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FOREWORD

This collection of papers is based on projects done in conjunction with a senior
level/graduate course, Applications of Operations Research Techniques in Systems
Engineering. During the past semester, this course concentrated on analysis of li-
brary operations with twenty-five percent of the class hours devoted to lectures and
seminars on that topic. The remaining seventy-five percent of the class hours were
devoted to lectures on probability and statistics, queuing theory, linear and dynamic
programming, and decision analysis.

The text'qsed was Hillier and Lieberman, Introduction to Operations Research,
Holden-Day, 1967. However, Morse, Library Effectiveness, MIT Press, 1968 as
well as several other books and journals were used extensively.

Ten students were officially enrolled in the course, but several other individuals,
to varying degrees, took part in the library-oriented aspects of the course. Of the
total number of people involved with the course there were several professional libra-
rians and social scientists as well as the expected large number of mathematicians
and engineers.

The professional staff of the University Libraries were invited to bi-weekly sem-
inars and several were regular guests and offered valuable comments and suggestions.
Each project was associated with some particular aspect of the library system and those
involved with the project worked with the member of the library staff who had respon-
sibjility in the appropriate area.

Because of various time constraints, two projects are not included in this collec-
tion.. David L. Aach investigated the effects of library temperature on student study-
ing habits and found that temperature variations from approximately 71°F appear to
have a negative effect on studying. Talal Findakly considered the need for multiple
copies of highly circulated books in the Engineering Library and suggested a decision
criterion for ordering multiple copies.

As a last and most important comment, I want to express my gratitude to the
University Librarian, Joseph S. Komidar, whose participation in the seminars and
enthusiastic support of the projects were key factors in their success. Also, the re-
gular participation in the course of Frederick S. Jones, Head of Acquisitions, and
George Beal, Head of Circulation, contributed significantly to the rapport with the
Libraries. ‘

Medford, Massachusetts William B. Rouse
December 1973
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USER OPINION OF REFERENCE RESOURCES AND SERVICES

Douglas P. Rayner
Engineering Design 150, Operations Research
Tufts University

ABSTRACT .

With the intention of providing the administrators of the Tufts University
Libraries with information on user attitudes concerning reference materials
and services, this project entailed designing a survey questionnaire, distri-
buting the survey to the user population, and using the University computer
to aid analysis of the user response. Finally, conclusions and suggestions
derived from the statistical analyses are presented.

INTRODUCTION

When someone is responsible for providing a service and desires some
guage of user opinion, the first tool that comes to mind is often a user
survey. But often if the user population is lzarge the administrator is
apt to become discouraged by the appearent clerical work involved. This
is unfortunate since an incorrect assessment of the work involved might
completely discourage use of this powerful tool. It really does not take
that long to design a short, concise, multiple choice questionnaire that
will enable assessment of user opinion as well as a longer questionnaire,
and will undoubtedly be better received by the user population. The newer
conying processes are less cost prohibitive than before enabling fast, eco-
nomical production of the questionnaire. And finally, the use of a statisti-
cal package on a medium to large size computer reduces complex statistical
analvsis to simply transfering the responses to some machine readable form,
and creating a simple set of program control commands. An example of a
service operation that can henefit from correct information about user
opinions is a university or large city library. Since most libraries have
rather large user populations, the tools described above lend themselves
well to simplifying the task of surveying these large populations. With these
facts in mind, this project was initiated.

The project entailed designing a questionnaire with the help of the
1ibrary staff to determine general user attitude cencerning the reference
materials and services provided by the Tufts University Library. A two
page, 13 question (multiple choice) survey was prepared, and 450 copies
were made. Despite predictions by library staff and members of the class
that the user response might be minimal, all copies of the survey were taken
from a display at the front door by entering students, and 320 were returned
to the hoxes provided at the front entrance, all in the period of about 12
hours. The responses were then typed into the university DEC System 10 Time-
sharing System .and one-way and two-way frequency statistics were obtained
using the Statistical Package for the Social Sciences (SPSS).

The remainder of this paper describes the questionnaire, and discusses
the one-way and relevant two~way frequency statistics obtained. The final
nages contained conclusfons and suggestions based on these statistics.

Q -
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THE QUESTIONNAIRE

The tinal questionnaire (shown on next page) contained 13 questioms,
and space for comment and criticism., It was printed on one page (two sides)
so that the users would not be discouraged by what might have appeared to be
a long questionnaire. The first few questions were aimed at classifying the
particular user so that some relationships might later be seen between user
characteristics and the answers to the more subjective questions. Questions
seven and eight, although seemingly identical, were each trying to substan-
tiate and quantify a suspicion that the average user was not sure of what
reference materials or reference services were provided by the library.
- Question nine was included to see if the average user also suspected that
his fellow users were unaware of what reference resources were available.
In question ten it was assumed that a significant number of users would not
besure of reference resources, and it therefore tried to determine what the
probable result would be if the user were made more aware of the present ref-
erence resources. This same assumption carried into question eleven where
the user user was asked to recommend methods of publicizing the present ref-
erence resources. Question twelve was intended to guage the user attitude
toward the present dispersed reference materials amongst the various branches
of the library as opposed to their attitude toward a consolidated reference
center. Question thirteen asked the user to generalize his opinion of the
reference materfals and services available in the library. Question fourteen
was included to allow the user to add any comments he/s'w felt pertained to
the reference resources of the Tufts Library.

ANALYSIS

A table of the frequency of answers to each question is shown on the
following page. Results shown as histograms are shown for the more interes-
ting questions. Some of the more frequent comments entered on question four-
teen are given below.

1) Desire for acquisition of more new books

2) Concern for the overcrowded conditions due to a lack of a student
center which burdens the library with many 'socializers'

3) Concern for the fact that the most needed bound periodicals are
often not in the stacks, but rather are checked out.

4) Desire for consolidated stacks to give more study space

5) Desire to have the library open more hours

6) A need for storing more resources on film

7) Desire for a more uniform temperature throughout the building

8) A need for more professional staff on duty evenings to answer
questions :

9) A better copying machine to produce higher quality copies

Some of the relationships between pairs of questions (crosstabulations)
are shown on the next few pages. Cu%lined below are some of the relevant re-
lationships observed.

1) General opinion of the reference resources related to class and
major.
a) The class ana major which most frequently found the reference
resources 'poor' were the juntior class social science majors
b) The freshman, sophomore and senior classes each had pre-
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This survey is conducted by students in Engineering Design 150, 'Operations
Research', with the knowledge and cooperation of the Library Administration.

By conducting this survey, the students hope to obtain information on user

t
attitudes and provide library officials with alternatives for possible changes in
library structures and p?licies in the near future, and for long range planning.

This surv%y is concerned with reference resources. This includes both'reference
materials (Encyclopedias, Abstracts, Indexes to Periodical Literature, Dictionaries, etc.)
and reference services (meaning any service provided by the reference librarian or by '
a member of the reference staff).

Please take 2 few minutes to fill out the survey, and return it to the box provided

near where you received the survey. If you take a copy of the survey, but decide not

to £111 it out, pleagse pass it on.' Your cooperation is greatly appreciated.

- e M e E e me e o S S e G wm kM m k e S e e EE e G S e e W W S em S em e e G G o S ae m me me e

1. What time of day is it as you are filling out this survey?
1, Morning 2. Afternoon 3. Eveuning

2. What i3 your class?
1, Fresh. 2. Soph. 3. Jr. 4, Sr. 5. Grad. 6. Faculty or Staff

7. Non-Tufts Student

3. What is your Major Discipline?
1. Humanities 2. Social Science 3. Natural Science 4. Engineering
5. Special Studies 6. Does not apply

4. How would you classify your use of the Tufts Library System?
1. Almost never 2, Rarely 3. Occasionally 4, Frequently 5. Almost nightly

5. In an average semester, how many times would you use a piece of reference material or

request service from the reference staff? .
1, Never 2. 1~-5 3. 6-10 4. 11-20 5. 21-30 6. More than 30

6. How is your use of the reference resources of the library distributed through the semester?
1. Does not apply 2. Well distributed throughout the semester
3, Mostly early in the semester 4, Mostly during the end of semester and exams
5. Mostly the end of semester, but not during exams 6. Mostly during exam period

7. Do you think you are aware of what reference materials are provided by the library?
1. yes 2. no

8. Do you think you are aware of what reference services are provided by the library?

1. yes 2. no e

(Continued on back of this page)
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9. Do you think the majority of the library users are aware of what reference resources
are provided? .
1. yes 2. no 3. not sure

10. If you are unsure of what reference resources are provided, do you think being made
aware of them would influence your use of these reference resources?
1. does not apply 2. considerably 3. somewhat - 4., not at all

11. If you think that you yourself and/or the average user are unaware of the reference
resources provided, what do you think the library should do to remedy the situation?
1. Regular informative seminars 2, publish a "How to use the T.U. Library"” document
3. both 1 and 2 4, other (please specify)

12, Do you think all reference materials and services of the Medford campus libraries
should be consolidated in Wessell?
1. yes 2. no 3. not sure

13. What is your genefal opinion of the reference resources provided by the T.U. Library?
1. can't say 2. more than adequate 3. adequate 4, needs improving
5. generally poor

14, Please add any criticism or recommendations you wish concerning the reference resources
of the Tufts University Library.
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4)

TABLE 1: FREQUENCY OF ANSWERS TO EACH QUESTION

*
Relative/Adjusted Frequency (%)
of each answer :
1 2 3 4 5 6 7

16.6 28.9 18.6 25.7 6.2 2.3 2.6
21.5 37.8 23.5 18.7 3.6 2.9 9.9
2.6 5.5 22.1 42.3 27.4 8.0 f.0
7.2 42.9 23.1 16.9 7.5 4.2 p.9

1 19.9/8  42.9/52.4 1.6/2.8 13.8/16.3 21.8/27.2 1.6/2.6 9.9

58.5 49.5 9.9 é.0 ¢.e 2.0 4.0
23.5 76.5 p.8 - 9.0 8.0 g.9 9.9

2.6 51.5 45.9 g8 . @.90 g0 - 0.9
24.1/9 3@.6/49.3 39.7/52.4 5.5/7.3  @.8 2.0 #.0

2.9 64.2 24.4 9.5 p.9 #.8 8.0
33.9 3.5 28.7 9.0 9.0 0.9 9.0
31.9/¢  2.3/3.3 19.9/29.2 34.2/50.2 11.7/17.2 @.9 9.9

Adjusted frequencies are computed after answers that are considered
missing such as 'does not apply' and 'can riot say' are removed.

Question one was discarded since the surveys were not being handed out
during all times of the day.

dominantly 'needs improving' attitudes
c) The humanities majors were more frequently of the 'more than ade-
quate' opinion
Class and major related to frequency of library use
a) The class with the most frequent 'almost never' response was
the freshman class
b) The class with the most frequent 'almost nightly' response was
the senior class
¢) Natural science majors tend to use the library frequently but are
not as frequent users of reference resources
d) Engineering students use the lihrary mostly for reference purposes
Major related to personal awareness of reference materials and services
a) Humanities, social science, and natural science majors seemed to be
more aware of reference materials than eng..eering majors or non-
Tuf ts students
Personal awareness of reference materials related to general opinion of
the reference resources
a) Both the users who felt thev vere aware of the reference materials
available and those who felt they were unaware.of these materials

had the same distribution of oprinions on resources in peneral
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5) General personal awareness of reference resources related to assumed
resuits of more publicity of reference resources
- a) 85% of those aware of resources and 95% of those who were unaware
of reference resources believed their use of resources would increase
at least somewhat
6) User desire for consclidation related to resource use, and use distribution
© throughout the semester
a) People who never use the resources and people who make frequent use
of the resources responded more often 'mo' to a need for consolidation
b) People who use the library at particular times during the semester
were more interested in consolidation than the people who use the
the library on a regular basis
7) Frequency of library use related to general opinion of reference resources
a) The more people used the library the larger the proportion of
‘adequate' opinions )
8) Frequency of library use related to assumed results of more publicity of
the reference resources '
a) Those who used the library very infrequently thought their usage would
not increase if resources were more publicized
b) The more frequent the use, the larger the percentage who believed
their use would increase at least somewhat if resources were more
publicized

CONCLUSIONS

Since the following trends were observed in the analysis of the results of
the survey:

~ Almost 50% of respondents were unaware of reference materials
available '

-~ More than 75% of respondents were unaware of the reference services
available . .

-~ Over 80% of all users whether aware of resources or not felt their
use of reference resources would increase at least somewhat

~ The users were interested in seminars and a summary document to
help publicize the present rescurces available

~ The most frequently added comment concerned the overcrowded con-
ditions of the library, and the suspicion that this was due to a
lack of a student center

- The second most frequent comment concerned the seemingly constant
unavailability of important bound periodicals

Aand since there are probably no new, readily available funds to do do more than
continue the present acquisition policy in the reference department, the following
suggestions are presented:

- The library staff should try to compile a brief summary document list~
ing the most frequently used reference materials available in the library
including information on where to find the complete list of refer-
ence materials, and information on the services provided by the refer-~
staff

- The library staff should suggest that the University accelerate
plans to set up a stucent center, and give full support to any
such plan

'El{llC
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-~ The library staff should seriou%ly congider placing a copying
machine in the periodical area so that students can easily copy
desired information, and then change policy to state that bound
periodicals may not be taken from the library

- The library staff should, on a periodical basis, try to survey
user opinion concerning all aspects of library operation, to help
provide the best service possible
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STAFFING THE CIRCULATION DESK

Ramesh G. Nar, Graduate Student of Engineering Design,
Tufts University, Medford, Massachusetts 02155

ABSTRACT

This paper presents a technique for staffirg the circulation desk.
The technique used is the application of queueing theory. The technique
presented here can be used for staffing other desks having similar charac-
teristics. The staffing done in this problem is for existing system. Data
required for staffing the circulation desk was collected at the circulation
desk of Wessell Library. The data is analyzed and finally the number of
servers required on the circulation desk is obtained.

ILITRODUCTION

The functions of the circulation desk is to issue the books and
also to answer inquiries either by telephone or in person. There is one
circulation desk in Wessell Library. Also, there is a telephone at the
circulation desk.

Generally, the number of servers required depends upon the arrival
rate of inquiries and service rate of servers., As the arrival rate
increases, servers become busier and at some point it will be necessary
to increase the number of servers. The service rate depends upon the task
to be performed and also upon the efficiency of servers.

To get the average arrival rate and average service rate an appro-
priate model is assumed. Application of queueing theory will lead to the
proposed staffing policy. :

DATA COLLECTION

After conversation with the librarian, it was found. that particular
hours of the day are of interest. Data was obtained for line length at an
interval of fifteen minutes during the hours of interest. This data was
collected during the period of October 25, 1973 to November 6, 1973. Line
length was taken such that most of the library hours are covered. This
data is given in Table 1. Line length means the number of persons waiting
in front of the circulation desk (including the persons being serviced).




~12~

Pgnnltgn | LINE LENGTH OF AN INTERVAL OF 15 MIN.
R
8-9 | 0110- =-1120
9-10 | 01221 00211
10 - 11 112 2 3
1 - 12 123 21
12 - 13 1124 5
13 - 14 11150 00013 30324
14 - 15 02110 3332131 42211
15 - 16 1021 3
16 - 17 03131 300142
17 - 18 12012 20102 20211
18 - 19 21010 30233
19 - 20 31200 02100
20 - 21 0210 2
21 - 22 21100

TABLE 1. LINE LENGTH DATA

The average service rate was determined by collecting data between
October 31, 1973 and November 2, 1973. This data is tabulated in Table 2.

SERVICE TIME FREQUENCY SERVICE TIME : FREQUENCY
Min. (No. of Services) Min. (No. of Services)
0 - 0.5 31 5.0 - 5.5 2
0.5 - 1.0 40 5.5 - 6.0 0
1.0 - 1.5 38 6.0 - 6.5 0
1.5 - 2.0 7 6.5-7.0 0
2.0 - 2.5 4 7.0 - 7.5 0
2.5 - 3.0 4 7.5 - 8.0 0
3.0 - 3.5 2 8.0 - 8.5 0
3.5 - 4.0 1 8.5 - 9.0 0
4.0 - 4.5 1 9.0 - 9.5 1
4.5 - 5.0 0 9.5 -10.0 | 1

TABLE 2. SERVICE TIME PERIOD AND NO. OF SERVICES (in person)




Data for inquiries by telephone was collected during the
period October 31, 1973 to November 29, 1973. This data is tabulated in

Table 3.
Time Total
Date Period Time for each Inquiry in Sec. Inquiries
10-31-73 17 - 18 38 113 83 216 4
18 - 19 173 49 2
19 - 20 83 191 2
11- 1-73 12 - 13 317 93 44 3
13 - 14 15 74 209 132 321 5
14 - 15 211 93 2
11- 2-73 8 -9 33 2
9 - 10 0 0
10 - 11 119 214 2
11- 4-73 18 - 19 103 37 49 312 17
19 - 20 43 54 271 162 109
11- 5-73 15 - 16 179 22 143
16 -~ 17 93
17 - 18 114 36
11~ 6-73 13 -~ 14 311 1
14 - 15 203 1
11-28-73 | 8-9 64 1
9 ~ 10 34 127 93 193 4
15 ~ 16 205 113 2
16 -~ 17 314 273 33 78 97 5
11-29-73 10 - 11 243 287 257 131 ' 163 5

TABLE 3. TELEPHONE INQUIRIES

ANALYSIS

Mean line length, L, for each time period is obtained simply by
summing up the line lengths and dividing by the total number of measure-
ments during that period. This mean line length suggests that on the
average, there will be that many people in the line at the desk. These
values are tabulated in Table 4.
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Time Mean Line \ﬁﬁ%. of Measurements
Period Length L N
8-9 0.75 8
9 - 10 1.0 10
10 - 11 1.8 5
11 - 12 1.8 ' 5
12 - 13 2.6 5
13 - }4 1.6 15
14 - 15 1.73 15
15 - 16 1.6 5
16 - 17 1.8 10
17 -~ 18 1.13 15
18 - 19 , 1.5 10
19 - 20 0.9 10
20 - 21 1.0 5
21 - 22 0.8 - 5

TABLE 4. CALCULATIONS OF L

From Table 2, the histogram of the service iime (in person) was
drawn and is shown in Figure 1. It shows that freguency is highest when
the service time is 0.5 to 1 minute.

The cumulative service time distribution was obtained. The proba-
bility that service time is greater than time t is shown in Table 5 -
and graph of the service time distribution is shown. in Figure 2.
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Service Inquiries Probability
Time (Service Time > t) (Service Time > t)
0 132 1

0.5 101 0.765
1.0 61 0.462
5.5 23 0.377
2.0 16 0.121
2.5 12 0.091
3.0 8 0.0606
3.5 6 0.0455
4.0 5 0.0303
4.5 4 0.0303
5.0 4 0.0303
5.5 2 0.015
6.0 2 0.015
6.5 2 0.015
7.0 2 0.015
7.5 2 0.015
8.0 2 | 0.015
8.5 2 o 0.015
9.0 2 0.015
9.5 1 0.008
10.0 0 0.0

TABLE 5, CUMULATIVE SERVICE TIME DISTRIBUTION (in person)

As seen from the graph, service time appears to be exponentially
distributed. Therefore, the area under the curve w:l.11 be the average
(in person) service time 1/u {Ref. 1).
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(1] cCalculating the area,

= 0.755 services/minute.

While collecting the data for line length, there were always two
servers at the desk. From reference [1], for a two server model having
Poisson input and exponential service time, it can be shown that

[2] P =~ % +./'T“‘“

where p 1is the utilization defined as the fraction of time each server
is busy. For each time period utilization factor is obtained.

A

(31 p=;-‘-11-1

Using this formula mean arrival rate (in person), Al is obtained.
The values of utilization and mean arrival rate are shown in Table 6.

" Time Mean Line Utilization Factor Mean Arrival Rate
Period Length L p )‘1- spul .
8-9 0.75 0.335 0.490
9-10 1.0 0.414 0.625

10 - 11 1.8 0.585 0.874

11 - 12 1.8 0.585 0.874

12 - 13 2.6 0.689 1.039

13 - 14 1.6 0.554 0.836

14 - 15 1.73 0.574 0.866

15 - 16 1.6 ' 0.554 0.836

16 - 17 1.8 0.585 ’ _ 0.874

17 - 18 1.13 0.450 0.681

18 - 19 1.5 0.535 0.808

19 - 2¢ 0.9 0.385 0.581

20 - 21 1.0 0.414 0.625

21 - 22 0.8 0.350 0.528

TABLE 6. UTILIZATION AND MEAN ARRIVAL RATE }\1 (in person)




Values of the mean arrival rate (in-person) during each time period
is obtained and mean service rate is also obtained. This is only for in-
person inquiries. Now inquiries by telephone will be considered. It is
found while discussing with librarian that inquiries by telephone are much
less frequent than inquiries in person at the circulation dest. Therefore,
mean arrival rate A2 (phone) for each time period was found by taking
average inquiries per minute during that time period. Mean arrival rate
is tabulated in Table 7.

L} Time Mean Arrival
Period Rate kz
8-9 0.017
9 -10 0.034
10 - 11 0.058
11 - 12 0.050
12 - 13 0.050
13 - 14 0.050
14 - 15 0.025
15 - 16 0.042
16 - 17 0.050
17 - 18 0.050
18 - 19 0.058
19 - 20 0.058
20 - 21 0.034
21 - 22 0.034

TABLE 7. MEAN ARRIVAL RATE kz (by phone)

From Table 3 number of services that had service times greater
than t were obtained. The probability for service time greater than
t was then determined. This probability is tabulated in Table 8.
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Service No. of Services P (Service time >t
Time Service Time >t
0 55 1
0.5 50 0.91
1.0 42 0.76
1.5 36 0.65
2.0 25 0.45
2.5 21 0.38
3.0 : 17 0.31
3.5 12 0.22
4.0 . 8 0.15
4.5 7 0.13
5.0 5 0.09

TABLE 8. CUMULATIVE SERVICE TIME DISTRIBUTION (by phone)

The service time distribution is shown in Figure 3. It is approximately
exponentially distributed so the area under the curve is equal to llu2 i.e.
mean service time. Thus, )

[a] M, = 0.444 customers/min.

Mean arrival rate in person A, and mean arrival rate by telephone
A2 for each time period is known and also the mean service rate in person
and by telephone u; and U2 respectively are now knowm. Therefore, total
arrival rate and mean service rate for each time period are obtained using
the following relationships.

5] A=A+,
¥
. A A
1 2
el s ———
Xl + AZ 1 Al + AZ 2

Values of A and u obtained for each time period are tabulated in
Table 9.




@ o
. >
L ]

P(Seryice éime >t ) —m
o
»
|

0 1 2 3 4 5 ¢ 7 g 9 10
Seruice Tyme (Minuke) —>

Figure 3. Cumulative Service Time Distribution (by telephone)

2 -

ah

Total Assival Rale A —»

0-2 4

.
\ N el

o L] T L) L] L) LA  § [ ] ¥ ¥ Ad v . L4
-3 9 10 1t 12 13 1% 15 16 17 {8 19 20 2t a2 2%
Time (Hours)

Figure 4. Total Arriv.al Rate v/s Library Hours




-2l

Time Mean Line Mean Arrival Mean Arrival Total Arrival Average Servic%
Period Length L Rate Al Rate 12 Rate A _ Rate U
8§ -9 0.75 0.490 0.017 0.507 0.745
9 - 10 1.0 0.625 0.034 0.659 0.740

10 - 11 1.8 0.874 0.058 0.932 0.734
11 - 12 1.8 0.874 0.050 0.924 0.730
12 - 13 2.6 1.039 0.050 1.089 0.739
13 - 14 1.6 0.836 0.050 0.886 0.737
14 - 15 1.73 0.866 0.025 0.891 | 0.747
15-16 1.6 0.836 0.042 0.878 0.741
16 - 17 1.8 0.874 0.050 0.926 0.738
17 - 18 1.13 0.681 0.050 0.731 0.735
18 - 19 1.5 0.808 0.058 0.866 0.735
19 - 20 0.9 0.581 0.058 0.639 0.726
20 - 21 1.0 0.625 0.034 . ' 0.659 0.739
21 - 22 0.8 0.528 0.034 0.562 0.738

TABLE 9. CALCULATIONS OF X and o

Total arrival rate versus time is plottéd in Figure 4. From the
graph it is seen that the peak occurs during periods 12 to 13, i.e. the
servers are more busy during this period.

Utilization factor p for each time period for different numbers
of servers was obtained using the formula

P =

SH
This 18 given in Table 10.




Time Period ﬁtilization factor = p when

=1 g=2 8=3
8-9 0.68¢  0.340 0.227
9 - 10 0.890  0.445 0.297

10 - 11 ©1.270  0.635 0.423
1 - 12 1.260  0.630 0.420
12 - 13 1.460  0.730 0.487
13 - 14 1:201  0.600 0.400
14 - 15 1.195 ~ 0.598 0.398
15 - 16 1.485  0.593 0.395
16 - 17 1.251  0.626 0.417
17 - 18 0.995  0.498 0.332
18 - 19 1.180  0.590 0.360
19 - 20 0.879  0.439 0.293
20 - 21 0.891 ...0.446.  0.297
21 - 22 0.761  0.380 0.254

TABLE 10. UTILIZATION FACTOX

From Ref. (2), it is suggestec that p<0.667 will yield library
service that will not cause excessivi: delays. From Table 10 it is seen
that for single server p>0.667 for all time periods therefore it will
always cause excessive delays. Also, during some of the time periods
p>1 it implies that in case of single server the given length will go
on increasing. In case of two servers p<0.667 except during 12 to
13. Therefore, it is suggested that two servers are sufficient except
the period 12 to 13. For period 12 to 13 if there are three servers
P will decrease to 0.487.

CONCLUSIONS

From the above analysis three servers are necessary during the
period 12 to 13 and two servers are necessary during the rest of the
library hours. With this policy, the average :ser waiting time is 1.378
minutes. .

<
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It should be noted that data collected for line length was at an
interval of fifteen minutes. If this interval is reduced, more accurate
mean line lengths could be determined and thus, more accurate p. Besides
the number of servers required, this analysis also tells us about the
total waiting time for each person (including service time).
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STAFFING THE RESERVE BOOK ROOM
W illiam B. Rouse and Sandra H. Rouse
ABSTRACT

An approach to staffing the Reserve Book Room at Tufts' Wessell Library is
discussed. Characteristics of user demand and staff service are presented. Queu-
ing models and dynamic programming are used to determine the allocation of staff
man-hours that minimizes average user waiting time.

INTRODUCTION

This paper discusses a study of the Reserve Book Room at Tufts' Wessell Lib-
rary. Initially, the authors had hoped to evaluate the use of the reserve collection.
This would have included usage of materials as a function of discipline, level of the
course for which the material was reserved, etc. However, in developing data col-
lection methods, it becarne evident that the student staff who check-out materials were
much too busy to recerd the necessary data. Thus, it was realized that staffing of
the Reserve Book Room would have to be dealt with first,

Weekday operation of the Reserve Book Room betwean 8:30 AM and 9:30 PM
was considered. When this study began, twenty-six student man-hours pcr day were
allocated to this period. Observation easily led one to believe this was often inade-
quate. Before data collection had begun, the allocation was increased to thirty man-
hours. The results of this study show that this increase was justified.

THE RESERVE BOOK ROOM

The Wessell Library Reserve Book Room collection is shelved on closed and
open stacks. A professor may request that certain items be placed on closed reserve
because he expects this material to be used more frequently by the students in his
course. Limiting the loan period increases the probability of success that each stu-
dent will experience in requesting the item.

Wessell Library policy is that generally all closed reserve items must be used
in the Library and can only be signed out after 9:00 PM, and returned by 9:30 AM, the
following morning. The open reserve loan period is determined by the professor and
is usually specified as one to seven days. These books may be consulted without as-
sistance from the reserve desk staff.

The total collection size is approximately 15,000 items with an average circula-
tion rate of 400 a day. The room is staffed by a full-time supervisor and assistant,
a part-time typist, and approximately twenty-seven part-time students whose main
responsibility is to circulate and reshelve the reserve collection.

The operation of main concern is how quickly the reserve circulation staff sat-
isfies a user's request. Routinely, this involves a usier requesting 2 particular item
on closed reserve. The circulation attendant locates the item, stamps the check-out
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card with the student identification card and files the record at the desk. Or, for ex-
ample, a user might request to reserve an item for overnight use. The attendant, af-
ter some preliminary checking for the status of ilie item, gives the user an overnight
card to fill out which alerts interim users to return the item to the desk by 9:00 PM.

The supervisor is consulted when difficulty arises in fulfilling the requests.
Because she usually works near the circulation desk, the supervisor also serves users
when the line of users increases to the point that it significantly exceeds the number of
attendants. Generally, the assistant works less frequently near the desk and thus, less
frequently intervenes in serving users.

In summary, this paper focuses on the following three elements of the reserve
circulation operation:

1. Number of servers behind the desk, i.e., students and supervisors;
2.. Number of users waiting in line for service and being served;
3. The amount of time it takes to satisfy a user.

DATA COLLECTION

The situation as described in the previous section easily leads to the use of waiting
line or queuing models. This requires measurement of the average arrival rate of
users, A, and the average service rate, u.

Direct measurement of Awould require recording the exact arrival time of each
user. This would be very time consuming. Thus, ancther sampling approach was
adopted. The number of people in line (including those being serviced) was recorded
every fifteen minutes for iwo hour pericds. The collection periods were fairly uni-
formly distributed over the day between 8:30 AM and 9:30PM. The intervals were
chosen to correspond with class times at Tufts as this is the way in which studenthelp
must be scheduled. Between October 12th and November 15th, data was collected
for fifteen periods totaling 151 measurements. Along with the line length measure-
ment, the number of servers, s, were recorded in two categories. The categories
were scheduled student servers and supervisory servers.

The service time includes only the time it takes to satisfy a user's request and
not the time he may have spent waiting to make his request. The distribution of ser-
vice times was determined by clocking 157 services between November 9th and 19th.
The numbers of servers were recorded in the same two categories.

ANALYSIS

Testing the hypothesis that service rate was affected by the number of people
waiting in line, the correlation coefficient of service time and line iength was calcul-
ated and found to be -0,05. This appears to reject the hypothesis and thus, service
rate was assumed to be independent of line length.

Assuming exponentially distributed service times, the average service rate is
the reciprocal of the area under the cumulative probability distribution function

ERIC
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P(service time>T). This function is ploted in Figure 1. From this data, it was found
that u = 0,921 customers per minute.

The queuing models discussed by Hillier and Lieberman [1] relate » and , to the
average line length, L. Line length is defined as the total number of users at the desk,
including those currently being serviced. The sampling method employed inhis study
resulted in measurements of L for the thirteen one hour intervals between 8:30 AM and
9:30 PM. The number of servers, s, varied from one to four during the period of data
collection.

Giveny, L, and s, the appropriate model from Hillier and Lieberman was used to
calculate A (ussuming Poisson arrivals). For some time intervals, this resulted in
four estimates of A since s varied from one to four within that individuai interval. It
was necessary to determine a single estimate of A for each one hour interval since
student servers are scheduled in one hour multiples. Assuming steady-state measure-
ments, a single estimate of » was determined by averaging the foura's,

.
A= Nlngdy ¥ nghy +nghy +ngdy) )

where

o4
]

estimate of ) with s=i,
number of measurements with s=i,

"
HoZm tmptng g

Using the n:ethod described above, X (in users per minute) was determined for
each of the thirteen one-hour intervals between 8:30 AM and 9:30PM. The results
are shown in Figure 2.

Given A and u, the process is adequately described and personnel can be allocated
to the above periods as follows. The procedure used was to allocate personnel 5o as
to minimize average user waiting time, W. Waiting time includes that,in the queue
and the actual servicing. Dynamic programming [1] was used to minimize

=1

where >‘i

average arrival rate in ith period,
""i = average waiting time in ith neriod,
A=A]+A2+...+A]3.

It was assumal that no more than four students could be allocated to a given inter val
because of the limited space behind the reserve desk.

RESULTS

Figure 3 shows W as a function of man-hours per day, T, invested in the thirteen
one-hour intervals. The current allocation is thirty man-hours. Reducing the man-
hours to twenty-five, a reduction of one-sixth, increases W by a factor of approximately
five. Increasing T by one-sixth reduces W by approximately one-eighth.
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The optimal allocation of personnel for several values of T is shown in Table I.

MAN - HOURS, T
TIME INTERVAL 26 28 30 32 34
8:30-9:30 2 2 3 3 3
9:30-10;30 2 2 2 3 3
10:30-11:30 2 2 2 2 2
11:30-12:30 2 2 2 2 3
12:30-1:30 2 2 2 3 3
1:30-2:30 2 3 3 3 3
2:30-3:30 3 3 4 4 4
3:30-4:30 2 2 2 2 3
4:30-5:30 2 2 2 2 2
5:30-6:30 1 2 2 2 2
6:30-7:30 2 2 2 2 .2
7:30-8:30 2 2 2 2 2
8:30-9:30 2 2 2 2 2
AVG. WAITING
TIME (MIN. ) 2.98 1. 80 .65  1.55 1.47
OPTIMAL ALLOCATION OF PERSONNEL
TABLE 1
CONCLUSIONS

Table I shows that there is a traae-off between man-hours (dollars) and customer
waiting time. If the cost of customer waiting could be put in terms of dollars, perhaps
as suggested by Morse [2], the trade-off could then be made. Another approach would
be the use of decision analysis in a manner similar to that discussed by Rouse [3].
Unfortunately, time did not allow for an analytical approach to this trade-off. However,
Table I indicates that the "best” T is probably in the iwenty-eight to thirty-two hour
range.

It is important to emphasize that the average waiting times shown in Figure 3 and
Table I assume an optimal allocation of man-hours. Other allocations than those in-
dicated in Table I may result in substantially higher average waiting time. For exam-
ple, if the allocation of twenty-six man-hours was changed from that in Table I to an
allocation of two man-hours for each of the thirieen periods, the average waiting time
becomes 7. 38 minutes, One should remember that 7. 38 is an average and some users
will experience much longer waiting times. The reason for this dramatic increase
should be evident from the demand curve in Figure 2.

This situation is somewhat improved by the fact that the Reserve Book Room
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supervisors work at the reserve desk when the queue becomes large. However, it
would seem that one would not want to schedule supervisory personnel for regular shifts
at the reserve desk. Thus, man-hours should not be decreased below twenty-eight hour
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BOOK SILECTIOH

Cynthia 3. Koster

ABSTRACT:

The concern of this paper 1is tofanalyse the present acquisitlons
policy and to submit proposals that would lead to a ratlonal and
balanced building of rescurce materials in the University Library.
Faculty book selection policy is investigated and subjected to
statistical tests to determine which practices result in the most
effective book selection.

INTRODUCTION

At Tufts, the responsibility for boo¥ selection lies primarily
with the individual professors in each department. Specific allot-
ments are made to these departments on the basis of the number of
undergraduate majors, courses offered, and other criteria concerning
the present status of the collection in that area and the importance
of the department with respect tc the University as a whole. iIn
some departments, ordering 1s prolific, if not always discriminating,
and the allotments are often exceeded. In these cases, book orders
are sent back to the particular department, from the library, to
establish priorities for purchasing. In other departments, ordering
s sparse and without some input by the library, these areas are neglected
altogether. Retiring professors, or those leaving for another
appointment, if not replaced by another similar specilalist, leave
collections untended. Du~ to0 the increasing scarcity of non-current
publications, inattendance to a particular area for a perlod of years
reduces even a once adequate collection to a weak and dated one.

In addlition, if the oriizinal professor emphasized a speciflc aren
within a broacder field, then left his vnsition at Tufts, there is no
reason to expect that his or her replacement will order books com~
plementing the existing collection, This leads to uneven development
even within a narrow fleld.

Zven if a particular professor has a great deal ¢of lnterest in
book selection, the shear rhysical effort of screening dozens of
publishers' 1llsts, speclal area reviews. current publications' lists,
andathose for out-of-print materlals requires more time than that
availablc to most professors who frequently have invclvements
outside the general research and course requirements. Often,
thouvh professors recelve a great deal of literature and reviews,
they do not have ready accesslbility to the vast number of
bibliographic materials avallable to the Unliversity Library staff.

As a result of the inadequacy of faculty selection, at least
total dependance on such, many libraries in the United States have
begur shifting at least the major portion of responsibility over to
professional librarians in the university library. Such a
system has existcd in many German universities for over a century
and although theilr situation 1s somewhat different than that of
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most of the American universitles, the maj)or advantages to this
particular means of building a unlversity library appear to also apply
to many of the American university libraries. 1Instead of having

major responsibility for book selection in the library, where it .
appears to reszlde as far as administration, philosophy, and ratLpnahﬂu,
it is with the faculty who have 1little accountablility. There 1s alsc
an apparent lack of flexibllity due to the fact that most of the

tntal allocation for purchasing resource materlals for the library

i$ in the hands of the individual departments. This would tend to
restrict large purchasing, by the library itself or by an individual
department. Since most professors order only in specific areas they
are interested in, the peripheral areas such as socio-economics or
political anthropology are neglected. Unless there is input by the
library staff, which cannot be expected, serious gaps in the collection
might arise,

Overall coordination promotes an even and balanced growth in the
areas necessary for support of the library's clientel= its students,
both undergraduate and graduate, and the professors and staff. The
University Library at Tufts, hopefully would reach the point where
it could anticlinate these needs. Eventually, if the Library is to have
continued balanced growth, this shift away from faculty book ordering
to selectlion by professional librarians must take place. Rationsally,
book selection, and the appropriations for purchasing such material
belong within the Library. Faculty input should remazin a significant
part of selection as a whole but should not be the dominant force.

APPROACH

A questionnaire (shown below) was distributed to the faculty
concerning ook selection in order to determine the criteria used in
ordering within the departments. Questions were posed about the
existence of planning, both long and short-range, the bibliographic
materials consulted, possible support for coordinated purchasing
within the consortium, and specifically, the number of books and
perliodicals ordered by the individual professors each year. Infor-
matlon concerning length of time at Tufts, status within the depart-
ment and department were also requested. The results
Wwere tested for correlatlion, cumrulative frequency distributions
Were tabulated and tested for their statistical significance.

In addition, the three schools involved with Tufts University
in the consortium were investigated as per their book selection
policles. ‘

RESULTS

Correlations were set up between all varlables
and it was found that for all but a few variable pairs, the
correlation was negligible, The palrs that had some correlation
were all statistically significant but the actual correlation was
not particularly significant, generally explaining only a small
portion of the variance between the two varlables.

Cummulative frequency distributions for seven variables
were tested for statlstical significance and it was found that those
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QUESTIONNAIRE

1. How many books, on ﬁhe average, 40 you request.for order irn a
year's time? Periodicals? Other (please specify)? To your
knowledge, are all of these materials purchased and if not why?

2. Name some of the materials you use (book reviews, publishers?
1lists) in order to select books/ and or periodicals.

3. Are you responsible, within yuur department, for one particular
area of study? 1If not, do you coordinate your selection with the
other professor or professors who share your field of interest?

4, Do you or a student on work/study check all orders against the
card catalogue prior to submlitting your list to the library?

5. Is there any short range planning, per year, for the particular
development of one area within your department? If so, how is
this determined?

6. Is there any long range planning within the department to build
a collection of basic materials only or is there some general
plan for development, to the "research level" in a particular
ileld?

7. Do you feel that the selection of books belongs primarily within
the separate departments, 1f so why?

8. Would you support a shift of selection from individual professors
and departments to a professional bibliographer in the Library,
i1f not why?

9. Due to money constrailnts on the individual departments, 1s there
any internal division of allocations between areas of study or
is it first-come, first-served?

10.Is there any attempt to categcrize the requested books according
to importance pricr to submitting the 1list to the Library? (eg.
"top priority", '"mecessary 1f money avallable") If there 1s no
such system, wauld you support the institution of one?

11,.Do you have any specific suggestions as to how book selectlon
can be improved? : -

12.Tufts Universlity has joined three of the surrounding universitles
in cross-registration and there 1s limited coordination between
the various libraries (including Boston Public Library). Would
you advocate joint purchasing of particularly esoteric materlals
between these librarles-or intensilve development in a partlculear
area of study at one of the librarles with other libraries contri-
buting a portion of the cost?

13.For those departments concerned, is there any coordination, at
least at the level of checking avallable materials, with the
Fletcher 5School Library?
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14, When a new program/course is added, is there any study of the
present collection in this area, or a speciflic list of
necessary materials submitted to the Library prior to the program's
inception?




professors resgsponsible for a speciflic area of study within hls or her
department ~rdered significantly more books than those not responslble,
in a ratlo of about two to one. (t-test, 0.025 level) 3Results

showed that those professors either having thelr own short-range
planning or were members of a department having such planning also
ordered significantly more books than those professors lacking all
short-range planning.{(t-test, 0.005 level) Assuming that those res-
ponding to the questionnalre are more interested in book selection
than those not responding, 1t would be expected that both the results
of responsiblility in an area and short-range planning would be even
more significant if a larger sampling was obtalned.

The results of the investigation at the other schools parti-
cipating in the consortium tend to substantiate the assumptlons
that faculty inpvt 1s generally not adequate for buillding a balanced
collection. BothBoston University and Boston College have book-selection
policles requiring professional acquisitions librarians. It was felt
at these schools that faculty input was not adequate and was un-
coordinated with respect to the total collection. The shift to
professionals has been in the last four years and has been found to
be superior to the previous policles of faculty selection. Although
there 1s continued faculty input, 1t 1s coordinated closely and in
consultation with the librarian responsible for their fleld. 1In
both cases, faculty opposition has not been a problem though at
Boston College there 1s a continuing lack of interest in library
selection policies which serves to limit faculty input. Brandels
University has a selection policy similar to that at Tufts University.
Theilr policy appears to be based on a lack of money avallable
for hiring an adequate staff for an acquisitions department with the
responsibilities of those at Boston University and Boston College,
Also, there seems to be general satisfaction, on the part of the
Director of the Library, with the quantity and quality of faculty
book selection. Though there 1s no specific plan for any future
shift to professionals, the feeling 1s that there would be little
faculty opposition Af such a shift occurred, providing that professors’
orders were still glven high priority for thelr selection.

CONCLUSIONS

Due to the lack of correlation between varliables such as
number of books ordered and long-range planning or responsiblity
and policles for adding new programs, 1t appears that there 1ls little
or no policy for book selection among a large percenktfige of the
faculty. Though they are definitely opposed to a shift to library
responsibility for acquisitions (64.7%), there does not appear to be
any sort of continual coordination elther by the individual professor
or in most of the departments over a long perliod of time. Unless
such planning is introduced, allowing continued faculty control over
book selectlion will serve to promote uneven, unplanned acgulsitions.
At this point, faculty selection 1s not a functlon of their status
(tenured or non-tenured), years at Tufts, or the size of thelr
particular department. Its basis appears to be signifilcantly
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related to responsibility and short-range planning. 1t 1s proposed
that since those professors with specific responsibility in an area
within thelr respective departments do vrder significantly more books
than those without such responsiblllity, specific areas for ordering
should be determined and assigned to each professor within all
departments. This would 1ncrease accountabllity and perhaps the
overall amount of hooks ordered. FEach department spuld also insist on
some planning=-flexible yet with specific directlon- of each professor.
This should be articulated to all members of the department to increase
coordination and comprehensiveness. This individual planning could
be incorporated in the baslc, long-range goals of the department itself.
Library committees should be set up in each department, one or
two professors depending on the slze, in order to malntain optimal
communication with the Library. It would also enable the department
itself to ascertain whether areas are being covered adequately.

Because of the general policy at Tufts University, primary
emphasis has been placed on bullding the undergraduate collectlion.
There should be serlous re-evaluation of the existing graduate programs,
specifically the doctoral programs. If the polley is goirg to support
undergraduate needs first, there should be a simllar emphasis within
the departments themselves. Certainly 1f the cost of building up
an adequate set of research materials for a graduate program 1s
explicit 1{ considered as a cost of that program., decisions could
te made With respect to the existing programs ( and any new ones
proposed) in a realistic manner.

Concerning the long-range goals of the University Library,
there should be serious discussion among those elements most con-
cerned- the administration, the faculty, and the Library. The
pattern set up by the top fifty colleges has indlcated that Tufts
will have to re-consider its present acqulsitions'! pollicy in the
future. If there 1s golng to be substantlially more support for
graduate programs than there has beer in the past, a shift to pro-
fessional librarians with responsiblilty for book selection and
general collectlion buillding must take place, If the policles
regarding the Library's growth are going to remain primarily
concerned with development of an undergraduate collection, then
the changes indicated within the departments and between the depart-
ments and the Library should be adequate.

Though the sample size 1s not great, it 1ls Telt that the
conclusions are supportable.if the assumption %s made that the more
active professors responded to the questionnaire. Of the 21 i
departments that returned at least one questionnalre, there are
about 250 full-time professors {instructors were not included in
this sampling), resulting in a sample equivalent to about 1/5 of
the total professors in these departments. In some departments,
five professors returned questlionnalres and thus represented from
1/5 to 1/3 of the total in the depa rtment. Though the statistical
evidence produced only two significant areas affecting book selection,
"1t 1s felt that 1+ does represent a portion of the faculty and thus
reflects at least several of the ilmportant attitudes towards book
selectlion.
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A STUDY OF THE UTILITY OF ENGINETRING SCIENCE PERIODICALS

Joseoh Codi
&
Flaine NMroz

ABSTRACT

The purpose of the project was to determine criteria for nlacing
journals into remote storage in order to provide space for the aceommo-
dation of new journals in Tufts Lufkin Eneineering Library. Journal
usace was stutied ns a4 function of type of journal, and of use of @
particular volume at the time of usace, The Bradford Distribution
wne used #s @ method of correlating tne data with results of pravious
ragearchers,

INTRODUCTION '

Lufkin Library is the lareest branch of the Tufts University
Libraries. In Lufkin, volumes pertainine to the Encineering Sciences
and in some cases, to Applied Msthematics and Physics are housed. The
Journzl Collection consists of roushly 400 “1tles, some of which date
from the late nineteenth century, As plans are under way to combine
the Encineerine Collecti-n with the entire Mathematics and Physics Col-
lection in the space which is currently filled by Engineering volumes,
it is obvious that steps must be taken to provide space for the most
frequently used volumes. : ,

For the purposes of the nroject the journals were classified into
two cateenries accordine to emphasis. Those Journals which were primarily
academically orien_ted, dealine with articles of a theorétical or research
nature were classified as Yscholarly.” Journals which were commercially
oriented, pertaining to aprlications snd techniques, and dealing with
the theoretical aspects of a nroblem on » more superficial basis were
designated =s “"trade" jouranls. These classification were determined
bv insrection of recent volumes, It was felt that the utilitv of a
iovrnal may decreasse differently with time devpendent upon its character-
istic. Of the journals for which dnts was collected, 68% were of a
scholarly desienation, znd 32% were considered trade journals.

Library jouranl usage also was classified into two catesories, The
first catecory is that of charge=outs. In this case, # journal is re-
moved from the librzrv for a span of up to two weeks in the case of
stufents, or up to a month for faculty.  There is, however, a liberwsl
workine rerewal rolicy in which books @are charged-out for #n indefinite
length of time subject to call-hancks, This option seems to be most
widely used by graduate students.working on theses or resesarch projects.
The charee-out date is not recorded; however, the due date, which in this
case is totally analarous is recorded generally in two spots. The due
date is s*smped on both the circulation card which is filed at the cir-
culatinn desk while the volure is out of the library, and on the inside
back cover of the volume, In peneral, if the number of usacges were so
~xcegsive as to reguire more than one card, the r-cord of prior usages
cnuld be found by checking the buack cover,

The second catecnry of usace. is the in-house usages., In this case
# irurnal may he trken off +the shelf for guick reference or 1o make a
cory of a particular nnse or article., Even more qlan1¢1cantly. the
in-hanse use mav be for the rurcose of resesrching a project or paver,
In this case, the in-house ussdge is very nesrly ecnivalent in utility
tc a charge-out us=vce,

A furtier natural distinction to be made is between bound and un-
hound verindicrlss. As 1rnsﬂv stated, hound volumes pravide & ready
and scenrete recnrd of ussees nd dates., dlowever, unhound journals
precent n srecial nroblem in thzt there is no per~snent charge-out
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record. It apreared that unbound journals were rarely ever unstacked.
However, if a charge-otit does occur, the usage is temrorarile recorded
on # nre-nrinted slin of paper st the circulation desk. The due date
may he stamped on the inside back cover, or a slip with the due date
ray be cvarer-clipped to the journal, In both instances. the record is
nei*~er permenent nor reliabhle,.

Althoush some research “as been done intn the study of obsnlescence
of scientific journsls, one of *h+ foremost rese:rcher, B.C. Brookes,
emphasizes the need for recognit .on of the uniqueness of each library's
sitvation (1). Usage in & university library will be different from
usave in a public library or ussfe in & research firm, However, there
may be different user needs anéd habits between liniversities. In addition,
even within a university there sre at lesast two different classes of
userss faculty, who are often contributors to the literature; and stud-
ents whose jourpal usage may be viewed as & measns of ultimately becoming
a user with characteristics similar to the faculty. <Yhus, although we
can lonk to the work of previous researchers for cuidance, we must
devend on our own results for our conclusions.

In 1948, S.C. Bradford (2) oroposed a model by which he saw a means
of dividine periodical literature into zones of usefulness. His law
states that if periodicals =zre arransed according to the number of artie--
cles that each contains on a riven topic, then the total periodical col-
lection can be divided into equal usage zones sugh that the successive
zones will form a seometric progression of tsmin“in’s... with a nucleus
of journals comprisins s orest rercentare of che usares, This rrinciple
has subsequently been expanded to consider acquisition and usages as
telated to a girilar pattern of nucleus and progression of journals of
a civen utilitv.e Perhaps because of the relatively small number of
journsls studied, the rceometric profression did nnt seem to hold,
However, the concerts of a nucleus of most-used journals and of zones
of equ#l usage have rroved useful in the datn analysis. This phenomena
may be viewed from two ansless one from the dimension of age in which
we assume the nucleus of uses is around the tive of publication of the
eiven volumej the other from the dirension of irdividual journal, wkere
the nucleus of which journals contribute the most to usage figures must
be determined fro~ the collection of data.

It is to be noted that there is an historical usage of periodical
scientific literature as well as a nurely scientific usarce. As &
journal of a civen yenr ceometrically aprroaches scientific obsolescence,
it may gnin somewhat from an historical perscvective, Exx#ctly what cone
stitues a scientific usase as opoosed to #n historicsl one is difficult,
if not impossible to determine. Checking back to an origrinal source may
be viewed as either kind. However, for the nurroses of this endeavor,
only scientific usaces were considered si’nificant.

DATA COLL=CTION

n many orevious studies resewrchers felt there wias a vaucity of
available data , or a problem with attaining a rerresentative ssmple,
Thig was rot seen to be a prohlem in this psrticular instance, as every
avzilanhle bit of data was recorded and comniled.

As previously imnlied, it was fessible to collect dauta only for
journals which were bor'nd, #Although 2 significant portion of the col-
jection was unbound, we must trust thzt we are not drastically biasing
our results by considerines only bound copies, Si-ilarly, we avoided
occurrences of historic:1 usares hy arbitrarily choosing as a sturting
p2int for duta collections volumes published in 1950, Thus, 24 years
worth of recordaple data was transcrihed,
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Charge-out usaces were recorded by notineg the journal nume, year
of rublication of the snecific volume, and +he dite of erch ussge from
bindinrs until the rresent. In effect, the information nresent on the
circulation esrd was revlicated., If a wsace occurred in » v-olume which
contsined more than one yenr"s publication, the usage was recorded as
having occurred in the earliest year, In this way we eive the user the
benefit of the doubt in any are-usage analysis. Renewsals were recorded
as serarate usaces, but only to a maximum of two renewals {(or, equivalently,
a totul of three usaces) for =ny one user at one time, This was arbia-
trarily chosen to minimize the Adifference hetween a "lonse" charge-out
and one in which the volume is renewed periodically but perhaps not
actually used, Subsequent to the recordine of data, the journals were
checked to determine their content a#s being trade or scholarly.,

In-house us»ces were r:-corded by relying on the gcood-will of the
library patrons. A sien explainine the project was posted in the stacks,
nlone with notes in the desks recuestine thut =ny journal used during
the visit to the librsry not he reshelved., Daily trivs to the library
were mzde nt which ti~e erch joirnal use was rccorded slong with the
date of the volume and the fate nf the ussce, The volumes were then
reshelved tn lessen the chance of o journsl beins used twice but recorded
onlv once. 4his data was collected over # period nf two months.
Unfortunatelv, due t~ ti~e constraints, the time period was mid-semester,
presumrably a low nnint in in-house usage,

DATA ANALYSIS

n analyzing the data, it was necessary to keer in mind two separate
methods. of avrroach, Thé first objective is to determine which journsls
comorise the nucleus of most used books, after Bradford®s pronosal, and to
determine in which zone any eiven journal falls. The second objective isg
to detsrmine how journal usage decregses with time,

In determ’ng the Brzdford distritution the journals were first
separated by the scholarly-trade criterion. The scholarly jsurnals com-
erising over 2/7 of the titles were arraneed in descending order according
to the total number of usages »f the journal over the 24 year period. The
journals were then groured into é zones, each corresponding to roughly
200 ussees. The results of this grouping is shown in Table 1. As can be
seen, the first three zones consist of only 10 journal titles. Thus, 7%
of the scholarly journal titles account for 50% of the usaces since 1950,
A simjilar arransevent wasg made of the trade journals, excert that in this
crse 7 7ones corresvrndine to 85 uses each were msassumed, From Table 2
we see that the eirsht journals which comprise the top S5 zones account for
?1% of all trade journal use.

It is also interestine to note that 35% cf the scholazrly journals,
and 33%of the trade journals were never charged-out over the 24 years
which were studier in this project. These journals #sre listed in Table 3.

We hsave, in this sanalysis neglected the in-house usange. Are the
journ=ls referred to while in the library the s#me us those which are
freouently chnrrsed-out? Sirzngely ennugh, this did not prove to be the case,
In both trade and scholarly 3-urnals, there anpearzd tg be an unfair
balsance toward usace in the rezrely charged-out zones. hére is no ap-
parent exvlanation for this, except that there may have been & common
reason for not using these journals outside the library,-and for usine them
while in +we library, Nonetheless, this phenomenon must not be over-loéked,

In determinine journal usare as a function of ace, the distinction
wae s+ill maintained between trade and scholarly journals, ‘lowever, it
was found that the difference in usare was not very significant, with




TABLE 11 Usare Zones for ®cholarly Journals
(number listed is number of times used since 1950)

Zone 1

Water Poll. Cont, PFed. J. 125
Seware & Industrinl Wmstes fg
26ne 2

ASCE Transactions eu
Inst., of Radio Ene, Proc. 59
Sanitary Eng'ne J., ASCE 62
Zone 3

American Concrete J. 35
Am, water Wrks J. g
Eneinerine News Record 36
IEEE-Microwave Thry & Tech, 54
Je of Fluid Mechsanics L2
Zone 4

Archives of Envmntl Health 24
Aviation Wk & Spce Tech, 24
Bell Svstem Tech, J. 25
Electrical Eneineerins 17
Geotechniaue 17
IEEE Proceedines 31
Inst, of Ftetnls J. 21
J. of Appl. MNech, 18
Soil Mech & Fndtns,ASCE 22
Zone 8§

Air Poll. Cont, Assoc. J. 11
Anplied Scientific Rsch. 9
“Am, Soc. of Mech Ene. J. 9
Atmospheric Enevironment 8
J. of Boston Soc, of Civ. Ene.15
Je of Heat Transfer 9
J. of Sound Vi*ration 10
N.E, Water Wrks J. 13
Solar Enerey 8
Struct., Dive J., ASCE 10
Traffic Quarterly 14
Waterwnvs& Harbors, ASCE 8
Water Resources Rsch. 13
Zone 6

Aeronautical J.

Am, Ind. Hyegeine Assc,

ARS

ASC¥ Power Div,

ASCE Transnortation

ASCE Surveving & Maopring
Am, Soc. of Mth Statistics
ACM Communications
Autrmation & Remote Control
AIAA Journsl

British J, of Appl. Phys.
Bull~tin of JSME

Eng, Mech., Div, ASCE
Exprmntl Mechanics
Electronic Technology
enersl Mnators Eneg. J.
Hieh Spd. Gvnd Transotn J.
IEEE-Rlectronic Devices
IEEE-Computers
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Zone & (cont.)

IEEE-Computers

IEEE-Nuclear Science
IEEE~Antennas & Propgtn
IEEE-Information Theory
IEEE.Circuit Thry
IEEE-Communication Tech.

JEEE Power Anparatus & Systems
IEEE-Aerospace

IEEE~-Audio & Electrical Acnustics
IEEE-Brdcst & TV Revrs
IEEE~Geoscience Electronics
IEEE Instrumntn & Meas
IEEE-Magnetics

IEEE-Sonics & Ultrasonics

IEEE Systems & Cyhernetics
Int, J* of Eng. Sci,

Int. J, »f Non=Linear Nech -
Int. J. of Sci & Tech,

Int J, of Mech. Sciences
I.B.Ms Journsal

Irrieation & Drainage, ASCE
Int, J, of Heat & Nass Transfer
J.of Inst., of Electrical Eng,
Int., J. of Solids & Struc.
Intern@tion«1 Science & Tech,
J. of Applied Mth & Mech.

J. of Basic Engineering

J. of Materials

Je. of Eng, for Industry

J., of Mech. Eng’'ng Sciences

J. of of Inst. of Blec. Engnrs
J. of Mech & Phys. of Solids
J. of Fth & Physics

Je of Composite Mnterials

J. de NMechanique

Je. of Alrcraft

J., of Eng., Science & Tech.V
Machinery

Machine Design

M-terisls Science & Eng'ne
Metallurgical Soc. of AIVE Trnsctns
Methods .of Computation
Materials Resesrch & Stnds
Public Roads

Solid Stat Electronics

Soil NMechw=nics & Pndtn Eng,
Quarterly J. of Mech, & Appl. M%h
Qusrterly of Appl. Mth

SIAN Review

Nuclear Safety

Nuclear Enginee-ing Desien’
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trade journ#ls reaching obsolescence slightly sooner th&n do the scholar-
lye As can be seen from the grachs in Fie, 1, maximum usage occurs

2-3 yesars a‘ter publication and then begins a steudy decline, The concept
of h#lf-life is useful in determining the rate of obsolescence., Half-
life is the term used tn denote the number of years in which half of the
total number of remaining usases will occur. In other words, if =a

journal is to have a total of 50 uses, 25 of these will occur during the
first half-life, 12 will occur durineg the second, 6 in the third, until
the no-usage State is ssymototically aprroached. There avpeared to be

a well-defined half=life of 3 years for trade journals, The value for
scholorly journals was not so easily determined, 50% of the total usaces
for scholarly journals was reached within 4% years. fowever, the obsoles-
cence accelersted somewhat, with 80% of the usages having occurred after
9 years, or 2 half=lives, This ranid acceleration continues for scholarly
journals, seo that by the end of 3 half-lives (13% . years), 94% of the
usages hnve occurred, whereas in 3 of the trrde journal half-lives, only
87% of the uses occurred. In terms of real years, which of necessity is
the mensure which will be used, it is found that trade journals reach
their maximum usage sooner, and drop more cuickly to obsolescence than

do scholarly journals, For ex:mple, after 12 years, 91% of the scholarly
usaoe has occurred, as ov-osed to 95% of the trade usage., After 15 years,
9% of the scholarly usage has occurred, and 99% of the trade ¢harge=out,
usage, Once again, it is important not to nerlect in-house usage. It
was found that 9U% of the in-librarv usages were volumes published since
1959, or in other words, 94% of the usaces were of volumes less than

15 vears of are,

CONCLUSION

In final =n=alysis, it apnears that the decision of when to remove
journals from open circulation is A matter of choice for the library
staff, h~sed on the dats now available. It apresrs to us that “retiring®
journalg 15 years subsequent to pihlication is certainly a ress-nable
prolicy, as it provides for rourhly 97% of the usage., However, it would
also seem reasonablas to retzin in the library all volumes of the journals
which fall in the top 4 zones in the trnde category, @and the tor 3 zones
in the scholsrly division. Thus, *the 16 most freouently used journals
would be available at all times. The only conflict of this policy
with the dats collectdd would be in the strange zoning of the in-house
usages, However, it is felt that because such a large percentage of
even the in-house uses occurred when the journals were less than five
years old, retaining 15 years of volmes will cover 211 but a very
small pvortion of desired uces,

It is importsnt to note the nossible pit-falls in these recommenda-
tions, Firstly, we have cornletely discounted "historical " usage
on +he assumption that it seems a srmall sacrifice to m=ke in terms of
providing more svace for current literature. There may be those who
disreree with this supposition, We were unable *o collect data for
nnhound volumes, and their ussoe pattern is only assumed to be similar
to that of bound volumes, Thirdly, it is important not to generalize
the results nf this survey to #ny other situation. For instance usare
of math 2nd physics journals muay possibly he of a different nature than
that of ensineerines jonrnals, Finally, there is a need for the periodic
check of the validity of the results. A journal may at this tite be in
a low usace zone hecause it has just recently been subscribed to bv the
library, In fifteen yenrs it may have become so popular as to move
into & ton zone. Si~ilarlv, new interests in different encineering
topics meov apresar in the followine vears. For instance, as nir and
water rollution journals h:uve become ropular in the pvast six or seven
years, insurnils deslinz with enersy nroblems will almost certaninly come




into fashion in the next two to three yeurs, ZThus, it will be impor~
tant to watch closely the behavior of journal users to keep the library
r~licy in =ccord with user demands. It would seem gdvisable to keep
current data on disappointed users bv asking them to indicste whether
thev were unsable to use # jinurnasl becsuse it had been placed in storage.
In this way, sany inconsistencies between policy and user needs c#n be
auickly recoenized and rectifieds In addition, we recommend a continuing
study of in-house us#ses to see whether the trends which were apnarent
from our small amount of data are valid,
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TABLE 2t Usace 7ones for Trade Journals
(number listed@ is number of times used since 1950)

Zone 1 Zone 7 (cont.)
American City 73 ndustrial Desian
Zone 2 Industrial Researgh .
Yy Industrial %ater Eng'neg
Electronics 71 Machinery ]
Zone 3 kechanical Engineering
ivil Enfineeringe b2 hetal Progress
Water & Sewace Wks. L6 Power Flant Zngineering
Zone U ' Prestressed_concgete Ins.
EnsInecrine 40 grgd;ct Encineering
Public Works 45 ety

Rgilway Age

~ Zone 5
Wachine Desion

Roads & Streets

31 S.A.E.

Prorrecssive Architecture Le Structural Enzineer
2one € : $ra{ficEQu§rter}y
Fiomi . . astes Engineering

Jflgglgi:;;iign§;gifr lg Water Works Engineering

Matrls. in Eng, Desion 11 World 0il

Nuclecnics .9

Power 13

Royal Aeronautical Soc. 9

Water Wastes & Eng'ng 19
Zone g

Alr Cond, Htne & Ventlns 1l

Aerosnace n~ineerine 1

Americsn ¥achinist 6

ASHRAE 1

Automotive Industries 2

Consultine Engineer 2

Control Eneineerine ?

Electrical fYnrld 5

Electronic Desicn 1l

AN N = N = - O FW WW F VN



TABLE 31

JOURNALS WITH NO RECORDED USAGES

Scholarly

Acta Mechanica

Acustica

Aeronautical Quarterly

Am, Soc for Eng'ne Education
Electronics lLetters

Haat Transfer

High Prequ. Tech & Electr
Hygeine & Sanitation
IEE<T-Component Parts
IERF=Broasdcasting

IEEE-Education ,

IEEE- Electrom.g. Comp.
IEEE-Industry & Generdl Aprl,
IEER-Ind. Electrnes & “ntrl. Inst.
IEEE-Prod. Eng'ng & Prdctn
IEEE=Relighility

IEEE-So'id State Circuits
Int. Dig. of Health Leg,
Ingenieur

Ingenieur Archive

Inst. of M.E. Automntive Dlv.
Int. J of Numerical Wthds,
J. of Biomechanics

J. of Encineerine Granhics
J. of Engineerins for Prwer
J. of Lubric=tion

J. of Materials

Ju of Motion Pict. & T.,V,
J. of Nucle~r Phvsics

J. of Physics
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OPTIMAL TRACING PROCEDURES by
John Archer Bly

ABSTRACT

This paper concerns methods of evaluation of library tracing
systems, using statistical computer programs and system simula-
tion. It suggests an effective use of cross-tabulation of data
in order to find relationships and possible areas of improvement
in staff.and user searching procedures. It investigates how the
spacing and the number of traces affect user and staff costs in
order to generate optimal tracing policies and possible educative
programs to alleviate such costs.

INTRODUCTION

How effective are present tracing policies; do they minimize
user and staff conts? The method of analysis used to answer sich
questionas is quantitative and stresses the technical aid of a com-
puter. Since data is readily available on library tracing systems,
in that one need only save trace cards, computerized data analysis
is partieularly suited for this subject. The programs used are
simple and can be mastsred by those with only a passihg knowledge
of Basic or PFortran. Any library wishing to implement the techniques
illustrated, need only ask a local student or computer facility te
rur. its data through a system such as the DEC 10 at Tufts University.
In doing so it will obtain an evaluation of its system's tracing
characteristics, the number of traces which should be made, and the
optimal spacing between such traces.

At Tufts any user can ask to have a trace made on a book. The
traees average the first, fifth, and i'inth weeks during which time
such a user must wait until the trace is successful, an average
of four weeks, or until the ninth week when the beok is declared
missing.* The number ef books being traced times the number of
weeks that they are out of circulatien is defined as book-weeks lest..
Boek-weeks lest are a cost to the user and are considered as a value
to be minimized. The proposed methods attack the preblem of minim-
izatien by simulating the effects that different tracing policies
have on book-weeks lest, and by dotorminin{ what areas contribute
an over-propertional ameunt of boek-weeks lost.

The body eof the paper is divided inte those steps that weuld
be necessa to implement the appreoach to trace evaluation advanced.
It begins 5¥th data cellection,

DATA COLLECTION

Statistically, the more sample data ths better; as long as
no major changes have been made on the tracing system, records geing

*Data quoted in the first half of the paper results from several
statistical computer studies made by the auther on the Tufts Uni-
versity tracing system.
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back one or two years should give a statistically accurate analysis.
On the other hand if only two or three months are available, a good
description of the tracing system can still be obtained, if the data
is fairly consistent. Each trace repott should contain information
as to where the book was found (ie. the circulation file, the mis-
sing file, the correct location in the stacks, misshelved by x num-
ber of books, never found, etc.), the time elapsed before the book
was found, the trace mumber on which the book was found (ie. the .
first, second, or third etc.), whether or not the book is usually
located in a special location, the length of the call number, the
discipline of the book, and any other pertinent information that
might affect tracing policy. Leaving out any of these tracing var-
iables infers a lessening of the possible number of cross-tabula..
tions, and consequently a lower scope of evaluation. In particular,
the time elapsed before the book was found, and the trace number on
which the book was found are necessary for nearly all the techniques
used in this paper. .

S.P.S.S5. EVALUATION

Having typed the datgrbonvenient variable formats, the system
i8 ready to be evaluated. Calling a statistical package, such as
the Statistical Package for the Social Sciences (S.P.S.S.), at the
Tufts University Computer Center, one asks that the rclative frequen-
cies of the variables mentioned in the last section be calculated,
so as to procure a general overview of what 1s happening in the trac-
ing system, Thisvan idea of the relative importance of the differ-
ent tracing areas, the effect that time has on the sucesss of a trace,
and the possible lack of data points for any of the variables. Like-
ly results are that one finds a large probabability of success for
books found in their correct loecations, and a comparitively small
one for books located through the missing and reserve files. Any
deviation from expected norms should reveal problem areas and, per-
haps indicate possible solutions. For example, if a user asks to
have a trace made on a bhook, one expects staff to check the files
nearby in order to try toc locate the book, and thereby avert the
necessity of instigating a trace. If one finds a larger than nor-
mal expected relative fraquency, such as the relatively large fre-
quency found in the missing file at Tufts University, one questions
why and searches for ways to reduce -this figure, Likewise, if one
finds that the relative frequency of books found does not decrdase
with time or trace number, or if it varies in amy peculiar way it
should questiondd, understood, and hopefully improved.

To engender an improved understanding of how the frequency of
successful traces does vary with respect:to time and trace number,
one can obtain a pictoral grasp of the situation by askig the statis-
tical package to plot some histograms of the time variables. A his-
togram is an actual physical reprssentation of the distribution of
rétstine frequencies. It not only aids in the evaluation of the
probabllity distribution of the different areas in which the book
was found, but it will also help to choose the probalistic tracing
function with respect to time, when it beccmes necessary to simulate
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the effects that different tracing policies have on the tracing

system considered, The following are examples of histograms cal-
culated from cross-tabulated data on the Tufts University tracing
system for which the approximate frequency distribution curves are

included, v
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What determines the nature of these curves? One expects to find
a smaller percent chance of finding a book as time gces on, thus
implying the cumne should be downward sloping. The general curve for
all books 18 concave up. It orosses the y axis (percent of missing
books found) implying a certain percent are found immediately, and
then withan increasing slope the curve eventually becomes asymptotic
to the time axis, implying t¥a a percent, albeit very small, will
crop after a long number of weeks have passed. Concave upwards
seems to be an expected rate from student delinquence; some students
just don't get around to returning books until after a good amount
of time goes by - sometimes putting the book directly into the stacks
to avoid paying a fine, Curves concave downwards, eg, the missing
file, mishelved books, and to a lesser extent, the circulation file
seem to be related to the internal characterisztics of the areas in-
volved.
For example, books reshelved in the wrong locations., Here there
is a very strong concavity nearly as many books found in second trace
~as the first. This statistic sharply contrasts theoverall average,
We look internally for the case and find (bolstered by contributing
statistics) that the high percent found on the second try was most
likely due to having missed a higher than normal percent of these
books on the first trace, If these books had been shelved in their
correct locations a much higher percentage of them would have been
found on the first trace and a lower percentage on theSecond trace,
The concavity to the origin means that books are returned to the
shelf, on the average, later than usual - thus adversely affecting
book-weeks lost. Comparing the meantracing time for misshelved
and correctly shelved books, one finds an average of 3,05 and 1.86
weeks respectively, which implées over a one week mean difference,
Considering that misplaced books make up about fourteen percent of
all traced books, this amounts to a substantial number of book-weeks
It is possible to Yook at these areas with a different statis-
tic in mind, that is the percent of all books located in an area with
respect to the other areas over time. 1In the study done for Tufts,
the missingfile illustrates such a usage. If one looks in the mis-.
sing file on the first trace it should not be necesgsary to look
there on later trac:s, vet this area produces an increasing percent
of all books found with increasing trace number, 12.7%, 18.2%, and
28.6% respectively. Most likely staff underestimates the high pro-
portionality, 15%, of books found there, and thus concentrates on
lotherareas such as the stacks, ets. :
LS
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Considering slow response rates as preventable, one seeks to
find solutions which will tend to normalize the tracing time curves.
For misshelved books an effort can be made to improve the tracing
rate to correctly shelfed standards by searching . in such a fashion
that books surrounding the correct location (statistics indicate a
ten book 1limit on either side) are perused with an equal rigor to
those in the correct location. This takes but a few seconds longer
while it obviates the neccessity of later traces, thus saving time
(staff and user) on the whole. As to the missing file, it is sur-
mised that staff underestimates the statisiical proportionality of
tracing successes there, thus leading to a laock of exactness in its
use on the first trace. Realizing the Small amount of time invol ved
in searching this area and the substantial success rate (15%), efforts
to normalize the missing file'S - return rate through staff education
of its relatie proportionality would seem uworthwhile.

Other interesting statistics include the fact that nearly all
traces originating on specially-located books were instigated pra-
cisely because those bboks are aarmarked for special locations,

Staff and users seem to have abnormally slow success rates with such
books. An increasing percent, with respect to time, of books traced,
16%, 214, and 28%, are specially-located books. Realizing that

these books represent 18% of all traces, sducation to insure improved
recognizance would most likely be lucrative,

There exiztz a slight sluggishness in the circulation file's
tracimg time curve, attributed to the misfiling ef circulation cards,
As with books, circulation cards are cccasionally misfiled when a
student worker is in a rush or when he confuses a long call-number
#ith that of anothenbook.. An occasional inventory bvolstered by staff
dilirence in searching several cards on either side of the card's :
correct locati on, should ameliorate the situation.

SIMULATESGN

In order to simulate tie effects that diffeent tracing pol-
icies have on a tracing system, one must estimate the system's dis$-
tribution function, fit i*, and construct equations which model the
different policies. The cholice of the parametric form of the
probability distribution function, is one of the most important
and difficult problems in the evaluation of data. Since such a func-
tion w#ill be used as a base from which decisions are made, accurate
construction is paramount. In particular it will help us to
observe through system simulation, the resultant implications
that different tracing policies have on the tracing system, and
the number of book-weeks lost. Effectively our goal will be to
minimize this nunmber while remzining within various cost constraints.

At Tufts, histograms resulting from the statistical computer
package, indicated that the overall tracing distribution funection
is approximately exporesntial with respect to time, Therefore,
assuming that the probability of finding a book at time t, fr(t)=
xjexp(-x2t), one estimates the x1 and x2 which most accurately
reprcsents tne data, by utilizing one or another cune fitting pro-
gram available at most computer facilities. Testing the curve
with goodness of it criterion one can obtain an idea of the model's
accuracy*, and consequently the validity of_subsequegt simulation

!



essays,

In order to observe and eventusally minimize tke number
of book-weeks lost to the user given certain cost restrictions,
it is best to construct an equation which calculates book-weeks
lost given a probability distribution function and the number of
traces to be done. Since, for the Tufts system, the probability
distribution function is approximately of the form f(t)=xjexp(xat)
one can calulate the cumulative distribution £(¢) b{ simpl
fi_n{ggrating. Then F(t)=(x1/x2)(1-exp(-x2t)) which is graphed as
ollows:
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To calculate the number of book-weeks 198t one multiplies the
number of books being traced times the time these books have been
out of circulation, Suppose, for example, there are traces the first,
fifth, and ninth weeks, respectively, After the initial trace the
first week, F(1) books have been out for one week giving F(1)x(1iwk,)=
P(1) book-weeks lost., After the second trace on the fifth week
there is a corresponding contribution of (f(5)-F(1))x5 book-weeks
lost to the system., En total, after the third trace there have
been t1F(ti)+ta2(P(t2)-F(t1))+t3(F(t3)~F(t2)) book-weeks lost, where
ti=1, t2=5, and t3=9, Any boog still unaccounted for after its
third trace is classified as missing and, therefore, disregarded.

Given n traces to be made, one can, using arguments similar
to the one above, find equations which calculate the number of
book-weeks lost for those n traces. Using such methods, the author
has written several computer programs which, given the number of
traces to be made, prints out that trace sequence which minimizes
the number of book-weeks lost; such a trace sequence being the op-
timal spacing pattern for that number of traces, For example, at
Tufts during the period under study,i1487 book-weeks of cireculation
time were lost due to books which were in the process of being
traced. Simply changing the spacing of these traces from the
present policy of tracing the first, fifth and ninth weeks to a policy
in which one traces the secrnd, fifth and ninth weeks one saves more
than one hundred book-weeks., giving approximately seven percent
reduction. This change is fairly easy to implement requiring only
staff educatbn as to the time differences, but it cuts, without
increased staff costg the costs to the user,

Using programs of this .sort one can simulate the effects of
any policy changes.-i,e, by how much will the attendant number
of book-weeks r ise or fall by adding or subdracting a trace or two

*The modeled distribution function for Tufts zave a standard
error of one, and mean difference from data of one tenth out of a
hundred, '



to a given trace system? By how much will the trace system zain or
lose by movine towards or away from any one optimal tracing sequence?
Such questiens are Important for any library and should not, con-
sequently be overlooked. ~

One of the first lessons of operations research is not to re-
ly solely on one's intuition. Therefore o¢ develops some form of
cost-benifit analysis, Given an idea of the probability of find-
ing the book on the nth trace, the general-'cost of each book (in-

. cluding processing and cataloging), and the cost of staff time, one
need only estimate the time necessary to search in each_area to set
up the following coat-banefit criterion:

Let pp=the probability of finding the book on the nth trace.
Let Vathe value of the book, including processing and cataloging
and let C=cost of search=WgxT.,whereiTg=the staff time necessary
to search, and Wg=the staf% wige per unit time. To make the searches
cost-wise valuable the expected value of these searches should .
by greater than zero, If not, one is spending more on looking for
the book than it is worth. O0<E(value of search)=p,V-C, or p,5C/V.
Thareforea one only traces in an area as long the probability of find-
ine a book is greater than the cost of such a trace divided by the
value of the book.

. Using staff estimates as to the lenkth of time it takes to search
in the stacks, and in the files for:a book, it was determined that
at Tufts the probability of finding a book in the stacks and in the
files should be approximately .02 and ,005 respectively before any
one area merits a trace.

Using these criterion one checks the dsta to see how close the
staff came to these limits. At Tufts, tracing in the stacks on the
third trace yielded only a one and two percent success for mis-
shelved and correctly shelved books respectively. The total, three
percant, puts the system rather close to the allowable limit of
2% probability for the stacks. For the files there is a four per-
cent chance of finding a book, whereas the allowable 1imit is about
half a percent, This means that there is a good leewsy for expan-
sion of the number of traces in the files.

If data is sufficiently large it is possible to use another
computer program to pinpoint the optimal number of traces which .
Should be made, ie, the amount by which one should expand the pre-
sent number of traces, From the cost criterion it was established
that one traces in an area as long as C/V ptzthe probability of suc-
cess of the nth trace. Remembering that F(t, )gives the number of
books found on the nth trace, p,=F(t, )-F(ty_3) c

#Ufntuuks-tn-study> n,
Given optimal spacing for each sequencecy~Cna .merely expands the
number of traces until_F(ty)-F(t,.1)

# of books In st/V.

This process can be readily evaluated by using saéveéral programs
available upon request from the author, Thess programs exhaust the
different possible optimal spacing patterns and their attendant
probability of the success on the last trace. Simple perusal estab-




lighes both the optimal number and optimal spacing of such traces
for any given system,
One zhould then compare these optimal solutions with the prée-

vious method usad, At Tufts University, criterion indicated that

- ore should increase the number of traces by two, in the comparitive-
1y inexpensive to search files. This implies a twenty-five percent
reduction in bock-weeks 1loif over the old system consisting of-¢&
ing with an optimal trace spacing solution consisting of tracing on
the 1st, 2.5th,4th,6th, and 9th weeks.

CONCLUSION

The S.P.S.S. program run for Tmits suggests education as a
means -to improve what seems to be slow response rates in the
missing file, misshelved books and specially located books.
Recoznicance as to the high proportionality of the missing file's
sucecess, increased riror in searching ten to fifteen books on
either side of a book's correct location, and user education as to
the importance of noticine whether or not a book is earmarked tor
a special location should save both staff and users from a lot of
aggravation and time lost. 1In addition, statistics indicate that
if students would echeck again after a lay or two have gone by to see
if the book thev want traced has turned up on the shelf, they
would avoid what seems to be the greatest proportional contributer
to book-weeks lost: that is internal bookhandling., A hand-out to
inform users of the aforementioned problems would perhaps be the
most effective way to acheive such an education program,

Inereasing the number of traces in the file areas and using
the optimal spacing patierns suggested, a cut-back of over twenty-
five percent"book-weeks lost, can be realized in the Tufts University
svstem. Similiarly, any library investing in a program of evaluation,
such as the one outlined here, should find a satisfying increase
in user denefits while keeping a check on staff costs.
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AUTOMATED LIBRARY SECURITY SYSTEMS: EXTRAVAGANT OR PRAGMATIC 7
a.b, karlin, 1.d. solomont, n.,a, tanana

ABSTRACT

The purpose of this study is to investigate whether or not
Wessell Library has a problem of yearly book losas that is large
enough to warrant the installation of a sensitized security device,
Our investigation has shown clearly that a sizable problem exists.
Our report is divided into three sections. The first analyges
the workings and effectiveness of the available syatems. The
second describes the problems and solutions that local-ares
libraries have found., (Most of this information was collected
during interviews with the staff of the various libraries). The
third section of the report evaluates the deterrent systems with
respect to Wessell's individual economic and physical problems
regarding book theft,

INTRODUCTION

The problem of theft in libraries has increased dramsatically
in recent years. Several companies have risen to the challenge of
designing and building efficient electronic systems which are
deterrents to book theft, and many U.S. libraries have chosen to
take advantage of these automated devices despite the costs
involved. Our investigation of the situation has led us to the
belief that the library security problem is large and that the
remedies are basically effective, though not foolproof. Should
Tufts University make the investment? Will the returns reaped
justify the money and effort spent?

ANALYSIS OF LIBRARY DETECTION SYSTEMS: COST AND EFFECTIVENESS

To cope with these problems of book losses, libraries have installed
electronic equipment which can detect books being removea
without being properly charge out. Several such systems which
we have investigated and analyzed include the 3M Tattle-Tape
Book Detection System, the Remington Rand Bookffark System, and
the Checkpoint Mark I and Mark II Library Security Systems.

The theories of operation of these models differ with
regard to the method of sensing the book nassing through the
system; but all have the same essential objective: to detect
8 book which has not been properly charged out.

These systems fall into two categories: “"bypass” and
“full-circulation" systems. To initiate either of these, firet a
portion of the library collection must be sensitized. In most
cases, this is done by placing a thin strip or book plate made

-with a sensitive material in each book.
The library staff then reshelves the books; and from this
point on, all operations proceed as usual. When someone wishes
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to borrow abook, it is taken to the circulation desk where the
librarian processes the book as usual, In the case of a bypass
system, if the circulation desk is aset up at the exit, the
livrarian simply hands the book to the borrower around the
sensing screen. The person is then past the device and will
not trigger the alarm, Had the borrower neglected to give the
librarian all the materials that s/he wished to charge out, the
alarm would have been triggered, and the turnstyle locked. This
system is called a bypass system because the librarian must
pass the book around the security device.

A full-circulation system differs from the bypass method
in that the books can be desensitized at the circulation desk
and carried through the sensing devices without triggering the
alsrm,

There are several problems inherent in both these systems,

A bypass avstem requires that someone be at the sensing units,
which are typically located at the exit, If the circulation
desk is immediately at the exit, this presents no problem. If -
the circulation desk is not at the door, each time a patron
returns to the library with a charged-out beook, the guard must
recheck the book when the patron leaves so that the book cannot
trigger the alarm. The full-circulation system alleviates
these problems., It provides the facility for books to be
desensitized. During the charge-out process, the librarian
desensitizes the book so the borrower is free to re-enter the
library at will, It also eliminates the necessity of a circulation
desk at the exit; a guard would not be essential to recheck the
books, )

The 3M Tattle-Tape Book Detection System is a bypass system,
The cost for all of the hardware is $17,500 which includes the
sensor, turnstyles, and controls for the system. A book is
protectedbya$,16 metal target. There are several deficiencies
in the 3M system. Holding the beck at the proper level or angle
will allow = berrower to take a book without completing the
proper charge-oiit procedure, The sensing device is essentially a
megnetic’ detector, which creates the problem of an unwarranted
number of false alarms,

The Checkpoint Mark I Iibrary Security System is also a
bypass system. The cost for the hardware is $4,600 which includes
the sensor, turnstyles, and controls., A book is protected with
a $.165 metal target. This system is also a sophisticated metal
detector which accounts for the occurrence of a large number of
false alarms, The range of sensitivity is limited to a smaller
area than other devices, allowing library users to easily
avoid the system. Because of the deficiencies in the Mark I
system, Checkpoint has recently introduced the Mark II Library
Security System. This can be set up as either a vypass or a
full-circulation system, The cost of the hardware is $5000, and
this includes the aenging devices.and turnstyles. Each book
target costs $,i0,

If this system were to be implemented as a full-circulation
system, there would be an additional cost. In order to desensitize
the book, the librarian would place an additional tag in the book,
This desensitizing tag would be put in the book during the tcharge-
out procedure and remc'red when the book is returned. The cost




for these additicnal tags would be $,005 a piece, This system
as a bypass sytem requires that the circulation desk be adjacent
to the door., Problems exist when the Mark II is used as a
full-circulation system: for the desensitizing tags are easily
removed, allowing a would-be "long-term" horrower to remove

a tag and place it in another book in order to desensitize it.

As a bypass system, the Mark II is nearly foolproof. This
is primarily because the method of sensing is completely
different than the magnetic field detection or metal detection
systems, It seems, in addition, to be the simplest system to
operate, though it does requires that the circulation desk be
near the exit,

The final system we considered was the Remington Rand
Book-Mark System. This is a full-circulatien system, The ceost
of the hardware is $20,000; and this includes the sensing units,
controls, traffic ceunter, alarm, automatic turnstyles, and
three sensitizing and desensitizing units, The cost of the
targets depends on the type desired. The targets are priced
as follows; p1ate~typ¢-—§.08. spine-type-$.10, and double-
adhesive pericdical-type—3.15. This sysiem provides all the
advantages of a full-protection system while being very reliable,
As beoks are charged out, they are passed over a desensitigzer
which will permit the book to be removed and bréught in°witheut
setting off the alarm, As the books are returned, they are
passed over a sensitizer, The system is essentially a magnetic
field detecter. To eliminate unnecessary false alarms, magnetized
items are to be desensitized on the book desensitizer, This
prevents an item that is not a book from triggering the alarm,
The system also has proevisions for multiple-exit contrel from
a central lecation, . See figq. a4

No system will be feolpreof because there will always be
people who will try to bypass it., An important facter, theough,
is that an automated detection system will save the library
& considerable ameunt of monéy in the long run, More impertant
is that a livrary’s collectien will ‘centain that many mere
books for the use of its .patrons,

USE OF DETECTION SYSTEMS IN VARIOUS LIBRARIES

_ In additicn te the workings of each security system, we

investigeted various Bosten-area libraries and their security
systems, We also corresponded with other U.S. libraries acress
the country, At each of these libraries, our intention was to
assess the varying security problems and te subsequently relate
thess difficulties to those of Tufts®' Wessell Library., Hopefully,
the experiences of these libraries can help Tufts’ staff to attack
their security problems more objectively and wisely,

Our first stop was library A, The building was rather old
with many separate rooms and an abundance of windows with no
screens which could be easily opened by patrons, Presently,
Library A has the 3M Tattie-Tape system and has met with great
success relative to their previous situation,

Library A has approximately 280,000 volumes, Prior to the
installation of the 3M system, the library was enduring a yearly
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book loss of about 8%, some stolen, some misplaced, . VMonetarily,
this meant a $358,400 annual loss (calculated at $16/book= cost+
processing--the cost we will assume for all undergraduats libraries).
Certairly, their former security system--six security guards--was
proving rather ineffective, Az one of the library personnel
explained, there were several reasons for the large amount

of loss via theft. Library A had two main exits and several

“sub” exits. The abundance of exits definitely increased their
vulnerablility to theft, In addition, students had been often

known to remove books through open windows (one reason newer
1ibraries, including Tufts, have air-conditioning and sealed
picture windows)l Library A's guards were sufficfently negligen%

te e considered ineffective to combat book theft, In fact, one

hed been known to doze off sporadically.

In general, then, the operation of Library A was in jeopardy.
Its important service to the community was threatened by the
very fopulation it was attempting to serve., Too many people could
rnot find the volumes they needed,

And, so, after consideration of several automatic security
sysiems, the 3M Tattle-Tape device was chosen and installed, At
rresent, only about 16% of the entire collectien (ar- "~d 45,000
volumes) are protected (at $.16/book=$7200); and th. »mall
amount of protection has resulted in an approximate Yu% reduction
in loss (determined by a sampling of high circulation books--
about 2% of the collection).

In any case, the estimated drop from 8% to 4% is sufficient to
justify the 3M cost, even though the guards have been retained,
Costs look something like this:

Rental/yr. till purchase $6600
Protection all new items 6500
Guards salaries 21,626

$ 3228 /yr. L3/

0f course, this does not include the initial $72C0 tagging fee;
yet either way, these costs surely are justiriable in the light
of a $179,200 savings in bouks and more volumes on the shelves,
Once purchase ia complete, the yearly cost will also be further
reduced. .

The people at Library A have been pleased with the results
of Tattle-Tape. There have been no public relations difficulties;
in fact, the siricter attitude has motivated an increased respect
for the services the library offers, False alarms have been a
problem (the nearby subway system has caused some interference).
Although the system is not foelproof, for the run-of-the-mill
student crook, it is an effective theft-prevention device,

Library B is a medical,dental library and has had the 3M
system for two and a half years, Their problem was mammoth nearly
beyond comprehension. They had a 23% yearly loss of their 60,000
volumes at an estimated $525,00 per year (approximately $30/book
since almost all are scientific texts)., Most of the stolen books
included new texts and bound journals, Bound journals are difficult
to replace, thus incurring an other-than-monetary expense to
Library B, Apparently, most theft was caused by studentis, though
the very urban setting of this library could indicate outside theft.
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In any case, the justification for installation of a 3M system
seems clear, Library B bought the system, They randomly
protected about 50% of their collection (30,000 books at $.16/
strip=$4800), and personnel at the circulation desk monitor the
system at the one exit, Thus, the initial cost was approximately
$25,000, and their yearly additicnal cost for protection of
4500 new yearly acquisitions is $720,

After two and one half years, Library B has cut its loas
of new books from 23% to 5%. /3/ Extending thisstatistic to
the general collection, we can expect that loss has been cut to
less than 5% since new volumes (along with bound journals) are
perhaps the "hottest” items of the collection. This decreased
the lost book fee from $525,000/year teo around $90,000/year--
certainly much better, but by no means & trivial expense,

Our next visit was to a small college in a rather quiet,
rural area. The statistics we collected from the head librarian
were somewhat sketchy since the staff had not yet completed an
up-to-date inventory. However, since the general feeling had
been that a large percentage of their 60,000 volumes were missing,
Library C's administration decided to purchase an automated
device for their one exit (which had always been unguaided ),
After lengthy investigation, they decided to purchase the early
model Checkpoint system at a $4600 cost, Due to the business and
management emghasis of their curriculum, Library C's staff tagged
all social science volumes and approximately 45% of the remainder
of the collection, They tag all new acquisitions (4500 books/year
at $.165 per tag=3$745/year). In addition, many books have
dummy tags in them.

Library C has had their Checkpeint system for cne and one
half years., They have not, &8s yet, completed statistics showing
changes in loss, but they feel confident that the loss has
been reduced and that the initial and yearly costs have been
worth. monetary and service savings, Many fewer people are
complaining about missing books, Although the system is not
foolproof, as has been pointed:out, it is an effective deterrent
to theft, The majority of users will not go to the bother of
attempting te outwit the system,

Library D, situated in an urban setting, also recently
installed a Checkpoint system to protect their 150,000 volumes,
Their yearly book loss had been estimated at ,6%-~or a yearly
loss of $14,400, The claim is that theft has been cut to virtually
0%, This claim is questionable, since though all new acquisitons
are tagged, only a small percentage of c¢lder books have yet been
protected., The librarian we interviewed expressed his helief that
most students do not know which Books are tagged. This ignorance,
he felt, has helped the system to be effective until now,

Library E is in the process of installing the Remingten
Rand Book-Mark System, A staff member informed us that though
it is difficuit to assess the percentage of the 70,000 volumes
which are lost or missing, the noticeable increase in complaints
concerning missing books warrants the installation of the device,

This brings us to a question of philosophy. At Library E
the monetary loss was not determined exactly, The staff feels
that each velume has more than monetary value attched to it, If
an important, quickly-circulating book is missing, the services
the library offers become limited., To many a librarian, then,




thelr hest service to the public 1s worth the wichest cosats of
machinery and manpower,

At Library 3, 130,000 of twe volumes will he sensitized,
Library & 1s the orly New Fnclan? librarv thef hag purchase? such
a system, We 414 contact non-local 1ihrariegs an? receivend
some information from a small Zalifornia college which recentlv
installed » Boo=¥Far' gvstem, Thev claim that after installatior
of the svztem book loss was reduced 75,2%, Thelr first vear
savings approached 114,500,

Besldes investigatine sutomatic svstems, we felt 1t wonl?
be heneficial to lookx into various "marnual" security svstems,
Iibhrary F came to mind immediatelv, Tihrarv ¥'g security
has an eventful history attached to 1t which we were ahle to
learn ahout, Ir the early 1600's, Ti*rarv ¥ had stac*s closed
to all! students ard public alike, If & registered studert
wanted a hook, he had to request a stack ewplovee to locate it
gand hand it over, There were no exit guaris and no one hnt
students rersistered ir the 'Iniversity could check out hoo%s,
Apparently, one sentlemanrn develoned ar elahorate means hy
which he was able to steal over 1500 hooks, He was Alscovered
when a prospective buyer of a used book, noticed the Lihrary F
stamp on the volure, The "rorue" was apprehended, and Iihrarv
F hecan thelr verv strict suard system which remalns to this
day, Twe stacks are now open to enrolled students only, Tihrarv
F, then, 18 theoreticallv an open stack (rot to the puhlic)
1ibrary with a rather effczative cusrd gvs©-er whlch "svphons” peonle
out of the ore exit, Traffic patterrns and the lavout of the
builldine allow this system to work well, ILibrary * has 3,000,000
volumes and adds approximatelv 50,000 acquisitions yvearlv, One
1ibrarian indicated to us that an inventory i1s considere? next to
impossible, Thus, there are no avalilahle book-loss statistics;
yet the litrrarian was confident that the loss factor is miniwal
and thwat present security measures are effective, Under
consideration, presently, 1s the proposal to halt all circulation
outside of the library so that all hooks will he availlable nearly
full time. _

In correspondence with the business manager of Library G,
one of the pioneer users of the 3V system, we have learned that
their security problems (loss of 230,000-%50,000 per vear) leAd
them to lnstall thelr svstem, Thoush there are false alavms,
Library G has found the system to he a heneficlal aid to servine
thelr students and have saved on msnpower, (See Fisure 2.1)

The Levittown Public Lihrarv has issued an extensive report
on 1library security. Thelr samplings indicated that witw 1007
protection, the 3M system can eliminate up to 817 of the book
loss; 50% coveraze showed a 78% loss reduction; 25% coverage
indicated between 50=75% reduction; 10% coverare Tesulted in
a 50% reduction., This last statistic 18 one which samples
books which were randomly tasged, When there was 107 coverare of
books selected by the staff, the loss reductlon reached 69%, The
Levittown report also indicated that loss of unsensitized hooks
within the 3¥ system was also down approximately 507,

Random or staffeselected tazzing cmn be controversial,
Levittown Ilbrary conducted time studies which indicated that
with Tattle-Tape the former method cost 3,032 per 1tem in manpowers
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the selected tassine cost $.092 per item, /&7 These charses will
be in addition to the 3,15 cost for each strip,

Unfortunately, trhe Levittown report focused on the 13¥
gsystem, However, the findines are likelv to follow in other
situations., In general, then the report supported the
widely-held notion that theft deterrent systems in libraries are
cost-effective and beneficlal. This is the general feeling we
also had after visitine the various libraries, 1In each case, hoo¥
loss has been reduced enough to credit the systems as powerful
adn effective, In addition, the devices are hecowins wmore and
more popular. Before 1970, perhaps only one half dozen U,S,
1ibraries had automated devices, Since then the need has srown
and so has marketina and purchasink of the systemws,

WITHER WESSELL?

Other colleme libraries have realized their securitv
problems and found solutions to them, We have investisated
the Nils Yngve Wessell Library at Tufts Unlversity,

Periodically, members of the Wessell staff sample hooks to
determine what is in the library anrd what is missing, For
the past few years the figure of 1,1% missins bhooks has been
recorded annuslly, 1In the last count this figve had increased to
1.84 This "missine” firure includes hooks mis-ghelved as well
as those stolen from the library. This 1,8% of 250,00 volumes
gone from the library collection means a $73,000 anrual loss,
VMany of the books will not he returned to the collection: either
the "thief" will never return the hook, has himself lost or
damaged 1t, or questionnaires sent to related academic departments
will fo unanswered meaning faculty does not think the book important
enough to be reordered, Wessell is losing books, time, and
money, A security problem exists,

There 18 presently a ruard system at Wessell wherehy
people file out of the library and show the zuard thelr material,

| !

GUARD
ENTRANCE

The suard makes sure books marked with the "Tufts University”
stamp have been correctlv checked out, Why should Wessell have
a security problem, then? OCne reason is that the suardsg are
ineffective in stopping theft, In a small sample survey of
Tufts students, it was found that some admitted having taken
books from the librarv without usine proper checkout procedures,
Many students sald the ruards do not check them and sometimes
were asleep, Students often exit throuszh the wronsg door; and
when more than one person exits, the guard often checks the
person closest to him while the other(s) pass by, Women's
purses are seldom, if ever, searched, How many chances there are
for someone to “"steal"” a bhooktil
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Small survey of students at Wessell Library
Question 1: Do you think a security oproblem exists
in Wessell I.ibhrary?
Not1l6 Yes:f No Answer:l
Question 2: Have you ever taken a book from the
library without properly checking 1t out?
No:24 Yesid
Question 31 Would you be opposed to the installstion of
an automated security svstem?
No323 Yes:15

How might Wessell cut thelr book theft? One solution
could be to strenghten the guard system, The problem 1is
How to strengthen it, Library doors cannot be made to be
cne way due tu Fire Regulations, A turnstyle could be set
up at the exit to permit a check of singly=-filed persons,
But if the guard still does not search completely, the
turnstyle will be worthless, Wessell hires retired men
for guards at $2,35/hr, 120hrs/wk = $tzpoo/yr for in-
effective guards and a $72000/yr. hook loss. Ther are no
statistics to see if women checkers might be more effective,
No one cag just tell these guards to be more consclous ahout
book thefg and expect a drop in book theft, Something more
has to be done , especlally if theft continues to rise,

Humans cannot thoroughly do the Job, Therefore, we
looked into the aforementioned library security systems.
At several 1libraries we visited the security systems are
set up at the circulation desk so that hooks are by-passed
by the library staff as one easy step of the check out
procedure, At Wessell, the circulation desk is set quite
far from the door, }

Card

Catalogues

Circulation desk

Stairs

Guard

There 1s almost no possibility of moving the clreulation desk
becanse of limited space, If a by-pass system were set up
by the door, users would have to check out books at.the
circulation desk and have them rehandled and checked by those
guards, )

What Wessell needs 1s a full-circulation system such

as the Sperry Rand Book-Mark svstem, By tagzing ahout

25% of all books, hook theft will be cut by 50%, no worry
about moving the circulation desk as the books will not have
to be by-passed at the main exit, The guards, althoush not
necessary for operation, can remain if onlv to be awakened

by the system alarm,



CONCLUSION

Who wants yesterday's papers? Who wants to lose money
if they don't have to? Why should many suffer the evils of
a few?

One would think a 372000/yr risinz loss to be signif-
icant, This 18 more evident when one realizes this means
a 4500 books gone/year, and closer to home, over 12 books/
day missing, DNoesn't this mean something to someone?
Noesn't this inconvenience wore than one user? And therels
no end in sight to the risineg hook loss, College 1s becoming
more competitive, It is getting more important to have
"that book."

The Sperry Rand Book-Mark system will hopefully stop
"that book"” from leaving the library by illegal means,

The "book™ will remain as part of the collectlon,

For a $20000 initial set cost for the Sperry Rand
system, plus $6250(not includine labor) to install
targets in 62500 volumes(25% of the 250000 volume col=-
lection), letting the guards retire gracefully(saving
iuzpoo). Wegsell will save in the first year:
$72,000/2(minimun loss-cut) plus 3{2000(ruard savings),
minus the costs of the system, %$20000 plus %42%0,

This 1s a $21,750 savings to Wessell in the first year alone.
Money talks, -

It seems pretty obvious to us that the Wessell lihrary
should seriously consider the Sperry Rand system as an
alternative to the guard-and-hook-loss_ system pregently
in use,
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Proposed Automated Systems for Wessell Librarv

INITIAL cost/ TARGET RESUI-TS
C0oSTq TARGET INPUT),

cannot he easilv
implem:nted due

Checkpoint 84600 .165 310312, 50 " to the location
Mark X of e¢irculatior
desk

very clumsy as

: full=cire
Checkpoint 4800 .11 37127, 50 model, removahle
Mark I tahs
(full- .005 '
cire) 2
cannot he easily
implemented due
3-m 3172500 .16 $10000 to the location
Tattle= of cirec Adesk
tape
B} : best all-around
~..3perry $20000 .10 36250 system for Wessell
Rand 3 w/224750 first-year
Book=mari savings :

1) Sensing hardware

2) Additional cost for desensitizine labels

3) Spine-type targets most efficient

4) Costs based on tagging all reserves, highest cirenlated
hooks, and all wew acquisitions(25% of all volumes)




- lom

REFERENCES

/17 Checkpoint Mark II "No Headache" Library Security System,
Checkpoint Systems, New Jersey,

/2/ Provlem: Book Theft, Solution: Book-Mark, Library Bureau
Division of Sperry Rand, New York.

/3/ Willer, "Library Security Report®., 1973.

/87 Sheridan, Robert and Martin, P.W, Results of Tests Conducted
to Determine the Need fer a Book Theft Deterrent Device and

the Ability of the Tattle-Tape Electronic Book Detection System
to Reduce Theft, Levittown, New York, November, 1972,

/5/ "Book Bugging: Possible Answers to Library Theft," Science,
January 23, 1970,. '

/87 Schefrin, Rita. "The Barriers to and Barriers of Library
Security.” Wilson Library Bulletin, H.W, Wilson Co., New

York, May, 1971, pp.870-877.

127 Library Annuai Report, Californis, 1972,



