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ABSTRACT

Various searching mechanisms and algorithms are used to query and rank information on the internet.
QuickRank Algorithm (QRA) is a popular method for ranking entities based on various criteria selected
by the user. However, this algorithm fails to handle evolving individualism and as a result ignored user
biases and preferences. The aim of this work was to develop an enhanced recursive ranking model that
could improve searching experience incorporating user biases.
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1. BACKGROUND TO THE STUDY

Information retrieval plays significant role in all aspects of life, especially with the tremendous increase
in inaccessible data. The problem of finding relevant information by searchers 1s made more difficult
by the complex nature and structure of accessible data. A simple web query can return millions of
results, through all of which practically nobody has the time or patience to go through. Users expect
the most relevant results to be shown first, before the less relevant. Moreover, different users may have
different search intent, and as such expect different results. Search efliciency becomes increasingly
important as the number of internet users continues to increase.
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With the popularity of online social networks, and the increasingly bigger role played by the Web in
research, studies, and other areas of life, personalization of search results becomes a major issue. To
solve this problem, there is a need to develop efficient algorithms and mechanisms that incorporate
the specilic needs of users in returning relevant information to them. Researches are being carried out
in this area. This work is geared towards proposing solution to alleviate the difficulty that is associated
with personalised searching experience. This chapter presents a brief summary on ranking algorithms,
followed by the objectives, significance, and organization of this thesis.

#riE Digital Innovations

The advent and introduction of internet is among the major inventions of the 21" century. Arguably,
the origin can be traced back to when the Internet was employed as an instrument to inter-connect
government research laboratories. From its inception in 1991, the internet has evolved as a global
phenomenon interconnecting various networks from individuals’ networks to corporate, private and
public networks. It provides medium for exchanging information in various forms, including research
papers, policy documents, learning documents, multimedia contents and private data. Internet as the
largest source of data has revolutionised the availability of electronically accessible information. On the
average, the Web 1s estimated to be growing by over a million pages per day, in addition to the hundreds
of millions of pages that are already available online (Hobbes’ Internet Timeline, 2017; Netcraft, 2017).
The Internet presents an enormous amount of information, which consists of huge collection of
webpages (currently estimated at over 4 billion) and countless hyperlinks.

Globally, demand for access to different types of information by diverse users is on the increase -
content search n the digital libraries; media search like image, music, news, blog; social search, and
video retrieval. As a result of this, in addition to the enormous surge in the quantity of text that is
accessible online, web information retrieval grows beyond simple web page retrieval. It comprises of
varying amount of processes including question answering, web object detection, and tracking,
summarization, multimedia retrieval, searched results mining (Brin & Page, 1998). These features of
the web, essentially bring about the creation of systems that are highly intelligent and capable of mining
knowledge efficiently and effectively.

Due to exponential increase in the amount of information that is available online, it 1s now pertinent
for users to use automated tools such as search engines while looking for desire sources and resources
for mformation. These tools use web mining methods for data extraction in other to obtain vital
information through the internet. Web structure mining is used in various aspect of web searching
which include the following; information discovery, hyperlink inferences, authoritative web pages
formation, retrieval of relevant information and qualitative check of web page (Surt & Taneja, 2012).
It has been in various research work that Hyperlink structure is the main focal point as regards the
development of web mining techniques. A typical web graph 1s made up of webpages and hyperlinks.
The webpages are referred to as nodes while the hyperlinks are the edges of the graph that connect
one page to the other. A major application of web structure mining among others is web search results
ranking. One of the important applications of web structure analysis is ranking the results of web search.
In the search engine, ranking entails the ordering of search results or a query based on pre-defined
measures or standards of relevance.

Qualitative measures in web searching process depends heavily on the quality of ranking algorithm that
1s implemented. In search engine mechanism, when query is issued to display relevant results, the
quality of such results can be estimated by the quality of the ranking algorithm (Baeza-Yates et al.,
2002). Ranking techniques greatly simplified the user interaction with large search results in the
predefined relevance. Diverse kind of page ranking algorithm exist today, among the most popular
ones are PageRank and HITS methods. In order to determine the relevance of the search results, most
ranking mechanism use the underlying link structure of the Web.
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In link structure analysis, every webpage normally consist of both in-link to the page and out-link from
the page. Analysis of both in-link and out-link of a particular webpage provides insight about the context
of the page. PageRank mechanism which is use in Google search engine is a very good example of link
analysis algorithm (Montenegro & Tetali, 2006). By allocating numerical weights to each of the element
of a hyperlinked, PageRank is able to computing its importance.

2. RELATED WORKS

There have been serious research efforts to improve the performance of ranking algorithms (Salton &
Buckley, 1988; Jones et al., 2000; Craswell et al., 2001; Brin & Page, 1998; Kleinberg, 1999). However,
many issues still remain to be explored and addressed. One of such issues is the problem of
personalisation of search results. Most of the ranking algorithms are user-neutral (Brin & Page, 1998;
Kleinberg, 1999) and are very useful tools in the process of content-based document analysis. Despite
the effectiveness of ranking algorithm in web searching process, a core of component of every searching
domain is not fully taken mto consideration. This major actor is the user that mitiates who 1s the
custodian of whatever that is generated from the searching output. Some attempts were made in the
past researches to integrate users’ parameters into ranking algorithms but the focus was mainly on using
user information without full consideration for bias.

Various forms of users’ information are used by ranking algorithm to ensure quality ranking and
mmprove ranking results. Example of such users information include search context, location, history
of previous searches, click-through logs, (Sun et al., 2005), topics of interest (Chirita et al., 2001) and
personal bookmarks or frequently visited web pages (Jeh & Widom, 2003), to modify search result’s
weights. User friends’ information needs are also taken into consideration in some algorithm. This 1s
premised on believe that friends naturally share common interest. Consequently, the ranking algorithm
were mainly concerned with learning the users previous online engagement while ignoring the effect of
user bias in the current query. In reality, users may have certain preferences in their current information
search, which differ from their previous activities.

A vivid example 1s a case of a mother looking for a good Nigerian university for her ward. She simply
opened a search engine and typed “good universities in Nigeria”, search engines simply return a
generalised result as it cannot determine which criteria make a umversity good using the user’s
personalised bias criteria. Such searches normally return a result with generalised assumptions. In
summary, the current personified search engine method is limited to an integrated information search
about the visit and search histories of different individuals and their peers. With the integration of user
bias, the searching process considers the specificity of each individual in the query criteria thereby
delivering more relevant information.

Web content searching 1s known to be extremely difficult because such search has to traverse various
information sources. These sources are very dynamic in term of content development and increasing
volume of information on a continual basis. The Search and meta-search engine are tools that aid the
user to easily identify information they are looking for. Search engines facilitate the retrieval of pages
that contained necessary information based on the keyword supplied by the user. Web personalisation
has recently gained interest [rom several stakeholders. Some websites are already involved with
providing services including interface preferences, layout, and applications functions.

Interestingly, some of these services focus mainly on the presentation approach without considering
1ssues such as retrieval model and ranking algorithm. Synthesizing web content in thematic categories
1s a vital function in searching techniques. With this, users are able to navigate individual search domain
and retrieve desired information without much difficulties. Categorisation of information in thematic
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hierarchies can be done using either “flatten the hierarchy” or text categorisation technique.

In flatten the hierarchy approach, categorisation is done in such a way that every section in the hierarchy
has a correspondent grouping with personalised training data. In text categorisation technique, every
new incoming web document is classified. This classification of document is developed in such a way
that each classifying agent is able to determine when to categorise a document in a particular class
among various classes that exist at the same level in a given hierarchy while traversing the hierarchy tree
from the root node to the leave nodes

3. RESEARCH DIRECTION

This thesis addressed the problem of personalised search. As stated above, this problem is rooted in
the fact that current ranking algorithms do not adequately provide room for users to search for items
by specifying their preferences (explicitly or implicitly inferred). The popular ranking algorithms rank
pages using only the search query keywords and the underlying link topology ol the Web.
Consequently, results of such searching exercise only reflects the matching criteria based on the
keywords used in the query. Searching with criteria such as weighted age, gender and personality is not
presently possible with the algorithm in the public domain. This is the reason why it is presently difficult
to search for documents based of on characteristics. Underlying topology of a network is the techniques
that 1s being used to rate documents (for instance web pages) within a network. In such case, ranking is
done based on the search word(s) used by the user. Search engines basically rank documents based on
word and not by users’ traits. For instance, searching for individuals between the age of 30 and 40 who
are interested in ice skinning with a certain degree of interest is almost impossible.

The objectives of the research work in this thesis are to understand the principles of operations of
ranking algorithms, investigate the problem ol personalised search, and evaluate ways to solve the
problem. An efficient recursive ranking algorithm, which considered a searcher’s preferences or bias
when ranking the relevancy of documents, was proposed, developed, and tested on a standardised
dataset. The results of the thesis revealed msights into methods of improving ranking algorithms to
provide better personalised searching experience.

4. RESEARCH APPROACH

User bias was introduced as third parameter to local ranking and judgement in QRA. This parameter
was applied at the tree, node and leaf levels to generate the resultant global ranking. The ranking dataset
of top 100 Nigerian universities (University of Ibadan (UI), Covenant University (CU), University of
Nigeria (UNN), Federal University of Technology Owerr1 (FUTQO), University of Lagos (UNILAG),
University of Port-Harcourt (UNIPORT), Federal University of Agriculture Abeokuta (FUNNAB),
University of Ilorin (UNILORIN), Ahmadu Bello University (ABU) etc.) was obtained from 2016
webometric ranking data developed on the basis of presence, openness, impact, and excellence. The
data were normalised to generate weighted criteria scores. Evolving individualism was taken into
consideration at the criteria level using 870 sample candidates obtained through response driven survey.
The model was validated using the data obtained from the 870 respondents. This was to make room
for independent non-negative bias value for each of the criteria. The specified values for the four criteria
were nomarlised to range from 0.00 - 1.00 with the cumulative value equal 1.00. These values were
used to bias the criteria score for each University based on QRA. Cardinal and ordinal ranking were
generated for each sample individual. Weighted mean was used to determine the weighted disparity
between the actual webometric ranking and individually biased ranking.
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5. CONCLUDING REMARKS

This study covers one of the major aspect of information retrieval (IR) technology, an area which has
not been given adequate effort. There are no widely used IR systems and search engines that
incorporates user preferences in ranking search results. This 1s quite an important application, since
the expectation of users varies. Moreover, a personalised ranking algorithm will allow users of online
social network to easily find and connect with people, whose characteristics closely match with the
preferences of the users. All these have the potential to improve users’ browsing experience. Moreover,
the recursive nature of the algorithm provides valuable insight into the reduction of the computational
complexity of ranking algorithms through the use of recursion.

The solution proposed in this research work can be applied to other scenarios. If it can be applied to
a hierarchical social network, it is also mostly relevant in other similar situations. For instance, a person
might search for an automobile, which best suits their needs from a database by indicating factors most
important to them. One person might consider gas mileage the most important factor, followed by
mitial cost; while another might consider style as the most important, and performance as a close
second.

In this case, the proposed solution could be modified to generate a ranking result on the basis of user’s

mherent uniqueness. For the two searchers, the algorithm would recommend quite different cars
(Rosvall & Bergstrom, 2011).
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