0
77.0  183.0
81.0  147.0
70.0  119.0
58.0 | 171.0
63.0  96.0
70.0  131.0
56.0  152.0
56.0  132.0
63.0  106.0
-70.0  177.0
70.0

158.0

1 107.0
S5.0
'82.0

89,0
54.0

101.0
49.0
75.0

34,0
Sb,o'

. 18,0
47.0

'39.0
86,0
43<119 0
26.0
26.0
32.0

- 14.0

40.0
' 78.0
95.0
125.0

2116.0

2189,0

12510

2800.0-

11270.0
5164.,0

4945.0
3851.0
2013.0
4062.0
2057.0 .

1051.0

3459.0
1269.0
1751.0
1182.0
700,0°
1488.,0
1445.0
963.0
44.0
307.0-
1138.0



_ o
. . . . .
y cgg%gf" DAYS 1\\% o xy - !‘_x4.
~ Feb. 17 24 77.0 1420 134,07 275.0
Feb. 18 25 63.0° 146.0 '_ 127.0  2845.0
Feb. 21 26 66.0 125.6 © 56.0  920,0
Feb., 22 . 27 70,0  144.0 49.0  1971.0
_.Feb. 23 28 74,0 139.0 . 64.0. 2626.0
. Feb. 24 . 29  73,0- 155.0 55.0  2276,0 .
' Feb. 28 30. 70,00 118.0 50.0  2363.0
Mey. 25 - 31 70,0 | S8.0 1190 - 2348.0
ey 24 32 - 77.0  64.0  118.0 1970.0
S~y 25 33 77.0 | 40.0, .130.0 - 2716.0
. May 2%} 34 84,0 85.0.- 126.0 4727.0 .
Nay 29 35  89.0 41.0  125.0  3155.0
 May 30 56 84.0 "'.6840. 70.0°  3299,0
CHay 31 37 84.0 . 89.0 89:0 - 2102.0
Jum. 1' 38 8.0  89.0  190.0 234.0
Jun, 2 39 g3.0 4.0 154.0  5667.0°
Jun. 5 . 40 63,0 4400 9.0 1751.0
Jun. 6. 41 75,0 400 - 106.0, " 2T143.0
Jm. 7 42 77.0  55.0 94.0  2876.0.
jn: 8 i3 eslo 39.0 ' 95.0  3413.0
Chme 9 a4 7.0 1310 9s.0 £ 2803.0
CJun. 12 45° 80,00 195.0 - 106.0 3428,0
Jun, 13 46 73.0 - 110.0 7.0 2291.0
L Jm. 14 47 70,0 ¢ w30 9.0  3871.0
© .15 48 70,0 60.0 13400 2717.0
| L. L,

‘ig}ﬂ



DATE

(1972)

~Jun,
Jun.,
Jun,
Jun,
Jun,
Jun,
Jun,

Jun,

.lem.

Jumn,.

Jul,
Jul.

16
19
20
21
22
-23
26

27 .

28)

29
3
4

DAYS

49

50
51
52

- 53

54

55

.56

58

59
60 -

-

70,0
84.0

91.0

- 91.0

77.0

70.0 -
81,0 °

84,0

77.0
63,0

68,0

56.0

199,0

' 148.0 '
© 300.0
'157.0,
171.0

91,0

166.0
- 223.0

181.0
143.0
115.0

' 106.0

Xy

3663.0
1182.0
28690
3421.0
2496.,0-
29260\
1502,0
. 351,0
0.0
1642.0
' 2802.0°
24080
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MULTIPLE REGRESSION.. .. ,SAMPLE

SELECTION..... 1

TABLE OF RESICUALS - II

CASE N0,

Y VALUE
1 91.C3000
2 S1.C0000
3. _88.C0000
4 84.0C000
9 85.€C000 .
6 - 96,C0000"
7 85.C0200
8 91.£0000
.S _._.70.00000._
T 1 84.C0C0C
1t 56.C0000
12 £2.C0000
13 ~77.CC000
14 81.C0200
_.L M50 7€.CC000
16 58.2CCCO
17 63.00000
18 7€.CCO00
19 56.CC000
20 5€,0C000
721 . 63.CCC00
©22 7¢.CCCO0
.23 7C.C0000
24 77.€0000
25 . €3,00000
.26 66.00000
w270 TC.CCO0C .
28 74.C0000
29 73.0C000
3G 7€.C0300
- 31 70.ccndo
32 ~ 77.€0000
- .33 . 17,CC000
. 34 84.0C000
35 85.C0000
36 84.GCC00
37 84.0C000
38 - 82.C0000
39 . B83.C0000
4C €2.CC0N0 .
41 75.00C00
42 77.CC000
. 43 &8.C0000
44 77.00000
45 __ ___8C.C0000
46 73.CCO00
47 7C.CC200 -
48 70.€C000
49 7C.CCO0
50 aa.cccoE
51 $1.00900 .
52 $1.C0900

~

P

\.

~

Y ESTIMATE

88.36644
.75.52353

. 15477281

79.06250
74.68304
91.85381
T8.5867¢
81.55453

L Tlel4177

8l.89066
. 68432777

67.46243

T7.69595

© 73234587

T6.42680
68.0861H

l'| 66.,5 5617

78529076
83. 01201
T1.4426)
67.05060

. 71. 06299

T4.44907
73.58676

- 70.34253

73.45201
72.62555

' 83.88628

"\, 60.60422

/66202289 "
. 65.90393
...65.31238

-

75.32727"

71.60733
© T1.69669
C T7.42867°

86.95804

67.12807

.69.88147
72. 00095

72.53514

78.27664

.. 86425269

71.89305
78.15306

16.49542

85.74722
79. 79953

—100,02756
. 81.27315

RESTDUAL
2.63356
15.47647
12.22719
4.93750
14.31696
4.14619
10.41324
9.44547

2410934

-12.32777

[

Qs -

-4.46243
~0.69595

T.65413 -

~6+42680

-10.08618

" 2439578,
3.44383

-10.02289

- -2.31238
~2.74101

. ~1.06299 ~

-9.90393

~8.29076
-6.01201
-8.44261

—0-44907
-0.58676
=0.34253
“3.45201
4.37445
2.55835
0.11372

"13.67273

12.30331
4.57133

 -3.95804

-4.12807
5.11853
4.99905

~4.53514

'_fq.zszaq; o
1.10695

-1.27664

- —-8.15306

-6.49542 .
15.74722
4 .200%7

_=9.02756

o =l1417T

i

C oy e —]




17.20000
70.CC200 -
8l.CCO0UL ¢
84.C0000

- 17.C0000
63.Coo00
€8.C02000
£6.CCCOD

TN

e

"77.50690
753.16576
73.56749
77.21390
€9.61287 -
7756931
71.23828 .
70.07852

—

-0.50690
-3.16576
F.43251 |
6.78610 - v
7.38713 .

" -14,56931" S
< =3.234828 _ - ‘ ;

=14.07852 ‘

< . . _ ’ -
bt
”»
- e e —_— A ———
;
'y
T, )’ "
____F_:_._,_:- —— e - Y T T T e e e _—
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1
I
}
* »
i - e e - -
&> . 5
- ’ i
: ' ’ L
_— _ . ) L - . ﬁ_k//_;" .
. ) n
. ’ s
}
— e
. - 1 r
N . 52 —




L . R . N N . ¢ ¢
© ABEREVIATIONS . - 4
'BIP- Books In Print o SN
BNB- RBrritish National Bibliography. Lo
TBPR— American Book Publiéhiﬁg Recoid
_CAN- .Canediena o,
' CBI- Cummlative Book Index - .
. E | “\ N .- . J y ,l
FB- _ Forthcoming Books . g t
HL* - Holding IList ™ »

4

LC- Library of Congress Catalogue = <

- NST- New Serial Titles -+ ° .

NUC-- Natiodal Union Catelogue - -
0C-. Official Catalogue .
- Ps- Library of Congress Praofslips -

!

..PTLA- Publishers Trade List Annual '~ */ -

1 T
PW- Publishars' ‘Weekly - = .

] 2

 ?WAﬁ.tPub1iéh§rs“WeeEly-Aﬁnouncements' NS
‘v-.‘ n . 7" C. . . . §'-’ B o K

-

UIR- Ulrich's International Periodicals Directory

ro

ULS- Union List of Serisls

‘
L] .
- 7 453
- . . "



'+ VITA AUCTORIS

© 1945~ Born in Khanpur,West Punjab,Pekistan

o : J
M1961= . Received Pre-Engineering education from
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