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Two measures of effectiveness for university

ibraries are coanstructed. The Primary Measure of Effectiveness,
lefined over the total populaticn of users, considers the nunber of
laterial and information items desired by the users, the nupber of
satisfactorily answered inguiries, and the number of users. For the
secondary Measure of Effectiveness the total population is classified
nto subsets according to similarity of users? needs. A measure is
lefined for each subset and is a function of the number of
ndividuals in the subset. (Author)
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Previdus papers have argued that in order to describe, design, or evaiuate
a university library system, it is not sufficient to consider the library as a
separate entity. The behavior and utility of a university library is constrained’
and influenced by actions of the funders and users of the library. Several specific
studies have been reported including the development of a conceptual systems
model (2), the ccastruction and analysis of an industrial dynamics simulation
model of university departmental libraries (3,10), and the formulation and analysis
of mathematical models of opiimal user search behavior (1). However, to this point
no adequate measures of effectiveness exist which could be utilized by university
libraries in evaluating on-going programs cr in determining the impact of proposed
programs.

The purpose of this paper is to propose two such measures and to discuss, in
detail, the properties of each measure. A large number of user studies have been
conducted (5) énd the conclusion can be drawn that a measure of effectiveness
must adequately reflect satisfaction of user needs. The "primary measure of
effectiveness" is constructed to accomplish precisely this aspect.

A recent empirical study (12) conducted at Purdue University demonstrates that
the total population of potential library users can bt classified into subsets—-
féculty, graduate studeants, and undergraduate students--according to similarity of
‘needs. A "secon&ary measure of effectiveness" is defined which is appropriate for
each subset and which considers number of actual users and number of repeat users.

Library Goals and User Needs

““he primary goals of the library are defined to be:
1. Maximize user need satisfaction.
2. Minimize the time loss (opportunity cost) to the user.

In addition, the university seeks to serve as many users as feasible. Thus, a

,secondary goal 1is:
Q
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3. Increase the number of actual users.

These goals serve as foundations for both measures of effectiveness.

Despite work by Bourne, et al {4) and Meier (8), adequate methodologies
for collecting data cn time lsss do not exist. However, their results suggest
that time loss can be accounted for indirectly through consideration of the
increase (decrease) of-the number of ucers and of the increase (decrease) in the
use of.library materials.

A questionnaire designed by Dean R. B. Downs, the Dean of Library Administration
at the University of Illinois and by Dr. Warren Seibert of the Purdue Libraries |
was recently administered at Purdue University (6). Question 5 asked users to
identify their "primary reason for coming to the library" from a list of 1l
possible reasons including ''do something else (not mentioned above)." The major
reasons cited are:

1. Find and read material required for a course.

2. Read material for self improvement.

3. Read for pleasure or fun.

4. Borrow library material for further reading.

5. Do research for a term paper.

6. Do research for graduaﬁe exams or thesis work.

7. Dp'research for a publishable paper or book.

8. Get some material copied (Xerox).

9. Return materials (books) to the library.

10. Do homework with own books.

11. Seek information which doesﬁnot require borrowing of library materials

(questions answered by reference 1ibrarians).
Statistical methodologies for measuring library usage, e.g., re-shelving and

browsing statistics, have been investigated in depth by Jain (7). These approaches

could be utilized to obtain information on reasons 1~7. The number of persons
o '
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getting material copied, and the number of copies fgprduced, are routinely kept
now by many libraries. The only difficulty ;ikéi; to be encountered relatiwve to
item 9 is the identification of users who came to the library only for the purpose
of returning material. Sampling studies would be necessary to accompli:h this
identification aﬁd to coliect information on item 10. The total number of requests
for information could be easily recorded by'the reference librarians. A much more
difficult item to obtain is whether ~ . inquiry was satisfactorily answered. This
m2y be a purely perceptual aspect which can be provided only by the user or by
some panel of experts. Regardless, the assumption is that data relative to user
need satisfaction can be collected for the evaluation of implemented programs.
Exactly the same information would be required in order to evaluate benefits
likely to accrue from proposed programs. ILf pilot programs were conducited, then
the same methodologies could be utilized. Otherwise, subjective estimates would
be required. Specific approaches are not defined; however, research is underway
investigating the applicability of procedures such as those suggested by Moore and
Baker (9).

A Primary Measure of Effectiveness

In order to specifj a primary measure of effectiveness, three specific mea-
sures will. be constructed and intégrated. The three measures are coicerned with
1) the total number of users and tﬁe total number of material items used, 2) the
total number of non-material information items sought and the total number supplied
and 3) - the total number of usérs who are studying with their own materials or
who are at the library for social purposes.

The following definitions will be utilized in the development of a Primary
Measure of Effectiveness:

N = totai»p0pu1ation of users of the university library, e.g., all students,

faculty, alumni, and staff associated with the university.




n = total number of users from N who use the library facilities per time

period. Note that n < N,

]
!

1 total number of non-material information iiems socught per time period,
e.g., the total number of questions asked of reference librarians.

r2 = total number of acceptable non-material information items supplied per
time period, e.g., the total number of questions answered satisfactorily
by reference librariams.

s = total number of users per time period who are studying with their own
materials or who are there for social purposes.

m = total number of material items used (reshelved) per time period, e.g.,
the material used in order to satisfy the needs underlying items 1-8.

Effectiveness Term For m And n

The material items accessed during a time period are selected because of their
potential, as perceived by the user, to satisfy some underlying need. Effectiveness
of the library operation is a function of the total number of items accessed
(ml) and the total number which actually contribﬁted to need satisfaction an),
e.g., m, should be maximized and (ml-m2) shou?” be mi.’ _ sullect to the con-
traint that m, > m,. An effectiveness term such as m, EZ__ would accomplish the

m
above; an increase in’m2 2 indicates that m, is inc%easing;mm that (ﬁlmm?) is

. m
f:m 1
decreasing 2 ~ 1).

L= 1igé210f the difficulty inherent in measuring m,, a simylifying assumption
is made. Asgsume that any item which is removed from its shelf ZSociation during a
time period, and‘hence reshelﬁed, is sufficiently relevant to crontribute to need
satisfaction. The total number of items reshelved is denoted by : and, as m
increas=s, the effectiveness of the library increases.

The secondary goal suggestéd in the previous section is tc increase the number

of actuzl users. The total number of actual users 1s denoted by n and as n

Qincreases,‘ﬁhe library's effectiveness increases. The relative impact of both m-

Egﬁggnd n should: be related to N, the total pdpulatign ofvpotentiaz-library users.
: . R : : 5 -



The following term for measuring the effectiveness of the library relative to

satisfying user material needs and to the number of actual users is proposed:

= n__ n_ . (1)
el N 1+ N ‘)

Table 1 summarizes the properties of ey under various possible conditiomns of change

resulting from modifications in the library's operations.

In summary, given e, as defined, the follcwing conclusions can be drawn:

1. As the number of material items used during a time period increases
(decreases), ey increases (decreases).

2. As the number of users during a time period increases (decreases), e

1
increases (decreases).

3. If the number of material items used is less (greater) than the sum of the
total population plus the number of users, then increasing the number of
mwaterial uses is more {less) desirable than iucreasing the number of users.

4. If no material items are being used, e, is equal to zero ragnirdless of the

1

number of users. If the users are coming for some need not rel:. v

accessing library material, the effectiveness teim for r, and T,s OT thz

1
the term for s, will measure the associated contribution to library
effectiveness.

If ey is accepted, ﬁhen.the above conditions follow; ceonversely, if the above

conditions are accep;abie; then ey is an acceptable effec;iVeness term for relating

the number of material items used with the number of users.

Effectiveness Term For rl And r2

" The effectiveness of a university library should increase as the number
of non-material information items supplied per f.ime period (r2) increases. The
effectiveness should also increase, but to a 1eéser degree, as the number of
non-material information items sought (rl) increases. An ircrease in the number
sought implies that the users Perceivé an improvement in the library's ability

to satisfy non—ma;erial information needs. Over time, however, unless ability to

IToxt Provided by ERI



Table 1

Properties of ey

Conditions of Change Impact on e; =<%—-(i+'%£2
_ _ _Am n
1. AMm# 0, An =0 Ae; = —5— (1+—-——N)
a) Am >0 Ael> 0
b) Am <O Ae1< 0
2. Am=0, on # 0 pe, = man)
1 2
N
a) An >0 _ Ael> 0
b) An <0 Be, < 0
3. Mm#0, An#0 tey =35 [an() + Mn(n) + Mn@) + on(tm)]
N
a) Am >0, An >0 Ael> 0
b) Am <0, An <0 © beg< 0
b-1) |An| = n Aey = —e; (and |am| = m)
b~2) lAnl < n,lAmI =m . Ael = ~e;
, _qyAm  omtdm
c) Am> C, An< 9 i ( 1)An > >Ae1> 0
c~-1) Am =|An| , Am <Nin - m =>Ae;> 0
- Am _ m 4+ Am
fum n== oMM
d) &m <0, An >0 { 1}ZE—~< N +n Ae,> 0
d~1) An = |Am| , An< m-(N4n) =>Le,> O

In the above table, the following conditions hold:
i) m >0, 0 <n <N, N >0.
ii) If Am <0, [Am|<m

iii) If An >0, An <N-n

iv) If} AD <O, |An|_<_ nr_‘
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satisfy these needs also improves, it is reasonable to expect the number of noun-
material information items socught to stablize or even decrease. Thus, r, should
be the dominant consideration.

The recommended effectiveness term is:
T r
- 2 X

Table 2 summarizes the properties of e, under various possible changes in ry

and r2.

As suggested in the above discussion, increase (decrease) in the number of
non-material information items sought or increase (decrease) in items supplied
produces an increase (decrease) in e,- In addition, since r2 + Arzé rl + Arl R
i. is always advantagecus to increase the number of items supplied, even if
the number of items sought is undergoing an equal decrease. However, in the long-
run, increase in r, would be expected to generate additional items sought, i.e.,
increase .

Effectiveness Term For s

The effectiveness of +he university library should increase (decrease) if its
facilities are used by a greater (lesser) number of individuals for study or social
purposes (s). In this case, the underlying user need is a need for space rather than
a need for material or non-material information items. The following term exhibits

the desired properties:

S -
6. = — 3
3 NZ
and Ae3 =-——£%%——-. The denominator N2 is suggested in order to have changes
N .

in s comparable to changes in n and T, since all three terms reflect the number
of users utilizing the library. If the denominator were to be specified as N,
then. s would be considered as on the same level as n and T, both of which re-

present satisfaction of an information need.




Table 2

Properties of e,

T2 1
Conditions of Change Impact on &, =} 1 +-§——

Ar Ar r
2 + 2 (])

1. A = =~
T, # 0, Arl 0] Ae,, S 5
N
a) Ar2 >0 Ae2> 0
b) Arz <0 Ae2< 0
Ar, (r,)
_ _ 07y
2. Ar2 = 0, Arl #0 Aez = 5
N
a) Arl >0 Ae2> 0
b) Arl <0 Ae2< 0
1
= : )
3. Arz + 0, Ar:.L £0 Ae2 Nz [N(Arg) + T, (Arl)+ rl(Arz,
+Arl(Ar2)]
a) Ar2 >0, Ar1> 0 Ae2> 0
v) Ar, <0, Ar.< O Ae,< O
2 1 2 Ar2 r2 <+ Ar2
c) Arz >0, Arlf 0 (-1) AT R+ T =>Ae2 > 0
c-1) Ar, =|ﬁrl| ' he,> ©
Ar2 r2 + Ar2
. > < -
d) Ar2< O,vArl >0 (-1) iz, N+ T >Ae2 >0
d-1) Ary =|az,| Ae, <0

In the above table, the following conditions hold:

1) O=srpz=r

i1) If Ar, <0,|ar, |z T,

o  ii1) If Ary <0,|ar|< T
-£1{U: ' 1:  _ "$'A <--f  A' . o
Av) Ty kbry Zry Ty = 9



The Primary Measure of Effectiveness

The primary measure of effectiveness, E, is defined as a weighted sum of

€13 €55 and e Specifically,

3¢
E= Wy e + W, &, + Vg €4 &)
where Wis Wy and wq are the weighting factors.

The weighting factors allow the library administration to designate the relative
importance of the contribution of each of the terms. Although there exist several
approaches for determining W5, Wos and Wq (e.g., 13), experience at Purdue University
suggests another procedure which will be illustrated by the following example.

Suppose that the university library administrator states that an increase
of 20 patrons studying in the library (4s) is.equivalent (in value) to an increase

of 1 question answered properly (Arz) and that an increase of 3 material items

(Am) is also equivalent to Ar2 = 1. Thus, it follows that

WB(AS) 20 LB wz(N+r1) _ I-Arz Arz(rl) _
wyltey) = 7 = 7 = 2 =wy vt 2 = wy (Aey)
, . N N N T ' N
and that
oy =w, 1 g ponn] 3w, ( + ) _ Wy (M)
WplBey, =¥y VTR T2 2 .
o N _ N
If‘wé is arbitrarily set equal to i, then - N
T ' ‘ " _"N +,r1,~ » N+, ‘
wy s ———— and Wy = —yrmoy

20

Notéﬂthaﬁ if the édﬁiﬁiétrat¢:‘isfédnSistént in>stating his preference, then

Am = 3 is equivalent to As = 20.
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A Secondary Measure of Effectiveness

The recognition of user subsets with dissimilar needs is considered important
for the direction of program development, e.g., one type of program might benefit
one subset and not contribute at all to another subset. Clearly, E could
be utilized to study any given subset provided the input data is available. However,
a measure is proposed which is different in form from E and is based ecn the number
of users and the number of times the library is accessed by the users.

The division of the user population should be accerding to user needs. Rzasa
and Moriarty (12) established one such division as faculty, graduate students,
undergraduate students, and staff and others. Another division might be according
to the formal orgamization structure, e.g., by the academic departments. The point
is that the division is flexible and should be based on the specific environment
under study. Let J be the number of subsets and let j be a subsciipt over the
ubsets, j=1,2. ..., J.

The secondary measure of effectiveness reflects the following properties.

1. As the number of individuals from a subset who use the library in a time

period (n ) increases, the measure should also increase.

2. As the number of times users from a subset use the library facilities

’withln a time period (uj) increases, the measure should also increase.‘
.3;v'If the 1ibrary is serving a large percentage of. subset is but the
.r;number of return visits is low, it is preferred that a. lower percentage
be served and that the ‘users’ return more often.’
4, If the library is serving a small percentage “of subset s bur the number
of return visits is high, it is preferred that a higher percentage be
,served even though the users return less often.

A secondary measure of the form bel w satisfies the above conditions:

)
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vhere Aj = uj - nj and is defined as "activity" and NJ is the total population of
subset j. Ej iz proposed to measure changes in effectivemess relative to subset

j and is not intended to compare eifectiveness relative to subset j to effectiveness
relative to some other subset j', i.e., a comparison of Ej to Ejg is not suggested.

It might be noted that a secondary measure of effectiveness, E, can be related
to the entire population which the library serves. E will give an indication of
effectiveness based on the total number of users from the population, N, and the
number of times the users return to the library during a given time period. The
library administration will thus have an indication of how their facility rates
as a source of need satisfaction by the users.

Specifically, the secondary measure of effectiveness should aid the administrato:
in evaluating programs aimed at a specific group. Table 3 summarizes the properties
of Ej under various possible conditions of change resulting from modifications
in the library's operation.

In summary, given Ej.as defined, the following conclusions can be drawn:

'l,]’If activity increases - (decreases) while the number of users remains con-

'stant, effectiveness increases (decreases) since the number of users
from group j are returning more (less) often.

2;',Acrivity remaining constant while the number of users, j’ increases is

"equivalent to saying that the new users are only coming once duri ing a
time period. ‘Since the l brary is serving a larger proportion of the
subpopulation, effectiveness increases,'

3. If both activity and the number.cf users increase (decrease) then not only

is a larger (smailer) proportion of ?roup J using the facility but the

‘ return rate is increasing (decreasing,, Therefore, effectiveness increases

o - »(decreases).j

12



Table 32 12

Properties of E

j .
_ A ‘\ n ‘\
Conditions of Change Impact on E, = 1 1
3 TN N
| 3 Y
AA n
1. M,#0 An, =0 An =( / h
] 3 N
_ j
a) AMAL>0 E
) 5 AEj> 0
b) AA_.<0 E ‘
) 3 | AEj< 0 |
b-1) |AA, |= A, E. =-E
l Jl 3 A j j |
. |
. Ay o /QH \\
2. bDA.= =
. J 3 %,
a) Anj> 0 '-Aij> 0 i
b) dng< O AE.< O
t-1) |an.| = n, E, =-E :
b ):l njl n, A 5 4 i
-1 ' [L
3. AA.# 0, A 0 ' AE, = = . ) + A ) + n.
5 » Ay # 5 (N.)2 [(AAJ)(AnJ) j(AnJ) (AAJ)nJ] |
J
a) ’Agj >0, Anj >0 . | A§j> )
b) AA,< 0, An,< O R AE,< O
o 3 2 nj . - . 3
) 'AAj >0, An,< o
o e R ain y = AF
LéL'Aj>f AjﬂfjéAj o e é@i’f’j) >(A )(n = AEj> 0
D BA <0, An; >0 o -»“ L i c&j)(ﬁ )>(Aj)(ﬁj)v=>‘AEj> 0

o I 73

In the above tablé, the following conditions hold
i) vSincéfA.f= U, — N, A> 0, 1.2. u.>n,
e : 3 s I
CCid) If Aug <o j: ,and AA > 0 (Case 3c)
then{Au I < IAnjl |

iii) If Au > 0, An > 0 and AAJ< 0 (Pdse 3d)

”».,'tnen Au <An :
e 3o (|

o 13
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4., The relationship between change in the number of users and change in

effectiveness is influenced by the magnitude of the percentage of the group

who use the facility.

a. If the number of users decreases, then, in order for effectiveness to
increase, activity must increase. The required level of activity in-
crease is inversely related t¢ “h~ percentage using the facility.

b. If the number of users increases, the effectiveress can increase
even if activity decreases. The law=l oX activity decrease is in-
versely related to the percentag: using e facility.

:

Summary and Comments

Based upon the goals of a university librzrwy and conditions, whkich, 1if
satisfied, led toward attainment of the goals, owo measures of effectiveness
were developed. The criteria established for the primary measure were
1), the number of material 1tems utilized, 2) the number of actual users,
3) the number of informatianal'items sought, 4) - the number of satisfactory
information dtems receivedé and 5) the amount of study space utilized. The
tntal poprulation served as e basis so that changes in the user population could
pe'taken-into account.. .

The criteria establisheﬂ for the“secondétv“measure werell) the number
Jof ;¢tg§;@gse‘ fromva given subpopuldtioa and\Z) thefreturn rate of these
‘nsers."The subpopulation which the 1ibrary served was used as a basis fur»
“thefseeondaty measure. | |

The purpose of‘thishnaper was tc‘developién adequate measure of effectiveness
for unive 1ibcarieq to evaluate on-going programs or in determining the im-
pact of propased prbgrams; 'Inputs tq the model for evaluation of present programs
can be determined by -th 1atistical'methbdmlﬂgies‘mentioned. Inputs for: the
ev wation of pcoposed pnngrams mlght be determined by the use of pilot sstudies,
bJectivp estimates by administrdtors ‘or Industxia_.dynamics model Preferred

ams could then be evaluatcd by using arcsst—effectiveness analysis.

P
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One final comment is needed. Although the measures developed satisfied
the -conditions which were specified, they are not unique. That is, as longz as the

model developed satisfied specific conditions which are directly related to the

goals, the measure would be adequate.

15
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