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Detection of Book and Borrower Communities Based on Book Borrowing Records in the Library  
Using Complex Network Analysis Tedy Setiadi1, Rina Ratih2 ,Nanik Arkiyah3 , Gretha Prestisia 4  
1Faculty of Information Technology, Universitas Ahmad Dahlan Indonesia 2Faculty of teacher  333

training and education science, Universitas Ahmad Dahlan Indonesia 3,4Librarian of Universitas  
Ahmad Dahlan Indonesia 1tedy.setiadi@tif.uad.ac.id rinaratihuad@pbsi.uad.ac.id  
2grethaprestisia@staff.uad.ac.id 2nanik.arkiyah@staff.uad.ac.id Abstract— To improve user  
services, libraries need to have deep insight into users and the books they manage. This study  
aims to identify the community of users and borrowed books based on book borrowing records  
using complex network analysis. It starts with collecting book borrowing data, then converting it  
into a bipartite book-borrowing network using python programming and visualizing it with Gephi.  
Network analysis is performed to investigate network properties, and to use the BIMLPA method  
to find communities. The results of the investigation show that the structure of the book borrowing  77

network is divided into two separate components. One main component of the network represents  
the optimal process of borrowing books, and the rest consists of many small components  
representing suboptimal borrowing. Community detection on the main component found 217  
borrowing communities and 141 book communities. Most of the communities are small, where the  
book community is 2-4 members, while the borrowing community is in the form of individual  
borrowers. This research also produces the top 5 book communities, and borrower communities,  
the most popular books and the most active borrowers. The characteristics of the users and the  
books found can be used as a library reference for a more effective and efficient book  333

development policy strategy, as well as book recommendations for more targeted users.  
Keywords— Community Detection, Book Borrowing, Libraries, Bipartite Networks I.  
INTRODUCTION The university library is an important source of knowledge for University  88

students and academics [1][17]. The library also acts as a data generating unit [18] . Data in  55

university libraries continues to increase along with the development of existing business  
processes such as increasing procurement of collections, adding visitors, and transactions such  
as borrowing collections, accessing online collections, borrowing places[2][3]. University libraries  
generally already have a database transaction system. Unfortunately, this data is generally not  
used optimally. The data has not been extensively analyzed to produce useful knowledge to  
improve services to users [19]. For example, data on book borrowing is only used to report the  
number of books borrowed and the number of visitors who borrow books. It has not been used  15

more to extract knowledge such as grouping books and users borrowing books [4]. Especially the  
process of borrowing books, even though there has been rapid digital transformation in  11

publications such as e-books and other types of digital publications, but the process of borrowing  
physical books is still the most important service that university libraries provide to readers.  
Clustering is a data analysis technique used to group objects into several groups (clusters) based  
on the similarity of their features or attributes [5][20]. In the context of borrowing books at the  
library, clustering can be used to help group books based on similar themes or topics. This can  
help libraries to organize books more effectively and make it easier for visitors to find the books  
they are looking for. In addition, clustering can also help libraries identify the most popular or most  



frequently borrowed books, so that libraries can prepare better book stocks. Meanwhile, user  
clustering can be used to help group library users based on common interests or their preferences  

for the types of books they read. they borrow. This can help the library to suggest books that suit  9

the user's interests and help increase the level of user satisfaction with library services. In  
addition, it can help identify groups of users who have different preferences, so that the library can  
provide books that are more varied and interesting for all users. Thus, clustering is very beneficial  
for libraries to provide better services to their visitors[6] Currently data analysis using a network  
analysis approach is growing rapidly. One of the main parts of network analysis is community  
detection, which aims to automatically identify relevant groups of nodes in a network. Community  
is another name for a cluster for data in the form of a network, namely a collection of nodes in a  333

network that are stronger than the others [7]. In the real world, we find a lot of data in the form of  
networks. The process of borrowing books produces a special type of data where each transaction  
of borrowing books connects certain readers to certain books. Using these transactions, it is  
possible to create a book borrowing network, which is a bipartite network. In this type of network, a  
reader is connected to one or more books that he borrows from the library, but he is not connected  
to other readers. Similarly, a book is linked to one or more readers who have borrowed it, but is  
not linked to any other book[8] There are two ways to define a community in a bipartite network,  
one-to-one correspondence community and many-to- many correspondence community. The one-  
to-one correspondence community is a group of closely connected nodes, for example in Fig. 1a,  
two types of nodes are located at the top and bottom respectively, a community, surrounded by  
dotted lines, is the composition of the two types of nodes. on the other hand, it is called a many-to-  16

many correspondence community that is a group of nodes that are of the same type and have a  44

similar link pattern. as shown in the Fig. 1b, there are two communities for the top node and three  
communities for the bottom node. The nodes in each community have a similar link pattern. For  
example, the nodes in the second bottom community (in the middle) all have solid connections  
with the top two communities. Fig. 1. Communities in a bipartite network The many-to-many  
correspondence community structure is more natural in representing heterogeneity in the real  
world. On the book borrowing network in the library, students can borrow many books, and books  
can be borrowed by many students. For example, in Fig. 2, the student community majoring in  
computer science will correspond with a community of books related to programming and  
mathematics, while a community of students majoring in physics will correspond with a community  
of books related to mathematics and physics. This creates a many-to-many correspondence  
community structure. Fig. 2. Community structure in the user-book Network (Taguchi, 2020) This  
study will analyze community detection based on book borrowing data. This analysis shows the  
network properties, distribution of book and borrower communities, top book and borrower  
communities, homogeneity characteristics of each community and the hub (strongest member) of  
each community. The findings of this study can be used as important information for libraries to  
help recommend books for users, optimize book stock, and improve library promotion services.  
Thi t d ill d t it l i b d b k b i d t Th t ib ti f1414



This study will conduct a community analysis based on book borrowing data. The contribution of  
this research can be used as important information for libraries in recommending books for users,  88

optimizing book stocks, and improving library promotion services. This research continues our  
previous research [16] which compared the community detection method for clustering books and  6

borrowers, but still uses a one-to-one correspondence type community structure. In addition, this  
research complements the work done by Tunali and Tumer [9] who analyzed the book lending  

network and community at Ardahan University. Their findings are the most important books and  
book network communities, their size and genre. The limitations of their research are they still use  
a one-to-one correspondence community approach and only discuss book networks, not  
discussing the borrower network, so they cannot describe how the borrowing community is in  
lending books. Therefore, the purpose of our research is to describe the book clusters and  
borrowers obtained from the book lending reports available in the library. It is hoped that this paper  13

will be useful for libraries as a practical guide in analyzing book clusters and their users, and  
useful for further research II. LITERATURE REVIEW Research on community detection by  
utilizing library management book borrower data is still rare, including: Yassine et al applied the  
community detection method to online learning networks obtained from learning repositories at  
Khan Akademy[10]. The aim of the research is to investigate the structure of online learning  
networks and the engagement patterns of their users. The learning network is formed from users  
interacting with Khan Academy's videos through questions and answers. The results show that the  17

community detection method is successful in finding good learning communities that are not  2222

necessarily related to the learning domain or topic. In addition, the author uses a density measure  
to measure the level of community density, as well as centrality to determine the hub (the most  
influential) in the community. Tunali and Tumer analyzed the book borrowing network at Ardahan  
University by applying complex network analysis techniques [9]. The author builds a bipartite  
network of book readers, through the projection technique the bipartite network (two-mode) is  
transformed into a unipartite network (one- mode), namely a reader-reader network and a book  
network. Then apply the community detection method on each network. In addition, the author  
identifies the most central book in the network of books using a measure of centrality. The result is  55

works of Turkish and world literature that are on the reading lists of many readers. Xin et al  
proposed a community detection-based book recommendation by constructing a similar network of  
readers [11]. The results of the study, the authors found that most people only borrow one or two  1414

books once at a time and the interval between two consecutive borrowing records is usually taken  2222

half a month. All of the studies above, have limitations on community detection methods used  
aimed at unipartite networks or one-to- one correspondence communities, this strategy often leads  
to loss of information and inaccuracies in the resulting community [8]. As far as the author's  
knowledge from the literature, there has been no study of the application of community detection  
to borrowing books with bipartite networks where the community structure is many to many  
correspondence. Several community detection methods developed for bipartite networks with  
many community types include biSBM [12] with the method using the stochastic block model



many community types include biSBM [12], with the method using the stochastic block model  
formula. ComSim [13] with a projection network approach, where the edges are weighted and the  
weights represent the similarity of the same node type, then applies the unipartite community  
detection technique. BiLouvain [14] by developing Louvain's algorithm there is detection of  
unipartite graph communities. BIMLPA [15] based on multi-labels, the authors devised a specific  
label propagation procedure for bipartite networks. In this study, we chose to apply the BIMLPA  
method, with the consideration that besides having the characteristics of finding many-to-many  
community structures, it also has better speed and stability than the method described above[15].  
III. RESEARCH METHODS The stages of the research are shown in Fig. 3, starting with collecting  
data on book borrowing obtained from the book borrowing data base at the Ahmad Dahlan  

University Library. The next step is to construct a bipartite book-borrower network, as the  
relationship between the borrower and the book. Network preprocessing process to produce a  
bipartite network that focuses on the core network by eliminating insignificant network  
components. Community detection steps with the BIMLPA algorithm are implemented to find book  
communities and borrowers. The final step is to analyze the results by looking at the network  
properties as well as the found community properties Fig. 3. Framework for Community Detection  
of Book Borrowing in Libraries IV. RESULTS AND ANALYSIS A. Collection of Book Borrow Data  
Records of borrowing books were obtained from the information system of the Ahmad Dahlan  
University Library in the circulation report (book borrowing) section. Then from the report only the  
column (attribute) title of the book, NIM, and Student Study Program were selected. The result is  
6575 borrowing records (see table 1). TABLE I THE BOOK BORROWING RECORDS No Title No  
Student Dept 1 Calculus 1 1800014008 Physics 2 Data Mining 1600020001 Informatics 3  
Fundamentals of Biochemistry 1500003016 Pharmacy ....... . ........ ........ ........ 657 5 Qualitative  
Methods Approach 1700005093 Communica tion Studies B. Bipartite Book Borrower Network  
Construction The initial process of network analysis is to construct a bipartite network for  
borrowing books from table 1. The network design is illustrated in Fig. 4, where a student with  
student number 1800014008, in the Physics department, borrows a calculus book Fig. 4.  
Illustration of a book borrowing network We visualize the bipartite network results from the data in  
table 1 with the Gephi software shown in Figures 5a., 5b, and 5c. Fig.5a Fig.5b Fig.5c In the  
bipartite network in Fig. 5a, it can be seen that not all of the nodes in the bipartite network are  77 44

connected, but consist of connected components. Visually there is one core component as the  
main component (having 1029 nodes) while the remaining connected components are very small  
(called peripheral components) which are separated from one another in large numbers. The size  
distribution of connected components is shown in Fig. 6, where the core component has 1029  
members, or (57%) of all members. Fig. 6. Distribusid connected component of Book Borrowing  
Network This finding indicates that in the process of borrowing books in the library, there are two  12

separate categories of borrowing books. The first class is 'active-inclusive borrowing' which is  
shown in major tissue components, and the second class is 'exclusive borrowing' which is less  
active which is shown in peripheral tissues The number of active-inclusive borrows is only 57%



active, which is shown in peripheral tissues.The number of active inclusive borrows is only 57%,  
indicating that the use of existing books is not yet optimal. Construct a Bipartite Network of Book  
Borrowers Graph PreProcessing Implement BIMLPA Community Detection Collect Book Loan  
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100 200 300 The next step, this study focuses on the main network. The visualization of the main  
network is shown in Fig. 5b, while Fig.5.c contains the main network with the size of the nodes  
following the ranking degree. Nodes with a greater degree are described as larger. Degrees show  
activeness in borrowing books.Five top degrees for each book and reader can be seen in Tables  
2a and 2b. Books on the topics of religious books, pharmacy, health and research are the most  
borrowed, while students from the Public Health and Pharmacy study programs are the most  
active students in borrowing books TABLE 2A TOP FIVE BOOKS No Book Degree 1 Ulumul



active students in borrowing books. TABLE 2A TOP FIVE BOOKS No Book Degree 1 Ulumul  
Hadith lecture 17 2 Fundamentals of Biochemistry 17 3 Analytic Pharmaceutical Chemistry 17 4  
Qualitative Research Methodology 15 5 Public Health Leadership; Application in Practice 12  
TABLE 2B TOP FIVE BORROWERS No Student No. Dept. Degree 1 1800029253 Public Health  
24 2 1800023260 Pharmacy 20 3 1800023070 Pharmacy 18 4 1800023209 Farmasi 17 5  
1800029346 Public Health 15 C. Community Detection The results of community detection using  2222

the BIMLPA method obtained the number of communities, the largest community size, the  
smallest community size and the average community size in book and student networks is  
presented in table 3., while the community distribution is presented in Fig. 7 Tabel 3. Detected  
communities from Book-Reader network number of com Smallest com size Largest com size Avg.  
com size Readers 217 1 21 5.09 Books 141 1 37 5.49 Fig. 7. Community Size Dsitribution Other  
findings, although the number of communities is high, the average size is small. The book  
community is dominated by a community of 2-4 members, even in the borrowing community it is  
dominated by a borrowing community with 1 member or can be called individual borrowing (shown  
in Fig.7). The small size of the community indicates that most of the books are rarely borrowed  
from different people, and most borrowers also rarely borrow different books. Of the 217 borrowing  
communities and 141 book communities, we present the five largest communities which are  
presented in table 4 and table 5. TABLE 4 TOP FIVE COMMUNITIES BORROWERS No Com  

Size Com Avg. deg Max Deg Student No Dept 1 21 5.38 18 800023070 Pharmacy 2 15 4.40 24  
1800029253 Public Health 3 11 1.0 21 1900023028 Pharmacy 4 10 2.0 11 1600029077 Public  
Health 5 10 4.2 5 1500008047 Biology TABLE 5 TOP FIVE COMMUNITIES BOOK Com No Com  
size Avg degree Max Degree Title 1 37 3.8 17 Analytical Pharmaceutical Chemistry 2 28 2.2 24  
Public Health Leadership: Applications In Practice 3 18 2.9 18 Health Promotion And Health  
Behavior 4 17 2.11 9 Educational Research Methods: Quantitative Qualitative Approach 5 15 1.73  
5 Textbook of Medicinal Chemistry We also investigate the composition of the community. The  
composition of the community is homogeneous if the members consist of the same study program.  
As can be seen in Fig. 8a and Fig. 8b, not all communities are always homogeneous 124 72 18 3  
40 65 29 7 1 2 - 4 5 - 1 0 >10 # Students # Books Fig. 8a Borrower Community Composition Fig.  
8b. Books Community Composition In the composition of the student community, the community is  
homogeneous in the largest communities 1, 2 and 3, while the 4th and 5th communities are not  
homogeneous. Inhomogeneity indicates that several borrowers from different study programs  
have the same interests. Likewise in the book community, for example, in the largest community of  
members, books other than Pharmacy books, but there are a small number of Islamic religious  
books. This indicates the habit of borrowers borrowing pharmacy books as well as borrowing  
Islamic religious books. V. CONCLUSIONS In this research, we have demonstrated how the  
database of borrowed books available at the library can be analyzed using network analysis and  
community detection methods to obtain a comprehensive description of the characteristics of  
students and borrowed books. Analysis of the results showed that almost half of the library  10

members (47%) were classified as inactive book borrowers. This indicates that the use of books



members (47%) were classified as inactive book borrowers. This indicates that the use of books  
so far has not been optimal. The results of community detection obtained 217 borrowing  2222

communities and 141 book communities, most of which are small communities. Similar to the  
results of network analysis, this indicates limited (less diverse) books borrowed by students and  
less diverse students who borrow book. The largest community for borrowers is Pharmacy and  
Public Health students, while for books, the largest community is books with the field/topic of  
Pharmacy and public health. Intuitively, the composition of the community is generally  
homogeneous, but it is found that several borrowing communities and the books of their members  
are not homogeneous. Based on the results of this study, some of our recommendations for  
libraries include (1) preparing better book stocks, especially for popular books, (2) giving  
appreciation to students or communities who frequently borrow books (3) recommending  
borrowing books to communities that accordingly, (4) provide more varied books to increase  
lending which is still not active. The findings of students who are less active in borrowing text  
books can be suspected that there is a change in student interest patterns from textbooks to digital  
books. This research opens opportunities for further research related to accessing ebooks,  
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