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Abstract

Social networking services that connect a person to other people are attracting our attention and various
types of on-the-network services are provided. Library has been playing a role of social media by providing
with materials such as books and magazines, and with a place for reading, studying, getting lectures, etc. In
this paper, we present a method for finding candidates of groups of the library’s patrons who share interest
areas by utilizing the loan records, which are obtainable by every library. Such a homogeneous group can
become a candidate for a study group, a community for exchange ideas, and other activity group. We apply
the method to a collection of loan records of a university library, find some problem to be solved, and
propose measures for more detailed solutions. Even though the potential group finding problem still remains
a lot of problems to be solved, its potential importance is very high and thus to be studies even more for
future applications.
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1. Introduction

Due to the recent development of ICT (Information and Communications Technology), quite a lot of
people rely on the Internet services today. Especially social networking services attract people’s attention.
Library has been providing with social services and plays a role like a social media. Considering the
vigorous change of information access environment, libraries need renovate their service model. In this paper,
we present a method for finding candidates of groups of the library’s patrons who share interest areas. Such a
homogeneous group can become a candidate for a study group (see [*! also), a community for exchange ideas,
and other activity group. The interest area data as a patron profile is defined from the library’s loan records
as in the same way as our previous studies ™!, Interest areas are useful in order to capture the features of a
patron and to use them for supporting the patrons with learning new knowledge. For example, university
libraries are supposed to help their student patrons with learning in the ways not only with just providing
learning materials but also with advising them what to learn, how to learn, with whom to learn, etc. based on
the patron’s learning history, learning style, and other features in learning. Such services are very important
for university library as a part of the university, where its major mission is to educate students.

Based on such a motivation, we deal with the method of finding homogeneous groups of patrons based on
the similarities of the profiles of student patrons by using the loan records of university library. Such
methods are considered to be also applicable to other types of libraries such as public libraries because the
library’s main mission can be considered to educate their patrons in their information skills.
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2. Loan data and fundamental concepts for analysis

The library’s loan records we use in this paper are provided by the Central Library of Kyushu University,
Japan, for the academic year 2007 (from April 2007 to March 2008) ™. A record consists of the book ID,
book’s NDC (Nippon, or Japan, Decimal Classification) number, call number, borrower’s renumbered patron
ID, affiliation, and type, and the timestamps for borrowing and returning dates and times, etc. After the
preprocessing by eliminating the records that lack necessary information, 53,182 records are left, which
becomes the target data for analysis. As many as 5,718 patrons are remained after preprocessing.

Our aim of this paper is to find a group of patrons who have similar interest areas. To begin with, we
define the concept of profile for interest areas using the LRs (Loan Records) 3!, We use the NDC numbers
for “areas” and define the “interest areas” of the patron by the ratios of the numbers of borrowed books of
the NDC numbers by the patron. NDC is a hierarchical system where the top-most level consists of 10
categories from 000 to 900, and each category is divided into another 10 subcategories, and such
sub-categorization continues several times. The top level categories of NDC are; 000 (General Works), ...,
300 (Social Sciences), 400 (Natural Sciences), 500 (Technology or Engineering), ..., 800 (Language), and
900 (Literature).

We define the interest area profile as a 10 dimensional vector by using the top-level categories of NDC.
Each element of the vector is the ratio of the frequency of the borrowed books in the corresponding top
category of NDC. To define formally: Let p be a patron. The profile of p Prof(p) =< rogo, ro0, ..., feoo >,
where r; =f;/ ;?ggoof,- and f; =#{l:a LR | borrower of [ = p, category of [ =i} for i =000, 100, ..., 900.
We take the cosine similarity for the similarity measure for profiles in this paper.

3. Finding the candidates of homogeneous group of patrons

In this section, we investigate and develop a method of finding candidate group of patrons with similar
interest areas by using the loan records described in Section 2. We calculate the similarities of all the
16,344,903 pairs of students. Then we can see that most pairs (9,072,290, 55.5%) have similarity of 0.
Further 1,383,927 pairs (8.5%) have similarity of 1, which means that the interest area vectors A and B have
relations A = kB for some non-zero number k. This relation of similarity of 1 gives an equivalence relation
and we can patition the students into groups using this relation.
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Figure 1. Numbers of Groups According to the Group Size

Fig. 1 shows the numbers of groups with the sizes marked in the x-axis. The sizes vary from 1 as
minimum and 1,383 as maximum. From the figure we can see that there are 1,617 groups of size 1; i.e. the
patron who have no other patrons with exactly the equal interest area pattern. Also we can see there are 114
pair groups and 42 groups with three members having the equal interest area pattern.

We discuss this grouping method from the view of taking it for study together. Size is important for study
groups. If a group size is too big, i.e. it consists of quite a lot of members, it is very hard to let all the
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members study appropriately. On the other hand a group with small size may cause a trouble. Even though
the most appropriate number of members depend of situations such as the matching of the members, what
subject or textbook to learn together, the way how to run the study group etc. From our experience, the most
appropriate group size might be 4 to 6 in a typical study group.

According to Fig. 1, the 64 groups having the group size from 4 to 8, i.e. 342 patrons in total, can be
recommended as study groups as they are. Let us choose a group which consists of 5 members. Even though
the numbers of books borrowed by them vary from 27 to 9, their profiles are the same in the sense they
borrowed the books from NDC 400 (Natural Sciences) and 500 (Technology) in the ratio of 8 to 1. For the
groups with the size from 1 to 3 (i.e. for 1,971 patrons), it is recommendable to extend the group size by
adding 1 to 4 or 5 members who have high similarity to the members of the groups. It is more difficult for
the groups with the size greater than 8; i.e. from 9 to 1,383. Even though the group size is too large, the
members profiles are exactly the same (except the number of borrowed books), we can not decide how to
divide them into subgroups with appropriate sizes.

In order to develop an appropriate method for dividing the large groups, we need to find a new measure
for further investigation. One idea for new criterion is to introduce more sophisticated similarity measure for
more precise comparison of interest areas. We take a closer look at the largest group, which consists of 1,383
members. Even though the numbers of borrowed books of this group vary in a wide range from 127 to 1, all
of them borrowed only from the NDC 400 (Natural Sciences). The second largest group consists of 846
members, and the numbers of books borrowed by one patron vary from 63 to 1. All the members borrowed
with NDC 300 (Social Sciences). As we inspect other groups, we find that other big size groups also consist
of patrons with very limited interest areas. For example, the third largest group is for NDC 500 (Technology
and Engineering), the fourth largest one is for NDC 900 (Literature), and so on.

As we see the ratios of the number of patrons according to the numbers of NDC categories (from 1 to 10)
of a patron, nearly 60% of patrons borrow the books only from 1 NDC category. Further, about 1/4 of
patrons borrow books from 2 NDC categories and 1/9 of patrons from 3. Thus about 90% of patrons borrow
books only from 1 to 3 NDC categories. As we see the profiles of top 11 students according to the numbers
of borrowed books, 2 patrons borrowed books from 3 NDC categories and the other 9 borrowed from more
than 3 categories, and 2 patrons borrowed from all 10 categories. These students are rather exceptional.

Now we investigate deeper about the group with maximum size where patrons borrowed only the books
of natural sciences (NDC 400). We take the similar approach to the subcategory of NDC 400; i.e. from 400
to 490. The total number of books borrowed by them is 7,682. The books in the category 410 (Mathematics)
are borrowed most among these 10 subcategories. The next largest is 430 (Chemistry) followed by 420
(Physics), 460(Biology), 450 (Earth Sciences), and so on.

As in the same way to top level NDC categories we calculate the similarities of 955,653 pairs of 1,383
patrons. As we see the frequencies for 0, 1, and between 0.0 and 1.0. This time again, quite a lot (657,799,
69%) of pairs have similarity value 0. Among the rest classes similarity value 1 takes the most frequency
(67,293, 7%). In the similar method as above we classify the patrons with the relation of similarity 1. Then
the biggest group consists of 205 patrons, who borrowed only books of NDC 420 (Mathematics). As the
result of using the subcategory of NDC with the order of the number 10, the group size becomes very small
in comparison with using only the top level NDC numbers of the order of 100. However the biggest group
size of 205 is still very big. We still need to put even more measures to divide such groups.

The first issue is about the fundamental questions on our approach: “What students are good as amember
of study group?” and “How can we find the possibly good group from the loan records (and other data)?”
These questions are very fundamental and difficult to answer. As the first step to answer these questions, we
try to find some necessary conditions. At least we can say if the interest areas of the group members are
separated vigorously, the group will have some difficulty in what to learn together. So in this paper, we
assume first of all that a study group should be formed so that the members’ interest areas are somewhat in
common. We would like to assume also that the knowledge levels of the members should be somewhat close
enough so that to avoid the case that a specific member who has very high knowledge level always teaches
other members who are in the low level. We have already studies about the expertise level estimation ™, the
result of which could be applicable in this respect.
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It is necessary to discuss about the size, i.e. the number of members, of the groups. If a group size is too
large it is quite difficult to keep the group work effectively. From our experiences, the most appropriate size
might be from 4 to 6 or something in a normal situation. It might vary according to the situation. We need
more investigation on this topic. In our first thought, clustering techniques can be well used for study group
formation. However it is not always appropriate. If a student wants to learn several subjects, the study groups
could not set in the same time zone, which does not match to the concept of clustering. On the other hand,
clustering methods are useful if a number of students want to study in small groups in the same time zone.
Some kinds of lectures prefer to take this type of study style.

In more general situation, one student can join more than one study groups and he or she studies some
number of subjects in the several study groups. In such a situation, the study group finding method might be
supposed to find several candidates that seem to be appropriate for studying different subjects. We have to
investigate the methods for such situations in our future work.

4. Concluding Remarks

As a part of studies for library marketing, we discussed the method of forming homogeneous groups of
patrons in this paper. We put special focus on students’ study group in a university. We dealt with the
interest area profiles of students and recommend a group of students as the candidates of study group based
on the similarity of students. We applied this method to a collection of loan records from Kyushu University
Library and concluded that the study group recommendation could be very useful.

We have to keep on refining our method in this direction as well as to attack the issues: (1) to search for
more possible options in each step of our research scenario and to investigate more precisely to clarify which
option is most appropriate in each situation, (2) to add up other types of information to the currently
considering factors of interest area, (3) to extend our model so that our method can recommend appropriate
textbook(s) for the recommended study groups, and, last but not least, (4) to experiment with the actual
groups of students studying in the recommended groups and feed-back the results.

This research was partly supported by the Ministry of Education, Science, Sports and Culture, Grant-in-
Aid for Scientific Research (C), 24500318, 2013.
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