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An Academic Search Engine for Personalized Rankings
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College of Creative Design and Entertainment Technology, Dhurakij Pundit University, Bangkok, Thailand

Abstract: Rapidly increasing information on the Internet and the World Wide Web can lead to information overload.
Search engines become important tools to help WWW users to discover information. Exponential increases in published
research papers, academic search engines become indispensable tools to search for papers in their expertise and
related fields. In order to improve the quality of search, an academic search engines’ capability should be enhanced.
This paper proposes a search engine for personalized rankings. In order to evaluate the performance of personalized
rankings, thirty-five graduate students from the Department of Web Engineering and Mobile Application Development at
Dhurakij Pundit University are participants in the research experiment. Participants are asked to use a prototype of an
academic search engine to find and bookmark any research papers according to their interests, which would guarantee
that each participants’ list of interesting research papers could be recorded. Normalized Discounted Cumulative Gain
(NDCG) is used as a metric to determine the performance of the personalized rankings. The experiments suggest that
the personalized rankings outperform the original search rankings. Hence, the proposed academic search engine with

personalized ranking benefits research paper discovery.
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1. INTRODUCTION

Although the Internet and World Wide Web (WWW)
provide a new and convenient way to store and
disseminate information, a rapid increase in information
on WWW makes it difficult to locate pieces of
information that are of interest to users. With an
information overload problem, search engines have
become indispensable tools to help WWW users
discover the information they need. One way to
improve the quality of users’ search experience is to
enhance search engine capabilities. Modern search
engines, especially web search engines, adopt several
techniques to find additional metadata to improve
resource indexing and rankings of search results
(Choochaiwattana 2009).

The ranking of search results then becomes a
challenging task when users obtain a large number of
returned search results. Research over the past
decade has been concerned with the improvement of
resource indexing. For enhancing the performance of
rankings, additional metadata information, for instance,
document title, anchor text (Brin and Page 1998;
Craswell, Hawking and Robertson 2001; Eiron and
McCurley 2003) , and user query log (Xue et al. 2004),
have been used.

Given the growing number of resources returned
with high similarity, various approaches to ranking the
results have been examined. The similarity ranking

*Address of correspondence to this author at the College of Creative Design
and Entertainment Technology, Dhurakij Pundit University, Bangkok, Thailand;
Tel: +662-954-7300 Ext. 786; Fax: +662-954-8651;

E-mail: worasit.cha@dpu.ac.th

JEL: D83, 123, 031.

E-ISSN: 1929-7092/17

approach measures a match between query terms and
resource content. On the other hand, the static ranking
measures the quality of the resource content, such as
PageRank (Page et al. 1999) and fRank (Richarson,
Prakash and Brill 2006).

Community-based research paper sharing systems,
such as CiteULike, and BibSonomy, and academic
search engines, such as Google Scholar, Microsoft
Academic, ResearchGate, and Social Science
Research network (SSRN), have become popular for
researchers to discover any research paper in their
fields of expertise, and related fields, according to their
interests (Choochaiwattana 2010; Khabsa, Wu and
Giles 2016). Retrieving academic content from this kind
of system adopts a similar technology to previous
research and theory in the field of information retrieval
(Sanderson and Croft 2012).

With an exponentially increase in published
research papers, a group of researchers examined
various aspects of improving research paper searches.
They have been working on proposing mechanisms for
research paper indexing with social tagging (Jomsri,
Sanguansintukul and Choochaiwattana 2009a; Jomsri,
Sanguansintukul and Choochaiwattana 2009b; Noél
and Beale 2008; Vig, Sen and Riedl 2009), developing
research paper recommendation services using various
techniques (Bogers, and Bosch 2008; Kiguktung ef al.
2013; McNee et al. 2002; Yin, Zhang, and Li 2007;
Zhang, Wang, and Li 2008), and analyzing user
behavior of an academic search engine, and gaining a
better understanding of how academic search engines
work (Khabsa, Wu and Giles 2016; Ishita, Agata,
Ikeuchi and Yosuke 2010; Tang and Miner 2016).
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This paper proposes an academic search engine for
personalized rankings and investigates the contribution
of personalized ranking to the task of re-ranking
research paper search results. It is organized as
follows: Section 2 provides details on a proposed
personalized ranking. An experimental setting and
evaluation are described in Section 3. Section 4
analyzes the results of the experiment, and provides a
discussion. The conclusion and future research are
described in Section 5.

2. PROPOSED PERSONALIZED RANKINGS

Typically, a search engine consists of five main
components, which are a crawler, an index engine, a
search application, a ranking engine, and an evaluation
engine (Croft, Metzler, and Strohman, 2009). Each
component performs different functions and has
different responsibilities (Baeza-Yates and Ribeiro-
Neto 2011). The crawler is responsible for identifying
and downloading documents for the search engine.
The index engine is responsible for extracting content
from the downloaded documents in the document
corpus and preparing document indexes, which
represent the document and provide a more efficient
and effective way for retrieving the documents.

In addition, the search application is a primary
interface interacting with the search engine users. It is
responsible for query preparing and search result
displaying. The search application submits the received
query to the ranking engine and then displays the
search results. The ranking engine is responsible for
query processing and search result ranking. It takes the
user query and compares with the document index for

similarity measurements. The evaluation engine is
responsible for monitoring and recording interactions
between the users and the search results. The search
engine can use the record interaction information for
tuning a search result ranking algorithm. A profile
engine, laying between the evaluation engine and the
ranking engine, is responsible for creating users’ profile
from the recorded interaction information in the log data
and working with the ranking engine to perform the
personalized search result ranking as illustrated in
Figure 1.

In general, the personalized ranking mechanisms
consider user-paper interactions for creating each user
profile. The extract keywords will be put in a set of
user’s keywords, which represents research interests
for each user. To implement the mechanism, there are
five main components - set of users, set of interactions
with research paper, set of users’ keywords, similarity
measurement, and document corpus as illustrated in
Figure 2.

Let N, be the number of users and N, be the
number of research papers in an academic search
engine. Let U be a set of users that contains all the
users in the academic search engine; U = {uy, uy, us,...,
uy}; P is a set of research papers that contains all the
research papers in the document corpus, P = {p;, p,,
ps,---, Pmf; and K is a set of keywords and contains all
keywords associated with research papers, K = {k4, ko,
Ks, ..., ko}. Let My, be the N, x N, association matrix
between users and research papers: M(u,p,) will be
equal to 1 when user, u,, interacts with a research
paper, p,. Thus, each row, or UP; in M, represents
user interactions with research papers. In addition, for
each user uy, let UKP, be a set of user keywords that
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Figure 1: Proposed academic search engine with personalized search result ranking mechanism.
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Figure 2: Concept of personalized search result ranking mechanism.

are derived from M, UKP, =

u, EUANk, EKAM,(u,p)=1}

{<u, .k, >

The proposed rankings in this paper extends the
original mechanism proposed in (Choochaiwattana
2016) by introducing user keyword discount score. Let
HLUK, be a set of user keywords discount score that
derive from UKP,,

Vk, A <u, k, >EUKP, — AddUp(d,)
HLUK, = {<u,,d, »VUP, € M,,| ! e

Yk, A <u,,k, > UKP, — LowerDown(d,)

When user u, submits query g to the academic
search engine, a similarity measurement between
query g and all research papers in P will be computed,
as show in equation (1):

t
95 Pi
! 2 ! 2 ’
\/EH a4’ P

The top 45 resources will be placed in the search
result set, SRS = {sry, sry Srs..., Srss}. A keyword
vector of user, uy, extracted from UKP,, kwuy, will be
multiplied by user keyword discount score, HLUK,,
AdjustedKwuy. Then, a keyword vector of each search
result, ksr,, and AdjustedKwu, will be compared with
the compute similarity score, as given in equation (2):

Sim(q.p,) = (1)

E ’j=] Adjusted Kwu,; .ksr,
! . 2 N 2
\/ 2 - Adjusted Kwu,; 2 - ks,

In order to rank the search results, a personalized
ranking score will be computed, as given in equation

3):

PRank = o~ Sim(q, p;) + (1 - «) - PSim(Adjusted Kwu,,ksr,) (3)

()

PSim(Adjusted Kwu, ,ksr,) =

The value of a for this particular study is 0.5. This
means that the score of Sim and PSim are weight
equally.

3. EXPERIMENT AND EVALUATION

3.1. Data from Microsoft Academic

Data was crawled from Microsoft Academic during
June to November 2015. The crawler searched for
research papers in the field of Computer Science. The
final data set of research papers consisted of 71,828
records and 43,508 unique keywords. Each record of
crawled research paper contained the title of the
research paper, author information, keywords,
references, and citation information.

3.2. Evaluation Metric

In order to evaluate the performance of the
proposed personalized search result ranking
mechanism, the Normalized Discounted Cumulative
Gain (NDCG), originally proposed by Jarvelin and
Kekalainen (Jarvelin and Kekaldinen 2000), was used
as a metric. The NDCG is devised specifically for web
search evaluation, and is based on human judgments,
where the human judge rates the relevance of each
retrieval result on an n-point scale. For a given query,
g, the ranked results are evaluated from the top rank
down, and NDCG is calculated as in equation (4):

K (2’(/') _ 1)

NDCG, =M,y oatle )

(4)

where each r(j) is an integer representing the relevance
rated by users, and M, is a normalization constant
calculated so that a perfect ordering would obtain an
NDCG value of 1.

The NDCG rewards relevant search results in the
top rank more heavily than those ranked lower, and
punishes irrelevant search results by reducing their
contributions to NDCG.

3.3. Experimental Setting

Thirty-five graduate students from the Department
of Web Engineering and Mobile Application



An Academic Search Engine for Personalized Rankings

Journal of Reviews on Global Economics, 2017, Vol. 6 353

Comparing NDCG of Different Ranking Mechanism

0.9

0.8

0.7

NDCG
o © © o
N w B w

o
S

Ohs ‘l | | | || || ||
0 | |I || || | |
1 2 3 4 5 6 7 8 9 10
K

M Personalized Ranking M Original Ranking

Figure 3: Comparison between NDCG for proposed personalized search result ranking and original ranking.

Development at Dhurakij Pundit University were invited
to be participants in the research experiment. The
participants were asked to use a prototype of an
academic search engine to find and bookmark any
research papers according to their interests, which
would guarantee that each participants’ list of
interesting research papers could be recorded.

During the experiment, each participant was asked
to search for research papers according to their
interests. In order to obtain the search result list, the
prototype of academic search engine was queried.
Cosine similarity was used as a similarity ranking, and
the top 45 resources were placed in the search result
set. The personalized ranking scores of the top 45
resources were computed, and the personalized
search result ranking was obtained and recorded.

The search result set was displayed in randomized
order to each participant for the relevance rating.
Before each participant rated relevance, they were
informed that the results would be displayed in a
random order. The ratings provided by each participant
were then associated with the original list, and the
NDCG scores were computed.

4. DISCUSSION

An assessment of the proposed personalized
search result ranking mechanism performance was
achieved by examining the NDCG values. The closer is
the NDCG value to 1.0, the more effective is the search
result ranking. Figure 3 shows a comparison between
NDCG for the proposed personalized search result
rankings and the original rankings, which suggests that
the proposed personalized search result rankings
provides a better set of search results as compared
with the latter.

It seems that a profile derived from a list of
bookmarked research papers and a set of keyword
discount score can represent each individual’'s interest.
Re-ranking the original search results according to
each individual’s interests and place more interesting
search results in the top rank and less interesting
search results in the lower rank. The proposed
mechanism can be applied not only to improve
research paper searches, but also to improve others
resource retrievals, such as news and articles.

5. CONCLUSION AND FUTURE RESEARCH

This paper proposed an academic search engine for
personalized ranking. It examined an issue in
integrating user profiles to improve user satisfaction
with the search results. The rankings based on
individual preferences create more satisfied search
engine users, with user profiles contributing to the task
of personalized search result rankings. It can place
more interesting search results in the top rank and less
interesting search results in the lower rank.

The proposed personalized search result ranking
mechanism was developed under the assumption that
users tend to have limited fields of research areas and
their research interests may change as time passes. In
this respect, further analysis should be performed. It
appears that user interest may change, in which case a
technique to monitor user interests needs to be
investigated.
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