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Abstract 

 

A common problem voiced by many novice computer users is the inability to find 

relevant information using Web search engines.  This problem can be broken down into 

two components difficulty creating effective searches and difficulty navigating search 

results.  The Web Search Companion application addresses the problem by helping the 

user utilize the advanced features of search query construction, providing search results 

from multiple sources, and classifying the search engine results.  By using these 

techniques the Web Search Companion application helps provide a set of search results 

that are more comprehensive and relevant than what a single search engine could provide, 

as well as empowering the user with the ability to more effectively navigate and interpret 

search results.  Through increasing the usability of Web search engines, the Web Search 

Companion allows novice users to quickly and efficiently find the information they need.  
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1. Product Description and Intended Use 

1.1 Problem Statement 

The Web Search Companion Software is an application that was developed for 

the purpose of helping novice computer users effectively find relevant information from 

Web-based search engines.  Web-based search engines can provide an excellent means of 

finding a wide array of information on the World Wide Web if a user is familiar with the 

process of constructing an effective search query and analyzing search results.  Many 

novice users lack these abilities, and consequently search engine usability remains 

unacceptable for a large number of novice users.   

The goal of the Web Search Companion Software is to help users utilize the 

advanced features involved in constructing a search query, and to provide additional 

assistance in analyzing and navigating the search engine results.  

 

1.2 User Profile 

The Web Search Companion software is targeted towards a range of novice users; 

more specifically the application is targeted towards any user who has trouble using 

Web-based search engines.  From my personal experience speaking with users, I find that 

this target audience contains novice users’ from young to old.  One of the characteristics 

of the target user’s which played a role in the development of this application is that most 

Internet users run a Windows Based Operating system. I’ve discovered that an ever-

increasing majority of Internet users are running on a Windows XP based platform (OS 

Stats).  This can be seen in the following table in Figure 1. 
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Windows XP is the most popular operating system. The Windows family counts for nearly 90%: 

2006 WinXP W2000 Win98 WinNT W2003 Linux Mac 
        

November 74.9% 8.0% 1.0% 0.4% 1.8% 3.3% 3.5% 
October 74.6% 8.9% 1.2% 0.3% 2.0% 3.5% 3.6% 

September 74.6% 9.2% 1.4% 0.3% 2.0% 3.5% 3.8% 
August 74.4% 10.1% 1.4% 0.3% 2.1% 3.5% 3.6% 

July 74.3% 10.1% 1.5% 0.3% 2.0% 3.4% 3.6% 
June 74.1% 10.6% 1.6% 0.3% 2.0% 3.4% 3.6% 
May 74.2% 10.7% 1.6% 0.2% 2.0% 3.4% 3.6% 
April 74.0% 11.2% 1.8% 0.3% 1.9% 3.3% 3.6% 

March 72.9% 11.9% 2.0% 0.3% 1.8% 3.4% 3.5% 
February 73.3% 12.3% 2.1% 0.3% 1.8% 3.4% 3.6% 
January 72.3% 13.1% 2.4% 0.3% 1.7% 3.3% 3.5% 

        
2005 WinXP W2000 Win98 WinNT W2003 Linux Mac 

December 71.6% 13.6% 2.6% 0.3% 1.7% 3.2% 3.3% 
November 71.0% 14.6% 2.7% 0.4% 1.7% 3.3% 3.3% 
October 70.2% 15.0% 2.8% 0.4% 1.6% 3.3% 3.2% 

September 69.2% 15.8% 3.2% 0.5% 1.7% 3.3% 3.1% 
August 66.3% 17.5% 3.2% 0.6% 1.7% 3.3% 2.9% 

July 65.3% 17.7% 3.9% 0.6% 1.6% 3.5% 3.0% 
June 64.9% 19.1% 3.6% 0.7% 1.5% 3.5% 3.0% 
May 64.5% 19.4% 3.9% 0.8% 1.4% 3.3% 2.9% 
April 64.0% 19.7% 4.1% 0.8% 1.4% 3.3% 2.9% 

March 63.1% 20.2% 4.7% 0.9% 1.4% 3.2% 3.0% 
February 62.0% 21.1% 5.1% 0.9% 1.3% 3.2% 2.9% 
January 61.3% 21.6% 5.3% 1.0% 1.2% 3.2% 2.8% 

        
2004 WinXP W2000 Win98 WinNT Win95 Linux Mac 

December 59.8% 23.5% 5.4% 1.1% 0.1% 3.1% 2.7% 
November 59.1% 23.7% 5.6% 1.2% 0.1% 3.1% 2.7% 
October 57.8% 25.0% 6.0% 1.3% 0.2% 3.1% 2.6% 

September 55.9% 26.2% 6.4% 1.5% 0.2% 3.1% 2.6% 
August 53.2% 28.1% 7.0% 1.8% 0.2% 3.0% 2.5% 

July 52.5% 28.4% 7.5% 1.9% 0.2% 3.1% 2.4% 
June 51.2% 29.6% 8.0% 2.0% 0.3% 2.9% 2.5% 
May 51.0% 29.6% 8.2% 2.0% 0.3% 2.9% 2.5% 
April 49.7% 30.2% 8.7% 2.2% 0.3% 2.7% 2.5% 

March 48.0% 31.1% 9.4% 2.4% 0.4% 2.6% 2.4% 
February 46.0% 32.8% 9.5% 2.9% 0.4% 2.6% 2.5% 
January 44.1% 33.6% 10.4% 3.0% 0.4% 2.7% 2.4% 

        

Platforms that count for less than 0.5% are not listed. 

Figure 1 
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1.3 Description of Solution 

The Web Search Companion software provides a simplified user interface for 

searching the Web.  In essence this application has the feel of a simplified Web browser, 

but it’s targeted towards providing enhanced usability for Web-based search engines.  

The Web Search Companion achieves this through the following components, an 

intuitive search query building screen, a search Result Classifier, a Domain Analyzer, and 

an internal Web browser, and it employs a 3 tiered approach to search engine usability for 

novice users.  In the initial stages of constructing a search query, the Web Search 

Companion Software assists the user through the use of a guided step-by-step set of 

interactive instructions.  This provides a means for the user to use the advanced abilities 

that the search engine has to offer without requiring them to learn technical details such 

as the proper syntax of constructing a search query.  The process of aiding the user in 

constructing a query utilizing the advanced search engine features allows the search 

engine to return more relevant results. 

The second tier of the approach to resolving search engine usability issues 

involves the problem of novice users being unable to navigate and analyze the results 

returned by a search engine.  This task is achieved through the use of an internal Search 

Result Classifier, which employs simple Bayesian statistics and a URL filter.  This allows 

the Web Search Companion software to effectively analyze and classify the results 

returned by the search engine results according to interests of the user.   
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The third tier of the solution involves displaying the classified search results in 

the applications internal Web browser window.  Through displaying the classified search 

results in the applications internal Web browser, the application has more power to 

present the results in a manner that is beneficial for novice users who can be easily 

overwhelmed by typical search engine result screens.  An overview of the system can be 

seen in the following use case diagram in Figure 2. 

 

 

Figure 2 
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2. Deliverables 

The Web Search Companion is a full featured application.  It includes many of 

the features and components of other commercial software.  These features and 

components comprise the list of deliverables, which consist of the following items.  

 

• Web Search Companion Application 

• Installation Application 

• Documentation 

 

2.1 Web Search Companion Application 

The Web Search Companion application has a simple set of deliverables, and the 

primary component of the deliverables is the Web Search Companion application itself.  

Within the application there are additional deliverables consisting of the many features of 

the application.  These features make up the core functionality of the application and 

include; a query construction interface, the Search Result Classifier, the URL Analyzer, 

the Result Browser, and the save\load\print functionality.  Each of these features and their 

associated requirements and descriptions can be seen in the following list.  
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• Intuitive query construction interface:  The user interface helps the user construct 

an effective query.  This is accomplished by helping the user understand the 

different Boolean logic options that can be used to construct the search query. 

 

• Search Result Classifier:  The feature is the heart of the application.  It classifies 

the search result that is returned by the search engine to help the user navigate the 

search results.  An important feature of the classifier is that it provides the user 

with a way to train it. Through training the classifier, the user is able to tailor the 

classification system to his or her needs, and each result that the user inputs into 

the classifier makes future classifications even more accurate. 

 

• URL Analyzer: This feature provides even more insight into the nature of each 

search result returned by the search engine, and further helps the user decide 

exactly what each of the results are. 

 

• Result browser: The feature provides a way to display the multiple sets of search 

results from any of the search engines that the user has selected to submit his or 

her query to. 

 

• Search Save/Load/Print Functionality:  These features allow the user to record 

searches which they find helpful. Once the user conducts a satisfactory search 

they have the option of saving the search to disk, or printing the search for paper 

documentation. 
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2.2 Installation Application 

 Included with the Web Search Companion is a simple installation application.  

This application is extremely simple, lightweight, and requires minimal user input in 

order to avoid confusion.  The installation application is of some importance though as it 

sets up the application and places its components in their proper place. 

 

2.3 Documentation 

Much of the documentation involved in this project is built into the application.  

There are numerous help buttons that provide suggestions on how to use the features of 

the application, and in addition there are many tips displayed to remind the user how the 

functions of the application operate.  The procedures involved in operating the program 

are somewhat intuitive and are explained as the user navigates the application.  To 

supplement the built in documentation, there is also be a help file.  This help file explains 

the operating procedures and features of the application in more detail. 

 

3. Development 

 The Web Search Companion Software utilizes numerous technologies to achieve 

its goal.  The application was developed in Visual Basic .NET 2005, and within Visual 

Basic .NET 2005 the application utilizes the Web Browser ActiveX Control, and the 

Document Object Model (DOM) for classifying and display purposes, and the application 

also uses a Microsoft Access Database to store and retrieve data. 
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3.1 Design Protocols 

 The Web Search Companion Software utilizes numerous technologies to achieve 

its goal.  The application logic and interface was developed in Visual Basic .NET 2005, 

and within Visual Basic .NET 2005 the application utilizes the Web Browser ActiveX 

Control, and the Document Object Model (DOM) for classifying and display purposes, 

and the application also uses a Microsoft Access Database to store and retrieve data. 

 

3.1.1 Visual Basic .NET 2005 

Visual Basic .NET 2005 was chosen for the task of developing this application for 

many reasons.  The primary reason is because of my level of familiarity with using the 

language.  In addition to me existing knowledge of the language, I have found that Visual 

Basic .NET 2005 allows for a relatively quick development process in comparison to 

some other languages.  Most of the .NET languages work well for a quick development 

process, I chose Visual Basic .NET 2005 because I work best with this language and I 

don’t feel there would be a great difference in performance between the many .NET 

languages.  I believe this to be true because most of these languages seem to be wrappers 

for the native .NET language.  Consequently I use Visual Basic .NET 2005 as my .NET 

language of choice. My familiarity with the language allows me to develop applications 

faster than with the other .NET languages.   
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3.1.2 Search Result Classifier 

Another key element of the Web Search Companion application is the search 

result classifier.  The search result classifier logic is coded in Visual Basic .NET 2005 

and the data used in the classifier is stored in the Microsoft Access Database.  The 

purpose of the classifier is to take the individual results returned by a Web search engine 

and classify them according to one of 3 categories; information, commerce, spam.  These 

three categories represent the entire domain of Web pages, and virtually any Web page 

can be broken down into one of the three categories.   

The Search Result Classifier used in the Web Search Companion is loosely based 

on Bayes’ Theorem.  This theorem calculates conditional probabilities.  In the case of the 

Web Search Companion, the probabilities being calculated are the likelihood that a 

search result belongs in one of the three predefined categories; information, commerce, or 

spam.  The classifier calculates this probability based on comparing the words contained 

in the description of a search result with previously classified search results which the 

user has entered.  In essence the Bayesian classifier returns a probability that the search 

result falls into a certain category by comparing the search result to other search results 

that have been placed in that category.  The classifier compares the probabilities that a 

search result falls into one of the three categories.  After determining the most likely 

category of the search result, the classifier then inserts a classification icon into the 

HTML of the search result.  This displays an icon on the screen to convey the determined 

classification to the user. 
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3.1.3 MSHTML and the Document Object Model (DOM) 

 The MSHTML library and the Document Object Model (DOM) also play an 

important role in the Web Search Companion application.  The document object model 

(DOM) is a generic platform-independent interface for accessing the contents of a Web 

page.  Using the Document Object Model (DOM) interface allows for programmers to 

access individual elements on an html Web page.  A link or a button is an example of an 

html Web page element that the DOM allows access to.  The DOM is a powerful tool for 

processing Web pages, but it isn’t directly accessible in Visual Basic .NET 2005.  In 

order to provide access to the DOM of a Web page, the Web Search Companion software 

uses the Microsoft MSHTML library.  This library allows Visual Basic .NET 2005 to 

communicate with the DOM and it essentially provides the ability to read, write, and 

manipulate a Web page in an object oriented manner.  Through the use of the MSHTML 

library and the DOM, the Web Search Companion is able to access the contents of the 

search results page returned by the search engine.  The application accesses these pages 

to retrieve the contents of each of the search results, and that is how data is input into the 

Search Result Classifier. 

 

3.1.4 Microsoft Access 

 To support the operation of the Bayesian classifier, the Web Search Companion 

Software utilizes a Microsoft Access Database to store and retrieve information.  

Compatibility and simplicity were the main driving force behind my decision to use 

Microsoft Access Database.  In choosing to develop this application in Visual Basic 

.NET 2005, the scope of potential users is limited to those who are running a Windows 
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based operating system.  Due to this limitation, I felt Microsoft Access would 

complement the system nicely because it is Windows based, and wouldn’t require the 

user to purchase anything.  In addition to addressing compatibility issues, the nature in 

which the Web Search Companion software utilizes its database influenced the selection 

of which database to use.   Compared to many database intensive applications, the Web 

Search Companion software uses a relatively simple database.  While the database needs 

of the Web Search Companion are minimal, there are still relationships between the data 

in the database, and because of these relationships Microsoft Access was chosen over 

other data storage methods like an XML file.  Due to the uncomplicated database needs, 

and the level of compatibility with user operating systems, Microsoft Access seemed to 

be a natural choice to handle the database operations of the Web Search Companion 

Software.   

 

3.1.5 Web Browser Control 

Within the Visual Basic .NET 2005 programming language the Web Browser 

ActiveX control is used to browse the search results returned from the search engine.  

This ActiveX control allows the Web Search Companion to have an internal Web 

browser.  This internal Web browser is quite similar to the Microsoft Internet Explorer 

which many users are familiar with, and in fact the Web browser control shares many of 

its components with the Microsoft Internet Explorer application.  One of the important 

features of the Web browser control is that it allows for a developer to create a front-end 

for a Web browser without having to deal with some of the more advanced aspects of 

displaying Web pages.  This is due in part to the fact that the Web Browser Control uses 
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the Microsoft MSHTML library to analyze and display Web pages.  The MSHTML 

library is the same library used to analyze and display Web pages in Microsoft’s Internet 

Explorer Web browser.  In essence the Web Browser Control is simply a stripped down 

version of Internet Explorer that allows a developer to create a custom user interface for a 

Web browser. 

 

3.1.6 User Interface 

 The contents of the user interface for the Web Search Companion was written in 

Visual Basic .NET 2005.  The overall goal in designing the user interface is to cater to 

the needs of novice users.  In creating an intuitive user interface there is one major issue 

that governed the development process, which was the need for simplicity.  Many users 

have expressed confusion over the wide array of features that are available when using 

other commercial Web browser packages.  While these features can provide an advanced 

user with a lot of power when using an application, they can also serve to confuse a 

novice user who is unable to understand and use some of the more basic features.  A 

compromise must be made regarding the balance of power and usability when creating an 

application.  In the case of the Web Search Companion, this application focused on 

providing fewer features in favor of increasing usability.  Some of the achievements of 

the user interface are that it provides a minimal amount of visual distractions, while still 

providing sufficient visual input to help the user achieve an understanding of the steps 

involved in the process and the process as a whole.   
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3.2 Timeline  

Time was a limited resource in the case of this project.  Being a limited resource, 

a timeline is a necessary tool in managing the allotted amount of time available for the 

Web Search Companion project.  A timeline of past events and the projected schedule 

can be seen in the Figure 3. 

 
 

Week Task 

Senior Design II 
  

01/01/07 Develop base Search Result Classifier system 
01/08/07  
01/15/07 Develop base browser interface 
01/22/07  
01/29/07 Merge classifier and browser into initial application 
02/05/07 Refine integration of classifier and browser 
02/12/07 Begin developing Query Builder 
02/19/07 Merge Query Builder with base application 
02/26/07 Refine performance of base system 
03/05/07 Begin interface development 
03/12/07 Prepare for Senior Design II Presentation 
03/19/07 Test and Refine base system in preparation for senior design III 

Senior Design III 
  

03/26/07 Begin user interface testing 
04/05/07 Begin classifier performance testing 
04/12/07 Refine user interface and classifier 
04/19/07 Begin adding supplemental features 
04/26/07 Refine supplemental features 
05/03/07 Refine system as a whole 
05/10/07 Begin user testing for entire system 
05/17/07 Refine entire system 
05/24/07 Prepare application documentation 
05/31/07 Present Project 

 
Figure 3 
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3.3 Budget 

The Web Search Companion software was developed with the goal of keeping 

development costs at a bare minimum.  While this goal may not necessarily feasible for 

other types of projects, it was attainable due to the fact that the program is fairly simple 

and the majority of the development resources come in the form of labor which I can 

provide at no cost.  In addition to the labor, there are a few other minimal costs associated 

with this project. 

 The initial costs required to develop this project were minimal.  The majority of 

the costs came in the form of hardware, but software was a significant cost as well.  

While software was a significant cost in this project, one piece of software I was able to 

use for free.  The macro recorder that I used to test this project was free, because the 

length of time I used it was well within the trial period of the software, and its services 

are not required outside of the development process.  One additional cost that was 

avoided during the development process was purchasing an operating system.  This cost 

was circumvented by purchasing a bundled PC from Dell.com that included the operating 

system.  The costs associated with this project, in addition to many hours of labor which I 

provided for free, can be seen in the Figure 4. 

 

Development Costs 
 

CPU $359.00  
19” LCD Monitor $159.00  
Windows Vista Basic $0.00  
Visual Studio .NET 2005 $267.99  
MS Office Pro 2003 $159.00  

 $944.99  
 

Figure 4 
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3.3.1 Software 

The Web Search Companion development took place on the Windows XP 

operating system, and as a result I had to purchase Windows XP. Windows XP Home 

Edition was purchased from MWave.com for a price of $72.00. 

The software development took place in Visual Basic .NET 2005.  Consequently 

this required the purchase of Visual Studio .NET 2005 development software.  This 

software was purchased from SuperWarehouse.com for a price of $267.95. 

In addition to Visual Studio .NET, Microsoft Office 2003 was used to build an 

Access database to store the data for the search result classifier.  I decided to use an 

Access database because the software does not require a complex database.  While the 

application doesn’t require a complex database, there are some relationships involved 

with the data in the database which precluded the use of XML and other forms of data 

storage.  The main reason that Microsoft Access was chosen for data storage duties over 

XML is due to the fact that using XML would have made maintaining the relationships 

between the data much more difficult.  Another benefit of using access is that it keeps the 

end-user costs to a minimum.  Due to way that the application interfaces the database, the 

end user does not need to have Microsoft Access installed on their computer in order for 

the application to be able to use the Microsoft Access database.  Microsoft Office Pro 

2003 was purchased from SoftwareSurplus.com for a cost of $159.00.  While the end 

users don’t need to have Microsoft Access installed to run the application, I did require a 

full version of access in order to create and administer the database during the 

development process. 
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3.3.2 Hardware 

In addition to the software cost of this project, there was also a hardware cost 

involved.  The application is not very resource intensive; therefore I chose to purchase a 

minimal hardware setup to develop this project.  A basic PC was purchased from 

Dell.com for a price of $359.00, and in addition a 19” LCD monitor was purchased from 

TigerDirect.com for a price of $159.00. 

 

4. Proof of Concept 

 The problems novice users face when using Web search engines can be broken 

down into two areas, query building and result interpretation and navigation.  The Web 

Search Companion software takes a different approach to solve each of these issues. In 

addressing these challenges the application provides a user interface that has the feel of a 

Web browser, but with a more appropriate balance of power and usability for a novice 

user. 

 

4.1 User Interface 

The initial problem novice Internet users’ face when using search engines is the 

construction of a search query.  In many cases a user’s attempt to search for relevant 

information on the Web is a failure before the search even takes place.  The reason for 

this is because most novice users do not understand how to use the advanced features 

available for constructing a search query.  These advanced features are not that difficult 

to use, but the way that many search engines present these options is discouraging for 

novice users.  An example of this can be seen in the Google search engine main interface 

in Figure 5. 
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Figure 5 

 

 Notice the “Advanced Search” option located under the red arrow.  This link takes 

the user to the area that explains the advanced search query features available.  The 

advanced user interface can be seen in the Figure 6 below. 
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Figure 6 

 

While Google does an adequate job of effectively explaining the many options 

available for constructing queries, the simple fact that they are located on the “Advanced 

Search” page discourages many users from even attempting to use these features.  Even if 

a novice user did reach the advanced search page, there are so many advanced features 

available for constructing queries that a novice user can become easily overwhelmed.  

The way that the Web Search Companion addresses this problem is through simplifying 

the process of using these features and walking the user through the process. 

The Web Search Companion helps the user utilize the advance features of query 

construction by presenting the advanced search option as the more appropriate place to 

start for a novice user.  This can be seen in the main interface of the Web Search 

Companion in Figure 7. 
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Figure 7 

 

 The Web Search Companion presents the search engines’ advanced method of 

query construction as a beginner method for constructing a query.  This has the effect of 

helping novice users’ confidence in using these advanced options.  Clicking the 

‘Beginner Search’ link on the Web Search Companion main interface, depicted above, 

takes the user to the following screen that can be seen in Figure 8. 
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Figure 8 

 

 This screen represents the beginner search screen.  Each of the text boxes on the 

screen allows the user to input different aspects of an advanced search query.  A 

description is provided in a label on the left hand side of the textboxes, and in addition 

there is a help button to the right of each text box.  The help buttons provide more 

information on how to properly use each of the advanced options of the search query. 

 In addition to the beginner search option the Web Search Companion provides the 

user with the option of using a more advanced search screen.  Ideally, after repeated use 

of the beginner search screen, the user will begin to gain an understanding of the process 

of constructing a search query.  When this occurs the application has the option of 

allowing the user to use an advanced search screen.  The advanced search screen gives 

the user a more efficient way to input search queries, but it requires a little more technical 

knowledge.  Instead of having a separate input box for each Boolean logic operator like 

the beginner search has, the advanced search screen permits the user to input a search 
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query in one line.  This is accomplished by manually entering the Boolean logic operators 

in between the search terms, similarly to how the beginner search screen does this 

automatically.  To guide the user through the process the advanced search screen displays 

tips on how to use each of the available Boolean logic operators.  This can be seen in 

Figure 9. 

 

 

Figure 9 

 

4.2 Search Result Classifier 

 The query building interface helps the user effectively construct a search query, 

and the Search Results Classifier is what helps the user navigate the results.  Once the 

search query string is completed using the query building interface, the Web Search 

Companion application programmatically retrieves the results from the selected search 
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engine.   The application then retrieves the HTML containing the search results from the 

search engine.  This is where the classification process begins.  The HTML search results 

are examined to determine which search engine the results came from.  The application 

then extracts each of the search results and breaks them down into components.  This is 

accomplished using regular expressions.  Some of the regular expressions used in the 

application can be seen in Figure 10 below. 

 

 

Figure 10 

 

 Each search results retrieved from the search engine is then analyzed by the 

application and placed into an internal search result object in order to standardize the data 

between the different search engines for classification purposes.  The format of the 

internally stored search result can be seen in Figure 11. 
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Figure 11 

 

Each of the internal search results are then classified using the Search Result 

Classifier.  The Search Result Classifier then appends a classification icon to each of the 

search results returned by the search engine.  These icons represent the classification of 

the search result and consist of the first letter of the classification category.  An example 

of the output from the search result classifier can be seen in Figure 12, depicted by the 

red arrow.  This classification icon represents the Information category. 
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Figure 12 

 

As mentioned before the Search Result Classifier takes each individual word used 

in the description of the search result and calculates a probability of a result that contains 

that word belonging to each of the following three categories; Informative, Commerce, or 

Spam.  The calculated probability of a search result belonging to one of the three 

classifications is based on the classification of previous search results containing that 

word.  As an example, we will use the word ‘mortgage’ and the classification of spam.   

The first step is to calculate the probability that the word mortgage appears in a 

search result belonging to the spam classification.  To achieve this, the number of spam 

search result containing the word mortgage is divided by the number of all spam search 

results.  A graphic depiction of this can be seen in Figure 13. 

 

(Spam Results Containing ‘mortgage’) / (All Spam Results) 

Figure 13 
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The next step in the process is to calculate the probability that any search result is 

spam.  This is achieved by dividing the number of spam search results by the number of 

all categories of search results, and can be seen in Figure 14. 

 

(Spam Results) / (All Results) 

Figure 14 

 

 The third step is calculating the probability that the word ‘mortgage’ 

occurs in any search result.  This is achieved by adding the results of the first and second 

steps for each category of the word.  A basic overview of the process can be seen below 

in Figure 15. 

 

 

Figure 15 

 

Once the classification process is complete for each search result, the    

Application reads the classification for the search result and inserts an icon representing 

the search result’s designated classification is inserted into the body of the HTML 

document containing the search results, which then displayed in the Web browser control. 

Along with the classifier’s prediction for the search result, there is also another 

component which is displayed with the search result classification.  This component’s 
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purpose is to allow the user to provide input to the classification system.  An example of 

the reclassification links can be seen below in Figure 16. 

 

Figure 16 

 

One of the unique features of this classifier system is that it allows for users to 

guide the classification process to suit their interests.  What one user defines as spam can 

vary from another user, and this system addresses that issue by basing future 

classifications on known past occurrences designated by the user.  This aspect of the 

classification system is also important because it allows the user to correct the classifier 

in the situation where it doesn’t have enough information to accurately make a prediction.  

 The word database that the Search Result Classifier utilizes initially starts as a 

minimal database containing only key words.  This allows for a relatively conservative 

initial database, while allowing the user to direct future predictions by giving known 

classifications as input to the classifier.  As the amount of user input grows in the 

database, the Search Result Classifier will increase in accuracy according to the user’s 

interests.   
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4.3 Microsoft Access Database 

As mentioned previously, the Search Result Classifier compares each search 

result that it classifies with previous classifications. The need to compare future search 

results with past search results requires the application to have the ability to store the 

contents of every search result that the user has classified.  Each of these search results 

that the application needs to store contains numerous components.  These search results 

contain a title, URL, description, and classification. To achieve the requirement of being 

able to store every search result a Microsoft Access database is used. The database is 

setup to store the title, URL and classification of each of these search results in a search 

results table.  In addition a separate table stores each word that has occurred in any of the 

search results.  Finally, a third table is used to link each result with the words that it 

contains.  Through using this setup the database can account for every word that has 

occurred in every search result which has been input into the classifier.  The structure of 

the database was setup to not only achieve the storage requirements, but to do so in a 

normalized manner.  Through utilizing a data structure that maximized normalcy, the 

database provides the ability to meet the data storage needs while maximizing efficiency 

and minimizing space requirements.  A depiction of the database tables and their 

relationships can be seen in Figure 17.  When examining the structure of the database it is 

clear that there is a minimal amount of repetitious data. 
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Figure 17 

 

4.4 Top Level Domain Analyzer 

 Another important aspect of the classification system is the top level domain 

analyzer.  The purpose of the domain analyzer is similar to the search result classifier in 

that it helps the user get a better understanding of the nature of a search result.  This is 

achieved through analyzing the top level domain.  Every Web page on the internet is 

hosted within a domain.  Some examples of domains are; .com, .edu, and .org.  When a 

Web page registers its Internet address it can apply to be placed in one of these domains.  

Each of the domains has certain requirements that must be met in order for a website to 

be placed in that domain.  Based on this information, a person can determine certain facts 

about a website simply by examining a websites top level domain name.  For instance 

some domain names indicate a website is part of the U.S. Government, a different 
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domain name might indicate that a Web site is associated with an educational institution.  

The Web Search Companion provides the analysis of the domain name to the user so they 

can have a better understanding of the authenticity and nature of a Web site.  An example 

of a Top Level Domain analysis can be seen in Figure 18 depicted by the red arrow. 

 

 

Figure 18 

 

4.5 Integrated Web Browser 

The classifier helps the user analyze the search results, and the Integrated Web 

Browser helps the user navigate the results.  Through the technique of minimizing the 

amount of options, the Web Browser Control provides the Web Search Companion with a 

way to utilize many of same the internal components as Microsoft’s Internet Explorer 

Web browser, while allowing for a custom interface.  One way that the Web Search 

Companion empowers the user is that it allows the user to search multiple engines 

simultaneously.  When the user searches multiple search engines, each set of search 

results are presented to the user in a separate tabbed window for ease of navigation.  This 

allows the user to browse multiple sets of search results which represent a comprehensive 

set of information that the Web has to offer.  An example of the tabbed interface used in 
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the application can be seen below in the partial screen shot of the search results page 

which is titled Figure 19. 

 

 

Figure 19 

 

To help solve the problem of usability issues while navigating search results, the 

Web Browser Control is used in conjunction with a basic user interface.  By removing 

many of the advanced features and options offered by other Web browsers, the Web 

Search Companion increases the usability aspect of navigating search results screens 

while maintaining the link tracking that search engines rely on.   

 The Web Browser Control maintains the full functionality of the Web search 

pages through its support of scripting.  Correctly running the scripts and background 

operations of a Web page is crucial in this case.  Search Engine’s earn revenue through 

ad-based click-tracking, and consequently they have rules governing the usage of their 
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services accordingly.  This is why script support in the Web browser control is so 

important to this application.   

 

4.6 Save/Load/Print 

Another additional feature aimed at improving usability is the save search feature.  

This feature allows the user to save a particular set of results that have been retrieved 

using the Web Search Companion.  This allows the user the option of saving a set of 

results they are browsing for future usage.  This feature is important because a given set 

of search results returned by a search engine can change even if the same search query 

remains the same.  To achieve this important feature without negatively impacting 

usability for novice users, some of the options for saving searches are predefined. 

More specifically, the saved file directory is locked to one specific location to avoid 

confusion while retrieving saved search results.  In addition a descriptive naming scheme 

is used and its usage is explained to the user to provide efficient retrieval of prior 

searches.  

 Naturally, the load search feature was implemented to compliment the save search 

feature.  After the user saves one or more the search result sets they are stored to file.  

Using the load search feature the user has the ability to retrieve the saved search result set 

for viewing later.  One of the unique characteristics of the load search result set feature is 

that it reclassifies the result set each time the saved search is loaded.  This functionality 

was necessary because of the nature of the Search Result Classifier and the possibility of 

the following scenario.  After a user saves a search result set and executes other searches, 

it is possible that additional input to the classification engine might cause the 
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classification of the saved search results to change.  Due to this possibility its necessary 

for the load search feature to reclassify each of the search result to address any changes 

made to the classification database after the search was saved.   

 In addition to the save and load features the application also offers the option of 

printing search results.  When printing the search results the application offers two 

options.  The first option lets the user print the set of search results which are displayed in 

the currently visible tab.  An example of the save load and print options can be seen in 

Figure 20. 

 

 

Figure 20 
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 After examining the inner workings and features of the Web Search Companion 

application it is clear that this application is a powerful tool for novice computer users.  

The application effectively solves each of the problems that novice users face. The query 

building user interface helps users effectively construct a query which will return a 

relevant set of search results when submitted to the search engines.  The Search Result 

Classifier effectively classifies each of the search results returned by the search engine, 

and the Domain Analyzer provides insight into the nature and authenticity of the search 

result as well.  In combination these two features solve the problem of novice users being 

unable to understand search results.  In addition the save, load, and print features provide 

a way for the user to store searches that they deem useful.  As a whole the Web Search 

Companion provides an effective answer to the problems users face in trying to find 

relevant information on the Web. 

 

5. Testing 

The primary method used to test the Web Search Companion was exploratory 

testing.  Due to the limited size of the program I felt that creating defined test cases 

would be cumbersome.  Instead I chose to use exploratory testing methods to refine the 

application.  To aid in the exploratory testing I utilized a macro recorder to record my 

keystrokes as I explored the application.  The use of the macro recorder allowed me to 

recreate any defects that I encountered by replaying the macro that I had recorded.  In 

effect the macro recorder provided me with an automated way to document the 

exploratory testing that I was doing, and it also allowed me to automatically replay the 

keystrokes and mouse movements that I used to discover a defect in the application.  
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 Even though exploratory testing was the main method I used in testing the 

application, I did employ some methods that were similar to the idea of defining specific 

test cases.  I documented each of the deliverables, the features of the program, and then 

proceeded to manually test each of these features while recording the keystrokes and 

mouse movements in a macro recorder.  This essentially provided me with an automated 

test case which I could replay at anytime to ensure the feature was still working.  Once 

the system testing was complete, I proceeded to the compatibility testing and user testing. 

 The compatibility testing was achieved through using the services of a friend who 

works in the QA software testing industry.  I packaged the application and delivered it to 

the tester who then proceeded to test the application on a range of different operating 

systems some of which include Microsoft Windows XP and Microsoft Windows Vista.  

Each of the defects that the tester encountered were documented and communicated back 

to me for revision.  While this compatibility testing was taking place, user testing was 

also simultaneously taking place. 

 To achieve the user testing portion of the testing plan, I distributed the application 

to a number of different novice users.  One of the tactics I employed in user testing was 

that I didn’t explain anything about the application to the end users.  The purpose of this 

was to judge how intuitive the application interface was.  After each of the users had a 

chance to use the application, I explained to them the purpose and how to use the 

application.  I then asked if the application was achieving its purpose and what aspects of 

the program could be re-designed to better achieve its objectives.  After receiving the 

user input, I applied the changes that they suggested and redistributed the application to 

them for a second round of user testing. 
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 The testing plan for this application was comprehensive and effective.  Each of 

the three stages; system testing, compatibility testing, and user testing, discovered a range 

of different defects.  Each of these defects were addressed and fixed, and the application 

received much better reviews during the second round of user testing. 

 

6. Conclusion 

The Web Search Companion application provides an outlet for novice Internet 

users who are not able to effectively use Web search engines.  Novice users now have an 

option to fully utilize Web search engines with out needing expert computer knowledge.  

Web Search Companion allows novice users to create effective queries with the Query 

Builder Wizard, and provides a simplified means for users to effectively interpret and 

navigate Web search results through the use of the Search Result Classifier and the 

integrated Web browser.  Novice users now have a more usable application to help them 

find relevant information using Web search engines. 
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