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The attempt tc measure reference service has
been a highly debated topic in recent years. This debate
has centered more around the issue of whether reference
cervice should or even could be guantified, and less
around the actual findings of any quantitative studies.
The following study attempts to understand reference
services by using striect statistical analyses of ‘the
relationship between total library use and these gervices.

Most of the reported discussion on reference
measurement has emphasized the evaluation of past
activities and performance. The position generally taken
is one of a quantitative defense of the value of a
reference servi@el or some other intevpretation of past
performance. This attitude contrasts markedly with a
perceived need reported in RQ under a "Sympos ium on
Measyrement of Reference" in which it was found that "the
number one need for statistical inf@éﬁatiéﬁ centered
on information for staffing patterms including peak and
idle periods, subject specialization and non-desk time.“2
The literature on reference measurement does not appear
to address the crucial question of antieipating or
predicting when peak and idle periods occur.

This study seeks to determine if any meaningful

variables exist by which reference service patterns can
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2
be measured and predicted. Accordingly, it was decided
to test the variable which would seem to have the most
direct effect on reference service, i,e., libraéy ﬁse_
The hypothesis was simply: there exists a significant
linear regressicn between reference service and library
use, While many reference librarians may intuitively
accept this hypothesis, no evidence was found in the
1iﬁeratura to suggest anyone has statistically tested

such a hypothesis,
METHODOLOGY

Since the summer of 1974, the Northern Illiinois
University Library has kept records on an hourly basis
in the following categories: (a) reference room use
measured by counting the number of people using the
reference room at a set time each houri (b) the t@tai
number of directional and locational questions asked;
and (¢) the Fafal number of reference questions asked.
The rec@rding teéﬁnique is a modified version of one
employed at Correll Universityna

These tabulations were all that was required for
this study, but in order to have a more manageable
study, these staiistics were randomly sampled. This
sampling was confined to one day of the week, Monday,

in order not tc introduce another variable into the
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study. It may be noted, however, that 1f a linear
regression exists on Mondays, it will likely exist through-
out the week. TFinally, because the reference roon in
which the reference desk is located in the Northern
Tllinois University Library is a major study area, the
assumption was made that reference room use was indicative
of total liibrary use.

After sampling, the first step was merely to
compile the data into a workable format. Calculating
averages in each category and each hour based on the
random sample accomplished this requirement (see Table 1).
The category "Total Number of Questions" was derived by
adding "Reference Questions” and "Divectional-Loecational

Questions” and rounding the sum,
RESULTS

The first test undertaken was the relationship
between the total number of questions asked and room
use. A table calculating the necessary values for the

regression equation was compiled (see Table 2).



Table 1

Averages for Each Hour

——Wober of — Nwber of _Total _
Reference Directional-locational Number of Individuals
Hour Questions Questions Questions in Room

8~ 9 .9 2.66 3,68 5,8l
9-10 2.63 4,12 6.75 15,48
10-11 2.63 5.80 8. 34 23,34

- 11-12 3.49 6.74 10,02 21.08
12- 1 5,09 7.60 12,62 21.80
1~ 2 5.20 8.06 13,14 27,20
2~ 3 5.77 7.49 13,14 3L.40
3= 4 5.23 7.09 12,42 29,74
TR 3.29 5.49 9.31 16,71
5- 6 3,45 4,32 7.85 13,73
6= 7 3,66 5.56 9.05 18.22
-8 5.0 6.83 12.00 29,65
8- 9 4,51" 5,56 9.68 31,25

9-10 2,17 4,61 6,78 27,64




Table 2

Caleulations for Regression Equation

Questions Use 2 )
. S vy oy X

3.68 5.8 21,49 13,54 | 31.11
6.75 15.48  104.49 45, 56 239.63
8.34 23.34 194.66 . 59.56 5ul, 76
10.02 21.08 211.22 100.40 4yl 37
12.62 21.80 275.12 159.26 75,24
13.14 27.20 375,40 172.56 739.8Y4
13.14 31,40 412.60 172.66 985,96
12.42 29,74 369.37 154.26 88Y, 147
9.31 16,70 155,48 86.68 278.89
7.85 13,73 107.78 61.62 188,51
9,05 18.22 164.89 81.90 331,97
12.00 29.65 355,80 1144 ,00 — 879.12
9.58 31.25 302,50 97.70 " 976.56
6.78 22.64 163.50 45,97 512.57
Px = 134,78 Cy=308.07 I(xy)= 3204.30 EGA) = 1W0L.77 £(y?) = 7513.00

%= 9.63 ¥ = 22,01




The regression equation was then calculated using

the following formula:

o = bD + b.x

1

where

and

- nZlxy) - £(x) * L(y)
nix?) - (Ix?

Then substituting:

14+ 3204,3 - 134,78 * 308.07
14 » 1401.77 - (134.78)2

bl =

and

o
"

: 22,01 - 2,29 « 9.63 = -.04

thus

\% (-.04) + 2,29%

Having calculated the regression equation as
9 = 2.29x - .04, the regression must now be tested to
determine if it is significant, and thus a t test was
performed, Two hypotheses (H, and HA) were formulated
relative to the true slope, By: (1) if there is no mean-
ingful linear relationship, then B, = 0 (null

hypothesis, HO);'(E) if there is a linear relationship, then




7
B, # 0 (alternative hypothesis, H,). Therefore, in the
formula used to test the null hypothesis with a .95 confi=-
dence interval and n - 2 degrees of freedom, the null
hypothesis can be rejected if €] > 2,1788 (typs +025),
for the following:
b, = B

°1 7 5y

S iy

Sxey

t = o -
A

E(xg) - nx

vhere oy ° the standard deviation for the regression,

and where

REY n= 2

T i/(zc-y?) - nj?) - by(E(xy) = n%H)

Substituting

Therefore

. 2429 _ ¢ a4
t = 5% = S.97
V101,77 ~ 1298,31
Since t = 5.87 is greater than 2.1788, the null

hypothesis can be rejected and a significant linear

velationship does exist.
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The previous tests demonstrate thét a linear regression
is statistically meaningful; however, to provide an indicaticn
of the strength of the linear regression, a Pearson Coef-
ficient of Correlation (r) was calculated as follows:

P ;,nZ(xyD - Zx i;ﬁ;i'

Iz (x?) - (50021 - [nity?) - (1921

Substituting
,_,lu . 32@4 3 e (134,78 + 308, c7> L

- __ . s

/Elu . lth 77 - (134 78) 3 ¢ [lu ¢ 75l3 - (308 D?) ]

.86

This caleulatisn illustrates that a fairly strong
linear regression does exist; moreover, the coefficient of
determination (r?) which describes the percent of variation
in observed y values explained by the regression on x, is
also calculated. The coefficient of determination (rz) is
strong as well, accounting for almosf 75 percent of the

variation.

10 « nl = €Xplained variation _ ,
100 ° r" = =oFaT variatfion — ©° 73.96%

In order to complete the analysis, the standard
error of the estimate Cse) was calculated, The Bg ~gives
the size of the interval in which predictions based on the

linear regression will fall, The formula is as follows:

10 .




where y' is the =stimated value for y using the regression
equation.

A table was constructed for this test (see Table 3),
and from this table we could substitute for the above

equation:

The same series of inalyses was made for the
relationship between (a)\gRéference Questions" and "Room
Use;“ and (b) "Directicnai&éécatignal Queétians" and "Room
Use." In each analysis there was a significant linear
relationship. The Reference Question and Room Use
regression showed a coefficient of correlation of r = .83
and a coefficient of determination of 100 ° r? = 68.32%.,

The DireétionalsLéeétiqnal Questions and Room Use regression
had a coefficient of correlation of ro= .74 and a coefficient
of determination of 100 - ?2 = 54,76%., For complete
calculations see Appendix 1..and Appendix 2. It is worth

! noting that it appears that room use has a somewhat more
aramatickinfluence on actual feferénée questions than on

directional-locationai questions.
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Table 3

10

Values for Standard Error of the Estimate Formula

(v - y"?

5,84
15.48
23.34
21.08
21.80
27.20
31.u0
29,74
16.70
13.73
18.22
29.65
31.25
22.64

6.50
.00
18.32
3.35
49,84
8.12
1.82
1.80
20.98
17.72
606
4.88
83.17

51.12
\2

)® = 326,86

12



= os oy = ca Jelb i ok e ) s e 2 e

T EepT— it
R

& R B I T 1 r———— - i e e

1L
DISCUSSION OF RESULTS

The at.uéy clearly illustrates that a strong linear
regression exists Petween library use and reference service,
Thus , one can safely assume that as library use decxeases,
demand fon refer-ena:e service will als;i decrease, As
noted above, many xeference librarians may intuitively
rreeagnizs this relationship, however, the strength of this
relationship her-etofore has been without statKistieal analysis, -

; | Once the strength of the regression has been
esfablished the possible applications~areé numerous, The
implications far- staff:_ng and’ schséul;ng are most preéaminan‘ta
Tor examplg, ref erence service at Northern Illinois |
University -ceases at 10 p.m. every night, Sunday through
\’Ihursday; As in most Libraries, the feelin, is that Little
if any reference service is required after that time.
i anever, ;1t was aﬂetemined that the average Raam Use count

S ”:fcu:‘ 10 to ! P M. W some 20,2 persons. By Eubs*tltuting v

RO c:nca agaim dnto —thg ﬁegressiﬂﬂ Equati"—"“: y = b + T;I'f*;':’.
RN eng can predigt 4he number of reference guesti@ﬂs which
o o ».wauld be asfked within the range of the standard error of

. 'ﬂ’l% gstimatés i.é-, X + lsé! ! Thus

“' L. S 2@_25 (s.ﬂ‘”* 2.29:{

Sw T 20,2 = 2429 X

T : - w
4 X = 8.0
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§ince the standard error of the estimate |s | for this
particular regression is 5.22, one can then predict that
between 3,62 and l4.06 questions would ﬁé asked during the
period 10 p.m. to 11 p.m. If these figures are ecméaﬁeé with
those in Table 1, it will de noted that (1) even using
the lower limit of the above range, at least as many
qﬁestians_will be asked as for the hour 8§ a,m. to 9 a.,n, for
which the library does staff the reference desk; (2) the
point estimate (;) of 8.84 exceeds the demand for an
additional four hours of staffed desk service; and (3) the

upper limit of 14.06 exceeds all of the remaining hours.
CONCLUSION

In order to develop a consistent staffing plan in

‘the adove instance, for example, some consideration should

be given to either staffing between 10 p.m. and 11 p.m., or
not staffing between 8 a.ma}and 9 a,m,, for at the very

least the demand will be equal. This same application

could easily apply to the other days of the vweek, thus

giving librarians administrative information about reference

demand without staffing or even observing tﬁé reference desk.
' The regression will undoudtedly vary among
1ibrariess however, the application of such a procedure may

provide librarians with an effective tool for determining

consistent and cost-effective staffing patterms for library:

vaef errence desks. .
reee | 14
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NOTES
1Hanual D. Lopez, "Academic Reference Service:
Measurement, Cost, and Value," RQ 12, No. 3: 234-242

(Spring 1973),

ESympasium on Measurement of Reference," RQ 1lu,

No. L: 8 (Fall 1974).

QCar@line T. Spicer, “ﬁeasuring Reference Service:
A Look at the Cornell University Libraries Reference Question
Recording System," Bookmark 31, No. 3: 79-81 (Jahuaryﬁ
February 1972). 5
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APPENDIX

Regression Analysis for Reference Questions
and Koom Use

Keference —  Room
Questions Use 9 9
I I S o A X S A

s 5.84 5,49 .88 3L,21
263 15.48 40, 71 6,92 239,63
2.63 23,34 61,38 6.02 514,76
3.49 2,08 13,57 12.18 Wy, 37
5.09 | 21,80 110,96 25,91 W75, 24
5.20 27.20 Wl ue 27,04 739, 84
877 AL 181.18 . 33.29 985,96
5.23 29,74 155. 54 27,35 89t, 47
3.2 . 16,70 sy.00 10,82 278,89
345 £ 13.73 47.37 111.90 188, 51
3.66 18,22 66469 13.40 . 331,87
5420 20,65 o 154.18 27,04 879,12
451 31,25 140,94 20,34 976,56
2.57 22,64 58.18 © B.60 512,57

Ix = 53.66 Ty =.808,07 Elxy) =1202.57 = “E(x) 230,59 T(y?) =7513.00

22.01

»
L
L]
m‘
bt
1
T
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ix 1 (Continued)

Regression equation:

¢ = b@ 4 hlg

= nE(xy) - w{x) * Lly)
nI(x%) = (2x)

e
b
|

substituting

o 14 e 1292,57 - 53 * 96 °* 308,07
i4% » 230,59 = (53.66)°

_ i56u,.9L _ \
=3ryope - tee

~ and

by = 22,01 = 4,49 * 3.83 = 4,81

therefore
Testing the regression
Hy 2 By =0 (not meaningful)
’Hh :t B #0 {meaningful).
(for confidence interval of .95) .

Rejeat if |t] > 2.1788 (%,,, .025)

17
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Appendix 1 (Cantinued)
Dy =By

SX *y | L
— o
ECx y - nx

n=2 =

8. .. ° B ———r

A I (Z(yEJ - ny ) - b. (E(xy) - nxy)
ﬂ»ﬂy b xc\y =

ijk?&ls.o—lu- 22.0L2) - 1.48(1292,57) - 14 * 3.83 * 22,01)

iz
. [730.8% - 500,68
i 12

= 5.2 oo REjEEEt H

oy

Testing the strength of the linear regression using the

PearsgnFCgeffigienf of Correlation (r)

P = ‘ﬁwrnZ(Ry) —'ﬁx vy

Mo £(x2) =~ (£x)27 - EnE(y )'- (Ty)? ]
147‘ l?§2 57 - 303 07 ¢ 53 56

[lu * 23@ %Q - (53 66) ][14 * 7513 = (3!8.97) ]

1564, 94

793,29 - -89

Coefficient of determination (r2)
100 * »?

100 + (.83)2 = §8.32%

18




APPENDIX 2

Regression Analysis for Directional-Locational Questions
and Room Use

Questions Use, 9 9
X ¥ Xy I . S I A

2.66 .84 15.53 7.08 31,11
4.12 15,48 63.78 16,97 239,63
5.80 23,34 - - 135,37 33,64 544,76
B4 . 208 142,08 u5,u3 4y, 37
7.60 21,80 165..68 §7.76 H75, 24
8.06 27,20 29.23 64,96 739,84
789 31,40 235,19 - 56,10 985.96
7.09 29,74  210.86 50,27 884,47
R 16,70 ~108.38 2,12 278.89
i, 32 | 13.73 59,31 - 18,66 188,51
5,56 18.22 101,30 30,91 331,97

" 6.83 29,65 : 2@2.51€ 46.65 879.12
5,56 31.25 173,75 30,91. 976,56
461 22.64 104,37 s 512,57
Ex = 82,92 - Iy = 308.07 TGy = 1937.34  EGxD) v 522,70 I(y?) = 7513.00

‘R = 5,92 ¥ = 22.00

i9
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Appendix 2 (Continued)

T2y - n§2) - by(E(xy) = n&y)
— s

[C7T5T3 - 16 - zz;dl)’;”SZﬁﬁiiﬁﬁﬂ;auﬂ,,1u,f,§2§3WFT§§T€TT“
(75 22,01 e 2 D02 " 2 :

23,8

-

L

prs
w

— e = “&8 & Relect Hy

.VTesting the strength of the linear regression using the

. pPearson Coefficient of Correlation (r).

3
]

1y. - 1937 34 - 82.93 ¢+ 355 07

s 74

“Eiu -'522 71 ~ (82,93) 27014 - 7513 . (308.07) 1

Coefficient of determination (rz)
100" * »2 L | . ,

100 ¢ (.7u)2 = 54,76%
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