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ABSTRACT:
b

Through utilization of effective sampling procedures, libraries may

obtain substential savings in terms of data collection costs. A theoretical

stavistical sampling model is presented and two types of random sampling

techniques aré empirically compared as to their effectiveness in estimating
a library ussge parameter, Implications are dravm for the possible use of

these techniques in a librory setting. ;
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Introduction
Vithout question, current information on the operations of a large
university library system 1s essential for its proper management and

3ly, managers of libraries are faced with the
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administration. I

nced for more data to better monitvor the library system. Added data

/7
‘becomes nescessary to complete internal comparisons, to observe a library

sub~gystem over time, to comparc one library with others, and to satisfy

external regueste for veried and more deteiled data, It is likely that

-

this continued presswre for additional data will eventually overload

¥z ]

manusl collection routines.
This overload may cause administrators to examine the various contin-

£

uous counting broéedures that have become'cstablished deily library
routines. They begin‘té.search for more efficient data gathering methods
to repiace traditional procedures. Often seemingly "straighﬁ.forwardﬁ
sampling techniques are institutedtwith an inténé to efficiently meet the .
rcquireﬁeﬁts for daﬁa gathcrihé, Yet, these techniques may or may not be
effective in providing the required data. -

The.main objective 6f this étudy vias to compare ﬁwo'accepted'sam-‘

pling technigues and determine which method would provide the best esti-

“mate of a library usage perameter. The first sampling-technique examined
vas a pure random sampling method, and the second wes a stratified rendom

sampling technique. N ;

The Theoretical Sermling lModel

One of the sampling techniques selected to estimate t%e'library uéage
parametef was the pure random sampiing rethod (Dixon & Massey, 1969). As
appliecd to_ﬁhis probleim, the technique was one in which the particular
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semester dzyz selected for estimrting the parameter would be chosen at
randomn- and wi houL renlacement, This ﬁarticular sampling technique wes
chosen for examinatiop bocause ;t‘is sirple to emoloy, it is free of bias
(vhen préperly used), and it is a widely used sampling mcthod, The purc
random sampling mothod is based on a theorstical model which requires some
elaboration,

Assume thet a nuber of equal-sized samples 6f‘semester days 1is
drown (without replocement) from the populﬁiion of calendar days in one
semcster, For each of the deys selected in such sampie, & number is
obtaiﬁéd corresponding to the total number of patrons utilizing the libra-

ry for that particuluf day. The distribution of the means of each of -

s

these samples is assumed to be normully

distributed and has a standard
deviation. This standard deviation is known as the stendard error of the

mean and is reprezcnbed by the following equation.

o N2 75 - W
S.D. of x = \|S [

W O\§ -1
D

Vhere 8.0, of ¥ = standerd error of the mean.

(o]
d“ = the population variance; in this case, the voeriance of
. the daily number of patrons ut:ll"lng the library for
one semester,

I the size of the population;-in-this:ca e the total

P number of days the library is open during the semester.

N = size of the sample; in this case, the total number of
deys chosen for sampling the number of patrons “utilizing
the library. : '

i
i

Random sampling can be effectively used in conjunction with the «bove

“mathemotical relationship to provide estimates of library usage parameters

O
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=8 well as confidence regions around those astimated parameters., It

should be noted thatb the sampling procedure itsell would yield the esti-
mates of the parameters, whereas, the above mathematical relationship
covld Le used to provide the confidence regions around thesc estimated

parametbers.

Methods

ru—

The library usoge varemeter (the mean number of patrons utilizing

a university librory daily during one semester) estimated by these sem-

Led

pling technigues is mathemotically expressed as follows:

ﬂ - X
o,

the mean murnber of patrons utilizing the library daily during

one semester,

1

Vhere K

X = the number>of patfons uﬁilizing %he iibrary for any given day
during the semester. This term is then swmed over 8ll days

of the scmester. '

W E thertotal’nuMber'of days during the semester (v, = 112).

Data wore collected on the actual nwiber of patrons utilizing the
library each day for one somester.. This count Was médé on a contingous
b&sis by personnel assigned to library«etits who had been instructed %o -
record, with a counting deviqé, the nuﬁber of ﬁatron$.exiting‘ﬁhe library.
The mesn nurber of daiiy patrons utilizing the library during-tﬁe semgstér"
was found to be lhlé; the standard deviation was_found to be 739.

In swmoxy, theﬁ, the péraméter or population to be estimated by the
o saﬁpling techniques was the mean number of'daily patrons utilizing .
~the library during the semester, and as'étateé.above, this value was com-

e

puted beforehand and was found -to be 1416.

,
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The distribution for the theooretical sanpling model is presented in

Table 1. It contains the expected error svecif

o,

ying the confidence regions
for various semple sizes at the 68% and 95% confidence levels. The mean
nber of daily patrons (1416) utilizing the 1ibrdry during the semester
as wecll as the gtandard deviatiﬁn-(739), the pépulaﬁion size (112), and
the smnpie size (30) were used to derive these estimates, i.e., the avpro-
priate.values vere substituted into the équation explained ebhove. Thi.s |
provided the expected error for confidence intervals of 68% and 5% for
cech of the sample sizes 1istea in Table 1. For example, if the sample
sizc were 35, we would expect that 68 times out of 100 the true velue of
the estimated parameber would fall within leQM units of the estiﬁated
value of the paracmeter; also, 95 times buﬁ of 100 the true value of the ’
estimated parameter would full within * 208 units of the estimaﬁcd vadue
of the‘parameter.

Thus, if one knew the population variance, the population size (e.g.,

number of semeszter days) and those a particular ssmple size, then confidence

regicns around the parameher (estimated by the random sampling method)

could be obtained; In practice, the only variable that would be left un-
specificd afﬁcr one sample of 35 (or sny other semple size that night be
selected) had‘been taken.and the parameter estimeted would 5§ the popu~

lation varianée. However, if the sample siZe is 30 or more, tﬁe variance

of the elements of the sample would closely approximate the population

variance. On the other hand, if the sample size is substantially less

than 30, the population variance could be estimated by using previously

collected data if it were availeble., For exsmple, if one wanted to esti-

mate the previously referred to paremeter.using & sample size of much less
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than 20, it might bq necessary to obitain the variance of the nunbcerf
patrons vtilizing the librery during some previous scmester to es tJh&Le
the population v:zi nce.  Of course, - +vhiz is predicated upon the aszump-
tion that>the varisnce would not iffer subitantially from serester o
semesber. In weny instaonces, this could be a tenuous assum\tiénf At
any rete, & deecision would have %o be m°&L which would involve weighing
the sceuracy of a smell sample size versus the'biased estimate that could
cccur by using the vdriance of a provious semester.

It wes dn crmxno& that ?& ays would consbitute a satisf&ctory.sam~
ple Tfrom the total number of days the library wos open during the éémestcr.
Once this decision was reached and the procedures described earlier had
Been erranged, thep much of the ground ﬁork had heen established for insti-
tuting a procedwre which'coﬁnsrnd the effectiveness of two san@ling tech- -
.nigques.

Tigure 1 contains the sampling’distribution of unmple reans (of

v

number. of patrons utilizing the ]Lbrary deily for one semester) that were
obtained empiric2lly. This was BCC@HOlluth by drawing without renlacement
30 independent random semples of 28 semester 4°ys from the populatlon 01

112 semester days. The ordinate of Figure 1 contains the actual Tre-

qucncy with which each of the somple means fo]l within %he specified

Ky

interval of values ing dicnted along the aboCloS& The size of the Lntcrv 1
was 50 units. This"intervdl widfh was selected for it was felt that it
wovld yield the mbét aceurate visual representation of the data. It'
should be noted ﬁﬁ#ﬁ the empiriecal distriﬁufion approximates a normal
distriﬁution; Also, the values tend to distribute themselves about

.,

b rue velue of the parameter. The mean of the amirical distribvubion was
4 N .

O
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l G0 and the standard deviation wias
_tribution would be 116 vhile
121 (sce Teble 1). Thus,

provided an accurate repregental

be obtained by ucing 30 such random s

ting 28 semester days:

this cwmpir

tribution.
Figure 2 contains
obtained vsing the ceme data,

sumples, put a slight modification

modification tonlk into account the

might have on patron ultilization of the libra

that other varizbles

The mean of this 4i
Tt cen be sfeen that the

mated the true '\*Olur\ O_[‘ bhe ~Dﬁ1-\r\~

the parameter by this

gamplings

difference betwe

Hore importantly, the reduchion
some elaboration of this modifiod ver

nigue is in order.

The saupling technious
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pirically derived sampling

the values of the mean 2w

~ieal distri outJ_on comr)rm =d ra Lhe well

the somling d.:.:: cribution of m

the same sammle

(.}

also mig.:ht significantly affech
ribubion weas 1392 and the standa
f:m"::ple estimates,

ter
ple errors and dividing by the
method wac T77.

in es Lm tlng;, the parameter by the previous

in the mean error was 3°,5%,

that was

Licd-~7

The expected wesn of this dis-

the ceipected standard deviavion would be

dissribution

cion of & sompling distribution thst might

anmplings with. each sample constitu-
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eans that were

size, the

1.

same nuiber of

pw

the previous sampling method., This

ffects that varicus deys of the week

‘)

should be

ry. (Tt obvious

sampling results.)
rd deviation was 9.

in generel, mO.I.C nearly &y AT OXi-

in this cese’ then by the method. .

(obteined by summing the absolube

-

number of senples)

Thz mean error over all

metnod was 114, The

en these two values was statistically significant (p £.01).

.

-

% T mrcfore,

sion of the previous sampling tech-

erployed in Figure -



ied random zrimiling.  For theo semesier uged in this exomple it wea

patrong wtilizing the libreory for certain

ez}

veekdays (e.g,, Seturdsys and Sundeys) wves et grest variance frow the

unbexr of potrons u\L11”1ng the librery for other weekdays. Tunerefore,
the sample wes selected in such o way thel each day of the week was in-
cluded four times in each of the 28 dey samples. Thus, stratification

insured thzt each day of the week was represented an ejual number of
5 §

times in the sorple albhough cach day 1nc1udc in the sample wsg sclected

rendomly for each of ths seven shrata,

Conclusions
£ theoreticsl model has been nrcsvn ed that nekes it possible to

! ; . A . ¢ .
idence regions.  This model wes based on & randowm zaupling

A

method which did not involve stratification, however, the identical pro-

cedure for estimating confidence regions can be used to eetjmJLc confi-

n

.dence regions for the stratified r(nGOﬁ sampling mebhod,
. .

The confidénce regions that would result by using thie procedure if
- the stratified randoﬁ_sampliLg desigﬁ wvere employed would be exveched to
be somewhat wider than the actual confidence reéiOns; i.e., the parsmeter.
CSuLm&tPS ﬁould be more precise than the width of the estimated confidence
region'wouldlindicate; This preschts no-major;problem.in that’intérpre~
tations of pevamctcr eutlmatps based on wlder confidence regidns would

H

consequent®y tend to be more cautious than interpretations besed on narrower

Eal

confidence'regions; The fact.remeins that such parameter estimates are .

geneﬂully more precise if a, stretified random design is properly use

instaad. ot thn Duxelv random cesign.

'EI{I(jV | ) ' . "._ ~;' o : : o - - ; ' ifﬂ%f
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The bried examination and comparison ol two saxpling technicues
]

!, £

demou“br.‘es the inercased precision thut can accuréd from corciul con-
sideration of the choracteristics of the elements that/“re belng MELSUL Ch.

Por example, the observaotion thet grest veriability existed in the daily

[Ch

potron usage ol the library suggested LhuL tne sample should he strati-

ficd and thet a Tixzed portion of the ssmplo should be teken from each of

the sbrata, This prorcdurg ensured that the proportion of the sample in

each of the seven strata was the same as the PTO)O“tLOH of the vopulation

-

in ezch of the seven strate. If the stratified reéndom sampling design

o
o .
o’

e used corrccelly, it ie necessary that the proportion of the sample
in each of the strata be the same &s the proportion of th population

4 S s o - L
in that strata.

Careivl consideration must be given to the idiosyncrasies, hobits,
and makeup of the eloments of the population that is sampled. Such con-

-

sideration should improve the utilization of sampling procedures, thereby

yielding more precisc estimales of library porameters.

. I Aag

O
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