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Abstract: Finding information from a large collection of resources is a tedious and time-consuming process.
Due to information overload, searchers often need help and assistance to search and find the information.
Recommender system is one of the innovative solutions to the problem related to information searching and
retrieval. It helps and assist searchers by recommending the possible solution based on the previous search
activities. These activities can be obtained from the web log, which requires a web log mining approach to
extract all the keywords. In this study, keywords obtained from the library web log were analysed and the
search keyword patterns were obtained. These keyword patterns were from several databases or resources
that were subscribed by the library. The finding revealed some of the popular keywords and the most
searchable databases among the searchers. This information was used to design and develop the
recommender system that can be used to assist other searchers. The usability test of the recommender system
showed that it is beneficial and useful to the searchers. These findings will also benefit the management in
planning and managing the subscription of online databases at the university’s library.

Keywords: Information retrieval; recommender system; web log mining multiple databases; information
overload

1. Introduction

Information is a piece of knowledge that is stored in various forms such as printed and digital
forms. Digital forms of storing have been widely implemented to reduce the dependency on printed
materials especially paper and ink and to minimise the physical storing space. To date, digital
technology has had an impact on economic and environmental performance [1]. Digital materials
have many advantages, such as cost reduction, environmentally friendly, easy to disseminate and
share through any communication medium, and easy to print when necessary.

Information storing and retrieval in digital form is known as information retrieval (IR) system
[2]. The IR system consists of a database system and search interface [3]. The search interface is
equipped with a search engine that can be used to retrieve information using queries [4,5]. The
information enters the database either through manual or automatic procedure. The size of the
database is typically large as the information increases over the years. To date, due to the big data
evolution, the traditional IR model needs to be improved [6].

Recommender system (RS) has been used to improve the existing IR systems. RS can help search
by recommending items related to user interests [7,8]. RS can assist searchers in finding information
and creating the personalized content [9]. For instance, based on the search history, the RS can
provide suggestions to the searcher [7,10].

Data mining, specifically web log mining, is one of the approaches that can be used to analyse
the web logs by considering the history of the search activity. The log contains data with regard to
the search history, database access, and downloads. The log also stores some of the searcher’s
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information such as Internet Protocol (IPs), sessions, date and time. These data can be utilised by the
RS to help other searchers find similar information.

This paper presents the RS model for a multiple independent database system using web log
mining. A multiple independent database system is a system that contains a collection of online
databases owned or operated by different service providers or publishers. Examples of online
databases are ACM Digital Library, EBSCOhost, Emerald, ERIC, JSTOR, ProQuest, etc. Searching in
online databases is a very tedious and time-consuming process [11]. Each database may need to be
logged in individually and has its own search system. Users will have to switch searching between
the search systems. Additionally, users may not be able to determine which database is the most
suitable or contain what they want. Therefore, the RS can be implemented as an interface to the
multiple independent database system and provide recommendation assistance such as which
database should be used.

2. Literature Review

The RS is a user support system for searching and finding information, services, items, or
products on the World Wide Web (WWW). It is an application system and method that provides
recommendations to users to make decisions on selecting the best items [12]. It has been used in
conjunction to the IR system to provide relevant suggestions to users for their collection of items or
products that they might be interested in [7,13]. According to Burke [14], the design of the
recommendation engine is based on domain and specific features of the available data.

Typically, RS is categorized into three types; collaborative, content-based, and hybrid systems
[8,15]. Collaborative filtering generates recommendations by analysing historical interaction. It can
be divided into neighbourhood and model-based approaches. The neighbourhood-based approach
relies on the rating made by the other users that were selected based on their similarity. The model-
based approach employed statistical model to generate the recommendation. The pure collaborative
model relies heavily on the user rating matrix. This approach considers all users and items as atomic
units. This limitation has been overcome by considering user profile, also known as content-based
filtering. This approach evaluates the representation that describe the items and make a comparison
with the user interest. Content-based and collaborative recommenders can be combined to leverage
the strengths of both approaches. This technique is called a hybrid RS.

Generally, the RS has been implemented in various fields such as entertainment, e-commerce,
and services. In e-commerce RS sites were implemented to recommend products to their customers
by utilizing their preferences and other customers” purchase history [16]. According to Herlocker et.
al [17] there are many advantages of RS in e-commerce. Among the benefits are it helps buyer to find
the products that best matches with their needs and reduce the searching and browsing effort.

According to Ricci et. al [12], the RS commenced development of a simple observation, in which
a person’s decision usually depend on the suggestions given by others. Based on their study, they
highlighted the importance of the RS as to increase the sold items, sell various items, increase
consumer satisfaction, improve consumer well-being and more understanding on the consumers
need.

In the tourism field, the RS can be used to assist travellers in finding the destination that best
which suits their interests [18]. Alrasheed et. al [18] proposed RS which provides users with a bunch
of destinations preferred by similar travelers to enable building a list of recommended destinations.
Then, the RS ranks the list based on user preferences and constraints. Esmaeili et. al [19] proposed a
social-hybrid RS for suggesting tourist attractions. Their study utilised several factors such as
similarity of traveller’s interests, trust, reputation, relationships, and social communities. These
factors can increase the RS recommendation quality.

Data mining has good potential in RS research. Data mining is among the steps in knowledge
discovery in databases (KDD) [20]. KDD is an automated exploration analysis and modelling of big
data repositories [21]. KDD involves a nontrivial process of extracting useful patterns in data [22]. In
KDD, data mining is a process consisting of applying data analysis and appropriate algorithms to
generate meaningful patterns over a large dataset. For instance, Mohsin et. al [23] demonstrates that
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the mining of the historical data provides useful patterns that can be used in the present decision
making and planning. Furthermore, data mining has been proven to be able to generate good quality
of knowledge for decision maker [24].

Etzioni [25] introduced a concept of web mining to find, identify, uncover, and explore
information, documents, and knowledge from the web. Etzioni also emphasises that the web mining
can support searcher to browse, search, and visualise the web contents. Web mining contains two
categories: web content mining and web usage mining [20]. Web content mining is the process of
obtaining interesting information from web pages [26]. Web content information can be classified
into four types of data information, namely unstructured, structured, semi-structured, and
multimedia content [27]. The web usage mining can be applied to find the web usage patterns [26].
It can be used to predict searcher’s preferences and behaviour [28].

3. Methodology

This study involved three main phases, which are identifying search keywords and database,
frequent keyword analysis, and recommendation modelling.

The first phase comprised three main steps: data selection, data pre-processing, and search
keyword detection. Data selection concerned with the selection of appropriate data for this study,
while data pre-processing defined a series of actions to be undertaken before the data could be used
in the experiment. The search keyword detection aimed to identify the keywords used in the query
and its associated database.

In this study, the case study was on library of Universiti Utara Malaysia (UUM). Therefore, web
log of the online databases that the library subscribed was obtained. These data were typically
secured under the eResources application, which was one of the online services managed by the
library. The dataset of server log data in the eResources application under the PSB website used in
this study consisted of 32 log files. Each log file contained 500,000 lines.

The data were cleaned and the keywords used by the searchers were identified. The keywords
were found in the Uniform Resource Locator (URL) which ended with “query”, “keyword”, and etc.
Figure 1 shows example of the keywords identified in the web log. The keywords would be extracted,
and the database associated with that keywords would be stored. As shown in Figure 2,
“sukuk+structure”, “continuous+education+ and+retention” were among the keywords that were
identified from the log. In the next step, all stop words were detected and removed.

GET http://www_emeraidinsight com 80/search htm? k ture&ct=al&ec=18bf=1 HTTP/1.1

GET hitp //proquest.umi_com:80/pqdweb?RQAT=302&COPT=REJTPUcyODcrM2IXMCZJTIQIMCZWRVIOMg==8clientld=28929&cfc=1 H
GET hitp://www.emeraldinsight com:80/journals htm?issn=1753-8394&volume=28&issue=4&articleid=182694 1&show=pdf HTTP/1.1

GET http://www emeraldinsight com 80/journals htm?issn=1759- 081 78&volume=1&issue=18articleid=1858421&show=| p(ﬂ HTTP/1.1

GET hitp://proquest.umi.com:80/pqdweb?S( it tention&DBId=G6478date=AL L &onDate=8&beforeDate=&af
GET hitp://vww.emeraidinsight com:80/search.him?st1=sukuic+siructuresec=18bi=1&ct=jnl HTTP/1.1

GET hitp-//proquest umi com 80/pqdweb?S Q- continuous +education* faciors&DBId-G647&date=AL L &onDate=&beforeDate=&afterDate
GET hitp://eserv.uum.edu.my:80/connect? j4JmXDFOQY HTTPA 1

GET http://eserv.uum.edu.my:80/menu HTTP/1.1

GET hitp://www.emeraldinsight. com:80/journals htm?issn=0828 268issue=18articleid=1846113&show=pdf HTTP/1.1
GET hitp://www.emeraldinsight com 80/search htm?st1 t Sec=18bf=1&ct=jni&nolog=167626&page=2 HTTP/1.1

GET http://eserv.uum.edu.my:80/public/rightmenu.htm HTTP/1.1

GET hitp://www.emeraldinsight. com:80/search.htm?: +structure8ec=18bf=1&ct=jni&nolog=167626&page=2 HTTP/1.1

GET hitp://www.emeraldinsight com-80/journals. htm?issn=1753-8394&volume=2&issu 1795: =pdf HTTP/1.1

GET http://www._emeraldinsight com:80/journals_htm?issn=1759-0817&volume=1&issue=18articleid=18584228show=pdf HTTP/1.1

GET http://www.emeraldinsight com:80/search.htm?s +struclure8ec=18bf=1&ct=jni&nolog=1676268page=3 HTTP/1.1

GET http://www.emeraldinsight com 80/search htm?st1=aftitude&ec=1&bf=1&ct=jni&nolog=814577&page=2 HTTP/1.1

GET http://www_emeraldinsight com:80/search.htm?: titude&ct=aldec=18bf=1 HTTP/1.1

GET htp.//eserv.uum. edu.my:80/connect?session=sZEm3XinTizCwY3&uri=menu HTTP/1.1

Figure 1. Sample keywords in a log file

In the second phase, the search keywords that had been obtained from Phase 1 were analysed.
The process involved sorting and grouping of the keywords and its associated database. The analysis
of frequency was performed using Microsoft Excel to obtain the frequent search keywords.

Finally, the RS model was designed and developed to illustrate the workability of the actual RS.
The model was implemented using Hypertext Preprocessor (PHP) language and MySQL database.
Figure 2 shows the proposed design of the RS interface. The system acted as an interface to the
existing eResources system hosted by PSB UUM. The system was able to suggest which databases
contained the keywords that the user had entered.
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Recommender System for E-Resources

Enter a keyword: | management

SEARCH

Most user find articles related to “management” from : Serial Solution

Alternatively, user may find related articles from the following
database:

1 ieee

2. ScienceDirect

3. Emerald

4. OnlineLibrary

5. ISTOR

6. SCOPUS

7 Eric

8. Ebscohost

9. JournalCambridge
10. XREF

Figure 2. Proposed design of eResources RS

4. Findings

Based on the analysis, 19,146 keywords were identified and retrieved. In addition, 11 databases
that are associated with the keywords were also identified. This finding is depicted in Table 1. Table
1 shows that IEEE database is the most popular where 4,862 keywords were obtained. Of these, 3,418
keywords are unique, while the rest are repetitive. Serial Solutions is the second popular database
where 3,043 keywords were obtained. Other databases records less than 2,000 keywords.

Table 1. Database and Number of Keywords

FREQUENT SUM OF
No. DATABASE NUMBER OF KEYWORDS KEYWORDS KEYWORDS

1. ebscohost 1552 217 1835
2. Emerald 912 74 1011
3. Eric 462 341 1081
4, ieee 3418 808 4862
5. JournalCambridge 1080 67 1148
6. JSTOR 1321 150 1503
7. OnlineLibrary 956 80 1044
8. ScienceDirect 1561 255 1906
9. SCOPUS 1226 124 1379
10. SerialSolution 2408 363 3043
11. XREF 307 18 334

GRAND TOTAL 6143 2497 19146

The analysis of the keywords frequency together with its associated databases is depicted in
Table 2. The table illustrated that most of the keywords were used twice and thrice. Databases, such
as IEEE, Serial Solutions, ScienceDirect, EBSCOhost, and ERIC, contained keywords that repeated
more than three times. The IEEE database had nine keywords that repeated more than ten times,
while Serial Solutions had five keywords that repeated more than 10 times.

Table 3 demonstrates the example analysis of the 30 highest frequent keywords that were

V77 VA7,

identified from the databases. Keywords such as “management”, “performance”, “entrepreneur”,
“system”, “service”, “business”, “theory”, and “relationship” were used in all databases. Keyword
“management” was the most popular where it was searched 68 times in all databases. While
“methodology” is less sought by the searchers.

The usability test was also conducted on the recommender search interface. Based on the
feedback, most of the respondents stated that they were familiar with the functionalities of online
database system. About 90% of users agreed that they needed guidance when using the prototype

for the first time, while the other 10% said the system was easy to use and user friendly. It showed
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that all the users agreed that the existing eResource module did not have all the necessary functions
and capabilities as they expected. Most of the users expected the eResource module to have the
capabilities in helping users on searching the information. They also agreed on having a RS for this
eResource module. Overall, most of the users stated that the proposed RS interface was simple and
easy to use. They also agree that the interface and information provided are clear and effective in
supporting the searchers.

Table 2. Databases and Keyword Frequency

KEYWORD FREQUENCIES

NO- DATABASE 1 2 3 4 5 6 7 8 9 >10
1 ebscohost 1335 168 40 6 1 1 0 0 1 0
2 Emerald 838 54 16 3 1 0 0 0 0 0
3 Eric 121 121 194 7 8 10 0 1 0 0
4 ieee 2610 516 151 60 39 18 9 3 3 9
5 JournalCambridge 1013 66 1 0 0 0 0 0 0 0
6 JSTOR 1171 130 11 6 3 0 0 0 0 0
7 OnlineLibrary 876 75 3 1 1 0 0 0 0 0
8 ScienceDirect 1306 196 41 11 3 2 2 0 0 0
9 SCQPUS 1102 107 8 6 3 0 0 0 0 0
10 SerialSolution 2045 240 59 36 9 9 3 1 1 5
11 XREF 289 12 3 3 0 0 0 0 0 0

TOTAL 12706 1685 527 139 68 40 14 5 5 14

Table 3. The 30 most popular keywords
NUMBER OF KEYWORD FREQUENCY
NO KEYWORD SOURCE
DATABASES TOTAL MIN MAX AVERAGE MEDIAN

1. management 11 63 1 20 6.18 4
2. organization 9 4 2 12 4.89
3. network 10 39 1 15 3.90 2
4. technology 10 37 1 10 3.70 2
5. performance 11 36 1 7 3.27 3
6. entrepreneur 11 35 1 10 3.18 2
7. commumnication 10 34 1 14 3.40 2
8. organizational 10 34 1 6 3.40 3
9. information 10 32 1 9 3.20 25
10. system 11 32 1 11 291 2
11. service 11 31 1 7 2.82 3
12. business 11 30 1 8 273 2
13. company 10 30 1 10 3.00 2
14. application 10 29 1 10 2.90 2.5
15. entrepreneurship 10 29 1 9 2.90 1.5
16. attitude 10 28 2 4 2.80 25
17. characteristic 9 28 1 4 3.11 3
18. strategy 10 28 1 6 2.80 2
19. theory 11 28 1 6 2.55 2
20. journal 10 27 1 6 2.70 25
21. Knowledge 9 27 1 6 3.00 2
22. Malaysia 9 27 1 10 3.00 2
23, student 10 26 1 6 2.60 2
24, difference 10 25 1 5 2.50 2
25. effect 10 25 1 6 2.50 2
26. employee 10 25 1 5 2.50 2
27. impact 10 25 1 5 2.50 2
28. relationship 11 25 1 4 227 2
29. development 10 24 1 6 240 2
30. methodology 7 24 1 11 343 2

5. Conclusion

This study proves that library users actively use online databases to find and obtain information
for academic research purposes. The patterns reveal that users are searching for information from
more than one databases. This can be seen by the use of 30 most popular keywords in most of the
databases. The proposed RS interface was found to be beneficial to the users, assisting them in finding
the information in the “right” databases.
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The major constraint faced by this study is the data size. The data size was too big, too difficult,
and took a great deal of effort to process. Furthermore, the raw data contained too much “rubbish”.
The quality of the data was affected and some of the data might be lost during the processing.

Based on the nature and size of the web log data, an automatic mechanism for extracting useful
data needs to be designed and developed. The mechanism should be able to distinguish the major
fields such as keywords, database name, session, and user profile. Therefore, a specific study should
embark on this automatic extraction. It will be a useful tool for research in this field.

Future studies should also include user profile as one of the information to be extracted. User
profile can increase the recommendation as those who have a similar profile might have the same
interest.
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