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ABSTRACT 
 

The search engine has become one of the most popular tools used on the Internet. Most of 

the existing search engines locate information based on queries consisting of a small 

number of keywords provided by the users. Although those search engines can query 

their databases and retrieve documents in a timely manner, the quality of the results is 

often unsatisfactory. This problem, based on previous studies and our observation, is 

partially due to the lack of semantic interpretation of a search request, as well as the 

user’s incapability to precisely express their information need in a short query. In this 

research, we propose a conceptual framework that classifies various types of context in a 

Web search environment and present a new semantics-based approach that disambiguates 

user queries by analyzing the “relationship” context associated with query concepts. 

Our multi-methodological research approach includes: (i) building a context 

framework by categorizing different types of context; (ii) proposing a search mechanism 

that discovers and utilizes semantic relationships among query terms; (iii) demonstrating 

the practical implications of our proposed model using a proof-of-concept prototype 

system; and (iv) evaluating the usefulness of “relationship” context through an 

experimental study. From a technical perspective, our approach integrates ideas from 

semantic network, ontology, and information retrieval techniques. The experimental 

study conducted in the medical domain shows that our approach is effective and 

outperforms an existing popular search engine on search tasks consisting of key semantic 

relationships. 
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CHAPTER 1: INTRODUCTION 
 

In the past decade, search engine has become one of the most popular Web tools. 

According to Nua Internet Survey, there were more than 600 million people online as of 

September 20021, and majority (77%) of those Web users employ search engines for their 

online information needs, based on a recent study from iProspect2. With such heavy 

usage of online search, effectiveness and efficiency are the most important factors that 

influence the Internet users when they choose search engines. Effectiveness measures the 

degree to which the “right” results are produced. Efficiency measures how cost-

effectively results can be produced. Although most of the existing search engines can 

locate information very quickly, the quality of the results is often unsatisfactory.  

The quality of search results is heavily affected by the completeness of the index, 

the accuracy of the ranking algorithms, and the expressiveness of user’s request. The first 

two factors are essential to any search engine, and undoubtedly determine its popularity. 

All through the short history of search engines, we have witnessed revolutionary 

breakthroughs of search technology in terms of number of indices and performance. For 

example, the number of Web pages being indexed by search engines has increased 

substantially over the years. In 1994, the World Wide Web Worm (WWWW), one of the 

first Web search engines, had an index of 110,000 Web pages and Web accessible 

documents [15].  As of November, 2004, top search engines such as Google and MSN 

claim to index more than 5 billion Web pages and documents, as well as more than 400 

                                                 
1 http://www.nua.ie/surveys/how_many_online/index.html 
2 http://www.iprospect.com/web_site_promotion/press09162002.htm 
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million images [37]. Currently, the performance of search engines has reached a plateau 

where the increase of the number of indexed Web pages and the improvement of search 

algorithms no longer have proportional positive effect on the search results. In fact, the 

more resources there are, the more difficult it is for the search engines to locate best 

information for the user. Another issue associated with existing Web search is that search 

engines generally treat search requests in isolation. The results for a given query are 

identical, independent of the user [58]. However, the value of a retrieved document lies in 

the user’s search intention which may or may not be accurately reflected in the search 

request sent to the search engines. During the past couple of years, some Web search 

studies have focused on improving the expressiveness of the user’s search request by 

adopting traditional information retrieval techniques such as query expansion.  In a Web 

search environment,  the user’s request is often represented in the form of a number of 

words/phrases or a sentence [11]. It is well known that Web users tend to use very short 

queries – average length of 1.5 to 2.5 words – and rarely include Boolean operators (such 

as “AND”, “OR” and “NOT”) in their queries [13]. As a consequence, user’s full search 

intention and requirements can hardly be accurately conveyed to the search engine 

through such short queries, which inevitably lead to poor quality of search results. By 

adding additional terms to the user’s query, one can hope to retrieve more specific results. 

However, the selection of additional terms is a difficult task and requires careful analysis 

of user’s search task and intention.  

So how can we render search engines capable of understanding user’s search 

intention behind her often simple and ambiguous search request? Current efforts have 
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focused on modeling and utilizing “context” in Web information retrieval. A number of 

techniques have been developed in the literature to augment the keyword-based approach 

to incorporate various types of search-related contexts in the search process. All these 

approaches share a common goal to retrieve more accurate search results that better 

represent the user’s search intentions. However, very few of these studies have examined 

systematically what constitutes context and how contextual information can be used 

effectively. There is a need for careful investigation of the context involved in the Web 

search environment and rigorous evaluation of its usefulness. 

The objective of this research is to develop and evaluate a context-based search 

model that captures semantic relationship context during a search process and 

automatically refines user’s search request. We first develop a conceptual model that 

investigates the role of context in the search process and categories various kinds of 

contexts. Based on this framework, we present an innovative approach for the semantic 

interpretation of user’s search request by identifying and analyzing the “relationship” 

context associated with the query concepts. To demonstrate the practicality of our 

proposed approach, we developed a proof-of-concept prototype system called CSS 

(Contextual Search System), an advanced search tool that facilitates Web information 

retrieval based on the “relationship” context. The system is built on top of existing search 

engines and has an easy-to-use interface. We conducted an experimental study using the 

prototype system to evaluate our contextual search model. The evaluation framework 

employed a rigorous methodology emphasizing (i) search tasks conducted by users who 

had the freedom to formulate their own queries; (ii) relevance judgments made by the 
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same users; and (iii) combined results from quantitative and qualitative data for the 

assessment of search effectiveness. 

There are two major components in this research – a conceptual framework for 

search context and a semantic relationship-based search model. The context framework 

serves as a summary of previous work in context-based information retrieval and a 

classification scheme of search-related context. The definition of context is borrowed 

from context-aware computing, a ubiquitous computing paradigm that heavily uses 

context to discover situational information in the application environment [21], and is 

adjusted to the Web search environment. Our context-based search model focuses on a 

specific type of search context – “relationship” context. The basic premise underlying our 

approach is that the user query provides limited amount of contextual information of the 

search. This is important because it sets our approach apart from natural language search 

approach. A natural language query is usually in the form of a sentence that includes text 

surrounding the search keywords. Such text often provides rich context of the search 

which is absent from most keyword-based queries. Our approach is also different from 

pure keyword-based approach in that we regard query keywords as semantically-related 

concepts rather than individual terms. We adopt a natural language processing technique 

to discover and retain any existing relationship information in the query, and also 

incorporate an ontology to further explore such relationship. This unique approach allows 

a deeper understanding of the query semantics and the search intention behind. 
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1.1 CHALLENGES 

Low cost, greater access, and publishing freedom have allowed people to use the Web as 

a highly interactive medium [7]. Search is the most visible and important tool in this 

medium that even the least experienced user can command to acquire information from 

the Web, an enormous collection unstructured data. However, using the search tool to 

retrieve data on the Web is a complex, interactive process that may involve the 

conceptualization of search task, multiple sessions, query term adjustment, even personal 

emotion. Despite the fact that Web search is now an integral part of our life, majority 

Web users are not trained to be search experts and are not knowledgeable of the 

underlying mechanism adopted by search engines. Thus, it becomes increasingly 

important to use technology to enhance user’s search capability and provide an in-depth 

insight into the search process. However, many challenges must be addressed in 

developing such technology.  

 Lack of Comprehensive and Consistent Understanding of Context 

People associate context with various concepts in information retrieval literature. 

Some use the term in the sense of linguistic context, such as vocabulary or synonym 

determined by the user group [24], or the text surrounding the query terms in a 

document [36, 62]. Some believe context includes things such as country, language of 

the user, location of the search box, or search history [14]. While others use context to 

represent metadata that can help filter and sort results [13]. The different ideas of 

context have been utilized in many recently proposed search approaches, and make it 

one of the most ambiguous and abused terms in the field [36]. Very few studies have 
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acknowledged that context may consists of different aspects, and the various aspects 

of context may interact with each other, and may benefit the user in different 

situations. Therefore, without a comprehensive understanding of search context, the 

development of advanced and intelligent search tools remains a very difficult task. 

 Limited Information Provided by Keyword-based Query 

As mentioned earlier, due to search engine’s over-simplified search interface and lack 

of effective functionality on processing complex search, Web users tend to use very 

few words to describe their search task. Such simplicity is appealing, but it provides 

little information on user’s search intention and goals. There are two fundamental 

problems associated with short queries: word sense problem and word mismatch 

problem. In a problem caused by word senses, a query is ambiguous because the 

terms it consists of are polysemous. That is, each query term has multiple meanings 

that make it difficult to interpret the query in one way. The fewer terms there are in a 

query, the less chance meanings of different terms will converge, and the more 

ambiguous the query is. A performance assessment of the top five Web search 

engines, conducted by the US National Institute of Standards and Technology, 

showed that when 2.5 search words are used, only 23 to 30 percent of the first 20 

documents returned are actually relevant to the query [13]. The word mismatch 

problem is related to the synonymity nature of human languages, which refers to two 

or more words having similar meanings. In cases of word mismatch, terms submitted 

by the user to describe concepts are different from the ones used in the documents for 

the same concepts. The problem is more severe for short casual queries than for long 
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elaborate queries because as queries get longer, there is more chance of some 

important words co-occurring in the query and the relevant documents [87]. 

Therefore, it has become increasingly important to design intelligent mechanism to 

assist users in search strategy improvement and automatically infer the non-utterance 

from the limited information provided by the user. 

 Search Engine as a Blackbox 

The underlying techniques used by search engines are unknown, and also differ from 

one search engine to another. Unlike database query languages such as the Structured 

Query Language (SQL) which an experienced user can master to formulate a 

sophisticated query and produce predictable results given that the structure of the 

database is known a priori, it is much more difficult to specify a query that will yield 

expected results through a Web search engine. Search engine is like a blackbox – it is 

not uncommon to receive significantly different result sets for very similar queries 

(such as different order of query terms, or replacement of a query term with a 

synonym). The unpredictability of search results nevertheless complicates the search 

situation and makes traditional query enhancement techniques more difficult to be 

applied to Web information retrieval. 

 Difficulty of Using Ontology for Semantics Discovery 

An ontology is an explicit specification of a conceptualization, which is an abstract 

and simplified view of the world that we wish to represent for some purposes [40]. 

Ontology is widely used in data integration, knowledge representation, and 

knowledge sharing. There is a trend of applying ontology to Web information 
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retrieval. However, current use of ontology is limited to disambiguating word sense, 

and finding synonyms and/or other related terms for individual query terms, in which 

cases a thesaurus would be sufficient. There is a need for more research on how to 

explore ontological knowledge to enhance Web search [17]. Additionally, using a 

general ontology for Web search is unrealistic because of the scale of Web contents 

and the lack of comprehension of existing general ontology. Because the Web users 

do not always share the same assumptions with the ontology designers or with each 

other, the reuse and sharing of knowledge represented by ontologies are also difficult 

[41]. Due to above reasons, there does not exist a widely-accepted approach for 

integrating ontologies in Web search process, despite recent attempts of developing 

decentralized ontologies for semantic web. 

 Risk of Adding Additional Query Terms 

Improper addition of query terms may have detrimental effect on search results. This 

is due to the nature of human languages that one word may have multiple senses and 

multiple words may have similar meanings. One may think that adding synonyms 

will help retrieve more relevant results, but previous studies have reported that 

serious difficulties were encountered when automatically selecting and adding terms 

to the query [61]. This is because when a query term has several meanings, adding 

terms related to different meanings of the query term will make the query more 

ambiguous. Thus, it will lower retrieval effectiveness [87]. There is a need to conduct 

more in-depth study and develop effective mechanisms for query expansion. 
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1.2 RESEARCH QUESTIONS 

The discussion in the previous section highlights important issues associated with 

existing Web search. This research directly addresses some of those issues and intends to 

alleviate the problems caused by some other issues through the proposed use of search 

context. In particular, we focus on understanding context in the Web search environment 

and how such context can be used to provide semantic information for a given query by 

using ontology as a knowledge base. The usage of context should not be restricted by the 

underlying mechanism of individual search engine. Rather, one would expect that the 

effective use of context will complement the functionality of existing search engines. In 

the following, we outline six important questions addressed by this dissertation. 

The first research question addressed by this dissertation is: “What constitutes 

Web search context?” Context represents different things in different disciplines. We 

recognize that context in Web search environment is most pertinent to the interaction 

between the user and the search system. Based on a Web information retrieval interaction 

model, we focus on different kinds of variables that affect the way the user formulates a 

query and conducts search, and draw common features from those variables to form a 

uniform understanding of search context. 

Having defined search context, the next question we address is: “How do we 

categorize and characterize search context?” By analyzing components and variables 

involved in the interactions between the user and the Web search system, we build a 

taxonomy that classifies different types of search context and provides a useful structure 

for systematic analysis and utilization of context. 
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Next we explore how context can be used to enhance Web search. We are 

especially interested in understanding semantic relationships between the query terms. 

The third question addressed is “How do we infer semantic relationships associated 

with the search terms?” We propose a semantics-based contextual search model that 

uses an ontology to analyze the query and discover useful relationship context. 

After gathering context that provide insights on the user’s search intention, the 

next question we address is “How do we integrate relationship context in the original 

query to achieve better results?” Our semantics-based search model combines 

traditional query expansion techniques with innovative term reordering and elimination 

heuristics to apply relationship context to search process.  

The fifth question examines the feasibility of embedding the proposed model into 

an implementation structure: “How do we realize the proposed contextual search 

model, and integrate it into an existing search engine and application domain?” 

Based on the conceptual framework, we developed a proof-of-concept prototype system 

called Contextual Search System (CSS), a Web-based search tool that runs on top of 

standard search engines. CSS facilitates: (i) a straightforward search interface that allows 

the user to input keyword-based query; (ii) context ranking algorithms and user feedback 

analysis; (iii) automatic context integration and query reformulation; and (iv) merging 

results from different search engines through a uniform interface. 

The last question evaluates our contextual search model: “Can the proposed 

contextual search model be fruitfully explored to improve the search effectiveness 

for some queries?” Effectiveness is measured by the precision and recall of user’s 
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answers to a specific search task. We conducted an experimental study that compares the 

proposed model to an existing commercial search engine. Based on our experimental 

results, we evaluated the usefulness of relationship context when it is integrated with 

different types of queries.  

 

1.3 RESEARCH APPROACH AND METHODOLOGY 

In this dissertation, we develop a theoretical framework and methodology to facilitate 

context exploration and utilization in Web search. Our research adopts a multi-

methodological approach with a combination of heuristics, prototyping and experiment. 

Our approach to answering the six research questions discussed in previous section is 

summarized in Figure 1. 

 

Figure 1: Multi-Methodological Approach to Answer Research Questions 

 

Hevner et al. [48] describes two paradigms that characterize much of the 

information systems research: behavioral science and design science. The former “seeks 

to develop and verify theories that explain or predict human or organizational behavior”, 
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while the latter “seeks to create new and innovative artifacts”. Researchers argue that 

truth (i.e., justified theory) and utility (i.e., effective artifacts) are inseparable in IS 

research, and IS research should be driven by both utility and truth, and be evaluated in 

light of their practical implications [1, 48, 59]. In this dissertation, we have taken a 

distinct design science research approach to construct and evaluate an innovative search 

model. Meanwhile, we have also adopted a behavioral science research methodology to 

explain the artificial phenomena surrounding Web search process. The rationale behind 

this approach is the recognition of significant value by engaging the complementary 

research cycle between design science and behavioral science to address important 

problems in IS research [48]. One example of this behavioral-design science interactive 

cycle is that the design of artifacts can be aided by explicit understanding of natural or 

artificial phenomena, meanwhile the practical aspect of design science also provides 

substantive tests of the theoretical claims produced by behavioral science research [66]. 

The research presented in this dissertation demonstrates how such interaction form a 

foundation for knowledge discovery, creation and application in IS research. 

 

1.4 DISSERTATION OUTLINE 

 The rest of the dissertation is organized as follows. Chapter 2 provides a summary of 

related research areas and approaches that contribute to this research. We first describe 

how context is being employed in the area of context-aware computing, and how search 

context roots from the study of information retrieval interaction. Then we review the 

terminology and techniques used in traditional information retrieval for query operations 
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and performance evaluation. This is followed by the discussions of existing search 

engines and advanced Web search tools. 

Chapter 3 begins with a short review of different meanings of context. Then we 

propose a Web information retrieval interaction model adapted from a traditional 

information retrieval interaction model. This is followed by the definition and usage of 

search context derived from the components and attributes involved in the Web 

information retrieval interaction model. We also propose a context taxonomy that 

formally categorizes various types of search context. 

Chapter 4 presents a formal methodology for semantics-based contextual search 

based on relationship context. The methodology provides a mechanism for automatic 

query structure analysis and context integration, and uses medical domain as the 

application domain. We first introduce a classification framework of medical queries 

based on their semantic structures. Then we describe a search model that analyzes query 

semantics, identify relationship context, and augment query using discovered context.  

In Chapter 5, we describe the details of the design and implementation of a proof-

of-concept prototype system. A complete working system is implemented to demonstrate 

the practicality and usefulness of the proposed approach. We illustrate each component of 

the system using real-world examples and also present the design methodology being 

employed. 

A user study – described in Chapter 6 – evaluates the effectiveness of our 

contextual search approach. The evaluation methodology is discussed in great detail. We 
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finally present the summary of statistical analysis results and discuss the implications of 

the evaluation outcomes. 

We round out the dissertation in Chapter 7 with a summary of our contributions 

and important future research directions. 
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CHAPTER 2 LITERATURE REVIEW 
 

In this chapter, we review several major research areas that contribute to our research: (i) 

context-aware computing that heavily uses “context” to enhance user interaction with the 

computing environment and provides a good reference for us to understand and utilize 

context; (ii) information retrieval interaction and (iii) traditional information retrieval 

studies that provide a theoretical framework; and (iv) Web search engines and (v) Web 

search enhancement tools that are closely related to our research. 

 

2.1 CONTEXT-AWARE COMPUTING 

The concept of context has been heavily used in the area of context-aware computing. 

Context-aware computing is a mobile computing paradigm in which computer 

applications can discover and take advantage of situational information in the 

surrounding application environment [21]. Some researchers have attempted to define 

context used by the applications in mobile computing by enumerating examples such as 

location, identities of nearby people and objects, changes to those objects, date and time, 

temperature, and user’s emotional state [16, 33, 72, 79].  

Unable to reach a consensus of a general definition, many researchers have turned 

to categorize context. Schilit et al. divides context into three categories: (i) computing 

context, such as network connectivity and nearby resources, (ii) user context, such as 

user’s profile and location, and (iii) physical context, such as lighting and temperature 

[78]. Chen and Kotz extend this categorization by adding a fourth type: time context, 
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such as time of a day [21]. A similar categorization by Dey and Abowd [32] divides 

context into location, identity, time, and activity by characterizing the situation of a 

particular entity in its mobile computing environment. Context can also be primary or 

secondary [32], implicit or explicit [32], and active or passive [21]. 

The value of context lies in two aspects: first, combining different types of 

context to generate a better understanding of the current situation; second, using context 

for simplifying user’s interaction with the computing environment. In the former situation, 

if current location, current time, and user’s calendar are known, then the system can get a 

good guess of user’s current activities. Examples of the latter are help desk type of 

applications that quickly retrieve resource information in the surrounding area based on 

physical location of the user being detected [4], or device-sensitive interface that changes 

the amount of information displayed based on the type of device being used [23]. 

The concept of context in mobile computing provides a useful reference for 

understanding context and revealing some possible ways to use context. However, in the 

information retrieval setting, we are more interested in the types of context that directly 

relate to user’s search activity and affect user’s expected search outcome, rather than all 

activities in a computing environment. More specifically, certain factors such as the 

user’s working experiences, task at-hand, and general interests may provide more 

contextual information than lighting and temperature in the room where the search is 

conducted. Therefore, although the definition of context in context-aware computing is 

relevant, it needs to be further refined to be useful in information retrieval paradigm. In 

another word, the types of context identified to be useful in a mobile setting and the ways 
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to use them may not be applicable to a search process. Search context needs to be 

investigated separately. 

 

2.2 INFORMATION RETRIEVAL INTERACTION MODELS 

Traditional information retrieval (IR) research and development efforts emphasize the 

improvement of effectiveness in automatic representation and search, treating IR systems 

and the search process as static. However, the information seeking process is an 

interactive and dynamic process that involves various components and variables [75]. IR 

interaction research, which is rooted in user-oriented IR research, focuses on interactive 

aspects of IR and uses cognitive theories to model user’s information seeking process. It 

is sometimes treated as a subclass of human-computer interaction (HCI) research, 

because it shares with HCI research some common questions such as “what variables are 

involved in different kinds of interaction?”, “how do they affect the process, and 

performance or outcomes?”, and “how to control those variables?” [76]. Guided by these 

fundamental questions, various IR interaction models have been proposed to improve (i) 

the design and development of IR interfaces and processes [76], and (ii) test and 

evaluation methods of IR systems [10]. In the following, we review three major IR 

interaction models: cognitive model, episode model, and stratified model, and their 

impact.  

 Cognitive Model [50, 49] 

This model focuses on cognitive structures in IR interaction. Cognitive structures are 

the forms of knowledge representation associated with different participants in an IR 
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system. For example, cognitive structures of an IR system designer may be 

represented by database structure, matching algorithms, search languages, etc., while 

cognitive structures of a user may be the task at hand, problem to be solved, interests, 

etc. Two central components of cognitive model are user’s cognitive space and IR 

system’s information space. User’s cognitive space consists of highly dynamic and 

interchangeable cognitive structures, also known as user cognitive and situational 

context.  User’s cognitive space controls user’s perception of information and further 

processing of external input. Based on this model, a main question to be addressed in 

IR interaction study is how to transform and communicate different views of 

cognitive structures between various participants. 

 Episode Model [8, 9, 12] 

Also connected to cognitive processes, episode model centralizes on user’s specific 

information seeking behavior. This model is based on two assumptions: (i) user’s 

information need is dynamic and sometimes difficult to specify; and (ii) the user 

engages in a number of different kinds of interaction, each dependent on a number of 

factors, such as user’s task, intention, goals, etc. These two assumptions lead to the 

development of user-centric IR systems that incorporate the user as a major 

component and make user’s interaction with the system the central process. The 

episode model identifies various types of interactions that provide insights for 

understanding the user’s online behaviors and activities.  

 Stratified Model [76] 
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Following the same goal of discovering critical kinds of interactions and their patterns 

as the episode model, the stratified model focuses on the decomposition of different 

types of interactions as related to various elements - environment, situation, user, 

query characteristics, interface, computational resources, and information resources. 

The interaction between various elements occurs at three levels: the surface, cognitive, 

and situational levels. On the surface level, interaction is a sequence of events in 

which the user sends a request to and receives a response from the system through an 

interface, and the system interacts with the user through given processes. On the 

cognitive level, the user interacts with “objects” in information resources and 

considers them as cognitive structures. On the situational level, the user interacts with 

the given situation or problem at hand. The results of the interaction may be applied 

to the resolution or partial resolution of the problem. These three levels are 

interconnected - changes in lower levels often lead to changes in upper levels. For 

example, with the problem at hand redefined or refocused, new search terms may be 

selected, the semantic meaning of the information may be shifted. 

Based on IR interaction models, researchers identify major elements (also called 

components or entities) and attributes in information seeking process. Those elements and 

variables form the basis for understanding context. There exist different categorization 

schemes. Some researchers believe there are five major aspects in information seeking 

process: user, question, searcher, search, and items retrieved [77], while others also 

include elements such as search system and search environment as part of the interaction 

process. In [35], the authors provide an exhaustive list of variables grouped into eight 
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categories: setting, user, request, database, search system, searcher, search process, and 

search outcome. Each category represents an element in IR process, and is characterized 

by different attributes. This categorization, although comprehensive, only applies to IR 

systems in traditional sense. In the early stage of IR study when online access was limited 

and not open to general public, information retrieval (often called online bibliographic 

retrieval) processes were usually conducted by intermediaries (librarians or search 

experts). The intermediaries receive search request from the user, understand and convert 

the request into search languages that specific to the search system. With the wide-spread 

and great access of the Web, the traditional IR process has been reshaped and simplified. 

To adapt traditional IR interaction models to the Web environment, we need to not only 

eliminate unnecessary elements, but also change the meaning of certain elements.  

 

2.3 QUERY PROCESSING IN INFORMATION RETRIEVAL 

2.3.1 Query Operations in Information Retrieval 

Query reformulation, as a major type of advanced search techniques, has been 

extensively studied in information retrieval literature. Information retrieval is an iterative 

process – the user often needs to engage in multiple query modifications to accomplish 

successful retrieval. The goal of query reformulation techniques is to help the user 

through this process by means of automatic and/or interactive analysis and selection. 

Conventionally, such query reformulation involves two basic steps: query expansion and 

term re-weighting. In the first step, additional terms that are relevant to user’s 

information needs are selected from the retrieved documents or thesaurus, then the 
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importance of those terms is evaluated in the second step. Based on the methods used for 

the selection of relevant terms, query reformulation techniques can be categorized into 

two general approaches: (i) knowledge-driven approach that uses a knowledge base such 

as lexicon or ontology for term selection; and (ii) data-driven approach that is based on 

statistical analysis of the documents. The former approach often involves user interaction 

because previous studies have shown that automatically query expansion using synonym 

sets obtained from lexicon can degrade retrieval performance [85]. On the other hand, 

automatic expansion has been more successful with data-driven approaches. There are 

two strategies to select relevant terms from the documents: global analysis that derives 

information from the whole document collection and local analysis that only analyzes 

top-ranked retrieved documents [7, 87]. Although data-driven query expansion 

techniques have shown positive retrieval results in traditional IR systems [6, 29, 31, 52, 

73, 87], certain disadvantages have limited their use in Web search systems. Global 

analysis approach requires collection-wide statistics that often take a considerable amount 

of computer resources to compute in a limited document collection [7]. This task is 

impossible for Web search due to the scale of the internet resources. Although local 

analysis approach is much less computationally demanding, it is based on an important 

assumption that the retrieved documents are more or less relevant to the user query [87]. 

It can seriously reduce the effectiveness of retrieval if very few documents that have been 

returned are relevant. Moreover, query expansion based on local analysis can only be 

performed after the initial results have been obtained. It does not help the user during her 

first search attempt.  
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Several studies on how many terms would be optimal for query expansion yield 

some optimistic yet often contradictory results. For example, the optimal number of 

expansion terms range from as low as six to as high as twenty [43, 42, 64]. Yet anther 

study shows that using all the expansion terms yield better performance than using 

selected terms [73]. Those findings, although useful, do not directly apply for Web IR 

due to following three reasons: (i) query expansion studies in tradition IR systems are 

based on very limited number of collections which are often highly structured; (ii) Web 

search engines use very different ranking algorithms in respect to the special hypertext 

feature of Web documents, and (iii) some of the evaluation metrics used in traditional IR 

may not be applicable to the Web environment. Details of evaluating IR approaches will 

be discussed in the next section. 

2.3.2 Evaluations of Information Retrieval Systems 

2.3.2.1 Recall and Precision 

The performance evaluation of an IR system is usually based on a test collection of 

documents and some evaluation measures. The two most common effectiveness measures 

for IR system are recall and precision. Recall is the percentage of the relevant items that 

are retrieved in a search, while precision is the percentage of the items retrieved in a 

search that are relevant [52]. The calculation of recall and precision are based on the 

assumption that all the documents in the test collection and result set have been examined 

for relevance judgment. However, the user is not usually presented with all the 

documents in the result set at once. Instead, the documents are usually displayed in the 

order of ranking score. In this situation, the recall and precision measures vary as the user 
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proceeds with her examination of the result set. Besides, the evaluation of retrieval 

performance should be based on several distinct queries. Thus, a precision versus recall 

figure is often used as a standard evaluation strategy [7]. A precision versus recall figure 

plots the curve of precision versus recall which results from averaging the results for 

various queries.  This kind of plot is useful to quantitatively compare the retrieval 

algorithms of two or more IR systems. However, the precision versus recall metric also 

has its disadvantages. When the size of the result set is large, it is unrealistic to review all 

the results for their relevance. It is probably more reasonable to use document cutoff 

values to compute average precision. For example, the average precision can be 

computed when 10, 20, 30, or 50 documents have been seen [7]. When the size of the test 

collection is large, recall is not easy to be established, because it is not apparent how 

many documents in a collection are relevant to the query.  In this case, a comparative 

rather than absolute measure can be used. Each question is searched by multiple searches. 

The results from all searches are combined as a union and sent for evaluation. In this way, 

the evaluated items from the union serve as the benchmark of individual search recall 

[77]. 

2.3.2.2 Alternative measures 

Despite the fact that recall and precision are the most popular measures for evaluating 

retrieval performance, they are not always the most appropriate for all situations. Thus, 

some alternative measures were proposed. For example, in the cases that combined recall 

and precision is more of interest, the Harmonic Mean and E Measure are two choices [81, 

84].  
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In addition, recall and precision are based on the assumption that the set of 

relevant documents for a query is the same for all the users. However, different users 

might have different interpretations of relevance. User-oriented measures thus were 

proposed to cope with this problem [7]. Three of such measures are coverage ratio, 

novelty ratio, and relative recall. Coverage ratio is the percentage of the documents 

known by the user to be relevant which has been retrieved. Novelty ratio is the percentage 

of the relevant documents retrieved which are known a priori to the user. Relative recall 

is the ratio between the number of relevant documents retrieved and the number of 

relevant documents the user expect to find [56]. 

 In summary, various evaluation measures have been proposed and used in 

evaluating IR approaches. Although each measure has its own strengths, some of them 

may not be applicable to the evaluation of Web search systems. Recall and precision are 

widely accepted standard measures for IR systems, but in Web IR community, recall is 

generally ignored, because it’s not important to know how many relevant documents are 

retrieved out of all the relevant ones due to the tremendous scale of the Web. People are 

more concerned about how many relevant documents there are in the documents that 

have been retrieved. Therefore, precision combined with document cutoff values are 

often used for the performance evaluation of Web search systems. We argue, however, 

that the relevance judgment of a Web document can be deceptive unless each document 

is carefully reviewed. Moreover, relevance can be subjective to each user and the degree 

of relevance varies among different documents. A task-oriented evaluation measure that 
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is based on how much useful information is provided by the result set would be more 

appropriate for evaluating Web search techniques. 

 

2.4 WEB SEARCH ENGINES 

Search engines are information retrieval systems that model the Web as a data repository, 

but unlike a database that contains structured data, the Web contains large amount of 

unstructured data that exist in different forms. In additional to retrieval functionality, 

some search engines allow the user to restrict the search range to certain resources or 

domains.  Unlike that in traditional IR systems, the ranking algorithms used by search 

engines often embrace certain principles that apply to Web search but not traditional IR 

based on some unique characteristics of the Web pages [39]. For instance, the popularity 

and reputation of a Web page will affect its placement. Typically, the more incoming 

links a page has, the more popular it is, and the higher rank it receives [15]. Also, a page 

belongs to a well-known organization may be regarded more reputable than a page 

residing on a newly launched domain. 

Most search engines use a centralized crawler-indexer architecture that contains 

three major components [68]: (i) a crawler (also called a spider or robot) that traverses 

the Web, fetches documents, their URLs and links, then stores such data in a page 

repository and a URL database; (ii) an indexer that indexes Web pages in the page 

repository, builds various auxiliary data structures for the texts, and store the indices in 

databases; and (iii) a query engine that processes user’s query and search the index 

databases. Besides the most common type of search engines, there also exist various 
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other Web search tools, depending on the underlying search methods, the input formats, 

and the range of information resources, as listed in Table 1. 

 
Category Search Tools Description Examples 

Query-Based 
Search 
Engine 

This is the most common type of search 
engines. It uses a centralized crawler-
indexer architecture to automatically collect 
and index Web pages, and runs search and 
ranking algorithms based on user’s input. 

Google, MSN, 
AltaVista 

Subject 
Directory 

This type of search engines allows a user to 
browse through its subject classifications or 
search within a specific subject. Most of 
such directories are built manually. 

Yahoo, ODP 
 

Type of  
Search 
Method 

Meta-Search 
Engine 

A meta-search engine sends a query to 
multiple query-based search engines, and 
then uses algorithms to re-rank and merge 
results from different search engines. 

MetaCrawler, 
Dogpile 

Keyword-
Based Search 
Engine 

Most search engines accept search 
keywords as user’s input, and then match 
the keywords to their indices. 

Google, MSN, 
Yahoo 

Type of Input 
Format Natural 

Language 
Search 
Engine 

Natural language search engines allow the 
user to input a query that resembles natural 
language, for example, a full sentence. 
Special parsing techniques are used to parse 
the query and identify search keywords. A 
special type of natural language search 
engine is question answering search that 
always takes a question as the input query. 

AskJeeves 

General-
Purpose 
Search 
Engine 

General-purpose search engines search 
majority part of the Web and do not need to 
be aware of the subject areas of user’s query 
or the information being searched. 

Yahoo, MSN, 
AskJeeves 

Range of 
Information 
Resources Specialized 

Search 
Engine 

Some search engines are only designed to 
search for information on specific topics or 
areas. There are specialized search engines 
on popular, academic or Web subjects, or 
regional interests. 

MedHunt,  
OmniMedicalS
earch, Google 
Scholar 

Table 1: Search Engine Types 

 

 Although the precise algorithms that search engines employ for retrieving and 

ranking documents are not publicized, most engines will assign a high ranking score to a 
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Web page if it frequently uses many of the same words/phrases found in the query, 

especially if those are relatively rare words [39]. Therefore, carefully selecting and 

adding relevant terms to the query may help retrieve more relevant results. 

The dynamic nature of the Web makes it difficult to completely apply traditional 

evaluation methods for search engine quality measure. There are two types of evaluation 

models for search engine: testimonials and shootouts. Testimonials compare search 

engines on the bases of technical or non-technical features such as response time, ease of 

use, interface design, search features, coverage or update rate, while shootouts usually 

take place in the laboratory settings and compare the effectiveness of the retrieval 

algorithms [39]. As in this research, we are interested in the effectiveness issues of Web 

IR in respect of satisfying user’s information need, only shootouts are discussed and 

considered. Based on search results relevance, shootouts adopt traditional IR evaluation 

frameworks with a few modifications. For instance, a popular method being used is 

examining the first n retrieved documents for relevance, n being the cutoff value such as 

10 or 20 [80], while traditional IR studies often consider many more retrieved documents. 

This is due to the fact that Web users generally look at very few results [45]. As 

mentioned in Section 2.3.2, computing recall is almost impossible for Web IR due to the 

large amount of documents being indexed by search engines, and Web user’s typical 

behavior (very often only examine the first few pages being returned). Thus, precision 

has become the most common measure for search engine performance evaluation. Driven 

by the concerns for the lack of consistency and absence of end user in most search engine 

performance evaluation, some researchers designed more complex relevance judgment by 
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integrating weighting for item position in the list, adjustment for cut-off values, involving 

users as the judges rather than the researchers, etc. [60]. Similar to conventional IR 

system performance evaluation, there is no one solution for all. Which measure to use 

often depends on the given situation. 

 

2.5 WEB SEARCH ENHANCEMENT TOOLS 

2.5.1 Overview 

Within the last decade or so, there has been a significant escalation of research proposals 

and prototype systems designed to enhance Web search functionality and counteract 

shortcomings of existing search engines. These systems have a common characteristic:  

they all focus on modeling query engine and take the underlying indexing and crawling 

techniques as given. This kind of techniques is often referred to as “search enhancement 

tools” [36]. Web search enhancement tools attempt to improve search effectiveness by 

analyzing and modeling the user who conducts the search, the query submitted to the 

search engine, and/or the documents being retrieved. While some approaches are very 

similar in terms of the element being focused on and the method used for modeling, they 

are named differently: context-based search, concept-based search, personalized search, 

adaptive search, etc. There is lack of a terminology consensus and a structured 

categorization scheme of different types of search techniques. Here we intend to include a 

broad range of search approaches that model the search context related to the different 

search elements and extend the functionality of existing search engines. 
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2.5.2 A Taxonomy of Web Search Enhancement Research 

Web search enhancement tools may be categorized as arising from four perspectives: (i) 

the major element focused upon for facilitating advanced Web search, (ii) the type of 

input used for search processing, (iii) the variables and operations used to change the 

conventional search process, and (iv) the methods used for modeling the element. In the 

following section, we present a taxonomy of Web search enhancement tools based on the 

above four aspects. We also review and characterize some Web search enhancement 

research under the dimensions introduced in the taxonomy. 

 Major Element 

There are several elements that can be modeled to enhance the functionality of a Web 

search engine, using the search engine as a blackbox. These elements are the user, the 

user’s query, and the documents retrieved. Based on the element being modeled, Web 

search enhancement tools can be categorized into three major approaches: (i) user 

modeling approach that focuses on building user profile to model the user interests 

and preferences; (ii) query processing approach that analyzes and enhance the user 

query, and (iii) document reorganizing approach that filters, re-ranks, categorizes or 

clusters retrieved documents. Note that the Web search enhancement tools classified 

into these three approaches may not be mutually exclusive. Instead, they can be 

combined in different ways. For example, the terms used for query expansion may be 

derived from the user profile, and the subject areas of the user interests can be used 

for selecting additional query terms as well as clustering documents being retrieved. 

Some studies have combined relevance feedback with user modeling and query 
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analysis. The relevance feedback mechanisms [20, 65, 86] use a process that redirects 

the search results of a system back into the input of that system to produce another, 

more accurate output [65]. This type of approach has been proven to improve the 

relevance of the results. However, it is useful only for applications where the user 

information needs are subjective but relatively static. In situations where subsequent 

queries have less or little connection with the previous ones, such as the case with 

Web search, it is more difficult to apply such method.    

 Type of Input 

The traditional type of input to a search engine is a query. The queries vary in forms 

that range from a single word, a phrase, to a natural language sentence. It is a 

common belief that the longer the query, the less ambiguous it is. Most Web search 

enhancement techniques target at the type of input which consists of less than a 

certain number of keywords because that is where the most ambiguities come from. 

There are a few approaches that take natural language query as the input and then 

process the query using one of the following methods: (i) converting the query to 

keyword-based query by extracting the keywords out of the natural language sentence 

[17], and (ii) transforming a natural language question to a non-question query by 

matching the question to a set of pre-defined formats [2]. Besides the queries, other 

types of input include text surrounding the queries in a document, a search starting 

point such as the URL of a Web page, and the subject areas related to the queries. 

 Variables and Operations 
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During the search process, a few intermediary variables can be manipulated to 

enhance the search functionality. There are various aspects of the search operation in 

relation to the intermediary variables: (i) query operations, such as query expansion, 

query term elimination and reordering, query rewriting; (ii) results operations, such as 

results re-ranking, results clustering, results display customization; (iii) source 

selection; and (iv) search process modeling. Table 2 shows a summary of the 

intermediary variables and their operations. 

Intermediary 
Variable Operations 

Query Query expansion, term re-ordering, 
query reduction, query rewriting 

Results Results re-ranking, results filtering, 
results clustering 

Source Source selection 

Process Process modeling 

Table 2: Intermediary Variables 

 

 Methods Used for Modeling 

The search element modeling process varies depending on each individual element 

involved in the search interaction. However, most modeling processes consists of two 

general steps: analysis and integration. The former step focuses on the particular 

element of interest and attempts to extract useful contextual information. The latter 

step integrates the contextual information obtained from the analysis step into the 

overall search process. Table 3 shows details of each step corresponding to different 

element. The analysis and integration process can be achieved by any of the following 

methods: (i) data-driven method that uses statistical and computational power for data 
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processing; (ii) knowledge-driven method that focuses on data semantics; and (iii) 

hybrid method that combines (i) and (ii).  

 
 Context Analysis Context Integration 

User 

Build user profile based on the 
user feedback, search history etc. 
Then extract user interests from 
the profile. 

User interests are used to 
understand user’s query, select 
appropriate sources, and/or 
reorganize results. 

Query 
Parse query, and match query 
terms to user interests or a 
thesaurus or ontology. 

Add additional terms for the 
query, select appropriate sources, 
and/or filter results. 

Document 
Analyze metadata, major 
sections, or full text of the 
document 

Filter, re-rank, or group 
documents 

Table 3: Context Analysis and Integration Process 

 

Table 4 presents a taxonomy of Web search enhancement research based on the 

four aspects described above. Several approaches in the literature are summarized in 

Table 5 organized based on those dimensions introduced in the taxonomy. 



 
 
 

42 

 

 
Aspect Type Details 

User-related User’s demographic information, 
interests, background etc. 

Query-related Query terms, and text surrounding the 
query terms 

Search context 

Document-related Relationship among Web documents 

Query Keyword-based query or natural 
language query 

Document information 
Text surrounding the query, or title, 
description and other metadata of the 
document 

Representation 
of system input 

User’s feedback User-provided information during the 
interaction process 

Query 
expansion 

Append or insert additional terms to the 
query 

Query 
Query rewriting 

Change the form of a query from 
natural language sentence to keywords, 
or from question to answer form 

Results re-
ranking 

Rank results with additional criteria or 
metrics 

Results filtering Eliminate results from the list based on 
rank scores and/or other criteria Results 

Results 
clustering Group results based on their similarity 

Intermediary 
variable and 
operation 

Source Source selection Select specialized search engines or 
particular search spaces 

Data-driven Use vector space model, relevance 
feedback, genetic algorithm, etc. 

Knowledge-driven Use domain knowledge such as an 
ontology 

Method of 
analysis 

Hybrid Combine data- and knowledge-driven 
approaches 

Table 4: A taxonomy of Web Search Enhancement Tools 
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Research /System Context System Input 
Intermediary 

Variable 
Operations 

Method of 
Analysis 

Agichtein et al. [2] Query-related Natural language 
query Query rewriting Data-

driven 

Akrivas et al. [3] 
Query (common 
meaning for all 
query terms) 

Keyword query Query expansion Knowledge
-driven 

Burton-Jones et al. 
[18] 

Query-related 
(meaning of 
individual query 
term) 

Natural language 
query + explicit 
feedback 

Query expansion Knowledge
-driven 

Chang and Hsu 
[20] User interest 

Keyword query + 
implicit and 
explicit feedback 

Query expansion Data-
driven 

Chi et al. [24] 

Query 
(relationship 
between two 
query terms) 

Keyword query Results filtering Knowledge
-driven 

Chiang et al. [25] Query (meaning 
of query terms) Keyword query 

Query expansion 
Results filtering 
Results re-
ranking 

Knowledge
-driven 

Deepak and 
Parameswaran [30] 

Query (meaning 
of query terms) Keyword query Results clustering Data-

driven 

Finkelstein et al. 
[36] 

Query (meaning 
of query terms) 

Keyword query + 
text surrounding 
the query 

Query expansion 
Results re-
ranking 
Source selection 

Hybrid 

Glover et al. [38] User’s interest 
Keyword query + 
information need 
category 

Query 
reformulation 

Knowledge
-driven 

Helmy et al. [46, 
47] User’s interest Keyword query 

Query expansion 
Results filtering 
Results re-
ranking 

Data-
driven 

Kerschberg et al. 
[54] User’s interest Keyword query Query 

reformulation 
Knowledge
-driven 

Kim and Cho [55] User’s interest Keyword query Results re-
ranking 

Knowledge
-driven 

Liu et al. [63] User’s interest Not specified Not specified Data-
driven 

Maleki-Dizaji et al. 
[65] User’s interest Not specified Results re-

ranking 
Data-
driven 
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Research /System Context System Input 
Intermediary 

Variable 
Operations 

Method of 
Analysis 

Pitkow et al. [67] User’s interest Keyword query 
Query expansion 
Results re-
ranking 

Data-
driven 

Pretschner and 
Gauch [69] User’s interest Keyword query 

Query expansion 
Results re-
ranking 
Results filtering 

Knowledge
-driven 

Qiu et al. [70] 
Document 
(hypelink 
context) 

Keyword query + 
seed URL and 
hyperlink 
distance 

Source selection Link-
based ?? 

Takagi and Tajima 
[83] 

Query (common 
meaning for all 
query terms) 

Keyword query 
Query expansion 
Results re-
ranking 

Knowledge
-driven 

Xu et al. [86] User’s interest Keyword query + 
implicit feedback 

Results re-
ranking 
Results filtering 

Data-
driven 

 
Table 5: Examples of Web Search Enhancement Research/Systems 

 
2.6 SUMMARY 

The study of context-based Web search relies on the theoretical and practical implications 

of various research areas. In this chapter, we reviewed literature related to the concept of 

context, information retrieval mechanisms, and Web search approaches. The definition of 

context varies in different disciplines and in different studies. More research is needed to 

better understand context in Web search environment, and how to identify and use 

context for the improvement of the search process. 
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CHAPTER 3 CONTEXT IN SEARCH PROCESS 
 

In this chapter, we describe a formal Web IR interaction model and a context taxonomy.  

We first explain what context means in different disciplines followed by how and when 

people use context. We then propose a Web IR interaction model that contains the 

components of high-level abstractions involved in a Web search environment and their 

relationships at various interaction levels. The roles of context in this particular search 

environment are also explained. In order to explore the full power of context and use 

context effectively, we need to first understand the different types of context, their 

characteristics, connections, and possible uses. Thus, we build a context taxonomy that 

categorizes different kind of context related to the information retrieval process between 

the Web user and the Web resources, using the search system as the interaction medium. 

Based on the description of the proposed interaction model and the context taxonomy, we 

attempt to answer the first two research questions stated in Section 1.2. 

 

3.1 UNDERSTANDING CONTEXT 

Context means different things depending on where it is used. In the Merriam-Webster 

Dictionary1, context is defined as “part of a text or statement that surrounds a particular 

word or passage and determines its meaning, or the set of facts or circumstances that 

surround a situation or unit.” In ubiquitous computing, context is used to refer to physical 

location, identities of nearby people and objects, time and activities [33, 72, 78]. From 

                                                 
1 http://www.m-w.com 
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linguistics perspective, context is inextricably intertwined with pragmatics of the 

language [51]. Pragmatics is usually defined as “the rules that govern language use.” It is 

about how people comprehend and produce a communicative act or speech act in a 

language setting. The ability to comprehend and produce a communicative act is referred 

to as pragmatic competence [53]. The pragmatic competence of a search system varies 

depending on how well the system interprets semantic meaning of a query and 

understands the intention (or context) behind it. For example, a query contains the word 

“arthritis” may be interpreted as “treatment methods of arthritis” or “recent research 

development of diagnosing arthritis”. Different meanings of the query point the search 

engine in different directions, such as “WebMD’s information related to arthritis 

syndrome” or “John Hopkins Arthritis Center.” In information retrieval, the definition of 

context is much more diverse. Some researchers believe that context could consist of a 

cluster of logically related articles and a small set of salient concepts [5], or a set of 

attributes describing the features of the request that are not included in the query [71], 

while others refer context as the collection of fixed length windows surrounding the 

query terms [88]. In a more dynamic environment such as the Web, context is often used 

as a general term referring to anything that may relate to the search query, such as 

country or language of the user, metadata of the information, a list of search history, or 

even the location of the search box [13, 14].  

Despite people’s continuous interest in context, there is lack of consistent and 

comprehensive understanding of what context really means. In fact, the meaning of 

context varies depending on the discipline in which it is being discussed. It is very 
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difficult, if not at all impossible, to come out a universally accepted definition. This 

research focuses on Web search application, thus, we are only interested in what context 

means in a search process and how to use context to enhance Web search. To understand 

the nature of context in Web search, it is necessary to first understand the different parties 

involved in a search process, and how they interact with each other. 

 

3.2 WEB IR INTERACTION MODEL 

Same as the traditional information retrieval process, the Web search process is an 

interactive and dynamic process that involves various components and variables. Those 

components and variables provide rich context information related to the search task and 

the search situation. Traditional IR interaction studies have developed theoretical 

frameworks that model the interactive aspects of IR, and relations between the 

components and variables. 

As described in Section 2.2, there are three major models of traditional IR 

interaction: cognitive model, episode model, and stratified model. These models attempt 

to represent the interactive aspect of information retrieval process, and outline key 

elements involved in the process. They are appropriate for a traditional information 

retrieval process, but do not properly characterize a Web search process which is more 

complex in terms of the scale of the information resources but simpler in terms of the 

representation of user’s search request. We take into account unique characteristics of the 

Web and modify the stratified model [76] to make it applicable to the Web environment. 

The stratified model focuses on the decomposition of different types of interactions as 
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related to various elements, which is consistent with our goal to understand context 

related to the search elements when they interact with each other.  

 

Figure 2: Web IR Interaction Model 

 

The modified interaction model, called Web IR interaction model (Figure 2), 

consists of five elements: environment, user, query, search system, and internet resources. 

The user, who is situated in a given organizational and/or computational environment, 

initiates a search request in the form of a query to the search system. The search system, 

depicted as a blackbox that has its own underlying mechanisms and operations, searches 

internet resources for matching information to use’s search request and is also responsible 

for presenting the information to the user. User’s query could be in the form of one or 

more keywords or a sentence, associated with user-specified or default attributes such as 

the amount of results requested, the language displayed, or the format of the results. 

Internet resources are not limited to Web pages, which are the predominant forms of the 
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information available online. Many multimedia resources such as images, audio and 

video files are also searchable nowadays. The search system acts as an intermediary 

between the user and the information she is seeking, but it is not the focus of the 

interaction research, despite the fact that it can effectively support or hinder other 

interactions. The following sections describe each search element illustrated in Figure 2 

in detail, and explain different levels of interaction between them. 

3.2.1 Search Elements and Attributes 

Each search element is associated with a list of attributes that define and characterize it. 

Here we only focus on the attributes that have potential effect on the search process. For 

example, users with different educational and working experiences may seek totally 

different information with the query “pyramids”. An archaeologist is most likely 

interested in the documents that discuss the architectural, cultural and geographical facts, 

as well as recent excavation of pyramids, while a casual reader may prefer articles that 

include pyramid legends, introduction and travel information. Table 6 lists the search 

elements and some sample attributes associated with each element.  

Search Element Sample Attributes 

Environment Organizational environment: nature, climate, location 
Computational environment: hardware and software, network, etc. 

User Experience, interests, information seeking style, task, problem at hand, etc. 

Query Purpose, subject area and specification, structure, complexity, etc. 

Search System Services provided, search and display capabilities, complexity of interface, 
physical location, etc. 

Internet 
Resources 

Intended audience, subject coverage, quality of data, structure of data, 
complexity, etc. 

Table 6: Elements in Web IR Interaction Model 
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3.2.2 Interaction Levels 

The interactions between the user and the internet resources can be regarded as the 

communications between the elements on both sides of the search system.  From 

conceptual point of view, there are various channels the elements can communicate with 

each other. We borrow the concepts of “interaction level” from the stratified model [76] 

to outline different types of interaction processes, which can occur at surface, cognitive, 

and situational level. At surface level, the user carries out dialogue through an interface 

with the search system, and the system interacts with the user in given processes. The 

communication is explicit and straightforward. For example, the user inputs “Parkinson’s 

Disease high risks” as her search request, then clicks on the “Search” button on the search 

screen and subsequently sees a list of results in the next screen. Such process can be 

recorded through simple techniques such as server logs and session logs.  

At cognitive level, the user interacts with the data in the information resources. 

Search results are not just a list of titles, URLs and snippets, but information provided to 

the user for review. Whether the user regards the information as useful or not is part of 

her cognitive process. In our example, the data the user interacts with are a list of 

documents that contains some or all of the terms in “Parkinson’s Disease high risks.” 

However, some documents may be more useful than others to the user. For instance, the 

user may regard an article about different ethnic groups’ risk factors of developing 

Parkinson’s Disease as more relevant than a research paper discussing the connections 

between high levels of iron and Parkinson's-like symptoms. In such case, the user will 

click on the first document while ignoring the second one. In order to capture this kind of 
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interaction, more complex techniques, such as implicit and/or explicit relevance feedback, 

are needed.  

At the deepest level, situational level, the user interacts with a given problem or 

task at hand. She decides how to use the obtained information to solve the problem or 

complete the task. For example, the relevant search results may be used as supporting 

documents for an educational program on Parkinson’s Disease at a local community or as 

the references for designing a survey on a medical research. Depending on different 

problems and tasks, the user selects different documents as relevant. Interactions at 

situational level are more difficult to capture, because unlike queries and results which 

are directly operated through the search systems, how and when the user is going to use 

the results are context-dependent and beyond normal search systems’ control.   

The deeper the interaction level, the more activities it involves, therefore, the 

more complex it becomes. To model interaction process at the situational level, we need 

to understand context behind user’s search request in order to explore what information 

may be helpful to her. Most existing search engines interact with the user at the surface or 

cognitive level, while we focus on interacting with users at the situational level by 

understanding, extracting and integrating context in the search process.  

 

3.3 SEARCH CONTEXT 

Having described different meanings of context and Web IR interaction model, we now 

examine how context is related to the search environment and the roles of context in the 

interaction process. From the example in previous section, let’s assume our user is 
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looking for information on which ethnic groups are at high risk of developing 

Parkinson’s Disease. Although it might be obvious for her, the search engine has no idea 

what’s in the user’s mind unless she types it in the input box on the search screen. This is 

interaction at the surface level where the user clearly specifies her needs to the search 

engine. Ideally, with absolute clear specifications, proper use of terms and operators 

(Boolean operators, wildcards etc.), the query should yield 100% relevant results. 

However, this rarely happens especially in a Web environment due to two reasons. First, 

most Web users do not have either the expertise or the time to formulate a perfect query 

that accurately represents their search intention. Statistics show that the average number 

of words in a query is only 1 or 2, which means that Web users tend to use as few words 

as possible in a search. Second, even though the user manages to come out a perfect 

query for her search intention, it is still very difficult to retrieve 100% relevant results 

because internet resources are very diverse and less structured. It’s not uncommon to see 

many retrieved documents that include all the query terms but have nothing to do with 

what the user is looking for.  The problems with Web search can be alleviated by 

understanding user’s search context, which is closely related to the underlying meaning 

of user’s query, i.e., user’s search intention.  

 In human-to-human interaction, the context surrounding a request is either known 

a priori or can be obtained through the form of simple question-answering. For example, 

a patient asks a doctor for some information about Parkinson’s Disease. If the doctor is 

familiar with the patient’s previous health history, she would explain to the patient the 

major symptoms of the disease, or recommend effective prevention or treatment methods. 
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If the doctor has little prior knowledge about the patient, she would most likely ask a few 

questions first to find out more about the patient and what aspects of the disease the 

patient is interested in. 

In a human-to-computer world, the same information seeking process will not go 

as smoothly as the one described in the above scenario because existing search systems 

do not possess enough knowledge of the user, nor do they have the ability to help the user 

specify her requests.  Therefore, we need to build intelligent search system that can act as 

a human helper to the user, being able to guess the non-utterances, derive the underlying 

meaning of a query, and formulate more accurate queries for the user. 

A search scenario is like an iceberg, of which the query is the portion that is 

above the water. There is much unknown to the search system, yet among the unknown 

there are important hidden clues to the relevance of the information retrieved. Since the 

main goal of a search task is to retrieve more precise information to the user query, it is 

particularly important to discover the clues underlying a query by analyzing the elements 

and attributes involved in a search interaction process. Such elements and attributes 

include the query terms, the user’s background and interests, the task at hand, and etc. 

For instance, by associating one query term to another, we can restrict the subject areas 

where the query falls into, thus narrow down the potential meanings of the query. The 

underlying meaning of a query can also be obtained indirectly through user’s implicit or 

explicit feedback, such as the selection of relevant concepts and/or similar documents.   

Based on previous discussion, we conclude that search context refers to those 

attributes of search elements that can be used to infer the underlying meaning of a query 
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and may have effects on the search process or outcome. Only with such clarification, we 

are able to select useful attributes and use them to model the search process.  

Next, we will discuss the role of context in a search process and how context can 

be used to enhance the search. From a conceptual point of view, in a traditional context-

free search process, the search system first collects documents from the Web and then 

indexes them. When a user submits a query to the system, the index table is searched to 

find entries that match the query terms. Then the matching documents are ranked and 

displayed to the user, as shown in Figure 3.  

  

 

Figure 3: Context-Free Search 

 

In a context-based search process, as illustrated in Figure 4, in addition to query term 

matching, context is extracted from the user (including the user herself, user’s query and 

the search environment) either explicitly or implicitly, and is subsequently used to 

modify specific intermediary variables, such as user’s query, the search results, the 

information sources, and the search process. Context can be extracted from the user in 

one or more of the following ways: (i) modeling user’s tasks, background, interests and 

preferences; (ii) analyzing the query and other information provided by the user; and (iii) 

investigating the environment where the search is conducted.  
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Figure 4: Context-Based Search 

 

3.4 CONTEXT TAXONOMY 

Different types of context may be used in different ways during a search process and may 

have various degrees of effect on search results. Based on the Web IR interaction model 

described in Section 3.2 and previous studies of search variables’ effects on the search 

process [27, 34, 35], we classify search context into three categories: environment 

context, user context and query context, as shown in Figure 5. Environment context 

describes the system environment in which the search is conducted, such as the types of 

hardware and software, physical space, and network status. User context relates to the 

person who performs the search for her specific information needs. It can be further 

classified into six components: nature of the user such as user’s type and orientation, 

personality characteristics, various experiences, information seeking style, current task at 

hand and expected product, and interaction with the system. Query context consists of the 
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structure and subject area of the query. Structure of a query refers to the format, related 

terms, author or organization of interest, relevant documents, and etc. For details of each 

type of context, see Table 7. Please note that this taxonomy is not intended to be a 

comprehensive classification of all types of search context. It is rather a framework that 

summarizes the existing efforts on modeling context and attributes in Web information 

retrieval, and serves as a guideline for us to better understand the search context and its 

possible uses. 

 

Figure 5: A Taxonomy of Web Search Contexts 
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Context Description 

Environment Context 
Device Type of computer or other device being used 
Operating System Type and version of operating system being used 
Web browser Name and version of Web browser being used 

Types of 
hardware and 
software 

Network Connection Network connection type  
Physical space  Physical space in which search is performed 

Network status Connection speed and status when the search is 
conducted 

User Context 

User type General user type such as student, IT manager, 
office staff, etc. 

Demographic Age group, gender, etc. Personality 
characteristics Education and training Education background, training history, etc. 

Subjects Range of subjects usually searches 
Web search experience Experience with Web search engines 
Other search 
experience Experience with other online search systems 

Experience 

Search familiarity Familiarity with features of search systems 
Information 
seeking style Results expected Nature of results set expected 

Task User’s search task Current 
situation Expected product Expected product or solution through this search 
Interaction   Interaction with the search system 
Query context 

Relationship Relationship between query concepts 
Format  Input format of query 
Suggested terms Terms suggested by the system 
Author/organization of 
interest 

Names or types of authors/organizations by whom 
the information is published 

Query structure 

Known relevant 
documents Similar or related documents to the query 

Subject area Subject area of the query Subject area 
and 
specification Language Input language of the query 

Table 7: Details of Web Search Context 

 



 
 
 

58 

 

3.5 SUMMARY 

In summary, context in a search environment refers to those attributes of the search 

elements that can be used to infer the underlying meaning of a query and may have 

effects on the search process or outcome. Search context can be categorized into three 

general types: environment context, query context, and user context. This categorization 

scheme is based on a Web IR interaction model, and the component in this model that 

provides the context information. A taxonomy of Web search context was that further 

classifies each type of context was also presented in this chapter.  
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CHAPTER 4 SEMANTICS-BASED CONTEXT INTEGRATION 
 

The goal of this chapter is to provide a methodology for context discovery and integration 

based on the semantic “relationship” context that is closely related to the query and its 

underlying meaning, but has not been fully explored to the best of our knowledge. Please 

note that we use medical domain as the application domain for this study, but the 

proposed model is applicable to other domains as well. This chapter highlights various 

features of our methodology. A classification framework of various medical queries is 

first introduced. The classification framework has been developed based on the examples 

found in Text Retrieval Conference (TREC) test collections, which resemble real-world 

Web search tasks. It is then used as a basis for query analysis and is embedded into our 

semantics-based contextual search model. The semantics-based contextual search model 

is a mechanism for context discovery and integration. We focus on a specific type of 

context, the semantic “relationship” context, which falls into the category of query 

context in our context taxonomy presented in Chapter 3. Formal representation of the 

semantic relationship and how to extract the relationship for the given query terms are 

discussed in details. Finally, we present the four components of semantics-based 

contextual search model: context-based query parsing, concept identification, 

relationship identification, and query modification. These four components are the central 

parts of our methodology.  

Based on the description of the proposed search model, we attempt to answer the 

third and fourth research questions in Section 1.2. These two research questions can be 
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further divided into the following sub-research questions which are answered individually 

through our discussion of the proposed methodology. 

Question 3: How do we infer semantic relationships associated with the search terms? 

Question 3.1: What is query concept? 

Question 3.2: How do we identify concept in a query? 

Question 3.3: How do we identify relationship keyword in a query? 

Question 3.4: How do we discover relationships associated with one and two concepts? 

Question 4: How do we reformulate the original query to achieve better results? 

Question 4.1: How do we select related terms based on the inferred relationships? 

Question 4.2: Where do we position relationship keyword(s) in a query to optimize the 

results? 

Question 4.3: Which relationship term(s) can be eliminated from the query? 

 

4.1 CLASSIFICATION FRAMEWORK OF MEDICAL QUERIES 

4.1.1 Basic Terminology 

To understand the structure of a keyword-based query, it is necessary to explain some 

basic terminology: query syntax and semantics, query concept, semantic type, and 

semantic relationship. The syntax of a query is the way in which the query elements (such 

as words) are put together to form constituents1, while the semantics of a query is the 

relationship between the query element and the meaning intended [44]. In other words, 

the query syntax is how the query is formed, while the query semantics is what the query 

                                                 
1 http://www.m-w.com 
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intends to represent and how the query elements relate to each other. At the syntactic 

level, the smallest unit a query may be divided into is word. A word is a written or 

printed character or combination of characters that symbolizes and communicates a 

meaning without being divisible into smaller units capable of independent use1. However, 

for human mind or computer system to conceive an abstract or generic idea, a single 

word may not be enough.  Therefore, we propose the use of query concept – a meaningful 

unit in a query that represents an abstract or generic idea in the specific knowledge 

domain(s) the user intends to inquire. In medical domain, for example, “Aspirin”, 

“kidney” and “Parkinson’s Disease” are medical concepts. Each concept belongs to one 

or more semantic types that are used to interpret the meaning of a concept, and group 

similar concepts together. For example, “Aspirin” is a type of clinical drug, “kidney” is a 

type of organ, and “Parkinson’s Disease” is a type of disease. Table 8 shows some 

sample medical concepts and their semantic types extracted from a medical ontology.  

Our knowledge about certain topics can be accumulated by linking different 

concepts together, such as “what are the effects of Aspirin on kidney?” or “what are some 

drugs that are used to treat Parkinson’s Disease?” By associating one query concept with 

other concepts, we are able to discover semantic meaning of the query and understand 

user’s intention behind. We refer the link between two concepts as semantic relationship, 

which is a type of query context. Because concept is the smallest meaningful unit in a 

query, each query can be divided into one or more concepts, and zero or more 

relationships.  

                                                 
1 http://www.m-w.com 
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Concepts Semantic Types 
Parkinson’s Disease, osteoporosis, carbon 
monoxide poisoning, mental illness Disease or syndrome 

Smoking, hair loss, obesity, UV damage Behavior or phenomenon 
Gene therapy, removing scar, hypnosis, 
radiography, angioplasty, hair transplant, tooth 
implant 

Procedure 

Steroid, estrogen Pharmacologic Substance 
Vitamins, calcium supplement, antibiotics, 
aspirin, herbal/natural food product Drug or health product 

Behavioral genetics Biomedical discipline 

Eye, kidney Body part 

Table 8: Medical Query Concepts and Semantic Types 

 

4.1.2 Semantic Structure 

Semantic structure of a query refers to what the existing concepts and relationships in the 

query are and how they are physically related. Query concepts may be associated with a 

relationship in various ways. The relationship term is either a verb or a noun, and could 

precede or follow the concept term. When the relationship term is a noun, it is often 

accompanied by a proposition. Using medical domain as an example, we examined 55 

medical-related search tasks in TREC ad hoc collections (see Appendix A) and found a 

few common concept-relationship formats. Table 9 lists format structures that consist of 

one medical concept and its associated relationship. A medical concept may be associated 

with a relationship in various ways. The relationship term is either a verb or a noun, and 

could precede or follow the concept term. When the relationship term is a noun, it is often 

accompanied by a proposition. 
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Format Description Examples 

t1 is k of 

t1 is a concept 
k is a contextual keyword. Sample 
values for k are: 
 Cause 
 Symptom  

Smoking is the cause of 

k of/for t1  

t1 is a concept 
k is a contextual keyword. Sample 
values for k are: 
 Procedure/instrument 
 Use 
 Effects/effectiveness 
 Risks/hazards/adverse effects 
 Symptoms 
 Medication/treatment 
 Cause 
 Recent development / research 
progress 
 Prevention 
 Outbreak 
 Advantage/disadvantage 

 Procedure for removing 
scar 
 Effectiveness of calcium 
supplement 
 Symptoms of Parkinson’s 
disease 
 Disadvantages of tooth 
implants 

 

Table 9: One Medical Concept and Unary Relationships 

 

Concept-relationship structures that consist of two medical concepts and 

relationship between them are summarized in Table 10. When a relationship is associated 

with two medical concepts, it is positioned either between the concepts or before the first 

concept. In most cases, the relationship term preceding the concepts is a 

noun+proposition compound, while the relationship term between the concepts is a verb. 
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Format Description Examples 

k of t1 
in/on/of t2 

t1 and t2 are concepts 
k is a contextual keyword between 
t1 and t2. It is a noun and is a type 
of contextual relationships. 
Sample values for k are: 
 Effect/effectiveness 
 Roles 
 Benefits  
 Prevention 
 Treatment 

 Effects of steroid on 
human body 
 Roles of estrogen in human 
body 
 Benefits of gene therapy to 
human 
 Prevention of UV damage 
to eyes 
 Treatment of UV damage 
to eyes 

t1 k t2  

t1 and t2 are concepts 
k is a contextual relationship 
between t1 and t2. It is a verb. 
Sample values for k are: 
 Causes 
 Relates to 

 Stress causes obesity 
 Cancer relates to cell 
reproduction 

Table 10: Two Medical Concepts and Binary Relationships 

 The semantic structure of a query can also be represented as a parse tree, as 

shown in Figure 6. For example, the query “treatment of schizophrenia” can be 

decomposed into two parts: the medical concept “schizophrenia” and the semantic 

relationship “treatment of” which precedes the concept. The structure of this query is 

annotated as “R+C”. 

 

Figure 6: Semantic Structure Represented as a Tree 
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 More complex semantic structures can be decomposed recursively. For example, 

in query “effects of dietary intake on the prevention of osteoporosis”, “the prevention of 

osteoporosis” is a composite concept that is related to “dietary intake” by “effects of”. 

“The prevention of osteoporosis” can be further decomposed into the concept 

“osteoporosis” and the relationship “prevention of”. The parse tree of this semantic 

structure is shown in Figure 7. This query is annotated as “R1+C1+(R2+C2).” 

 

 
Figure 7: More Complex Semantic Structure 

 

4.1.3 Medical Query Taxonomy 

Based on above discussion, we can generalize the semantic structures of keyword-based 

medical queries, and propose a medical query classification framework that categorizes 

different types of query structures based on (i) the number of concepts, (ii) the number of 

relationships, and (iii) the order of the concepts and relationships, as shown in Table 11. 

Please note that this table is not meant to be a complete list of all possible medical query 

structures. Rather, it is based on empirical observations and was shown in our user study 

to provide sufficient coverage for commonly-encountered queries.  
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 Format * Example 

1 Concept 

0 Relationship C Sick building syndrome 

R+C Treatment of schizophrenia 
1 Relationship 

C+R Schizophrenia treatment 

2 Relationships (R1+R2)+C Causes and treatments of multiple sclerosis 

 C+(R1+R2) Multiple sclerosis causes and treatments 

 R1+(R2+C) Effects of treatment of obesity 

3 Relationships (R1+R2+R3)+C Causes, symptoms and treatment of TMJ 

 (R1+R2)+(R3+C) Benefits and side effects of the treatment of 
high blood pressure 

2 Concepts 

0 Relationships C1+C2 Radio waves and brain cancer 

1 Relationships C1+R+C2 Disease caused by smoking 

 R+C1+C2 Effect of steroids on human body 

2 Relationships (R1+R2)+(C1+C2) 
Causes and treatments of anorexia nervosa 
and bulimia 

 C1+R1+(R2+C2) Drugs used in the treatment of mental illness 

 R1+(R2+C1+C2) Treatments of damage of UV light to eyes 

 R1+C1+(R2+C2) 
Effects of dietary intake on the prevention of 
osteoporosis 

3 Relationships R1+(C1+R2+(R3+C2)) 
Effectiveness of alternative medicine used in 
the treatment of illnesses 

 R1+(R2+(R3+C1)+C2) 
Research on reducing the effects of 
osteoporosis in existing patients 

3 Concepts 

2 Relationships (C1+C2)+R1+(R2+C3) 
Medications and techniques used to treat 
heart ailments 

 (C1+R1+C2)+R2+C3 
Asbestos related lawsuits concerning 
asbestosis 

3 Relationships R1+((C1+C2)+R2+(R3+C3)) 
Effectiveness of medical products and 
programs used in the cessation of smoking 

* C, C1, C2, and C3 refer to query concepts and R, R1, R2, and R3 relationships. 

Table 11: Medical Query Format Examples 
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4.2 REPRESENTATION OF SEMANTIC RELATIONSHIP 

Concepts and the semantic relationships among them can be viewed as a graph. In this 

graph, concepts are the set of objects or the universe of discourse, and the semantic 

relationships are links between the objects. Both objects and links are reflected in 

representational vocabulary and form an explicit conceptualization of certain knowledge, 

which leads us to the adoption and use of ontology. An ontology is a means of 

representing real world knowledge. It defines basic terms and relationships comprising 

the vocabulary of a topic area as well as the rules for combining the terms and the 

relationships between the terms [82]. Figure 8 shows an example of concept, relationship 

and semantic type representation as part of an ontology. An ontology may be domain-

specific. In this research, we use Unified Medical Language System (UMLS) 

Metathesaurus and Semantic Net developed by National Library of Medicine as our 

domain ontology. Details of UMLS are discussed in Chapter 5. 

 

Figure 8: An Example of Concepts, Relationships and Semantic Types 
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4.3 SEMANTICS-BASED CONTEXTUAL SEARCH MODEL 

We propose a Web search model based on semantic relationship between query concepts. 

The proposed model discovers semantic relationship context and integrates the context 

into a Web search process. The model comprises four steps: context-based query parsing, 

concept identification, relationship identification, and query modification, as shown in 

Figure 9.  

 

Figure 9: Semantic Relationship-Based Contextual Search 

 

We first outline each component using an example query, as shown in Figure 10, 

and then describe them in greater detail in Section 4.3.1, 4.3.2, 4.3.3 and 4.3.4. First, the 

query “Arthritis drugs” is parsed by the context-based query parsing component. During 

this step, plural and punctuations are removed, stopwords are eliminated, and the query is 

broken into lexical elements such as words and/or phrases. It is worth mentioning that we 

adopt a natural language processing technique and extend it for context-sensitive parsing. 

Instead of removing all the stopwords, we keep some propositions (e.g., “of” and “by”) 
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that indicate possible existence of relationship terms. In our example, two lexical 

elements are recognized: “Arthritis” and “drugs.” The next step, concept identification, is 

to distinguish domain-specific from non-domain-specific concepts. In the medical 

domain, this process is to identify medical concepts in the query using an ontology. It 

turns out that both “Arthritis” and “drugs” are identified as medical concepts, “Arthritis” 

as a “pathological function” and “drugs” as a “pharmacologic function.” Given these 

domain concepts, we proceed to discover the relationship context with which they are 

associated. The relationship identification step may have two routes depending on 

whether the original query already consists of relationship term(s). If such terms exist, 

relationship terms are first determined by the existence of an immediate follower of one 

of the propositions mentioned above, then verified by using the domain ontology. When 

there is no relationship term specified in the query, the links between different query 

concepts are discovered only through a search of the ontology, as is the case in our 

example. This step may also involve user interaction, at which point the user can choose 

the relationship specific to her request. In our example, the “relationship” context 

identified between “Arthritis” and “drugs” is “treats.” The last step is to modify the query 

and formulate a new request that more precisely represents the user’s search intention. 

The taxonomy of medical query formats presented in Table 11 is used in this step to 

identify the semantic structure of the query for reformulation decisions. Aside from 

traditional query modification techniques that append new terms to the query, our 

heuristics-based approach also selects appropriate forms of relationship terms to be added, 

removes unnecessary relationship words, and reorders query terms. In our example, the 
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relationship term “treats” is inserted between the original query terms in its noun form, 

which makes the reformulated query as “Arthritis treatment drugs”. 

 

Figure 10: An Example of Relationship-Based Contextual Search 

 

4.3.1 Context-Based Query Parsing 

The query parsing is a process to break a query into keywords and/or phrases. An integral 

step of conventional query parsing is the normalization process that often consists of the 

following operations: i) replace punctuation with spaces, ii) remove plural, genitives and 

diacritics, iii) lowercase, iv) remove stopwords, v) uninflect each word, and vi) word 

order sort 1. We adopt the traditional query parsing technique and extend it for context-

sensitive parsing. Our context-based query parsing approach includes four separate steps: 

i) normalization process; ii) removing useless stopwords; iii) breaking query into 
                                                 
1 http://www.nlm.nih.gov/research/umls/meta4.html 
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elements based on useful stopwords; and iv) tokenizing query elements. Figure 11 shows 

the algorithm for Context-Based Query Parsing. The procedure is performed on each 

incoming query. 

 In Step (1) of the algorithm, we normalize query through five operations: 

replacing punctuations with spaces (Step (1a)), replacing words in plural forms with their 

singular forms (Step (1b)), changing all uppercases to lowercases (Step (1c)), and 

removing genitives and diacritics (Step (1d) and (1e)). This step prepares the query terms 

and makes them consistent with the terms in the lexicon and ontology used in later steps. 

For example, the query “the drug treatments of Parkinson’s Disease” will be transformed 

to “the drug treatment of parkinsons disease” after Step 1.  

Casual queries often contain stopwords, words that are so frequently appear in 

texts that it is too expensive and meaningless to index them. Generally, search engines 

have a list of commonly-accepted stopwords that are disregarded as search terms. As 

mentioned earlier, some relationship terms are followed by propositions. Such 

propositions are very important for identifying relationships in a query, thus, they should 

not be discarded. Therefore, we maintain a list of stopwords that consists of propositional 

words (e.g. “of”, “for”, “in”, and “on”) related to relationships. When removing 

stopwords (Step (2)), only useless stopword list is searched and matched against each 

query terms. Thus, ““the drug treatment of parkinsons disease” in our example is 

converted to “drug treatment of parkinsons disease.” 
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Figure 11: Context-Based Query Parsing 
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In the next step (Step (3)), the query is decomposed iteratively based on useful 

stopwords. Each useful stopword found in the query is a breaking point, the sub-string 

before the stopword along with the stopword is regarded as one query element and is 

temporarily set as type “R” - relationship type (Step (3b)). At the end of the iteration, the 

substring after the last stopword is the last query element which is set as type “C” – 

concept type (Step (3c)). In our example, the word “of” is a useful proposition that is 

used to break the query into two query elements: “drug treatment of” and “parkinsons 

disease”. 

If the query doesn’t include any useful stopword, then the whole query is one 

query element of concept type. Thus, it is necessary to further analyze each query 

element and break it into lexical tokens (Step (4)). In this step, a lexicon is looked up for 

matching entries against words and consecutive phrases in query element (Step (4a)). 

Each entry that is being found is a lexical token. Here we use a simple heuristic to assign 

semantic type to each token. If a query element is of concept type, then all the tokens in 

this element are marked as the same type (Step (4b)). If a query element is of relationship 

type, all the tokens in this element except for the last two are set as concept type. This is 

because the last token is usually the useful stopword that symbolizes a possible 

relationship, and syntactically it only attaches to the token that immediately precedes it. 

Therefore, only the second last token is marked as relationship type (Step (4c)). For 

instance, the query element “drug treatment of” is initially marked as a relationship type. 

After Step (4d), it is broken down into two elements: “drug” as a concept and “treatment 

of” as a relationship. This step (Step (4)) is repeated for all query elements. The outcome 



 
 
 

74 

 

of Context-Based Query Parsing procedure is a semantic tree of the query structure that 

consists of concepts and relationships (Step (4d)). Please note that the semantic tree 

resulted from this procedure is based on lexical analysis and preliminary semantic 

analysis, and it is far from an accurate representation of the query’s semantic structure. 

This tree needs to be further refined in the next two procedures. 

4.3.2 Concept Identification 

After a query being broken into lexical tokens, the next procedure is to distinguish 

domain-specific from non-domain-specific concepts. Please note that throughout this 

dissertation, when we say “concept” or “query concept”, we refer to domain-specific 

concept. Since the domain we use is medical domain, therefore, this procedure is to 

identify medical concepts in the query, which comprises of three steps: i) map lexical 

tokens to concepts in the ontology, ii) identify relationship terms in the query, and iii) 

generate query format. The algorithm for Concept Identification is shown in Figure 12. 

 In Step (1) of the algorithm, we use a concept-mapping heuristic to distinguish 

medical concepts from non-medical concepts in the query. First, the semantic type that 

has been assigned to each lexical token in previous procedure is retrieved (Step (1a)). If 

the token is marked as a “concept” type, an ontology is searched for matched concept. 

When a match is found, the semantic type(s) of the concept are retrieved (Step (1b-1)). 

Note that a positive match does not signal identification of a medical concept, because 

not all concepts in the ontology are domain-specific. Therefore, the semantic types of the 

concept are examined. If at least one semantic type is a medical type when compared to a 

list of non-medical semantic types, the concept is identified as a medical concept (Step 
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(1b-2)). Otherwise it is regarded as a non-medical concept (Step (1b-3)). For example, the 

“parkinsons disease” is a medical concept which is a type of “Disease or syndrome.” 

In Step (2), tokens that do not belong to the category of medical concepts are 

examined to determine whether they are relationship terms using a relationship-mapping 

heuristic. First, the semantic type of the lexical token is retrieved (Step (2b)).  If it is not a 

type of “medical concept” but a type of “relationship” or “non-medical concept”, then 

both a lexicon and a domain ontology are used for relationship identification. In Steps 

(2b-1), (2b-2), and (2b-3), different variants are found in the lexicon for each token. Each 

variant is then mapped to relationship terms in the ontology. If any one of its variants 

matches a relationship, the token is set as a “relationship” type, otherwise a “non-medical 

concept” type (Step (2b-4)). For example, “treatment” has the variants of “treat”, “treats”, 

and “treating”. If any of the variants matches a relationship in the ontology, “treatment” 

is regarded as a “relationship” type. At this point, a more defined semantic tree is 

constructed for the query.  

As a final step (Step (3)), the query semantic structure is traversed and the unit 

type of each token is ordered to form a string that represents the format of the query. 

Non-medical concepts are generally ignored and not take part in the query format. The 

query format usually matches one of the medical query formats in Table 1 which is 

presented in Section 4.1.3. In our previous example, the query “the drug treatment of 

Parkinson’s Disease” matches the format “C1RC2”. The query format will be used in the 

Query Modification step to select proper heuristic for query reformulation. 
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Figure 12: Concept Identification 
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4.3.3 Relationship Identification 

Based on the domain-specific concepts identified in previous processes, we can identify 

semantic relationships associated with the concepts. There are two possibilities: the query 

consists of relationship term(s) or the query doesn’t consist of any relationship term. In 

the former case, relationship terms are determined by the existence of an immediate 

follower of a useful stopword and matched to the ontology relationship list. In both cases, 

relationship terms are identified from the ontology for medical concepts. As mentioned in 

previous section, we only consider queries that include one and two medical concepts. 

There are four steps for this process: i) determine number of concepts in the query, ii) for 

query that contains two or more concepts, search ontology for relationships between each 

pair of concepts; iii) when the query has only one concept or no relationship is found for 

any pair of concepts in multi-concept case, then relationships associated with each 

concept are retrieved; iv) interact with and let the user choose appropriate relationships. 

The algorithm for Relationship Identification is shown in Figure 13. 

 In Step (1) of the algorithm, number of medical concepts in the query is 

determined. For queries with one concept and queries with two or more concepts, 

different heuristics are used.  

In Step (2), we first consider a pair of concepts in a multi-concept query. 

Relationships between the two concepts on both directions are retrieved (Steps (2a) and 

(2b)). For example, the available relationship between “drug” and “parkinsons disease” 

are “treats”, “diagnoses”, “affects”, “complicates”, and etc. If relationships are found, we 

then calculate ranking score for each relationship using a relationship ranking algorithm 
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(Steps (2c)). Details of the algorithm are discussed later. This step is repeated for each 

pair of concepts in the query.  

In Step (3), we retrieve relationships associated with one concept. The heuristic is 

applied in respect to one of the two situations: i) the query contain only one concept, or ii) 

no relationship between any pair of concepts is found in multi-concept query. 

Relationships associated with one concept is obtained from the ontology and then ranked 

using our relationship ranking algorithm (Step (3)). This step is repeated for each single 

concept in the query. Top-ranked relationships are then grouped and presented to the user 

(Step (4a)) and the outcome of this procedure is relationships indicated by the user as 

relevant (Step (4b)).  

For Steps (2) and (3) of Relationship Identification procedure, we design 

relationship ranking algorithms to calculate the significance of a relationship to one or 

two concepts. The algorithms are based on two assumptions: i) the more occurrences of a 

relationship when associated with the concept(s), the closer connection there is between 

this relationship and the concept(s), and ii) the more occurrences of a relationship when 

associated with all concepts, the less important this relationship is to the specific 

concept(s). The ranking algorithms are shown in Figure 14. 
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Figure 13: Relationship Identification 
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Figure 14: Relationship Ranking Algorithms 

 
The overall goal of ranking candidate relationship terms is to weight highly the 

relationships that are closely associated with the given semantic type. The idea is based 

on the widely-accepted TF-IDF search results ranking algorithm [74]. 

In the future, we will improve this algorithm by incorporating history of user 

interactions. More specifically, the ranking of each relationship will be adjusted by the 

frequency it is used or selected by the users.  

4.3.4 Query Modification 

Query modification is a heuristics-based process that modifies the original query based 

on the concepts and relationships identified from previous process. Aside from traditional 

query modification technique that appends new terms to the query, our approach also 
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select approach forms of relationship terms to be added, remove unnecessary relationship 

terms, and reorder query terms. The algorithm for Query Modification is shown in Figure 

15. 

 In this algorithm, we apply several query modification heuristics to reformulate a 

query based on its semantic structure and types of user-selected relationships. In Step (1), 

all the medical concepts are included in the new query.  

Then we proceed to add relationship terms to the new query. When the query is in 

the format of “C”, we insert left-hand-side relationship terms before the concept and 

right-hand-side relationship terms after the concept (Steps (2a-1), (2a-2), and (2a-3)).  

When the query contains two concepts and is in the format of “CC” or “CRC”, the 

reformulation is more complex (Step (3)). There are three types of relationships that we 

may encounter: i) relationships between the two concepts in the order of which they 

appear in the query (“C1RC2”), ii) relationships between the two concepts in reverse order 

of which they appear in the query (“C2RC1”), and iii) relationships associated with each 

single concept (“C1R”, “RC1”, “C2R”, “RC2”). These types of relationships are identified 

in Steps (3a-1) to (3a-4). When all the relationships are in the same type and belong to the 

first or second type, relationship terms are inserted between two concepts in the order of 

their appearance (Steps (3a-5) and (3a-6). For example, if the user selects relationships 

“treats” and “diagnoses” between the concepts “drug” and “parkinsons disease”, then the 

two relationship terms are inserted between the two concepts, which results in a new 

query “drug treats diagnoses parkinsons disease”. However, when relationships belong to 

the third type or when they are not in the same type, we simply append relationship terms 
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to the end of the concepts (Step (3a-7)). For example, if the user chooses relationships 

“drug affects parkinsons disease” and “parkinsons disease result_of drug”, the modified 

query becomes “drug parkinsons disease affects result_of”. 

When the user selects relationships to match her search intention, we can safely 

assume that they want to replace existing relationships in their original query with the 

new ones. Therefore, the original relationship terms are discarded during the query 

reformulation procedure. Since we only consider query formats with one or two concepts 

in this dissertation, for more complex queries that contain three or more concepts, 

selected relationships are simply appended to the end of the new query (Step (4)). In the 

future, we will conduct more studies on how to modify complex queries listed in the 

medical query taxonomy in Section 4.1.3. The outcome of this procedure is a 

reformulated query that is integrated with relationship context. The new query is then 

submitted to external search engines for retrieving Web documents. 
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Figure 15: Query Modification 
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4.4 SUMMARY 

In this chapter, we have presented a context-based search approach that discover and 

utilize the relationship context associated with the query concepts. Our approach is based 

on the analysis of the semantic structure of the query, which is closely related to the 

underlying meaning of the query. We have also presented the algorithms for context-

based query parsing, concept identification, context identification, and query 

modification. Combining query semantics, knowledge bases and heuristics, our approach 

provides semi-automatic help to the user for query term selection and query specification. 

An important feature of our algorithms is that they are generic and are not domain-

dependent. In terms of the computational time, the algorithms require polynomial 

processing time. Although we use medical queries as the examples to demonstrate the 

key functionality of the proposed approach, the proposed context-based search 

mechanism is designed for general purpose and can be easily applied to other domains. 

For example, to adapt our approach to a search platform designated to Web documents 

related e-commerce, we just need to build a taxonomy for common formats of the queries 

in this topic and replace the medical ontology with an e-commerce ontology.  
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CHAPTER 5: PROTOTYPE SYSTEM 
 

In this chapter, we present the architecture and implementation of a proof-of-concept 

prototype system designed to discover relationship context in a user query and to 

manipulate the search process by using the context. The proposed context taxonomy 

(Chapter 3) and the semantics-based context integration model (Chapter 4) are the basis 

for building a prototype software system. The prototype system was developed to test the 

methodology presented in this dissertation and has been evaluated through a user study 

presented in Chapter 6. We also illustrate the use of the system by demonstrating major 

functionalities of individual components using simple examples. 

 

5.1 OVERVIEW OF SYSTEM ARCHITECTURE 

Our system, called the Contextual Search System (CSS), uses existing search engines 

such as Google and Yahoo as an underlying information source. It facilitates advanced 

Web search and provides a seamless interface for context integration. Figure 16 

illustrates the overall conceptual architecture of the system. The system is implemented 

using J2EE technology, and is integrated with a medical ontology (UMLS Metathesaurus 

and Semantic Network), a medical lexicon (SPECIALIST Lexicon), and a set of search 

heuristics. CSS is currently running on Tomcat 5 Web server. The session data repository 

and the semantic network are implemented using an Oracle 9i server. The system can be 

accessed on the internet through Web browsers. The user interface of the system is 

simple and easy to use. In additional to the common search and results display interface, 
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the system also provides additional interactive screens that encourage the user to further 

specify her query and to engage in the context selection process. The system has been 

extensively tested and used in our experimental study (Chapter 6), and it has been proven 

to be scalable and reliable.  

 

Figure 16: Conceptual Architecture of CSS 

 

5.2 FUNCTIONALITY AND COMPONENTS 

The implementation of CSS consists of the following components: (i) Context 

Identification and Selection Module that extracts useful contextual information from the 

user’s query and feedback; (ii) Context Integration Module that modifies the query with 

context based on a set of reformulation rules; (iii) Results Integration Module that 

combine results obtained from underlying search engines and presents them to the user in 

a uniform interface; (vi) Session Tracking Module that monitors user’s interaction with 

the system, and stores important session information for usability analysis and future 
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functionality extension; and (v) knowledge bases and repositories that comprise lexical 

information, domain knowledge, heuristics, and click-stream information. The following 

sections describe each component and its functionality with examples. 

5.2.1 Context Identification and Selection Module 

CSS supports a graphical user interface which acts as a front-end of the system. The 

initial search screen is shown in Figure 17. The user starts a new search by entering a 

query. For example, let’s assume the user wants to know what syndromes often occur 

with depression. She types “syndromes of depression” at the text input box. The user can 

also specify which external search engine to use for this search. At current stage, CSS is 

implemented with Google and Yahoo! as the underlying information sources. Therefore, 

she can choose Google, Yahoo! or both. By default, Google is used. The user submits the 

query by clicking on the “Search” button. 
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Figure 17: Initial Search Screen 

  

Then the user is presented with an interaction interface with analysis information 

of her query, as shown in Figure 18. In our example, the system finds two medical 

concepts, “syndromes” and “depression” in her query “syndromes of depression”. The 

concepts along with their semantic types and relationships are listed. The relationship 

terms are grouped by relationship types such as “Conceptual Relation”, “Functional 

Relation”, “Temporal Relation” etc. When there are two medical concepts, the 

relationships between the concepts are listed, unless no relationship is found in which 



 
 
 

89 

 

case relationships associated with each concept are presented. When there is only one 

medical concept in user’s query, the system retrieves relationships associated with this 

concept. For instance, the relationships between “syndromes” and “depression” include 

“syndromes affects depression”, “syndromes complicates depression”, “syndromes co-

occurs_with depression”, “depression complicates syndromes”, “depression precedes 

syndromes”, and etc. Please note that some relationships are bi-directional, such as 

“complicates”. The relationship terms used in different directions may entail different 

meanings between the concepts and may not be exchangeable. The relationship terms 

intend to help the user describe her query more precisely, but not all of them are relevant. 

So the interaction interface asks the user to select relationship terms that best represent 

her search request. In our example, “syndromes co-occurs_with depression” is the closest 

expression to user’s search intention “syndromes that often occur with depression”. Once 

the user selects a relationship, she may either click on “Continue” to integrate the 

relationship context manually or click on “Search Now” proceed directly to the results 

screen and let the system integrate the context automatically. 
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Figure 18: Interaction Screen 

 

5.2.2 Context Integration Module 

The Context Integration Module is responsible for integrating the selected relationship 

context from previous step into the search process by modifying user’s query. There are 

two modes of this operation: manual integration or automatic integration. The manual 

integration mode allows the user to modify her query based on the relationship term and 

its alternative forms. In our example, the normalized version of “co-occurs_with” is “co-

occurs with”, and alternative forms of the term include “occur”, “occurrence” and “CO”. 

The user modifies her original query with one or more of the suggested terms and clicks 
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on the “Search Now” button to submit her new query. In the automatic integration mode, 

the activities of selecting appropriate term form and reformulating the original query are 

transparent to the user. The system decides which term to use and how to use it.  

Once the query is modified, either manually or automatically, is sent to external 

search engines for execution. As mentioned earlier, the current external sources being 

implemented are Google and Yahoo. More sources can be easily added in the future 

based on our multi-tier architecture, which is described in Section 5.3. 

5.2.3 Results Integration Module 

The major jobs of the Results Integration Module include combining search results from 

multiple external sources and presenting them to the user in a uniform interface, as shown 

in Figure 19. The system first eliminates duplicate results from multiple sources and then 

combines them in one list for display. In the future, we will extend the functionality to 

filter and re-rank the results based on the relationship context being identified in the 

“Context Identification and Selection” Module (Section 5.2.1). On the results screen, the 

title, file size, snippet (a set of contiguous text about the size of a paragraph and is about a 

single topic1), URL and source of each Web document are displayed. The user may click 

on the title link and view the document. If the user wants to start a new query, she may 

click on “Start a New Search” on the screen and go back to the initial search screen. 

                                                 
1 http://www2.parc.com/istl/groups/hdi/sensemaking/glossary.htm 



 
 
 

92 

 

 

Figure 19: Results Display Screen 

 

5.2.4 Session Tracking Module 

The Session Tracking Module is responsible for monitoring user’s interaction with the 

system and storing session information into the Session and Context History Repository. 

When the user starts the system and opens the search screen, the system initiates a new 

session and creates a unique session ID for it. The session ID is attached to all the user 

activities on the system. It only expires when the system has been idle for a certain 

amount of time, at which point a new session ID is created if the user wants to access the 

system again. The Session Tracking Module gathers both explicit and implicit feedback 
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information from the user such as the date and time the search is conducted, the original 

query being input, the relationship terms selected, and the modified query. This 

information is useful for user search analysis and relationship term ranking. 

5.2.5 Knowledge Bases and Repositories 

Since the proposed contextual search model described in Chapter 4 uses the medical 

domain as a testbed, we adopt Unified Medical Language System (UMLS) as the 

underlying knowledge bases for the prototype system. UMLS1, developed by National 

Library of Medicine, is an integrated knowledge system that facilitates the development 

of computer systems that behave as if they "understand" the meaning of the language of 

biomedicine and health. There are three UMLS Knowledge Sources: the Metathesaurus, 

the Semantic Network, and the SPECIALIST lexicon.  

The Metathesaurus is a multi-purpose and multi-lingual medical domain ontology 

that contains information about biomedical and health related concepts, their various 

names, and the relationships among them. It is built from the electronic versions of 

different thesauri, classifications, and lists of controlled terms used in patient care, 

administrative health data, bibliographic and full-text databases and expert systems. In 

Metathesaurus, each concept belongs to one or more semantic types and is associated 

with other concepts through hierarchical or horizontal relationships. Hierarchical 

relationships include parents and children of the concept, and horizontal relationships 

include synonyms and siblings of the concepts. Figure 20 shows an excerpted entry for 

the concept “arthritis”. In the Metathesaurus, “Arthritis” defined as the “inflammation of 

                                                 
1 http://www.nlm.nih.gov/research/umls/ 
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a joint or a state characterized by inflammation of joints” and is a type of “Disease or 

Syndrome”. In CSS, the semantic type(s) of a concept is used to determine the semantic 

relationships and other concepts that are associated with the concept. This information is 

stored in the Semantic Network. 

 

Figure 20:  An Example of Concept in UMLS Metathesaurus 
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 The Semantic Network is a complimentary part of the Metathesaurus. It provides 

a categorization of all concepts represented in the Metathesaurus and a set of semantic 

relationships between these concepts. In the Semantic Network, the nodes represent 

semantic types, and the links represent relationships between the semantic types. Figure 

21 shows the excerpted entry of “disease or syndrome” in the Semantic Network.  

 
Figure 21: An Example of Semantic Type in Semantic Network 

 
There are multiple semantic types associated with “disease or syndrome” through 

semantic relationships. The semantic relationships can be either left hand side or right 

hand side. Some relationships are bi-directional, i.e., the relationship link two semantic 
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types in both directions. In the Semantic Network, relationships are organized into a tree 

structure. The top node in the hierarchy, “associated_with”, is a general term for all the 

relationships. The relationship “associated_with” has five children at the 2nd level of the 

tree: “physically_related_to”, “spatially_related_to”, functionally_related_to”, 

“temporally_related_to”, and “conceptually_related_to”. These five relationship types are 

used in CSS for the categorization of output relationship terms on the interaction screen 

(Section 5.2.1). Each relationship at the 2nd level has one or more children, and/or 

grandchildren. In the hierarchy, the children are linked to their parents by the “isa” 

relationship, as shown in Figure 22. 

 
 

Figure 22: A Portion of the Semantic Relationship Hierarchy 

 
 The SPECIALIST lexicon is a general English language lexicon, similar to 

WordNet1, but with many biomedical terms. It is mainly used for natural language 

processing. In CSS, the SPECIALIST lexicon is integrated for query parsing and 

alternative terms generation. 

                                                 
1 http://wordnet.princeton.edu/ 
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 Besides the UMLS knowledge sources, we also integrate a local repository to 

store session tracking and context history information. The repository consists of two 

components: the session database and the context database. The session database store 

information captured from the Session Tracking Module (Section 5.2.4) such as the 

session ID, the date and time of the search, user’s query, relationship term selected, and 

etc. Table 12 shows some sample results of querying the database. These data provide 

valuable information on user’s search behavior and reaction to the system.  

 

Table 12: Sample Results of A Query on Session Data 
 

The context database contains historical data of relationship contexts that have 

been used during the search process. Once a relationship is chosen by the user, the 

context database stores the relationship term and the concept(s) it is associated with when 

being selected, and increase its counter by 1. The value of the counter indicates the 

popularity of a relationship when associated with certain concept(s). For example, 
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relationships “causes” and “treats” are both associated with concepts “drugs” and “birth 

defects”. The number of times the relationship “causes” being used with the two concepts 

is 14, while the number for relationship “treats” is 1, as shown in Table 13. This suggests 

that “causes” is a more common relationship between “drugs” and “birth defects” than 

“treats” during the time frame being covered by the data. In this future, we will explore 

how to use this information, along with the user type context, for advanced relationship 

ranking and relationship term recommendation. 

 

Table 13: Sample Results of A Query on Context History 

 

5.3 DESIGN AND IMPLEMENTATION 

This section describes the prototype system from the design methodology and system 

implementation perspective. As mentioned in Section 5.1, the system has been written in 
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JSP and Java languages. JSP codes control the presentation of the front-end, while Java 

programs run at the backend for processing user requests, accessing local repository and 

connecting to remote sources. We adopt a classic three-tier object-oriented architecture 

[57] for the system. In such architecture, user interface, application processing and data 

access are separated into three layers. This kind of design allows the application logic to 

be represented in separate components, which enables physical distribution of the system 

and software reuse. Figure 23 illustrates the three-tier architecture of CSS. The top tier, 

presentation layer, represents a Web-based user interface. This is the front-end of the 

system written in JSP – a Web development technique that mixes HTML and Java for 

dynamic content presentation. The second tier, application layer, consists of two sub-

layers: domain objects and service objects. The domain objects layer contains functions 

that represent domain concepts and requirements. For example, “Query Analysis” and 

“Context Discovery” are two functions that support query processing and serve as a link 

between “Search Interface” at the presentation layer and the lower layers. The service 

objects layer provides service functions such as database interactions, remote connections, 

etc. In Figure 23, the service objects layer consists of three components: Database 

Connection Manager, UMLS Connection Manager and Search Engine Connection 

Manager. Database Connection Manager provides mechanisms for communicating with 

data repositories such as session and context database and a local copy of UMLS 

Semantic Network. These repositories reside on an Oracle 9i server. UMLS Connection 

Manager is responsible for communicating with the UMLS Knowledge Server at NLM 

through a list of APIs. Search Engine Connection Manager is another service object that 
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supports the access to external search engines and various data sources. For instance, the 

system retrieves data from Google through Google Web API.  The service objects layer 

links domain objects with the third tier – storage layer. The storage layer is a storage 

mechanism such as a local database or remote data sources. 

 

5.4 SUMMARY 

In this section, we have described a proof-of-concept prototype system called CSS. CSS 

facilitates context-based Web search through a user-friendly interface. It provides related 

terms for query reformulation through advanced query analysis techniques based on 

semantic relationships. Integrated medical domain ontology, lexicon, and internet data 

sources, the system demonstrates the practicality of our contextual search modal 

proposed in Chapter 4. Due to the use of object-oriented system design methodology, 

CSS is highly modular, extensible and customizable.  
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Figure 23: Three-Tier Architecture of CSS 
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CHAPTER 6: EVALUATION 
 

To evaluate the usefulness of the proposed methodology and the prototype tools in 

achieving effective search through context discovery and integration, we conducted an 

experiment in medical domain. The objective of this chapter is to answer research 

question #6 which is related to the effectiveness of the search model and the performance 

of the system:  

“Can the proposed contextual search model be fruitfully explored to improve 

the search effectiveness for some queries?” 

We first present our evaluation framework, a task-driven framework based on theme 

identification. Then we describe details of the evaluation procedure, subjects and tasks 

being used, and validity of the evaluation methodology. The results of a preliminary test 

and the experiment are then presented. Finally, we discuss the findings and implications 

of the results. 

 

6.1 EVALUATION FRAMEWORK 

As mentioned in Section 2.4, precision based on number of relevant results is a popular 

measure being used for search engine comparison. Often, the first n retrieved documents 

are examined for relevance. Then precision is obtained by dividing the number of 

relevant results by n. Although this measure is straightforward, it is only useful when the 

criteria for relevance judgment are consistent for all the documents being reviewed. This 

can be achieved when the relevance is judged by the researchers. But due to the dynamic 
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nature of the Web, user groups, and search context associated with them, traditional 

laboratory setting for evaluating relevance may not be appropriate for Web search 

evaluation. Experimental study involving real life users with less control on their input is 

more applicable. However, standard relevance criteria can hardly be enforced when the 

judges are general Web users. This is due to the following reasons:  

 Different users may have different standards for relevance. One document useful to 

one user may not be as useful to another user. 

 The method adopted for relevance judgment varies. Some users read the whole 

document, some scan the first paragraph, while others only look at the title and 

snippets.  

 The quality of the retrieved documents differs. Given two relevant Web pages, one 

may provide more useful and updated information than the other. 

 The information retrieved may be deceptive. The users often read the snippets before 

deciding whether to open the document or not. But the information provided by the 

snippets may be misleading.  

In order to overcome the problems mentioned above, we adopted a task-driven evaluation 

framework based on theme identification [22]. Instead of using number of relevant results 

to measure precision and recall, we calculate precision and recall based on the number of 

themes identified by the user. In our experiment, a theme is defined as “a short phrase, 

which describes a certain topic.” Phrases like “eating disorders” and “disruptive 

behavior” are examples of themes in our experiment. By examining the themes identified 

by the users for a specific search question, we are able to bypass the discrepancy problem 
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of relevance standards and inconsistency issue of the quality of relevance documents. 

Thus, we are able to evaluate “how effective the proposed model helps the user to locate 

useful information for her search task?” More specifically, precision and recall are 

calculated as following: 

 

 

In this framework, precision measures “how well the search model helps the user answer 

the search question by providing less wrong information?”  Recall measures “how well 

the search model helps the user answer the search question by providing more correct 

information?” We also evaluate the efficiency of the prototype system by comparing the 

time spent on each search task. 

 In our study, we intend to explore the performance of our proposed search model 

and prototype system when compared to an existing top search engine, Google. The 

hypotheses related to RQ6 we expect to prove are described below. 

 H1: CSS helps users achieve a higher precision for theme identification than Google, 

i.e. PCSS > PGO. 

 H2: CSS helps users achieve a higher recall for theme identification than Google, i.e. 

RCSS > RGO. 

 H3: Time spent for completing search tasks using CSS is no more than the time spent 

using Google, i.e., TCSS ≤ TGO. 

Number of correct themes identified by the subject 

Number of correct themes identified by all subjects 
Recall     = 

Number of correct themes identified by the subject 

Number of all themes identified by the subject 
Precision = 
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Since our study is based on the assumption that the Web users are able to judge the 

correctness of the information provided by search engines on their own, recall is a more 

important indicator than precision at evaluating the effectiveness of the search system. 

 

6.2 METHODOLOGY 

We employed an experimental study to address the research questions and hypotheses 

described in previous section. In the following sections, we describe our evaluation 

methodology in detail. 

6.2.1 Procedures 

In designing the user study, we were careful in designing the procedure and including 

controls. The dependent variables were user’s performance measures (precision, recall, 

and time spent). The independent variable was the search context.  

 In order to control various factors that may jeopardize the validity of the 

experiment results, we followed posttest-only control group design which belongs to true 

experiment design paradigm [28], as shown in Figure 24. The symbol X represents the 

experimental treatment and O represents the observed posttest measures. R indicates that 

the subjects were randomly assigned to each group. To evaluate X, we measure whether 

the difference between O1 and O2 is significant. In our study, specifically, subjects are 

randomly assigned to two groups. Both groups conducted the same tasks while one group 

is given a treatment (search context). A posttest (of precision and recall) is administered 

to both groups. The same procedure is repeated for another set of tasks after the two 

groups switching subjects. 
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Figure 24: Experimental Study Design 

  

Figure 25 illustrates detailed procedures followed in the user study. Subjects were 

randomly assigned to Group A and Group B.  For both groups, there were total five steps 

in the process. The subjects in Group A were first asked to answer a list of demographic 

survey questions. Then they conducted two search tasks using CSS followed by some 

more survey questions regarding their experience of the system. In the next step, the 

subjects conducted two more search tasks using Google. After completing all the search 

tasks, they were asked to answer two more sets of questionnaires, one regarding their 

experience of the second system, the other about the comparison of the two systems and 

their general Web search experience. Subjects in Group B followed the same 

experimental procedures as Group A except for step 2 and 4. Instead of using CSS for 

task 1 and 2, and Google for task 3 and 4, subjects in Group B used Google for task 1 and 

2, and CSS for task 3 and 4. In this way, we eliminate learning effects and secure random 

assignment of subjects to different groups. Please refer to Appendix: User Study Tasks 

and Questionnaires. 

 

Figure 25: Experimental Study Process 
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6.2.2 Subjects 

The subjects in this study were undergraduate students in MIS at the University of 

Arizona. Most of them possess fairly amount of technical skills and are familiar with 

internet technology and Web search. None of them has professional training in medical-

related subjects. 

6.2.3 Tasks 

The search tasks used in the experimental study were designed based on TREC ad hoc 

tasks. The TREC (Text Retrieval Conference1) conference series, co-sponsored by the 

National Institute of Standards and Technology (NIST) and U.S. Department of Defense, 

support research within the information retrieval community by providing the 

infrastructure necessary for large-scale evaluation of text retrieval methodologies. We 

based our search tasks on TREC topics because TREC tasks have been carefully selected 

and well studied, and they provide a common task evaluation that allows for cross-system 

comparisons [22]. The four search topics used in our experiment are listed as following. 

 Task 1: List reasons people get hyperthyroid. 

 Task 2: List syndromes that often occur with depression. 

 Task 3: List herbs that should not be taken with panax ginseng. 

 Task 4: List drugs that are known to be linked to birth defects. 

We have selected the above search tasks based on two important criteria. First, the 

search tasks should be able to be converted into queries that consist of one or more query 

                                                 
1 http://trec.nist.gov/ 
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concepts and one or more key relationships that are associated with the concepts. Since 

our approach is designed to analyze the semantics of a given query and to augment the 

query with the relationship context that has been discovered, the presence of key 

relationships will ensure the utilization of the mechanism proposed by our approach. 

Second, the medical ontology integrated with CSS includes limited number of 

relationships, which in turn limited our choice of search tasks. Practically, a more defined 

ontology with extended set of semantic relations would be essential to make CSS a full-

fledged working system.  

6.2.4 Controls Validity 

The concept validity refers to the best available approximation to the truth of propositions 

[26]. In this section, we discuss various threats to internal and external validity, and how 

they are controlled in our experimental design.  

6.2.4.1 Internal Validity 

Internal validity threats are “experimental procedures, treatments, or experiences of the 

participants that threaten the researcher’s ability to draw correct inferences from the data 

in an experiment [28]” According to Campbell and Stanley [19], the factors that can 

threaten internal validity of a true experiment design are: history, maturation, testing, 

instrumentation, regression, differential selection, and experimental mortality. We 

describe these factors and how we addressed each of them. 

 History: Specific events occurring between the first and second measurement in 

addition to the experimental variable. Our experiment was not a longitudinal study 

and so history was not relevant. 
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 Maturation: Processes within the respondents operating as a function of the passage 

of time, including growing older, growing more tired, and the like. There is no 

process that was a function of time. 

 Testing: The effects of taking a test upon the scores of a second testing. In our study, 

the learning effects of using a particular search tool was controlled by switching 

subjects in the two groups after the first posttest was administered.  

 Instrumentation: Changes in the measuring instrument or in observers or scorers may 

produce changes in the measurements. In our study, the same researcher was assigned 

to conduct multiple sessions of the experiment, and a formal instructional handout 

was distributed to all subjects. Additionally, the same scorer graded all the tests. 

 Regression: An effect due to respondents’ being classified into experimental groups 

based on their extreme scores. The subjects in our experiment were randomly 

assigned to the control and experimental groups. No pretest of any sort was taken into 

consideration during the assignment. 

 Differential selection: An effect due to the difference between the respondents in the 

comparison groups. This threat was ruled out by randomly assigning subjects to 

groups. 

 Experimental mortality: Differential loss of respondents from the comparison groups. 

There was no subject dropping out of either group during the course of the 

experiment. 

6.2.4.2 External Validity 
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According to Campbell and Stanley [19], external validity asks the question of 

generalizability: To what populations, settings, treatment variables, and measurements 

variables can the experimental results be generalized? We describe various factors that 

jeopardize external validity and how we address the concerns. 

 Reactive or interaction effects of testing: The pretest might affect the respondent’s 

sensitivity or responsiveness to the experimental variable and thus make the 

population unrepresentative of the universe from which the respondents were selected. 

There is no pretest in our study. 

 Interaction effects of selection and treatment: Can the demonstrated effects be 

generalized beyond the population from which the experimental and control groups 

were jointly selected? The subjects in our experiment are from MIS undergraduate 

program. They are fairly representative of the population of general internet users 

who have no or little medical background. 

 Reactive effects of experimental arrangements: Can the effects observed in an 

experimental setting generalized to non-experimental settings? Our experiment was 

set in front of PCs with commonly used internet browsing software installed. No 

additional equipment of any sort was involved. Additionally, the search tasks were 

designed according to TREC questions, which are commonly accepted as a 

representation of real-world search interests.   

 Multiple-treatment interference: The impact of prior treatments on the respondent’s 

behavior. This is a particular problem for one-group experimental designs. Our 
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experiment involved two groups and no subject was allowed to take part in the study 

multiple times. 

 

6.2 PRELIMINARY TEST 

We conducted a preliminary test to validate our evaluation methodology. In the following 

sections, we describe the test procedure, important findings, and suggestions for 

improvement. 

6.2.1 Overview 

The preliminary study was conducted four months before the actual experimental study. 

There were total 56 subjects participated in this study. The subjects were randomly 

assigned to two groups: Group A and Group B. The four search topics were designed 

based on the search tasks in the TREC ad hoc collections. The four search topics used in 

the preliminary study are listed as following. 

 Task 1: List reasons people get hyperthyroid. 

 Task 2: List methods to find out whether a person has osteoporosis or not. 

 Task 3: List drugs that need to be used cautiously or not to be used with Prozac. 

 Task 4: List drugs that are used to treat Alzheimer’s Disease. 

6.2.2 Findings 

The preliminary results show that CSS achieved better precision and recall for all search 

tasks when compared to Google except for task 4, where CSS achieved similar recall as 

Google. However, the differences were less significant for task 2 and 3 when compared 



 
 
 

112 

 

to task 1. An in-depth analysis of the search tasks and users’ interactions with the two 

systems suggest the following points that may be attributed to the results. 

 For task 1, most subjects started with a short query that consists of 1 or 2 keywords. 

CSS successfully recommended proper terms for query modification.  

 Task 2 was a little bit confusing to the subjects. Some subjects couldn’t tell the 

difference between symptoms or diagnostic methods of osteoporosis. 

 For task 3, the subjected tended to form longer queries that consist of less specific 

terms, which made it more difficult for CSS to recommend correct relationship term 

for task 3 queries. 

 The topic of task 4 is very common and there are large amount of documents 

available online. There was minimum effort required to find related information, in 

which case most subjects were able find related information with or without the help 

of relationship context.  

6.2.3 Suggestions for Improvements 

The preliminary test provided us valuable insights and suggestions for further 

improvement at both theoretical and technical levels. 

 The results from the preliminary study suggest that CSS works better with more 

specialized tasks that often involve terminology. It is also suggested that the 

relationship context is more useful when the search topics are less common, and when 

a longer and more specific query is desired. To confirm our hypothesis, we 

redesigned the search tasks so that they are at the moderate difficulty level and 

require more expertise from the users. 
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 The test results also indicated certain improvements for the query modification 

heuristics. By examining the original and modified queries submitted by the subjects 

(more than 300 totals) and their answers to the tasks, we found that the order of the 

relationship terms may affect the search results dramatically. An interesting 

observation is that the closer the order of terms to our natural language, the better the 

results. To confirm this observation, a much more thorough study is needed in the 

future. The original queries also revealed that majority of the subjects preferred short 

queries (less than 3 words), which is consistent with previous studies. 

 We also received encouraging and valuable feedback from the subjects regarding our 

approach and system design. Subjects indicated that they liked the feature provided 

by CSS and it really helped them refine their queries. Some suggested a categorical 

format for the display of suggested relationship terms. 

Based on the quantitative and qualitative data gathered from the preliminary study, 

we redesigned the evaluation framework, fixed system bugs, and improved the heuristics 

and the prototype system interface for the experimental study, described in the following 

sections. 

 

6.3 SUMMARY OF RESULTS 

6.3.1 Quantitative Data Analysis 

A preliminary investigation of descriptive statistics comparing CSS and Google (Figure 

26 and Figure 27) shows that CSS outperforms Google on both precision and recall for 

all the four tasks. 
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CSS Compared to Google on Precision
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Figure 26: CSS Compared to Google on Precision 
 

CSS Compared to Google on Recall
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Figure 27: CSS Compared to Google on Recall 

 

The independent samples T test results (Table 14) show that the differences of 

recall are significant for all the tasks except for task 4, while the difference of precision is 

only significant for task 2. As mentioned in Section 6.1, precision measures “how well 
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the search model helps the user answer the search question by providing less wrong 

information?” and recall measures “how well the search model helps the user answer the 

search question by providing more correct information?” The superior performance of 

CSS on recall suggests that CSS provides more useful results than Google.  

 t df Sig. (2-tailed) Mean 
Difference 

Std. Error 
Difference 

Task1 precision 1.719 30 .096 .2531 .14724 

Task1 recall 2.258 30 .031 .3000 .13284 

Task2 precision 2.997 30 .005 .2963 .09887 

Task2 recall 3.078 19.520 .006 .2031 .06598 

Task3 precision -.979 29 .336 -.1703 .17399 

Task3 recall -2.133 17.874 .047 -.2326 .10905 

Task4 precision -1.870 29 .072 -.1870 .09996 

Task4 recall -.831 29 .413 -.0938 .11285 

Table 14: Independent Samples T Test Results 

  

The comparison of the two systems in terms of overall precision, recall and time 

is shown in Table 15. The results further confirm that CSS achieved higher recall than 

Google, and the superiority of CSS is very distinct (.000 at the 0.05 level). It also shows 

that the two systems did not differ significantly in time requirements. 
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 Paired Differences t df Sig. (α<0.05, 
2-tailed) 

 Mean Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 
   

    Lower Upper    
precision .2869 .4608 .0627 .1611 .4127 4.575 53 .000 
recall .2030 .3859 .0525 .0977 .3083 3.866 53 .000 
time .0900 3.481 .4650 -.8400 1.0200 .1920 55 .849 

Table 15: Paired-Sample T Test Comparison 

 

6.3.2 Qualitative Data Analysis 

We conducted a post-experimental survey to gather valuable feedbacks from the subjects 

regarding our approach and Web search in general. 

 The subjects indicated that they liked the keyword recommendation mechanism in 

CSS and found it helpful in retrieving relevant information. “The recommendation in 

system A (CSS) was very helpful.” Subjects also appreciated the fact that CSS tried to 

help them specify the queries. “I really like the system information (relationship terms) 

that helps specify the query.” However, some subjects also pointed out that not all the 

recommended terms are relevant and sometimes it could be confusing when the list 

became too long. 

 For the question related to the problems people often encounter when using 

existing search engines, half of the subjects pointed out that they were frustrated by too 

many irrelevant results provided by the search engines. More than 30% subjects felt that 

existing search engines lack effective mechanism for complex search and lack help on 

query term selection. 
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When asked the open-ended question “what new features would you like to see in 

a search engine”, the subjects quoted “the ability to help define search better, as seen in 

System A (CSS)” as the most desired feature. Subjects also asked for better filtering of 

the results and more reliability information of the results. 

6.3.3 Session Data Analysis 

To get better insight into how the users interact with the systems and how relationship 

context affects the search process, we keep track of user’s interactions with the two 

systems in each session. During the experiments, the session information was captured 

and stored in the Session and Context History Repository, as discussed in Section 5.2.5. 

In this section, we describe the results of the session data analysis from two aspects: (i) 

query iterations and modifications, and (ii) relationships and terms used by the subjects. 

6.3.3.1 Query Iterations and Modifications 

For each given task, a subject may submit more than one query in order to obtain the 

results. Figure 28 illustrates the statistical comparison of query iterations for each task 

when subjects interact with CSS and Google. The comparison is based on the average 

number of queries the subjects submitted to the systems for each given task. The results 

show that subjects who used Google to complete task 1 and 2 tend to revise their queries 

more often than those who used CSS, while for task 3 and 4, there is no significant 

difference between the two systems in terms of query iterations. 
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Figure 28: Comparison of Query Iterations 

 
Since CSS provides an extra step for the user to select relationship terms for the 

queries, the interactions between the users and CSS include both query iteration and 

query term relationship selection. When using CSS, the subjects may modify their queries, 

change the selection of relationships, or engage in both types of interactions. Figure 29 

shows the results of the overall user query interaction with CSS and Google. Please note 

that the overall query interaction with Google is measured in terms of the number of 

query iterations for each task, while the overall query interaction with CSS is measured in 

terms of both the number of query iterations and the number of times the user selects 

relationships for a task. The results indicate that the user’s query interactions with the two 

systems are similar in terms of quantity. This implies that although CSS is designed with 

an extra step for user input, it does not always require more interactions from the user 

than Google does.  
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Figure 29: Comparison of Overall Interactions 

 

 In addition to the average number of query iterations and interactions occurred, 

we also counted the proportion of subjects who have modified their queries or interacted 

with the system more than once in terms of each individual task. As shown in Table 16, 

fewer subjects modified their queries or interacted with the system more than once when 

using CSS for Task 1, 2 and 3, compared to the subjects who used Google. For Task 4, 

the proportion of subjects who engaged in query modification and relationship re-

selection for both systems are similar. This is probably due to the nature of Task 4, of 

which the topic is fairly common and there is lots of information available online. 

Therefore it was comparatively easy for the subjects to locate relevant information 

without the need to modify their queries or relationships. 
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Subjects Who Modified 
Queries At Least Once (%) 

Subjects Who Interacted 
with the System More Than 

Once (%) Task 

CSS Google CSS Google 
1 11 29 17 29 
2 6 35 22 35 
3 24 50 24 50 
4 12 17 18 17 

Table 16: Query Iterations and Interactions by Percentage of Users 

 

6.3.3.2 Relationships and Terms Used by the Subjects 

The types of relationships chosen by the subjects for each task when CSS was used are 

summarized in Table 17.  The results indicate that majority of the subjects have selected 

the relationship terms that most accurately describe the search task, with the exception of 

Task 2. In Task 2, the subjects often mixed relationship “Occurs_in” with “Co-

occurs_with”. Although these two relationships appear to be similar, they entail very 

different meanings when associated with medical concepts.  
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Task Title Relationship % of Subjects 

Causes 50 
Result_of 22 
Affects 6 
Diagnoses 6 

1 hyperthyroid 

Occurs_in 6 
Co-occurs_with 22 
Occurs_in 22 
Result_of 17 
Manifestation_of 17 
Causes 6 
Degree_of 6 
Diagnoses 6 
Affects 6 

2 syndromes and depression 

Result_of 6 
Interacts_with 94 3 herbs and panax ginseng 
Affects 12 
Causes 82 
Interacts_with 6 
Diagnoses 6 

4 drugs and birth defects 

Results_of 6 

Table 17: Relationships Selected for Each Task 

 

We also looked at the keywords used in the subjects’ original queries with the 

hope of getting more insights into how a typical Web user forms a query. As shown in 

Table 18, majority of the subjects used the terms appear in the search task descriptions. 

For tasks that consist of two medical concepts, some subjects considered one concept as 

more important than the other, and chose to use only one concept in their queries. Using 

Task 2 as an example, 94% of the subjects used “depression” in their queries. However, 

only 74% included the term “syndromes”, which is another concept appearing in the task 

description. The exact reason of this behavior is unknown, but it indicates that people 
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have biases towards certain terms and may regard one concept be more important than 

the other. Another interesting observation is that although the subjects were neither 

restricted to the types of queries to form or the number of query terms to use, very few 

subjects adopted a natural language approach (less than 12%).  

Task Title Term % of Subjects 
Hyperthyroid 94 
Causes 37 
Reasons 26 
Why  9 
Symptoms 6 

1 Hyperthyroid 

Other (sources, effects, thyroid, 
hormones, prevention) 14 

Depression  94 
Syndromes 74 
Symptoms  14 
Occur with 11 
Related to  6 
Side effects 3 

2 Syndromes and depression 

Other (cause, suicide, etc.) 14 
Panax ginseng  89 
Herbs 86 
Not taken with, not take with  29 
Interact with, interaction 14 
Ginseng 9 
Avoid  6 
Conflicts with 3 
Not allowed 3 

3 Herbs and panax ginseng 

Other (not to use with, panax, 
danger, reaction, not to consume 
with, prohibited) 

23 

Birth defects 100 
Drugs 94 
Cause  37 
Linked to 31 

4 Drugs and birth defects 

Connect to 3 

Table 18: Query Terms Used by the Subjects 
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 We also looked at how many subjects were able to formulate a query that consists 

of the most accurate relationship terms in comparison to how many have chosen the same 

relationship during the interactions with CSS, as shown in Table 19. The results tell us 

that it was easier for the subjects to think of a simple and obvious relationship themselves 

(e.g. 37% of the subjects used “causes” in their queries for Task 1.) However, some 

relationships were much more difficult to come up with, such as “Co-occurs_with” for 

Task 2 and “Interacts_with” for Task3. Another observation is that with less candidate 

relationships to pick up from, the subjects were more likely to choose the accurate 

relationships. For example, 84% of the subjects selected “Interacts_with” for Task 3 but 

only 25% selected “Co-occurs_with” for Task 2. 

Task Relationship Used in Original Query 
(% of Subjects) * 

Selected During Interaction 
(% of Subjects) † 

1 Causes 37 53 
2 Co-occurs_with 0 25 
3 Interacts_with 14 84 
4 Causes 13 82 

* Both Google and CSS users 
† CSS users only 

Table 19: Comparison of Relationship Terms in Original Queries 
and Context-Enhanced Queries 
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6.4 FINDINGS 

Based on the results presented in previous section, we describe our findings, and discuss 

issues and key implications of this study. 

6.4.1 Precision 

In our evaluation framework, precision measures the percentage of correct themes in all 

the themes identified by the subject. In other words, it is an indicator of how well the 

system performs by providing less incorrect information. Since the quantitative results 

show that there is no significant difference of precision between CSS and Google, no 

definite conclusions can be drawn on our hypothesis H1. This is probably due to the 

reason that the subjects in this study are trustworthy adults who will not deliberately write 

down wrong answers. Therefore the precision will not differ significantly as long as the 

subjects understand the search question. After analyzing session data being captured 

during the experiment, we find that some subjects misunderstood task 2 “List syndromes 

often occur with depression” by searching for “symptoms of depression”. We guess that 

CSS helped the subjects partially correct their queries by providing useful contextual 

terms, which resulted in the distinct difference of precision between the systems. Up to 

now, we don’t have enough evidence to support our hypothesis. In the future, we will 

design a user study to investigate this further. 

6.4.2 Recall 

As shown in Section 6.3, the mean precision rate of CSS ranked higher than that of 

Google, and the difference of precision between the two systems is significant. This 

confirms our second hypothesis (H2) that CSS would achieve better recall than Google. 
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A more detailed analysis reveals although CSS outperforms Google for all tasks in term 

of recall, the difference is not statistically significant for task 4 “List drugs that are known 

to be linked to birth defects”. We suspect that part of reason is the low level of difficulty 

of this task. Most subjects selected right terms and formulated good queries on their own 

without the help of contextual information. This suggests that CSS may more useful 

when the search task is more complicated and/or when the user does not know the right 

terms to use. 

6.4.3 Time 

The t-test results show that the two search systems did not differ significantly in time 

requirements despite the fact that CSS required one extra step to choose the right 

relationship term(s). We believe this is because CSS helped the subjects refine their 

queries and retrieved search results that were more specific to their search tasks, which 

reduced the time spent on looking for the right answers. 

 

6.5 DISCUSSION 

6.5.1 Strengths and Weaknesses  

Based on subjects’ responses to questionnaires and their general comments, we describe 

the strengths and weaknesses of the proposed approach and the prototype system from 

three aspects: user interface, contextual feature, and search performance. 

 User interface: The subjects indicated that they like the clean interface of CSS, which 

is similar to some of the commercial search engines they have been used to. Most of 

them found the system easy to use and to interact with. 
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 Contextual feature: Majority of the subjects liked the “term selection” feature 

provided by CSS. They found it helpful in finding the right term for their search and 

pointing to the right direction. But several users mentioned that the “term selection” 

screen was a little hard to understand and the suggested terms were not always 

relevant. 

 Search performance: Although the response time of CSS is slightly longer than 

Google given the extra “term selection” step, the performance of CSS is acceptable 

and comparable to Google according to the subjects. In addition, the subjects 

indicated that the system provides more useful results than the commercial search 

engine, and they would choose to use the system for their future search, especially 

searches related to health and medical information. 

6.5.2 Implications 

There are several implications from this study. 

 The average lengths of queries for each search task are shown in Table 20. This 

implies that internet users typically employ small amount of words to express their 

search intention despite the fact that their search tasks might be complex enough to 

involve multiple concepts. This suggests that advanced search features that help the 

user select important terminology and refine their search based on specific task is 

desired. 
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Task Min # of Words Max # of Words Average # of Words 

1 1 4 2.1 
2 1 6 2.5 
3 1 5 4.1 
4 1 8 3.8 

Total 1 8 3.1 

Table 20: Lengths of User Queries 

 

 A more detailed analysis of subjects’ input queries reveals that people rarely used 

Boolean operators for their searches. It is again consistent with the results from 

numerous internet studies that Web users prefer simplicity. This implies that 

automated services and straightforward presentation of complex features are the keys 

to the success of Web search engines. 

 

6.6 SUMMARY 

In this chapter, we described an empirical evaluation that compares our relationship-

based search approach with a leading commercial search engine. Our findings suggest 

that relationship context is useful for defining user’s search scope and retrieving high-

quality search results. From practical perspective, our findings provide input for the 

design of advanced search features that appeal to Web users. 
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CHAPTER 7: CONCLUSIONS AND FUTURE RESEARCH 
 

Search context refers to various factors involved in a search process that directly or 

indirectly relate to the underlying meaning of a user query. Understanding and modeling 

search context in Web information retrieval is particularly important for interpreting 

user’s search intention and hidden assumptions. However, the term “context” has been 

ambiguously and inconsistently used in Web search studies, which makes it difficult to 

get a comprehensive view of what is context and how it affects the search process. For 

this dissertation we have developed a context taxonomy, a semantics-based contextual 

search model, and a prototype system to formally categorize search context and 

demonstrate how it can help achieve more effective search. This research provides a 

solution for context discovery and integration which has been validated in medical 

domain. The following sections summarize the contributions of this research and suggest 

future research directions. 

 

7.1 CONTRIBUTIONS 

This work makes several important contributions to the advancement of Web information 

retrieval methodology. First, we have defined a comprehensive taxonomy for context 

categorization that helps better understand context in a search environment, their types, 

uses and effects. This taxonomy classifies context into three major types: environment 

context, user context and query context. We have rigorously examined each type of 

context and further categorized it into smaller units. Since our framework is based on 
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information retrieval interaction models that focus on user’s aspect of the search process, 

it is independent of the data structure and search algorithms used in a search system. To 

the best of our knowledge this is the first attempt at classifying search context. 

 Second, we have developed a search model to capture the relationship context that 

belongs to the category of query context. An extensive literature review reveals that 

although various approaches have been proposed to explore query semantics, most of 

them focus on disambiguating word senses and finding related words for individual query 

terms. We recognized that query terms are not separate entities, rather, they represent 

different but interrelated concepts. More importantly, deep query semantics exist among 

multiple concepts. Our semantics-based contextual search model analyzes and 

decomposes an incoming query based on the “concept-relationship-concept” structure. A 

domain ontology and a user feedback mechanism are integrated to discover appropriate 

relationships for query semantics interpretation. We also designed a set of algorithms and 

heuristics for context ranking and integration. 

 Third, we proposed a multi-tier architecture for a prototype system that can 

process user query using our semantics-based search model. The proposed architecture 

supports various levels of application independency, and increases reuse of system 

components. The top tier is the presentation layer that supports a graphical user interface 

for query input, user interaction and results display. The middle tier represents the 

application logic layer that provides various functions and services such as query analysis, 

context processing, data access, and etc. The bottom tier consists of a set of local and 

remote data sources and knowledge bases. This kind of architecture supports context 
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integration on top of existing search engines, and enables easy customization of 

application domain and data sources. 

 Fourth, we have shown the feasibility and usefulness of our approach by 

developing and evaluating the prototype system, CSS. CSS is a Web-based advanced 

search tool that has been implemented based on the three-tier architecture. The results of 

our experimental study indicate that CSS retrieves more useful information than Google 

on health-related search questions. In terms of cost vs. benefit, CSS takes more time to 

respond to a query due the extra processes. However, it reduces time the user spends on 

browsing through the results for related information and potentially reduces number of 

query modification iterations. Therefore, the overall performance in terms of time 

measure of CSS is comparable to that of Google. 

 Fifth, this research adopts a multi-methodological approach with a combination of 

heuristics, prototyping and experiment. We have taken a distinct design science research 

approach to develop an innovative mechanism for Web search, meanwhile have also 

adopted a behavioral science methodology to explain the observed phenomena. Synthesis 

from multiple methodologies strengthens theory development, and pushes the 

advancement of knowledge discovery, creation and application in IS research. 

 

7.2 FUTURE RESEARCH 

There are several interesting extensions of this research, which we are just starting to 

explore. First, relationship context described in Section 4.1 serves as a link between 

multiple concepts. It is either a verb or a noun+proposition compound. Although we have 
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successfully demonstrated and tested our approach using UMLS Semantic Net, there are 

certain problems associated with the Semantic Net which hinders the development of a 

full-fledged working system. The problems arise because the Semantic Net only includes 

a small part of relationship contexts in our definition. Some common relationships, such 

as “effectiveness of” and “symptoms of”, do not exist in the Semantic Net. In addition, 

the relationships defined in the Semantic Net are between semantic types rather than 

between concepts. Relationships exist between semantic types are not necessarily 

between the concepts that belong to that type [61]. For example, the semantic type 

“Pharmacologic Substance” has a “diagnose” relationship with the semantic type 

“Disease or Syndrome.” However, “Celebrex” (Pharmacologic Substance) does not 

diagnose “arthritis” (Disease or Syndrome). Moreover, the Semantic Net is designed 

mainly for biomedical professionals, some relationship terms (e.g. “tributary_of”, 

“manifestation_of”) are too specific to be used for general health information search on 

the Web. It is therefore necessary to build a relationship repository specifically for the 

purpose of Web information retrieval. Such repository can be built through analysis of 

full-text documents obtained from the Web and/or queries used by general public. The 

advantages of such approach include: i) providing a more practical list of query formats 

because Web documents and queries contain terminology closer to the ones used by 

general public; and ii) can easily be generalized to other domains. 

Second, we will extend the relationship identification and selection process. 

Humans naturally employ an iterative process to refine their searches, clarify their 

intentions and adjust their goals in response to what they encounter [23]. Very often, a 
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successful search involves multiple iterations of query formulation. By analyzing a 

sequence of user queries, we are able to reach a higher-level understanding of search 

context involved. Additionally, the relationship terms recommended to the user are 

ranked based on a “term-frequency/inverse-global-frequency” algorithm in the current 

approach. It does not consider common interests of similar users, nor does it take 

advantage of valuable historical data gathered from previous searches. We plan to 

explore the history data and “user type” context by incorporate collaborative user 

profiling into relationship ranking and automatic relationship selection processes.  

Third, given the context taxonomy proposed in this dissertation, we are able to 

investigate how different contexts interact with each other and what effects they may 

have on search results when separately or combined used?  

 Fourth, in this research we use context for search pre-processing, specifically 

query operation. As discussed in Chapter 3, context can also be used for post-processing 

such as results re-ranking and filtering, source selection, etc. We can extend our work to 

manipulate search results by analyzing the structures and contents of the Web documents. 

The use of relationship context is not limited to search environment. The method for 

semantic relationship discovery can also be applied to information extraction from full 

text documents. 

 Fifth, user’s task at hand is another type of context and an important part of the 

whole search process. However, currently there is no effective mechanism to model 

user's task to the best of our knowledge. An interesting domain to look into this problem 

is competitive intelligence. Competitive intelligence (CI) research is quite complicated 
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and involves multiple steps and lots of information. Online search is a major method used 

for CI research. How can we model a CI research task and integrate the task model into 

the pre-, intra-, and post-search process? 

Sixth, another interesting area to apply context is product search and 

recommendation. For example, when a user shops for insurance, in which case there are 

large amount of diverse products and information sources, how can we gather user-

related context to build a request model that represents customer's need and requirements? 

How can this request model help user navigate through the information channel and reach 

the best products for her? 

In conclusion, we believe that context plays an important role in various 

computing environments, especially those involving extensive interactions between the 

user and the information system. More work needs to be done in the areas of context 

modeling and Web search environment. We propose to extend the above issues as 

important directions for future research work. 
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APPENDIX A: MEDICAL TITLES FROM TREC AD-HOC 
COLLECTIONS 
 
#157 Causes and treatments of multiple sclerosis (MS) 
#160 Vitamins related to (cure for or cause of) human ailments 
#170 Risks of silicone gel breast implants 
#172 Effectiveness of medical products and programs in the cessation of smoking 
#183 Asbestos related lawsuits concerning asbestosis 
#198 Scientific research related to gene therapy 
 Benefits of gene therapy to human 
#216 Research on reducing the effects of osteoporosis in existing patients 
 Research on the prevention of osteoporosis 
#224 Benefits and side effects of the treatment of high blood pressure 
#229 Treatment of schizophrenia 
#254 Medications and/or techniques used to treat heart ailments 
#262 Seasonal affective disorder syndrome (SADS) 
#272 Outpatient surgery 
#275 Harm of herbal food supplement or nature products to humans 
#278 Genetic code research related to human ancestry 
#288 Weight control and diets in US 
#302 Outbreaks and medical protection of poliomyelitis 
#308 Advantage and/or disadvantage of tooth implants 
#310 Radio waves related to brain cancer 
#333 Bacteria and antibiotics (?) 
#337 Research on viral hepatitis 
 Progress of treatment of viral hepatitis 
#338 Risks/adverse effects of aspirin 
#339 Drugs used in the treatment of Alzheimer’s Disease 
#348 Agoraphobia 
#349 Catabolic and anabolic reactions of metabolic process 
#350 Physical disorder/problems associated with computer terminals 
#369 Causes and treatments of anorexia nervosa and bulimia 
#380 Effects of treatment of obesity 
#381 Alternative medicine used in the treatment of illnesses 
 Effectiveness of alternative medicine used in the treatment of illnesses 
#383 Drugs used in the treatment of mental illness 
#390  Issues associated with orphan drugs 
#396 Sick building syndrome 
#402 Effects of dietary intake on the prevention of osteoporosis 
#406 Treatment of the symptoms of Parkinson’s Disease 
#420 Symptoms, causes, and/or prevention of carbon monoxide poisoning 
#427 Damage of UV light to eyes 
 Treatments of damage of UV light to eyes 
#429 Outbreak of Legionnaires’ disease 
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#441 Prevention and treatment of Lyme disease 
#449 Cause of ineffectiveness of antibiotics 
#454 Symptoms and treatment of Parkinson’s Disease 
#458 Fasting related to religion 
#487 Need for repeat angioplasty 
#489 Effectiveness of calcium supplement 
#496 Causes, symptoms and treatment of TMJ 
#498 Cost and risks of hair transplant 
#508 Disease associated with hair loss 
#509 Effect of steroids on human body 
#511 Disease caused by smoking 
#520 Measures used to end black plague 
#524 Procedure or instrument used for removal of scar tissue 
#532 Uses and effectiveness of hypnosis 
#537 Negative health effects of sun beds 
#540 Stress causes obesity 
#543 Hazards/risks of radiography 
#544 Roles of estrogen in the human body 
#549 Cancer related to cell reproduction 
 



 
 
 

137 

 

APPENDIX B: EXPERIMENTAL STUDY HANDOUT 

Welcome! The objective of this study is to evaluate the effectiveness of two web search 
engines. This study is anonymous, so please do NOT write your name or any identifying 
information anywhere. 
 
The study consists of four parts:  

 Part I: Answer a few general demographic questions 
 Part II: Use System A to conduct 2 search tasks, then answer some survey 

questions regarding your experience with System A 
 Part III: Use System B to conduct 2 search tasks, then answer some survey 

questions regarding your experience with System B 
 Part IV: Answer some survey questions about both systems 

 
When conducting the search tasks and answering questions, please make sure that you: 

 Complete all the questions independently. Do NOT discuss with other people. 
 Answer the search questions solely based on what you’ve found from the search 

results. Do NOT use any prior knowledge that you may have. 
 Follow the instructions on this handout and on the screen carefully and do not 

jump between tasks and questions; 
 Try to limit the time spent on each task within 10 minutes. 
 If you cannot find all the answers in the results returned, please go ahead to the 

next search task, and do NOT go back to previous tasks; 
 Do NOT submit more than one queries for each search task; 
 Raise your hands if you have any questions during the study. 

 
Now, let’s start! 
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Part I 
 
Please answer the following questions. 
 
1. What is your gender? 
  Male    Female 
 
1. Are you a:  
  Freshman    Sophomore   Junior 
  Senior   Graduate Student 
 
3. Which one best describes the level of your computer skills? 

  Basic (use a computer mainly for word processing and web browsing)  
  Intermediate (use a computer for some programming, web design, and/or 

class projects) 
  Expert (use a computer for extensive programming, system administration, 

database design, web design, or software and hardware maintenance) 
 
4. Which one best describes the level of your medical knowledge? 
   None (can’t tell the difference between cold and flu) 

  Basic (know some basic terminology and common syndromes) 
  Intermediate (have some medical training or is attending medical school)  
  Expert (have professional medical training and/or a MD) 

 
5. How many years have you used Internet search engines? 
  0-2   3-5   6-8    more than 9 years 
 
6. How often do you use Internet search engines? 
   Less than 3 times a week   

  On average, once everyday 
   More than 2 times a day 
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Part II 
 
Open Internet Explorer or Mozilla Firefox and type in following URL: 
 http://sarswati.eller.arizona.edu:9000/SystemA/search.jsp 
 
Follow the instruction to complete 2 search tasks: 

 
Search Task 1: List 5 or more reasons people get hyperthyroid. 
 
Start time: ______________ 
 
Think of a simple keyword-based query that may lead you to the information related to 
the search task, write down your query: 
 
______________________________________ 
 
Now input your query to the system and click the “Search” button on the screen. Follow 
the instruction on the screen if there is any. Please do NOT submit more than 1 query 
for each search task. 
 
When the results come back, review results no. 1-10 (titles, abstracts or documents), and 
circle the ones that provide information you need to answer the search question. Please 
do NOT review more than the first webpage followed the link. 
 
Result No. 1 2 3 4 5 6 7 8 9 10 

 
Briefly answer the above search question based on what you’ve found. You do NOT need 
to specify where your answers come from. 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
 
End time: _______________ 
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Search Task 2: List syndromes that often occur with depression 
 
Start time: ______________ 
 
Think of a simple keyword-based query that may lead you to the information related to 
the search task, write down your query: 
 
______________________________________ 
 
Now input your query to the system and click the “Search” button on the screen. Follow 
the instruction on the screen if there is any. Please do NOT submit more than 1 query 
for each search task. 
 
When the results come back, review results no. 1-10 (titles, abstracts or documents), and 
circle the ones that provide information you need to answer the search question. Please 
do NOT review more than the first webpage followed the link. 
 
Result No. 1 2 3 4 5 6 7 8 9 10 

 
Briefly answer the above search question based on what you’ve found. You do NOT need 
to specify where your answers come from. 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
 
End time: _______________ 
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Now that you’ve completed the above 2 search tasks, please answer the following 
questions. 
 
1. What is your overall reaction to the search system? 
 

Terrible 0 1 2 3 4 5 6 Wonderful 
 
2. Does the system help you find the information you are looking for? 
 

Never 0 1 2 3 4 5 6 Always 
 
3. Is the system easy to use? 
 

Difficult 0 1 2 3 4 5 6 Easy 
 
4. Is the system easy to interact with? 
 

Difficult 0 1 2 3 4 5 6 Easy 
 
5. Do you get the search results fast enough? 
 

Too slow 0 1 2 3 4 5 6 Fast enough 
 
6. Do you find the terminology or system information (NOT the search results) provided 
on the screen easy to understand?  
 

Difficult 0 1 2 3 4 5 6 Easy 
 
7. Does the system help you find the right term for your query? 
 

Never 0 1 2 3 4 5 6 Always 
 
8. Will you use this system in the future?  
 

Never 0 1 2 3 4 5 6 Always 
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Part III 
 
Open Internet Explorer or Mozilla Firefox, and type in following URL: 
 http://sarswati.eller.arizona.edu:9000/SystemB/search.jsp 
 
Follow the instruction to complete 2 search tasks: 
 
 
Search Task 3: List herbs that may not be taken with panax ginseng. 
 
Start time: ______________ 
 
Think of a simple keyword-based query that may lead you to the information related to 
the search task, write down your query: 
 
______________________________________ 
 
Now input your query to the system and click the “Search” button on the screen. Follow 
the instruction on the screen if there is any. Please do NOT submit more than 1 query 
for each search task. 
 
When the results come back, review results no. 1-10 (titles, abstracts or documents), and 
circle the ones that provide information you need to answer the search question. Please 
do NOT review more than the first webpage followed the link. 
 
Result No. 1 2 3 4 5 6 7 8 9 10 

 
Briefly answer the above search question based on what you’ve found. You do NOT need 
to specify where your answers come from. 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
 
End time: _______________ 
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Search Task 4: List drugs that are known to be linked to birth defects. 
 
Start time: ______________ 
 
Think of a simple keyword-based query that may lead you to the information related to 
the search task, write down your query: 
 
____________________________________ 
 
Now input your query to the system and click the “Search” button on the screen. Follow 
the instruction on the screen if there is any. Please do NOT submit more than 1 query 
for each search task. 
 
When the results come back, review results no. 1-10 (titles, abstracts or documents), and 
circle the ones that provide information you need to answer the search question. Please 
do NOT review more than the first webpage followed the link. 
 
Result No. 1 2 3 4 5 6 7 8 9 10 

 
Briefly answer the search question based on what you’ve found. You do NOT need to 
specify where your answers come from. 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
_______________________________________________________________ 
 
 
End time: _______________ 
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Now that you’ve completed the above 2 search tasks, please answer the following 
questions. 
 
1. What is your overall reaction to the search system? 
 

Terrible 0 1 2 3 4 5 6 Wonderful 
 
2. Does the system help you find the information you are looking for? 
 

Never 0 1 2 3 4 5 6 Always 
 
3. Is the system easy to use? 
 

Difficult 0 1 2 3 4 5 6 Easy 
 
4. Is the system easy to interact with? 
 

Difficult 0 1 2 3 4 5 6 Easy 
 
5. Do you get the search results fast enough? 
 

Too slow 0 1 2 3 4 5 6 Fast enough 
 
6. Do you find the terminology or system information (NOT the search results) provided 
on the screen easy to understand?  
 

Difficult 0 1 2 3 4 5 6 Easy 
 
7. Does the system help you find the right term for your query? 
 

Never 0 1 2 3 4 5 6 Always 
 
8. Will you use this system in the future?  
 

Never 0 1 2 3 4 5 6 Always 
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Part IV 
 
After completing all the search tasks, please answer the following questions: 
 
Note: System A is the first system you used, and system B is the second system you used. 
 
1. Overall, system A is easier to use than system B. 
 

Disagree 0 1 2 3 4 5 6 Agree 
 
2. Overall, system A provides more useful results than system B does. 
 

Disagree 0 1 2 3 4 5 6 Agree 
 
3. Do you find the system information provided on the screen of system A helpful to 
answer the search questions? 
 

Unhelpful  0 1 2 3 4 5 6 Helpful 
 
4. Will you use system A rather than system B for your future search? 
 

Never 0 1 2 3 4 5 6 Always 
 
5. Will you use system A rather than system B for health-related search in the future? 
 

Never 0 1 2 3 4 5 6 Always 
 
6. List two commercial search engines you use the most in daily life: 
 
 _____________________  ______________________ 
 
7. When using commercial search engine, do you often experience: 
  Too many irrelevant results  Low-quality results 
  Disorganized results   Lack of help on query term selection 
  Lack of help on complex search  Other, specify ___________________ 
 
8. What new features would you like to see in a search engine? 
 
_______________________________________________________________________ 
 
9. Any comments? (For example: What do you like or dislike about the systems used 
today? Any suggestions for improvement, etc.) 
 
_______________________________________________________________________ 
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