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ABSTRACT 

Information technology is now used very often, especially by individuals born between 1982 and 

2002 (the Millennial generation). The academic library, which from its beginnings has been a 

storehouse for information through collections, is becoming less attractive for Millennials 

because of the influence of information technology. This study aimed to use k-means and x-

means clustering algorithms to identify the characteristics of academic library patrons, 

particularly Millennial patrons. K-means is a well-known algorithm due to its simplicity, while 

x-means is a relatively new algorithm for performing clustering and provides the capability to 

determine an optimal number of clusters, the number of cluster that minimizes differences within 

each cluster and maximizes differences between clusters. In this study, data were collected using 

questionnaires, both in online and offline forms. A total of 935 responses were collected. The 

results show that k-means performs better than x-means since it results in a lower Davies-Bouldin 

index value. However, x-means provides better descriptions of the patrons’ behavior on each 

cluster. Both k-means and x-means clustering methods create five clusters based on the behavior 

of academic library patrons. One of the clusters resulting from k-means and x-means also 

confirms that not all patrons come to the academic library for the book collection; they come 

because of invitations from friends or to use internet services. 
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1. INTRODUCTION  

The Millennial generation (also known as Generation Y) is the group of individuals born between 

1982 and 2002 (Kotz, 2016). Members of this generation have unique characteristics. For 

example, many Millennials do not wear watches because their cell phones display the time. 

Furthermore, rather than using physical photograph albums, Millennials store their photographs 

on Facebook, Instagram, and other social media platforms. Millennials enjoy using technology. 

Indeed, they are the first generation to have become dependent on technology (Smith & Nichols, 

2015).  They live in an age when they can instantly access  whatever information they want,  for 
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example, academic data or information through their smartphones (Maiers, 2017) as part of their 

use of existing technology. According to Maiers (2017), social networks have become one of 

the strongest motivators for Millennials, rather than interactions in the real world. 

In this age, information technology is one of the most frequently used tools in life, including for 

academic libraries because most have chosen to integrate technology into their information 

content (Walton, 2014). Many academic library patrons surveyed for the study reported that 

obtaining information from the internet is easier than having to search in a library. It is also 

easier because not everything patrons need is available in libraries. Moreover, technology is one 

of the most commonly used communication tools, and the majority of users who use it to 

communicate are Millennials (Maiers, 2017). 

Learning methods must continually adapt to engage and educate this generation (Nicholas, 

2008). Millennials tend to have a different learning method than previous generations. 

Millennials prefer to have skills and creativity in arts, games, video lectures, field trips, and other 

activities that do not depend only on books and theories. They tend to work beyond required 

working hours and have less social time (DeVaney, 2015). Moreover, Millennials are fluent in 

the uses of technology or perhaps even dependent on it (Nicholas, 2008). 

To keep pace with and adjust to evolutions in Millennials’ learning methods, academic libraries 

must be able to convert some of their traditional services into digital services. Academic libraries 

are transitioning from a collections-based model to a broader services-based model (Gleason, 

2018). Library services, most of which are printed books, must be converted into digital services 

augmented by free internet services and other offerings to accommodate Millennials’ needs. 

Fulfilling users’ needs may increase customer satisfaction and affect an institution’s success. 

User satisfaction may be achieved by identifying service quality attributes and their effects on 

user satisfaction (Zuna et al., 2016). 

As mentioned above, Millennials often look for academic references on the internet rather than 

physically searching in a library. In one study, 79.5% of college students reported that they are 

experts at using the internet to search for information efficiently and effectively, but only 56.4% 

said that they are skilled in using the college library (Lippincott, 2012). Thus, academic libraries 

must understand the characteristics of Millennials in order to create an environment that is 

attractive to them; for example, in providing books Millennials need and promoting such 

services, libraries can attract the attention of patrons to persuade them to continue using books 

(Lippincott, 2012). Each customer may have a different perspective on the attributes that affect 

his preferences since customer preferences can be influenced by the completeness of the 

product/service attributes and the transaction process (Suzianti et al., 2015). 

At the present time, academic libraries are providing number of services that Millennials would 

find attractive and may not able to find in online sources such as data management, information 

about digital scholarship, copyright management, citation management, open educational 

resources, and others (Dempsey & Malpas, 2018).  

Millennials students exhibit a number of common characteristics: They are more focused on 

achievement, they prefer to question everything and use all means available to get information, 

and they use technology not only to find information on the internet but also for typing notes in 

class (Freeman et al., 2014). Currently, data integration and analysis are still rarely used to 

support decision-making, although many academic libraries have applied technology to obtain 

various reader information. Tremendous amounts of collected data remain to be analyzed in a 

simple analysis such as correlation (Wang et al., 2011). Thus, in the present study, in order to 

obtain information about the characteristics of students who use the library often, the most 

suitable method was clustering because it can be used to identify unique distributions or patterns 

in data and discover groups of data (Halkidi et al., 2001). 
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Table 1 Changes in the function of the library 

Terms Collection-Based Library Services-Based Library 

Library Explained as library collection, reference Explained as users’ needs, such as 

lecturer and student research 

Organization The system used is a bureaucracy that 

prioritizes the production of the facilities 

offered by the library. 

The system used is enterprising, which is 

focused on changing its goals. 

Ability Process and subject Focused on learning, research, skills, etc. 

Systems Back office Shared system with workflow systems 

(scholarship information and e-books) 

Space Focused on collection of books Focused on service or user experience 

Collection Based on consumption from users The facilities already exist and between 

one facility and another are collective. 

Source: (Dempsey & Malpas, 2018) 

Clustering methods are unsupervised classification methods aimed at facilitating the discovery 

process by combining a set of objects to create a collection of data subjects that have 

homogenous groups (Bader et al., 2006; Padmaja et al., 2008). The cluster members in one group 

have maximum similarities but minimum similarities with other cluster group members. 

Clustering is different from classification. Clustering is the segmenting of data into a group, 

while classification segments some data by assigning it into groups (Chen & Chen, 2006). The 

quality of clustering data depends on how high the intra-class similarities are and how low the 

inter-class similarities are. A common measure of cluster accuracy is the Euclidean distance. 

Computational time may also be used as a measure of cluster performance (Aparna & Mydhili, 

2016). 

By using a data mining method such as clustering, it is possible to discover different behaviors 

of patrons and possibly use those behaviors to determine whether a library’s service and 

collection match Millennials’ learning methods. Two methods used to conduct the data 

integration are k-means and x-means clustering. K-means clustering is a data mining algorithm 

that divides n objects into k clusters so that the members of one cluster have high similar 

characteristics while the members of different clusters are dissimilar (Ahmar et al., 2018). X-

means clustering is an extension of k-means clustering that refines the clustering by continuously 

splitting the cluster until the selection criterion is reached. 

The aim of the present study was to profile the behavior of academic library patrons, particularly 

patrons who are categorized as members of the Millennial generation, by comparing the clusters 

resulting from the k-means and x-means clustering methods. 

 

2. METHODOLOGY 

This study aims to profile the behavior of academic library patrons, particularly patrons who are 

categorized as members of the Millennial generation, by applying the k-means and x-means 

clustering methods. The main benefit of the k-means algorithm is the high speed of 

computational processes when the k (number of clusters) is small, even for large variables 

(Dubey et al., 2018). 

This study used k-means and x-means algorithms as clustering methods. Data were collected 

using closed-ended questions. A total of 935 responses were collected (online and offline form) 

from eight faculties and 32 departments. The offline survey was conducted by distributing the 

questionnaire directly to library patrons during the operational hours of the library in May 2019. 

The online survey was also available during May 2019. For the purposes of the reliability and 

validity tests, the study collected 50 responses using a self-administered survey. The reliability 
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test was conducted using the Pearson product-moment correlation and the validity test was based 

on the construct validity. Since the correlation product-moment for each item of the 

questionnaire > 0.3 and the Cronbach’s alpha for each construct > 0.7, the instrument was valid 

and reliable for collecting data. 

The respondents were undergraduate students between semesters 1 and 14.  The k-means 

algorithm was used because it is simple and can be used for a wide variety of data types. It is 

also quite efficient, even though multiple runs are often performed (Tan et al., 2005). The k-

means algorithm is known to converge to a local minimum of the distortion measure (that is, the 

average squared distance from points to their class centroids). It is also known to be too slow for 

practical databases. K-means is fully deterministic, based on the starting centers. Improper initial 

centers may have a great impact on both performance and distortion (Pelleg & Moore, 2000). 

Another algorithm that is used is x-means, a new algorithm that quickly estimates the k (the 

number of clusters) (Pelleg & Moore, 2000). However, x-means is not very sensitive to the 

number of clusters when the value of R changes. Overall, it can be said that the x-means process 

runs twice as fast as the k-means process (Pelleg & Moore, 2000). Thus, this study compared k-

means and x-means clustering results to profile the academic library patrons. 

The research methodology of this study consisted of three processes. The process flowchart of 

this research is shown in Figure 1.  

 

 

Figure 1 Flowchart of the research 

The first procedure entailed data collection. Data were collected using online and offline 

surveys. This study used an accidental sampling technique. The indicators used in the 

questionnaire are shown in Table 2. 

 

The survey respondents were students at Universitas Negeri Malang. The usable rate of the 

responses was 96.14%. From a total of 935 samples, data from 898 could be processed. The 

second step was to clean the data to eliminate missing values and duplicated data. The number 

of classes for each question was also changed to five classes so that the class of each item was 

uniform. This made the responses easier to enter into the model. Transformed items can be seen 

in Table 3. 

Table 2 Questionnaire indicators 

Indicator Questionnaire items 

Respondent Profile 4 profile questions 

Motivation Items 1, 2, 3, 4, 5, 6 

Types of services Items 7, 8, 9 

User behavior Items 10, 11, 12, 13, 14, 15 

Book collection Items 16, 17, 18, 19 

Service quality Items 20, 21, 22, 23, 24, 25, 26, 27 

In the last step, the processed data were then formed to build a cluster model using the k-means 

and x-means algorithms. The value on the Davies-Bouldin index was used as a parameter to 

assess the cluster model performance; smaller was better. The Davies-Bouldin index performs 

better than the Dunn index for finding the best cluster based on the internal cluster validity 

(Kryszczuk & Hurley, 2010). 

 

Data Collection 

Data Preprocessing 

- Data cleaning 

- Data transformation 

Data Modeling 

- Modeling using k-means 

- Modeling using x-means 

- Evaluation 
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Table 3 Data transformation 

Item 

number 
Attribute 

Number of 

classes 

Transformation 

number of classes 

7 Frequently used services 9 5 

8 Preferred service innovation 9 5 

21 Library service that needs to improve 9 5 

 

3. RESULTS  

The k-means cluster algorithm was run for 10 cycles. The numerical measure was the Euclidian 

distance and it applies 100 steps for optimization. The k-means cluster algorithm resulted in five 

clusters. Cluster 1 was the most populated cluster, while the least populated cluster was cluster 

0. The Davies-Bouldin index value was 4,831 and the average cluster distance was 102,829. The 

clusters generated and the characteristics of each cluster produced from the k-means algorithm 

are shown in Figure 2 and Figure 3. 

 

 

Figure 2 K-means algorithm cluster distribution 

 

Figure 3 K-means algorithm heat map 
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The x-means algorithm was run for 10 cycles. The numerical measure was cosine similarity and 

it applies 100 steps for optimization. The x-means cluster algorithm resulted in five clusters. The 

total number of responses in each cluster ranged from 159 to 213. The Davies-Bouldin index 

value was 4,882 and the average cluster distance was 102,940. The clusters generated and the 

characteristics of each cluster produced from the x-means algorithm are shown in Figure 4 and 

Figure 5. 

 

 
Figure 4 X-means algorithm cluster distribution 

 
Figure 5 X-means algorithm heat map 

 

4. DISCUSSION 

The results of the cluster distribution and heat map, as shown in Figure 2 and Figure 3, provide 

information about the characteristics of each cluster produced in the k-means algorithm. 

Students grouped in cluster 0 generally borrow books at other universities (var19 = b), visit the 

library between 16.00-19.00 (var11 = c), and assess the services between libraries as very easy 

to use (var27 = a). Students grouped in cluster 1 generally think that the bag storage space is 

less secure (var26 = d) and always go to the library when they do not have a book (var4 = a). 

Students grouped in cluster 2 generally never borrow books from the library (var14 = e), go to 

the library because they are invited by friends (var3 = b), and usually search for books on the 
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internet (var4 = c). Students grouped in cluster 3 generally have their needs fulfilled by the book 

collection (var16 = a), think that the reading room is comfortable (var24 = a), say that the 

services between libraries are very easy to use (var27 = a), and always go to the library if they 

do not have a book (var4 = a). Students grouped in cluster 4 generally think that OPAC (Online 

Public Access Catalog) services are less convenient (var23 = d), the reading room in the library 

is quite comfortable (var24 = c), and the storage of bags in the library is quite safe (var26 = c). 

The results of the cluster distribution and the heat map of the X-means clustering are shown in 

Figure 4 and Figure 5, explaining the characteristics of each cluster produced in the x-means 

algorithm. Students grouped in cluster 0 generally go to the library when they do not have a 

book (var4 = a) and judge that the storage room for bags is not safe (var26 = d). Students grouped 

in cluster 1 generally think that the storage room for bags is less secure (var26 = d), borrow 

books at other universities (var19 = b), use the book collection according to their needs (var16 

= b), say that the inter-library services are very easy to use (var27 = a), and read books in the 

library because they were invited by friends (var3 = b). Students grouped in cluster 2 generally 

think that OPAC services are less easy to use (var23 = d), say that the reading room in the library 

is quite comfortable (var24 = c), and think that the storage of bags in the library is quite safe 

(var26 = c). Students grouped in cluster 3 generally never borrow books from the library (var14 

= e), go to the library because they are invited by friends (var3 = b), and usually search for books 

on the internet (var4 = c). Students grouped in cluster 4 generally have their needs fulfilled by 

the book collections (var16 = a), think that the reading room is comfortable (var24 = a), assess 

the library officers as very responsive (var25 = a), say that the inter-library services are very 

easy to use (var27 = a), and always go to the library if they do not have a book (var4 = a). 

From a comparison of the results of the k-means and x-means clustering, it can be seen that the 

results of the k-means algorithm are better than those of the x-means algorithm. The Davies-

Bouldin index value for the k-means was 4,831, while the value for the x-means was 4,882. This 

result indicates that k-means clustering has a better performance than x-means clustering in 

profiling the academic library patrons. However, according to Halkidi et al., 2001, the k-means 

clustering algorithm gives the best results for their clusters when the data are partitioned into 

several clusters. Although x-means has a higher Davies-Bouldin index value, the algorithm 

supports better descriptions or characteristics distribution to each cluster. 

 

5. CONCLUSION 

Based on the Davies-Bouldin index parameter, the k-means produced a value of 4.831 and the 

x-means produced a value of 4.882. Thus, this study demonstrates that k-means performs better 

at clustering academic library patrons’ behavior than the x-means since the value of the Davies-

Bouldin index is smaller than that of the x-means. However, although the x-means has a higher 

Davies-Bouldin index value, it is better able to provide detailed information about the 

characteristics of the respondents in each cluster. 

This study has a limitation in the number of iterations used to compare the k-means and x-means 

clustering. Further research is needed to deepen the analysis of the research findings.  
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