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Abstract - Various kinds of information are nowadays indiscriminately available; hence, it is important to reveal users’ 
requirements and to provide them with the appropriate data in order to efficiently operate systems that provide services based 
on previous reactions and activities of users. Therefore, this study proposes a method that provides personalized 
recommendation services and customized information to users by using not only basic information but also frequency of use 
in log data. 
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I. INTRODUCTION 
 
Information technology and distribution based on the 
Internet are regarded as the greatest driving force of 
the 21st century’s information revolution, providing an 
impact beyond that of the industrial revolution of the 
19th century. Searching through a large amount of 
information produced by various information sources, 
and filtering of unnecessary information become an 
essential part of this technology.  Several methods 
have been developed in order to address the challenges, 
however they have not overcome the limitations of 
information overload, caused by simply providing all 
the information that matches a user's profile for a 
customized information service.  In particular, the 
disadvantage is that these methods cannot 
appropriately deal with the changes in the information 
demand behavior of users. In order to solve these 
challenges, in this study, we developed a 
recommendation service based on a hybrid technique 
that combines collaborative filtering and 
content-based filtering, along with an accurate 
analysis of users by collecting information about 
individual users. This method is aimed for 
applications in academic content recommendation 
services. 
 
II. OUTLINE OF THE RECOMMENDATION 
METHOD 
A recommendation system refers to a system that 
recommends new items by understanding users' styles 
and preferences. Most of the existing recommendation 
systems use collaborative filtering, or a hybrid 
recommendation system that combines content-based 
filtering and collaborative filtering. 
A. Collaborative filtering recommendation method 
The collaborative filtering recommendation method is 
a method of recommending items to a new user, based 
on the user's preference data. It is based on the 

preferences of other users on items, hence it is termed 
as a “collaborative” method. Using the collaborative 
filtering method, it is possible to recommend an item 
of a new field to a specific user, assuming that the item 
being predicted belongs to various fields. In addition, 
this method provides an accurate prediction for user 
groups with homogeneous preferences. Furthermore, 
the collaborative filtering method is relatively simple 
and fast, designed for real-time recommendations in a 
small to medium-sized environment that does not 
require a large amount of computations. 
 
B. Content-based recommendation method 
The content-based recommendation method, rooted in 
information retrieval and filtering research, employs 
previous research methods. Most content-based 
methods are used in recommending information such 
as documents, websites, and news messages. Note that 
the content-based method is based on the users’ 
evaluation information or item purchase history. The 
user's profile is created using features of predefined 
items. In order to recommend an item with features 
similar to those in the generated profile, this method 
finds the similarity between the item and the user's 
information needs, prioritizes, and shows the results. 
In principle, the content-based method recommends 
items similar to those preferred by the user in the past. 
Therefore, this is a recommendation method that 
analyzes the content of the item based on user's 
previous experience. 
 
III. FEATURES OF THE PROPOSED 
RECOMMENDATION METHOD 
 
In order to overcome the challenges arising due to the 
new environmental changes in recommendation 
services, and provide more accurate and large-scale 
user as well as content recommendations, this study 
focuses on the frequency of use of users and contents 
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as the main factor of consideration, without using 
personal information and content attributes of users. 
From a methodological perspective, this study 
proposes a hybrid recommendation method that 
considers the frequency of use of highly used contents 
by a large number of users (this reveals the content 
preferences of all users), and employs an improved 
version of the existing collaborative filtering method 
as well as a modified association rules method used in 
data mining. 
The features of the hybrid recommendation method 
proposed in this study can be summarized as follows. 
First, it provides recommendation services for users 
and academic contents including research papers. 
Second, the frequency of use (user’s content behavior) 
has been set as a factor of consideration, without using 
information or content attributes of users. Third, the 
collaborative filtering method is applied to extraction 
of similar users, based on the content with high 
frequency of use that is not attributed to association 
rules. Fourth, in order to find the recommendation 
content, the proposed method considers the content 
that is most frequently used by many users.  
 
IV. APPLICATION OF THE 
RECOMMENDATION SERVICE BASED ON 
THE FREQUENCY OF USE 
 
A. Steps of the content recommendation method 
The content recommendation method can be divided 
into a step of selecting a recommendation content by 
applying the collaborative filtering method, and a step 
of recommending the content by applying association 
rules. Each method is executed in parallel, not 
sequentially. The steps of the method as well as the 
results of each step are as follows. 
First, information such as user identification number, 
content identification number, and frequency of use 
are extracted using preprocessing procedure by 
analyzing web log files that include users’ behavior 
information. Then, in order to calculate users’ 
frequency of use of content, the extracted information 
is converted into a required format and stored in a 
database. Second, the frequencies of each content are 
calculated using the entire data of the experiment, and 
they are sorted by frequency of use. For the purpose of 
candidate content recommendation, a threshold value 
is set and used to select potential contents and users. 
Third, based on the threshold value obtained in the 
second step, all contents and users are divided so that 
the collaborative filtering and association rules 
methods can be applied, while the divided contents are 
separately stored. Fourth, for the process of obtaining 
the candidate content by applying association rules, a 
frequent item set is generated using the contents that 
are below the threshold value. Then, rules are 
extracted and the recommendation content is selected 

using the obtained rules. Fifth, by analyzing the 
contents and users that are above the threshold (i.e., 
those extracted in the third step) and using users’ 
frequency of use of content, a vector value for the 
usage ratio is obtained. Similar users are selected 
based on user similarity calculations. Sixth, the 
recommendation content is selected using the 
collaborative filtering method based on the content 
usage tendency for the selected similar users. As a 
final step, a final candidate content is selected by 
comparing the selected candidate contents in each of 
the steps. In other words, the following three content 
recommendation methods are combined: content 
extraction using the highest frequency of use, content 
extracted using the association rules and generated 
using the frequent item set, and content extraction by 
performing a collaborative filtering. The final 
recommendation content is selected by finding 
appropriate weight factors for each of the 
recommendation methods, applying these weight 
factors to each candidate recommendation content, 
and finally sorting the contents.  
 
B. Division of contents and users 
The candidate content recommendation presented in 
this study involves three recommendation methods: 
collaborative filtering, association rules, and 
statistical recommendation by frequency of use. Note 
that the method selects candidate recommendation 
contents in order to decide the final recommendation 
content.  
Analysis of frequency of use of content reveals users’ 
content preference, and provides the vital 
methodology for the proposed hybrid recommendation 
method. In this study, contents and users (which are 
then used for the collaborative filtering and 
association rules procedures) were divided by 
analyzing their distribution with respect to frequency 
of use of content, and by extracting corresponding 
division thresholds. Such thresholds are obtained by 
using segments that show rapid changes in content 
usage distribution, and selecting appropriate 
thresholds through experiments. 
The proposed hybrid recommendation method 
provides a recommendation by dividing users based on 
usage amount as well as dividing contents based on 
frequency of use. Therefore, target users are divided 
into those who have a large usage amount of content 
and those who have a general usage amount of content. 
Frequent users can be defined, for example, as the top 
1% of the users. Here sorting is performed by number 
of users who use a content, not by how many times that 
content has been used. 
With this division of contents and users, the hybrid 
recommendation method can achieve the goal of 
maximizing the strengths of each recommendation 
method as well as overcoming the weaknesses by 
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selectively applying the most suitable targets to each 
recommendation method. Although the 
recommendation service aims to recommend the 
appropriate content according to the tendency of each 
individual, the content that has been most frequently 
used by the majority of users reflects the preference of 
the entire user group. Therefore, the popular content 
of the frequent users, determines the preferences of the 
entire user group, and it is reflected in the final 
recommendation content.  

 
C. Selection of a recommendation content based 
on the statistical frequency of use 
This part defines the frequently used contents, i.e., 
those that have a frequency of use above a specific 
content division threshold. Such frequently used 
content refers to a content that has been statistically 
widely used by users and reflects the preference of the 
entire user set. However, it is worth noting that 
obtaining a preference of the entire user set is not 
desirable, as the purpose of recommendation is to 
recommend contents suitable for individual profiles. 
In other words, a large part of the frequently used 
contents tends to be used by users only temporarily, for 
certain periods. Such frequently used contents 
influence the preference of the entire user set, and 
have a clear effect in the final recommendation. 
Therefore, taking into account the features of the 
frequently used contents, for the hybrid 
recommendation method presented in this study, they 
are used in extracting a candidate recommendation 
content. The method simultaneously adjusts the 
weights for the frequently used contents, and applies 
them in the combined recommendation process in 
order to select the final content. Therefore, in the 
proposed hybrid recommendation method, for 
extracting the candidate recommendation content 
based on the statistical frequency of use, the user 
preference is expressed by the relative ratio of the 
content with the highest frequency of use, not with the 
simple frequency of use.  
 
D. Selection of a recommendation content based 
on the collaborative filtering recommendation 
method 
The collaborative filtering method recommends 
similar users, showing similar tendencies (in content 
use) to those of the target user, and selects the 
recommendation content according to the tendency of 
the similar users. The similarity procedure is applied 
on the target user in order to find the similar users as 
well as select the recommendation content. Assuming 
that the similar users obtained using the above 
approach show a similar tendency of content use to 
that of the target user, the user’s preference values are 
predicted by analyzing the preferences of the similar 
users. 

In order to calculate similarities between users, it is 
necessary to know the users’ content preferences. 
Therefore, this study considers users’ preferences with 
respect to academic content, which is the subject of the 
presented research on the frequency of use of content. 
The number of frequently used contents is defined as a 
normalized vector that expresses user’s preference. 
The frequently used contents are sorted by the user’s 
preference in descending order. 
This study involves both the content sets used by users 
for certain periods as well as the frequency of use of 
content. 
The candidate recommendation content is obtained by 
combining the content lists of the users in the set of 
similar users. Here, a target content is selected only 
from contents with a general frequency of use, not 
from all the contents used by the frequent user. 
 
E. Selection of a recommendation content based 
on association rules 
This section focuses on the association rules, i.e., 
studies an improved method that limits the target 
content, suitable for a large-volume environment. 
Using the proposed method, the rules can be extracted, 
and the candidate recommendation content is selected 
based on the extracted rules as follows. First, logs are 
prepared from the entire use log, excluding the 
frequently used content set. Second, by applying the 
Apriori algorithm to the logs, frequent item sets 
satisfying the minimum support level for each content 
set are extracted. Third, association rules are obtained 
(based on the extracted frequent item sets) and stored. 
A candidate recommendation content that has a high 
relevance with respect to the corresponding content, is 
extracted using the obtained association rules. 
However, the associated contents may be an empty set. 
As mentioned above, in previous studies, a data 
mining association extraction technique has been used 
in order to find the associations between the contents. 
However, in this study, a modified association 
extraction technique is employed in order to achieve 
effective recommendations, as follows. 
First, the rule for only one item set in the preceding 
and the resulting part is generated. Rules with more 
than two items in the preceding and the resulting part 
are not allowed. 
Second, only the rules that have an improvement level 
of one or more are extracted. Therefore, only the 
statistically meaningful rules are extracted. 
Third, for the extracted association rules, limit the 
number of cases in the resulting part that corresponds 
to those in the preceding part. Here, the number of 
cases for items that appear in the resulting part is 
defined as the limited number of the resulting part. 
The frequent item set should be extracted prior to 
obtaining the association rules. Reliability is used as a 
criterion for associating rules when extracting the 
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frequent item set. Therefore, only three of the above 
four rules should be used, while the least reliable rule 
should be excluded. 
The selection of a recommendation content is based on 
the associations between the contents, i.e., association 
rules list. It recommends user’s content preference 
using the associations between contents in the user’s 
content use history. As a potential recommendation 
content, this method targets the contents that have a 
general frequency of use. The support level of the 
association rules is a criterion for associating rules 
between contents. Therefore, the candidate 
recommendation content is based on the rules 
associated between contents. In order to select the 
recommended content, preferences are assigned (by 
repeating the process) to the candidate 
recommendation contents, based on both users’ 
content list and association rules list obtained by the 
extracted association rules. 
 
V. SELECTION METHOD FOR THE FINAL 
RECOMMENDATION CONTENT  
 
In order to select the final recommendation content, 
this paper proposes a hybrid recommendation method 
that combines three recommendation methods: 
collaborative filtering, association rules, and 
statistical frequency of use.  

 
A. Recommendation policy 
The final recommendation content is selected through 
a process of combining and prioritizing candidate 
recommendation contents obtained using the 
candidate content recommendation methods. If the 
preferences assigned to each candidate 
recommendation content are generated based on a 
same criterion, a prioritization by preference can be 
performed in order to select the final content. However, 
the reference values for the preferences of each 
recommendation method are different; hence, the 
numerical expressions for the preferences are also 
different. Therefore, it is required to develop a method 
that combines and prioritizes the candidate 
recommendation contents selected using the 
recommendation methods. In order to address this 
challenge, in this study, a combined recommendation 
method is proposed. In order to select the final 
recommendation content, it is necessary to prioritize 
the candidate recommendation contents obtained by 
the recommendation methods. For example, a content 
might be recommended only by the collaborative 
filtering method; however, another content might be 
recommended by both the collaborative filtering and 
the association rules method. When a content is 
recommended simultaneously by both methods, it is 
essential to perform a prioritization in the set. 
Therefore, the prioritization of contents can be 

regarded as a process of selecting the recommendation 
content. 

 
B. Combined recommendation method 
The proposed combined recommendation method 
compares the candidate contents (extracted through 
the candidate selection process) using weights and 
prioritization. The combined recommendation 
method can be summarized as follows. 
First, an equal number of candidate recommendation 
contents are selected for the three candidate 
recommendation content methods. 
Second, the candidate recommendation contents 
selected from each of the methods have different 
preferences due to the differences in the reference 
values. They are sorted according to the preference 
value of the applied recommendation method, and 
then, the reverse priority of the corresponding 
preference is added up. 
Third, weights are selected from the experiments 
according to the recommendation importance for each 
of the three recommendation methods. The selected 
weights are then multiplied by the calculated 
priorities. 
Fourth, the contents are sorted in descending order 
based on the calculated value, and the final 
recommendation content is selected according to the 
obtained priority. 
 
In this study, the final recommendation content is 
selected by combining the extracted sets from each of 
the candidate content recommendation methods. In 
order to achieve this goal, the weights should be 
applied to each content set after the prioritization. In 
addition, the number of considered contents should be 
the same for each content set in order to determine by 
priority. This defines the common limited number that 
applies to each of the candidate recommendation 
contents. The weights for the recommendation 
methods are defined as follows. 
 
Weight for the content set that has the highest 
frequency of use: This is a weight for the content list, 
which indicates the extent to which the selection of a 
frequently used content is reflected in the final 
recommendation content. 
 
Weight for the content set extracted using the 
collaborative filtering method: This is a weight for the 
candidate recommendation content obtained using the 
method of similar users, and represents the influence 
on the selection of a final recommendation content. 
Weight for the content set extracted using the 
association rules: This is a weight for the candidate 
recommendation content extracted using the 
association rules, and represents the influence of the 
associations between the contents on the selection of a 
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final recommendation content. 
 
CONCLUSION 
 
This study analyzed users’ content preferences, which 
is crucial for recommendation services based on 
frequency of use of content (which acts as an implicit 
users’ feedback). The proposed hybrid 
recommendation method combines collaborative 
filtering, association rules, and frequently used 
content that has a statistically high frequency of use. 
This paper proposed a method for solving the scarcity 
problem, providing an effective personalization 
recommendation service in a large volume user and 
content environment, and minimizing the omission of 
the user-item matrix. Using the strengths of the 
recommendation methods, the proposed hybrid 
recommendation method aims to solve the typical 
scarcity problem in the collaborative filtering method, 
as well as the complexity of the calculations in the 
association rules method. In addition, the initial user 
and evaluation issues were addressed.  
The major contribution of this study is that a new type 
of recommendation method is proposed. This method 
appropriately separates and utilizes frequent users as 
well as frequently used contents, in order to provide a 
personalized content recommendation service in a 
large-volume content and user environment. 
Furthermore, this study presented a proper 
combination method (suitable for large 
recommendation systems) that deals with the 
candidate recommendation contents obtained by 
association rules, collaborative filtering, and 
statistical frequency of use. 
The hybrid recommendation method divides the 
contents and applies each of the recommendation 
methods. In addition to the association rules and 
collaborative filtering methods used in sites that 
provide recommendation services, the proposed 
method simultaneously employs the frequency of use 
of content in order to recommend commonly and 
frequently used contents to a large number of users, for 
a certain period. The best recommendation 
performance can be obtained by applying weights to 
the recommendation methods according to their 
importance. 
In conclusion, the proposed hybrid recommendation 
method is accurate in a large-volume content and user 
environment, as well as highly efficient in terms of the 
time required to obtain the recommendation content. 
The accuracy and efficiency requirements for 
applications in recommendation services were 
satisfied. 

Continuous research on recommendation services that 
provide the most appropriate information for users’ 
interests should be performed and prioritized as 
essential in library and information sciences. This 
could improve the interactions between information 
users and web providers.  
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