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ABSTRACT 

In a learning community, conventional discussion forums are integral to web-

based interventions in traditional classrooms as well as on-line learning 

environments. Despite popular belief that they are a great success in fostering 

deep and meaningful discussions and support active learning; research has 

found that there are millions of messages posted by users to express such an 

opinion, but it is hard to be directly delivered to all users. Finally there are 

millions of postings in databases across the country stored away and never 

reused. This thesis introduces a PhD student’s current research work. It 

proposes a distributed intelligent discussion forum system dedicated to 

supporting both students and teachers. The system is developed with the 

primary goal of reducing the number of problems associated with 

conventional discussion forum systems in web-based environments and 

improving the effectiveness of dialogue between students with each other and 

with teachers so that it can enhance each individual student’s ability to share 

and learn knowledge. 
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CHAPTER 1   

 

GENERAL INTRODUCTION 
 

1.1 Introduction 

Computers have been used in education for more than 40 years. Over the last 25 years 

tertiary educational institutions have increasingly employed computers as tools for 

learning in parallel with the evolution of personal computers (PCs) (Freiberger & 

Swaine, 2000). Currently computer based educational systems are used in distance 

learning as well as for class-room learning environments and since around 1999, the 

use of Intranet or Internet based e-learning systems has also been markedly on the rise 

within institutions (Kanejiya et al., 2003).. 

 

An important consideration for Intranet or Internet based learning is the provision of 

effective communication within the electronic environment. The Internet has enabled 

many online forms of conversation and communication, such as emails, chat groups, 

news-groups, message boards, and more recently, weblogs (Glance et al., 2005). 

Asynchronous communication, typically in the form of discussion forums, is widely 

used to enable online communication between learners, and between learners and 

teachers. An additional benefit of discussion forums is that they can enable the 

development of online learning communities by providing a social structure that 

supports learners working in the remoteness of the electronic environment (Sheard, 

2004). 
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1.2 Dialogue in the Learning Communities 

According to many educational theories, learning is a process of dialogue between 

teachers and learners and between learners (Cutts et al., 2005). Meanwhile 

educational research literature has long identified interaction among learners as a key 

variable in learning (Brookfield, 1986; Slavin, 1983; Whitsed, 2004). Technology can 

play an important role in enabling people to interact with each other. The Web is one 

such technology which provides the capacity to share information and for connecting 

people to people (Giurgensohn & Lee, 2002). Various studies have also shown the 

importance of providing facilities to enable learners working online to interact with 

other learners and with their teachers (Ho, 2002; Lowder, 1999; McKenzie, 2000).  

 

Learners working in an online environment are often isolated from their teachers and 

other learners. Asynchronous discussions are able to provide additional forums 

outside the classroom for strengthening interaction and enriching the learning 

experience for learners (Bhagyavati et al., 2005). The online discussions can 

potentially make learners’ ideas visible and support collaboration or competition. The 

Web is one of many active technologies that can be used to develop critical thinking 

skills and teamwork (Lawson, 1997).  

 

The existence of online communities is both dependent upon, and a result of, online 

technologies (Sheard, 2004). The availability of technologies has seen the 

development of online asynchronous discussion boards for use in teaching and 

learning (Barker, 2002). The establishment of an online learning community by 

means of a discussion forum is a strategy that may be used to support the effective 

dialogue between learners and between learners and teachers (Sheard, 2004). The 
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online interaction within the discussion forums in learning communities does however 

have some inherent problems. More discussion on this issue is presented in the next 

section. 

1.3 Research Questions, Treatment, Methodology and Scope 

1.3.1 Limitations of Discussion Forums in Educational Context 

As one of the web communication tools, a discussion forum (known also by various 

other names such as discussion group, discussion board, message board, and online 

forum) is an asynchronous communication module. It works much like a bulletin 

board - users post messages that can then be read and responded to by other users 

(Glossary Website, 2008). Although online discussion forums are used in a range of 

undergraduate and graduate courses in many universities, there are various limitations 

to how well discussion forums can be used.  

 

One drawback of all discussion forums in use today is that there is no way for the 

system to understand the meaning of a user’s message. Fully understanding natural 

language is still an open problem in artificial intelligence.  

 

Secondly, in discussion forums, many messages are repetitions of older messages. 

This commonly happens when a forum has grown to contain a sizable number of 

messages.  

 

Thirdly, duplication or repeated questions can make the moderation of the forum 

more time consuming than necessary for the teachers.  
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Fourthly, courses are very much like separate islands in tertiary education. Learners in 

different courses do not have access to each other’s forum, even if the course content 

overlaps and similar questions might come up in different courses.  

 

Finally, reusing parts of the knowledge base accumulated from previous courses that 

have been run in past years is often desirable in education. This is not supported in 

forum systems, as they normally only give the options to keep everything or remove 

everything.  

1.3.2 Research Questions 

Reflecting the problems with existing online discussion forums described above, the 

key research question is: How can the effectiveness of dialogue between learners 

and between teachers and learners in online discussion forum systems be 

improved? 

 

In order to effectively answer this question, several detailed research questions are 

explored in this study, as listed below: 

 

1-1: How can knowledge be easily shared and reused for various courses in different 

institutions. 

1-2: How can a forum provide immediate responses for users’ messages.? 

1-3: How can a forum accurately search and provide relevant information when users 

try to post a message. 

1-4: How can the learners’ feedback be effectively utilised to help users of the 

discussion forum easily identify relevant content from previous postings in the 
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discussion forum? This question is hard to understand. I tried to re-write it and 

realised I didn’t really understand what it was saying. 

1-5: How can the teachers’ time consuming burden of managing the discussion forum 

and answering duplicated questions be reduced? 

1.3.3 Treatment of Research Question 

The research in this study aims at improving the effectiveness of communication 

between learners and between teachers and learners in online learning communities. 

This section describes the proposed approach to address the research questions. The 

methodological part of this study is discussed in section 1.3.4. The approach of this 

study has the following steps: 

 

Step 1: Study and understand the utilisation of the discussion forums in online 

learning communities; explore and analyse the existing advanced technologies that 

could contribute to the solutions. 

 

Step 2: Propose model system architecture on the basis of issues and gaps identified 

through literature review analysis, and by incorporating novel design methodologies. 

 

Step 3: Implement a prototype of the proposed system. 

 

Step 4: Evaluate the implemented prototype using evaluation experiments and 

quantitative analysis of collected data. 
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Step 5: Summarise the conclusion from the evaluation results and discuss future 

outlook for further research directions.    

1.3.4 Methodology 

The key task of this research is to develop a methodology which overcomes existing 

limitations of online discussion forum thereby improving communication between 

learners and between teachers and learners. The following technological solutions are 

reviewed in this research to identify their suitability: 

 

Natural Language Processing: This area is very important for this research because 

‘understanding’ the meaning of users’ message text is a core objective of this research. 

 

Information Retrieval: Traditional and advanced information retrieval 

methodologies are reviewed and adopted in this research. 

 

Semantic-based Text Similarity: Measures of text similarity have been used for a 

long time in applications in natural language process and related areas. Currently 

semantic-based text similarity is a major approach for text extraction and 

classification. 

 

Relevant Feedback: Relevant feedback is another important area for automatic text 

classification in the text similarity area.  
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User Model: User modelling is concerned with representing the user’s knowledge 

and interaction within the systems and adapting those systems to the needs of the 

users. 

1.3.5 Scope - eQuake Project 

This research study extends the research in the eQuake project which was funded by 

the Tertiary Education Commission of New Zealand through their e-Learning 

Collaborative Development Fund. The official title of the project was “agent based 

intelligent help system for the New Zealand student community”. The project’s 

primary objectives were identified as: 

a) providing better support for discourse-based learning styles, as identified in priority 

groups such as Maori; 

b) providing wider student interaction across various institutions hence increasing 

exposure to multiple perspectives; 

c) reducing workload on teachers by reducing repetitive explanations and creating 

long-term archives of core student queries and solutions; and 

d) alerting teachers to potential problem areas in students’ understanding process. 

 

The resulting system was developed on a model similar to asynchronous web-based 

discussion forums, since that was seen as the technology most easily extended to fulfil 

the project objectives. 
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1.4 Dissertation Structure 

Based on the five steps of the research approach (Section 1.3.3) and the technological 

solutions (Section 1.3.4), this dissertation is organised as follows (Figure 1-1). The 

first (this) chapter is the general introduction to this study. The second chapter 

reviews literature in the context of this study. Important areas reviewed include 

current technologies and existing systems.  

 

Following the background discussion, the third and fourth chapters then describe the 

requirements analysis and propose the solution. This is followed by the introduction 

of the core component of the proposed solution in the chapter five and the 

development plan in the chapter six. The chapter seven illustrates the architecture and 

the implementation of the developed system. 

 

The eighth, ninth and tenth chapters present an evaluation of this research. The eighth 

chapter describes related work and the evaluation experiment design process. The 

ninth chapter introduces the step by step process of the evaluation experiment and the 

tenth chapter presents the analysis of data from the evaluation experiments, along 

with interpretation of findings and recommendations. 

 

Finally, the eleventh chapter presents a summary of this dissertation and highlights 

major contributions and limitations of this study. Future research directions are also 

pointed out in this chapter. 
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CHAPTER 2   

 

LITERATURE REVIEW 
 

2.1 Introduction 

This chapter reviews the previous literature. Based on the literature review, the 

researchers were able to analyze the major limitations of discussion forums used in 

learning communities and then propose a solution which combined information 

retrieval, text similarity and user model concept to overcome those limitations. This 

chapter firstly provides an overview of online learning communities, various 

discussion forum systems, and other online learning environments. This is followed 

by an overview of some technological solutions which are used in this research, such 

as information retrieval and text similarity. Finally the chapter discusses the 

recommended systems.  

2.2 Online Learning Communities 

2.2.1 Community-based Learning 

With the rapid development of a knowledge-based society, knowledge creation 

through collaboration is growing in importance. Recently, with the expansion of 

online communities, community-based learning has evolved new learning methods 

where learners form communities around common objectives and create knowledge 

through communication with other members (Rovai, 2003). According to Sue et al.’s 

(2005) definition, community-based learning is a learner centred approach and is 

based on the principles of collaborative knowledge construction and the learning 
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community. Students within the learning community set up common goals, generate 

ideas collaboratively, and share their production (Wilson and Ryder, 1998).  

 

The process of community-based learning consists of five phases which are described 

in Figure 2-1. These five phases are: (1) Common goals assignment phase, (2) Group 

rules forming phase, (3) Assignment recognition phase, (4) Collaborative 

accomplishment phase, and (5) Production generation phase (Palloff & Pratt, 1999). 

 

 

 

 

 

 

 

 

Figure 2-1: The Process of Community-based Learning (Palloff & Pratt, 1999) 

 

These five phases are integrated as a whole process. In the first phase, common goals 

can be defined and community members’ demands and interests can be distinguished. 

Then students set up group rules and all group members are made aware of the rules 

in the second phase. The third phase follows where students can find out the problem 

or task. In the next phase, students can work together in group collaboration and 

Phase 1: Assign Common Goals 

Phase 2: Form Group Rules 

Phase 3: Recognise Assignment 

Phase 4: Accomplish Collaborations 

Phase 5: Generate Production 
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communicate with external instructors. In the final phase, students can create and 

share the final outcome and the outcome can be evaluated by peers (Palloff & Pratt, 

1999). 

 

Table 2-1 indicates the five components of a community-based learning environment 

including collaborative learning, social interaction, planning & reflection, knowledge 

base, and evaluation & compensation (Kang & Byun, 2001). 

 

Table 2-1: Five Components of a Community-based Learning Environment (Kang 

and Byun, 2001) 

Dimension Description Function 

Collaborative Learning Exchange opinions and 

interact with members during 

group work or discussion 

Discussion forum, 

whiteboard or blackboard, 

group workplace, 

communication tools(e.g. 

MSN), etc. 

Social Interaction Informal communication and 

social discussion 

Free-board, 

announcement, Q/A, etc. 

Planning & Reflection Set up the common goal for 

person and group, make the 

plan schedule for the project, 

confirm member roles, and 

reflect learning process 

Reflection note, schedule, 

goal/role specification, etc. 

Knowledge Base Share and store learning 

resources and products 

e-library, mybase, 

teambase 

Evaluation & 

Compensation 

Peer evaluation, instructor 

evaluation, internal/external 

compensation 

Evaluation rubrics, 

comment form, avatar-

point, etc. 
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2.2.2 Online Learning Communities 

Technology has an important role to play in supporting knowledge-building 

communities and communities of practice in general. In the past decade since 

widespread adoption of the World-Wide Web, there has been a trend towards using 

the Internet to support traditional classroom teaching and substitute traditional 

teaching with online learning (Hoadley & Kilner, 2005). Normally in higher 

education, “curricular learning communities are classes that are linked or clustered 

during an academic term, often around an interdisciplinary theme, and enrol a 

common cohort of students” (Wikipedia Contributors, 2008).  

 

While many of these phenomena can take place on an individual level, in other cases, 

the “killer app” has been the used by technology to support groups of people in in e-

business, e-government, and e-learning domains (Wenger, 2000), and most notably, 

online communities (Rheingold, 1994). Although online communities have been used 

in a variety of applicable areas, ranging from medical support groups to online dating, 

one of the more promising reasons for online communities is as a support for 

knowledge-building communities. Online communities can provide a forum where 

information may be exchanged and questions may be asked. This is often a significant 

component of online learning environments (Harasim, 1995; Hiltz, 1993).  

 

Online learning communities currently play an important role in traditional and 

distance education (Sheard, 2004). A common place on the Internet that addresses the 

learning needs of its members through proactive and collaborative partnerships is 

called an online learning community. In the learning community, students work 

together to capture knowledge and exchange information in order to achieve a 
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common learning objective through social networking and online communication. 

When online learning communities are created, students do not miss out on existing 

social and extracurricular cognitive opportunities, and financial costs are easily 

afforded by institutions of higher education (Bauman, 1997). 

 

In general, there are two types of online learning communities. 

1. E-learning communities − groups for interaction and discussion which are 

connected solely via technology. 

2. Blended learning communities − groups that utilise face-to-face meetings as 

well as online meetings.  

 

Online learning communities may also be categorized as knowledge-based, practice-

based, or task-based and online learning communities may focus on personal aspects, 

process, or technology (Riel & Pollin, 2004).  

 

A wide variety of technologies and tools have been used in online learning 

communities such as synchronous (e.g. instant) messaging, asynchronous message 

boards, content management (e.g. Moodle and Lectureshare), collaborative 

information pooling (e.g. wikis), social networking (e.g. Facebook and Flickr), 

learning object repositories, and blogs.  

 

2.2.3 C4P Model 

This section presents a traditional model – the C4P model. It is abbreviation for 

content, conversation, connections, (information) context, and purpose of learning 
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takes place in knowledge-building communities (Hoadley & Enyedy, 1999). The C4P 

model is based on the assumption that knowledge is created and shared when there is 

purposeful conversation around the content in context. These elements comprise a 

non-linear system that occurs in a community of practice (Hoadley & Kilner, 2005). If 

one of the elements of these five has increased, it will result in increases in all of them, 

although the relationships among them are not one-to-one. The C4P model defines 

each of these terms in a specific way. Content refers to explicit, static knowledge 

objects such as learning materials or documents, whereas conversation refers to face 

to face communication or online discussions. The key difference between content and 

conversation is that content is about a one-way communication of information 

(monologue), whereas conversation necessarily contains at least a two-way exchange 

of information (dialogue) (Hoadley & Enyedy, 1999). Connections, as used in C4P, 

refer to interpersonal communication between community members who are 

connected in some level of relationship, e.g., when one member sends a message or 

email to another member, a connection has occurred. Information context is the: who, 

what, where, when, why, and how that is able to let community members assess 

whether and how information is relevant to them. This context provides the many 

details that make information meaningful and memorable. Finally, purpose is the 

reason why the members come together in the community.  

 

The five elements of C4P can influence and improve each other. None of these five 

elements should be ignored when building an effective knowledge-based online 

community. If content is missing, it is difficult to get the conversation started and 

keep conversation focused on the community’s purpose. If we do not have enough 

conversation, it is difficult to create the new knowledge even though the knowledge 
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may transfer (Constant & Sproull, 1996). If there is no connection, contributions of 

content and conversation will be unlikely to occur, and the contributions will have 

less context. If information context is absent, it is easy for the community to 

misunderstand content or apply knowledge incorrectly to new scenarios. Finally, there 

will be no knowledge building without purpose. A clear communal purpose makes 

meaning of content, provides direction to conversation, fosters connections, and is the 

unifying context for all activities in the community (Hoadley & Kilner, 2005). The 

following paragraphs present an explanation of each of the elements, why they are 

important to a knowledge-building community, and how they integrate as a system. 

 

In a knowledge-building community, quality content is recognised as a foundational 

element. Content is used for four important purposes: community members can 

capture immediate value from the content; new members can be socialised when they 

understand the topic of the content; it is used as a basis for conversation; and it 

encourages members as they consider themselves jointly building their domain of 

knowledge.  

 

One of the great challenges of enhancing a knowledge-building community is to have 

more quality content because, for a variety of reasons, people are hesitant to 

contribute content (Goman, 2002). The other elements of C4P, such as conversation, 

help to solve this challenge and improve content generation. In this study, 

conversation is the core research foundation in that it is the most effective model of 

knowledge transfer and generation, because the personal connection and back-and-

forth nature of conversation provides the best context for information (Allee, 2003).  
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The challenge within a knowledge-building community is to generate conversations 

that describe meaningful knowledge, not useless talk. Normally conversation is based 

on content. Meaningful conversation is enabled by quality content, clear purpose, and 

personal connections. Connections are an essential element of a knowledge-building 

community. Without connections, there is no active community and an online space is 

merely a document repository (content) or chat room (conversation). Connections can 

foster relationships and subsequently trust enabling people, wherever they live, to 

learn and work together on the common goal of building their knowledge domain 

(Saint-Onge & Wallace, 2003). Connections are facilitated by the other elements 

described by C4P and they do not spontaneously occur in an online community. 

 

Information context enables learners to learn more efficiently and effectively (Brown 

et al., 1996). Community members are able to clearly identify the location of a 

knowledge object and its history according to information context. Information 

context enables members of a community to know what a contributor is 

communicating, to judge whether the information is related to them, and to apply the 

knowledge to their current situation.  

 

Another challenge in a learning community is to enable people who are not physically 

co-located to learn (Hoadley & Kilner, 2005). The elements of the C4P framework 

help members understand the context of information. A community’s purpose inheres 

in every piece of content, every conversation, every connection. Clarity of purpose 

creates energy and produces results and shared purpose is a defining element in 

collaboration and community (Woodruff, 1999). Purpose alone has the ability to 

relate everything that occurs within the community, and shared purpose is a big step 
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to generating trust and connections. Even if a community has a stated purpose, its 

actual purpose will be evident in its content, conversations, connections, and context. 

Ideally, the actual and stated purposes are identical. It is most likely that in a learning 

community, a meaningful purpose will be supported by the 4Cs due to the elements of 

C4P building off each other. Conversely, every piece of content, every conversation, 

every additional element of context serves either to improve or to impair the 

community’s stated purpose. 

 

In summary, the C4P model provides an explanation of learning related processes that 

have occurred in successful knowledge-building communities of practice (Dixon et al., 

2005). Communication is the most important factor which supports every other 

component of this model for building a successful learning community. How people 

can achieve effective communication to improve learning has been discussed for a 

long time. The next section introduces how technologies are able to enhance the 

capacity of communication with others.  

2.2.4 Dialogue via Technologies 

The provision of effective communication (dialogue) in online learning communities 

is an important consideration for effective learning (Sheard, 2004). Students in the 

online learning community engage with each other and develop strong bonds of 

friendship so that they are able to provide one another with support. They also create 

intensive working relationships that involve frequent communication 

(Haythornthwaite et al., 2000). People use technologies to build their shared learning 

world, taking time to learn how to use available technologies and how to implement 

them effectively in both traditional and distance education.  
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When building a learning community in which they interact primarily online, students 

develop norms for sharing communication, activity, and technology, and for creating 

space (Kazmer, et al., 2001). Students communicate mostly using online mechanisms 

such as email, text chat and discussion forums. They must co-create acceptable and 

shared procedures governing many facets of interaction. Those facets include 

(Kazmer, 2005): 

• Appearance of messages: e.g., length and grammar; 

• Content of messages: social, task-related, or both; 

• Temporal issues: e.g., when to communicate, how often, acceptable response 

time, synchronous such as chat versus asynchronous such as email or 

discussion forum; 

• Audience and medium: one to one such as email, one-to-many via email or 

discussion forum. 

 

Communication via technology provides the platform for many of the activities 

students share, including attending lectures, completing group projects, and 

participating in Web-board discussions. Thus the norms and procedures for 

communicating and using technology control much of students’ activities in general. 

In building an online learning community, students learn to use and depend on 

technologies that support shared interaction. Using an online threaded discussion 

board enables participation in rewarding intellectual exchange within the learning 

environment, not just reading a sequence of postings on the computer screen (Kazmer, 

2005).  
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Online learning communities rely heavily on technology to support their members’ 

activities and communication with one another. It is important to provide online 

mechanisms that enable learners working online to interact with other learners and 

with their teachers. A mechanism widely used for this purpose is the asynchronous 

discussion forums. The provision of a discussion forum offers the learner access to 

sources of assistance with the removal of the restrictions of time and space. In 

addition, online discussion forums can encourage learners to share and exchange their 

information and perspectives during the learning process.  

 

Figure 2-2 (Sheard, 2004) introduces a model of electronic learning communities 

which depicts learner and educator interactions within an online discussion forum. 

These interactions (dialogues) are between learners and between teachers (lecturers 

and tutors) and learners. 

 

In the diagram, the closed arrows represent postings by students (A and C) and the 

open arrows represent postings by teaching staff (B and D), with the solid lines 

representing lecturers and the dotted lines representing tutors. The interactions may be 

further explained by the fact whether they are proactive or reactive. Proactive 

interactions (left of diagram) represent postings that are questions or comments 

initiated by students or staff. Reactive interactions (right of diagram) are responses to 

comments or questions posted by others. The numbers of arrows give some indication 

of the relative volumes of postings. 
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        proactive                                                                             reactive 

 

 

 

 

 

 

 

 

 

Figure 2-2: Model of an Electronic Learning Community (Sheard, 2004) 

 

The provision of effective communication (dialogue) via facilities such as online 

discussion forums is fundamental to the process of establishing electronic learning 

communities. How to design a knowledge-building community, and what role 

technology can play to improve the effectiveness of communication in the learning 

communities are major research questions of this study. The next section introduces 

the communication facilities of online learning communities – discussion forum 

systems. 

2.3 Discussion Forum Systems 

2.3.1 Overview 

The widespread use of the World Wide Web in the education area has enabled the 

development of on-line learning environments. Many educators use Web technology 
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to broaden the learning experience of their students beyond what is possible in a 

traditional teaching environment. Courses may now be enhanced by the addition of 

varied and interesting Web-based resources containing interactive elements that 

encourage student engagement in learning (Sheard, et al., 2001). The adoption of the 

Web technology in tertiary education has encouraged a shift in pedagogical thinking 

by educators and educational courseware designers (Lefoe, 1998). Meanwhile Web 

technologies provide an opportunity for students to learn and communicate with 

teachers on the Internet. Such online communication technology is already being used 

in many areas.  

 

Nowadays, discussion forum is a facility commonly provided as an integral 

component of typical online learning communities. This enables synchronous or 

asynchronous communication between learners and instructors who are physically 

separated (Liaw & Huang, 2000). Synchronous communication, for example, chat 

sessions or conferencing, requires all participants to be present at the same time. 

Asynchronous communication, for example, discussion forums, do not require 

participants to be present at the same time and has the advantage of allowing the 

learner and instructor the opportunity to analyse and reflect before they express their 

ideas.  

2.3.2 The Use of Discussion Forums 

In tertiary education, web-based discussion forums are used by students in a range of 

courses across institutions to discuss course content or structure, or offer comments 

on any issues arising during the study semester. In addition, the facility is seen as "a 

place to encourage further learning", particularly as many questions not asked in 
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lectures or tutorials could be asked in the forum (Sheard, et al., 2003). Users can ask 

queries and browse the forum to capture, share and retrieve knowledge. In many cases, 

anonymity of postings is provided to encourage students to use it freely without 

revealing their identity (Lowder & Hagan, 1999). The impetus for this development 

came partly from a workshop titled "Computer-supported cooperative work" (Brugge 

& Houghton, 1996) which led some staff to consider ways to introduce student 

interaction in the computer-supported course environment and turn it into a 

cooperative learning environment. 

 

A particular type of previous collaboration systems, called on-line discussion 

databases, facilitates formulation and sharing of metaphors and analogies to facilitate 

capturing tacit knowledge. In this type of discussion forums, features such as access 

control enable discussions to be restricted to team members and this has been proven 

to encourage frankness and engender feelings of trust amongst the members (Bradner 

at al., 1999). 

 

Not only in the area of education but also in other areas, newsgroups and similar 

forums offer comparable opportunities but they generally differ in the fact that they 

are open to all. Many people have been found to offer advice and guidance in 

newsgroups due to a mixture of motivations such as altruism, seeking recognition and 

offering acknowledgement. This is despite the fact that newsgroups also present the 

potential threat of flaming, personal abuse and irrelevant postings. The archives of the 

forums serve as useful repositories of knowledge and the number of questions a 

person has answered and the speed of response could be utilised as a means to index 

the person as an expert in the domain (Marwick, 2001). 
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2.3.3 General Introduction of Major Systems  

Discuss 

The course ‘Web-based Multimedia Systems’ at Massey University (New Zealand) 

for postgraduate students incorporates “Discus” discussion forum on the course 

website. This website’s contents (Figure 2-3) include Course News, Information and 

the Discussion Forum. The forum is for communication between teachers and 

students. It is available through the campus local area network and the Internet. All 

discussion topics and replies can be posted from any computer connected through the 

Internet. 

 

Figure 2-3: A website Used for a Course (http:is157730.massey.ac.nz) 

 

 After students register, they become authorised users in the discussion forum system. 

The discussion forum has five topic folders (Figure 2-4) for students to post their 

messages, such as Introduction, Discussion on Specific Topic, Projects, Discussion on 

Assignment and Other Issues.  
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Figure 2-4: Different Topic Folders in the Discussion Forum 

 

In each topic folder (Figure 2-5), students can post their messages and instructors also 

respond to students’ queries or post important information related to the course.  

 

Figure 2-5: Discussing Area of the Discussion Forum 

CRPP’s web portal 

Another type of discussion forum system, which is called a web portal, was developed 

by CRPP (Centre for Research in Practice & Pedagogy, National Institute of 

Education, Singapore). It has a number of discussion forums tailored to different 

contexts of use in the CRPP’s web portal. Protecting the confidentiality of knowledge 
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content residing in the knowledge portal is of prime concern, and therefore different 

users have different access rights to log into the online discussion forum. A general 

forum is designed for the public who do not have login rights to post and discuss 

issues of relevance and importance. All members who are assigned rights of log-in 

into the portal are able to access project specific discussion forums. The discussion 

forums have database-driven search engines which have a search that is limited to 

information hosted in the discussion forum only. The ability of the search is pegged to 

the access rights of the individual participating in the forum (Muthukumar & Hedberg, 

2004).  The CRPP’s web portal is developed for the public and all members to have a 

different right to post, discuss and search relevant information. It offers a better 

solution than other traditional discussion forums.  

 

EQuake 

EQuake, a web-based learning management system, includes a new type of discussion 

forum, enhanced with software agents which are able to: automatically find when a 

question has been answered before; link together several institution’s forums; notify 

users of answers to questions they are interested in; and notify moderators when 

several similar questions are unanswered in the system so they can create an FAQ 

entry. Figure 2-6 depicts the discussing area of this new type of discussion forum in 

the eQuake system. 
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Figure 2-6: Screenshot of EQuake Web Forum (from http://www.equake.org.nz/m1) 

 

2.3.4 Limitations of Current Discussion Forums 

Although web-based discussion forums are used in a range of undergraduate and 

graduate courses in many universities, the enthusiastic adoption of these facilities by 

students has impacted upon teachers’ workloads, and concerns have been raised about 

the time and effort required by teachers to manage them. Furthermore, it has been 

difficult to determine the pedagogical value of these facilities and the level of 

educational support they provide to the teaching and learning community (Sheard et 

al., 2003). Another issue is that not all students are comfortable with the discussion 

forum medium. They might be facing a number of difficulties, for instance, not 

feeling at ease with the technology, finding it hard to use, and waiting a long time for 

a response (Mazza & Dimitrova, 2004). 

 

Additionally, duplication or repeated questions can make the moderation of the forum 

more time-consuming than necessary for the teachers. Assuming a teacher-led style of 
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discussion forum, this would cause the teachers to have to spend time answering 

questions that have been answered before. This in turn limits how the teachers use the 

forum as they might not find time to encourage student discussions by asking 

challenging questions. If a system can minimise the number of duplicated questions 

that have to be answered by a human, more time can be spent encouraging new 

discussions. 

 

Courses are very much like separate islands in tertiary education. Students in different 

courses do not have access to each other’s forums, even if the course content overlaps 

and similar questions might come up in different courses. This is true both inside an 

institution and between different institutions offering similar degrees or courses. 

Allowing forums to be shared between several courses would increase the available 

knowledge base and expose students to multiple perspectives. Students can then 

capture and share knowledge on a common platform.  

 

Reusing certain parts of the knowledge bases from the previous instances of a course 

is often desirable in education. This is not supported in existing forum systems, as 

they normally only give the options to keep everything or remove everything. It is 

desirable, for instance, to be able to keep some high quality discussions or messages 

that answer important questions. These could be identified based on the number of 

similar questions being posted in the course forums and the feedback from students 

regarding a specific topic. It would then also be helpful to be able to hide the 

identities of those users who originally contributed these messages. A partial reuse of 

existing messages in this manner might be very useful in some settings, though the 

mechanisms for message selection would be a key factor. 
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Some existing systems, such as the eQuake system, have been developed as an 

attempt to solve the above problems. However they do have serious limitations in 

their capabilities such as less effective communication and poor performance in 

information seeking. 

 

Several issues for improving discussion forums in education have been identified. 

Better tracking solutions (based on systems with more effective information retrieval) 

and ways to gather opinions from users would save time and effort of teachers and 

students. Having forums cross-used by multiple courses would allow for more 

knowledge resources to be connected. 

2.4 Information Retrieval 

2.4.1 Overview 

Usually, an information retrieval system is considered to have the function of “leading 

the user to those documents that will best enable him/her to satisfy his/her need for 

information”. Somewhat more generally, “the goal of an information retrieval system 

is for the user to obtain information from the knowledge resource which helps him/her 

in problem management” (Robertson, 1981). Such functions, or goals, of information 

retrieval have been described in models of the type shown in Figure 2-7 (Salton, 

1983). This model indicates basic entities and processes in the information retrieval 

situation. 
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Figure 2-7: General Model of Information Retrieval (Salton, 1983) 

 

In this model, a person with goals and intentions related to, for instance, a learning 

task, finds that these goals cannot be attained because the person’s resources or 

knowledge are in some way inadequate. A characteristic of such a “problematic 

situation” is an anomalous state of knowledge or information need, which prompts the 

person to engage in active information-seeking behaviour, such as submitting a query 

to an information retrieval system. The query, which must be expressed in a language 

understood by the system, is a representation of the information need. This is shown 

on the left-hand side of Figure 2-7. Due to the inherent difficulty of representation, the 

query in an information retrieval system is always regarded as approximate and 

imperfect (Belkin et al., 1987), 

Information Need Free-text database 

Query  

representation 

Document 

representation 

MATCHING 

Ranked list of 

documents 

Evaluation Got the results 

(stop) 
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feedback 
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On the other side of Figure 2-7, the focus is on the information resources that the user 

of the information retrieval system will eventually access. Here, the model considers 

the producers or authors of texts, the groupings of texts into collections (e.g., 

databases), the representation of text, and the organization of these representations 

into databases of text surrogates. The process of representing the meaning of texts in a 

form more amenable to processing by computers (sometimes called indexing) is of 

central importance in information retrieval. A typical surrogate would consist of a set 

of index terms or keywords. 

 

The comparison of a query and surrogates leads to the selection of possibly relevant 

retrieved texts. These retrieved texts are then evaluated or used. The user would then 

leave the information retrieval system, or the evaluation would lead to some 

modification of the query, the information need or, in rare cases, the surrogate. The 

process of query modification through user evaluation is known as relevance feedback 

in information retrieval (Salton, 1983). 

 

Some information retrieval models focus primarily on the comparison process. The 

three major models are the boolean, vector space and probabilistic retrieval models. 

The first of these is based on what is called the “extract match” principle, whereas the 

other two are based on the concept of “best match” (Belkin et al., 1987). 

 

Boolean retrieval is based on the concept of an extract match of query specification 

with one or more text surrogates. The term “Boolean” is used because the query 

specifications are expressed as words or phrases, combined with the standard 

operators of Boolean logic. In this retrieval model, all texts containing the 
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combination of words or phrases specified in the query are retrieved and there is no 

distinction made between any of the retrieved documents. Thus the result of the 

comparison operation in Boolean retrieval is partition of the database into a set of 

retrieved documents and a set of not-retrieved documents. 

 

Boolean retrieval is the simplest retrieval method and relies on the use of Boolean 

operators. The terms in a query are linked together with AND, OR and NOT (Heaps, 

1978). This method is often used in search engines on the Internet because it is fast 

and can therefore be used online. This method has its problems. The user has to have 

some knowledge in the search topic for the search to be efficient, e.g., a wrong word 

in a query could rank a relevant document non relevant. The retrieved documents are 

all equally ranked with respect to relevance. And the number of retrieved documents 

can only be changed by reformulating the query (Agosti et al., 1996). 

 

Best-match retrieval models have been proposed in response to the problems of 

extract-match retrieval. The most widely known of these is the Vector Space model 

(Salton, 1983). This model treats texts and queries as vectors in a multidimensional 

space, the dimensions of which are the words used to represent the texts. Queries and 

texts are compared by comparing the vectors using, for example, the cosine 

correlation similarity measure. The assumption is that the more similar a vector 

representing a text is to a query vector, the more likely it is that the text is relevant to 

that query. In this model, an important refinement is that the terms (or dimensions) of 

a query, or text representation, can be weighted to take account of their importance. 

These weights are computed on the basis of the statistical distributions of the terms in 

the database, and in the texts. 
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The vector space model process can be divided into three major stages. The first stage 

is document indexing where content bearing terms are extracted from the document 

text. The second stage is weighting of indexed terms to enhance retrieval of 

documents relevant to the user. The last stage ranks the document with respect to the 

query according to a similarity measure. The vector space model has been criticised 

for being ad hoc. 

 

Stage 1: Document Indexing 

It is obvious that many of the words in a document do not describe the content, for 

example, words like “the” or “is”. By using automatic document indexing those non-

significant words (function words) are removed from the document vector, so the 

document is only represented by content bearing words (Salton, 1983). This indexing 

can be based on term frequency, where terms that have both high and low frequencies 

within a document are considered to be function words (Salton, 1983; Van Rijsbergen, 

1979). In practice, term frequency has been difficult to implement in automatic 

indexing. Instead a stop list of common words to be removed as high frequency words 

(stop words) is used (Salton, 1983; Van Rijsbergen, 1979). This makes the indexing 

method language dependent. Research shows that 40%-50% of the total number of 

words in a document is removed with help of a stop (Salton, 1983). 

 

Non-linguistic methods for indexing have also been implemented. Probabilistic 

indexing is based on the assumption that there is some statistical difference in the 

distribution of content bearing words and function words. Probabilistic indexing ranks 

the terms in the collection with respect to the term frequency in the whole collection. 

The function words are modelled with a Poisson distribution over all documents. The 
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use of the Poisson model has been expanded to the Bernoulli model (Charkrabarti et 

al., 1998). 

 

Stage 2: Term Weighting  

Term weighting has many effects related to recall and precision of retrieval. The term 

weighting for the vector space model is entirely based on single term statistics. There 

are three main factors in term weighting: the term frequency factor, the collection 

frequency factor and the length normalisation factor. These three factors are 

multiplied together to make the resulting term weight. 

 

A common weighting scheme for terms within a document is to use the frequency of 

occurrence. The term frequency is somewhat content descriptive for the documents 

and is generally used as the basis of a weighted document vector (Salton & Buckley, 

1996). It is also possible to use a binary document vector, but the results have not 

been as good as term frequency when using the vector space model (Salton & 

Buckley, 1996). 

 

Various weighting schemes are used to discriminate one document from the other. In 

general this factor is called the collection frequency document. Most of them, e.g. the 

inverse document frequency, assume that the importance of the term is proportional to 

the number of documents the term appears in. Experimentally it has been shown that 

these document discrimination factors lead to a more effective retrieval, i.e. 

improvement in precision and recall (Salton & Buckley, 1996). 
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The third possible weighting factor is the document length normalisation factor. Long 

documents usually have a much larger term set than short documents, which makes 

long documents more likely to be retrieved that short documents (Salton & Buckley, 

1996). 

 

Different weight schemes have been investigated and the best results, with respect to 

recall and precision, are obtained by using term frequency with inverse document 

frequency and length normalisation (Lee et al., 1997). 

 

Stage 3 Similarity Coefficients 

The similarity in vector space models is determined by using associative coefficients 

based on the inner product of the document vector and the query vector, where word 

overlap indicates similarity. The inner product is usually normalised. The most 

popular similarity measure is the cosine coefficient, which measures the angle 

between the document vector and the query vector. 

2.4.2 Text Similarity 

Measures of text similarity have been used for a long time in applications in natural 

language processing and related areas. One of the easiest applications of text 

similarity is perhaps the vector model in information retrieval, introduced in the above 

section, where the document most relevant to the input query is determined by 

ranking documents in a collection in reverse order of their similarity to the given 

query (Salton & Lesk, 1971). Text similarity has also been used for relevance 

feedback and text classification (Rocchio, 1971), word sense disambiguation (Schutze, 

1998) and more recently for extractive summarisation (Salton et al., 1997), automatic 
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evaluation of matching translation or text summarisation (Lin & Hovy, 2003). 

Measures of text similarity were also found useful for evaluation of text coherence 

(Lapata & Barzilay, 2005). 

 

With few exceptions, the typical approach used in finding the similarity between two 

text segments is a simple lexical matching method which produces a similarity score 

based on the number of lexical units that occur in both input segments. Proposed 

improvements to this simple method include stemming, stop-word removal, part-of-

speech tagging, longest subsequence matching and various weighting and 

normalisation factors (Salton & Buckley 1997). While successful to a certain degree, 

these lexical similarity methods cannot always identify the semantic similarity of texts. 

For instance, there is an obvious similarity between the text segments ‘I own a dog’ 

and ‘I have an animal’, but most of the current text similarity metrics will fail to 

identify any kind of connection between these texts. 

 

There are a large number of word-to-word semantic similarity measures using 

approaches that are either knowledge-based (Leacock & Chodorow 1998) or corpus-

based (Turney 2001). Such measures have been successfully applied to language 

processing tasks such as malapropism detection (Budanitsky & Hirst 2001), word 

sense disambiguation and synonym identification (Turney 2001). For text-based 

semantic similarity, perhaps the most widely used approaches are the approximations 

obtained through query expansion, as performed in information retrieval (Voorhees 

1993), or the latent semantic analysis method (Landauer et al., 1998) that measures 

the similarity of texts by exploiting second-order word relations automatically 

acquired from large text collections. A related line of work consists of methods for 
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paraphrase recognition, which typically seek to align sentences in comparable corpora 

(Lapata & Barzilay, 2005), generate paraphrases using distributional similarity 

applied on paths of dependency trees or use bilingual parallel corpora (Lin & Pantel 

2001). These methods identify paraphrases in large documents, or generate 

paraphrases from an input text, without necessarily providing a measure of their 

similarity. The more recently introduced textual entailment task (Lapata & Barzilay, 

2005) is also related to some extent, however textual entailment identifies a 

directional inferential relationship between texts, which is different from textual 

similarity, and hence entailment systems are not overviewed here. 

2.4.3 Relevance Feedback 

Relevance feedback is a classical information retrieval (IR) technique where users 

relay their agreement with the system’s evaluation of document relevance back to the 

system, which then uses this information to provide a revised list of search results 

(Vinay et al., 2005). In a system that involves user relevance feedback the user is 

given an opportunity to inspect the ranked list and indicate which documents are 

relevant to the user’s query and which are not. This information is then used by the 

relevance feedback algorithm to induce a new ranking of documents. The new 

ranking, possibly including new documents, is displayed to the user and the process 

repeats. The feedback process comprises several phases. The display phase is the 

presentation of ten documents from the ranked list. The user feedback phase is a 

single action where the user nominates some subset of the displayed documents as 

being relevant to his or her information need. The document ranking phase applies 

one of the relevance feedback algorithms to create a new ranking of the document 

collection.  



 

  38 

In relevance feedback, relevance information is gathered from documents retrieved in 

a ranked list generated from an initial request. This relevance information is used to 

modify the search query and perform a further retrieval pass. The two main factors in 

relevance feedback are the source from which expansion terms are determined and the 

method of ranking expansion terms. The quality of a query fed to an IR system has a 

direct impact on the success of the search outcome. In fact, one of the most important 

but frustrating tasks in IR is query formulation (French et al., 1997). Relevance 

feedback is a popular and widely accepted query reformulation strategy. The main 

idea consists of selecting important terms, or expressions, attached to the documents 

that have been identified as relevant by the user, and of enhancing the importance of 

these terms in a new query formulation. The expected effect is that the new query will 

be moved towards the relevant documents and away from the non-relevant ones.  

Three standard relevance feedback algorithms are described below: The Rocchio 

algorithm, the Robertson/Sparck-Jones algorithm and the Bayesian feedback 

algorithm (Vinay et al., 2005). 

 

The Rocchio Algorithm 

The Rocchio relevance feedback scheme (Rocchio, 1971) is used in conjunction with 

the term frequency inverse-document-frequency (tf-idf) representation where 

documents and queries are represented as vectors of term weights and similarity is 

measured by the cosine distance between these vectors.  

 

A document is a vector di=(di,1,di,2,…,diT) where T is the number of words across the 

collection, excluding a predefined set of stopwords, and di,j= t(i,j)·sj. Here t(i,j) 

corresponds to the number of occurrences of term j in document i and sj is the inverse 
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document frequency of term j across the whole collection. A query q= (q1,q2,…,qT) is 

defined similarly, though their values are typically 0 or 1. Both documents and 

queries are normalised for length by setting 

 

d' =   and q' =     where     

 

The similarity score between document d and query q is then given by the dot product 

of the normalized vectors, i.e., scorerocchio(di,q) = di´·q´. The Rocchio algorithm takes 

a set R, of relevant documents and a set N, of non-relevant documents (as selected in 

the user feedback phase) and updates the query weights according to the following 

equation: 

          

 

where  nR   and  nN   are the number of relevant and non-relevant documents 

respectively. 

 

The parameters α, β, and γ control the relative effect of the original weights, the 

relevant documents, and the non-relevant documents. If there are no non-relevant 

documents, α = β = 1 is used. 

 

The Robertson/Sparck-Jones Algorithm  

In the Robertson/Sparck Jones model of information retrieval (Robertson, 1995), the 

terms in a corpus are all assigned relevance weights which are updated for a particular 

query whenever relevant documents are identified. Initially the relevance weights are 



 

  40 

given idf-based values. Documents are given ranking scores against a query based on 

the relevance weights of the query terms occurring in each document. The initial 

relevance weight for term j is given by 

 

 

where C is the total number of documents in the corpus and nj is the number of 

documents containing term j.  

 

A document  d i   is assigned a score against query q as follows: 

                

where 

t(i,j) is the number of occurrences of term j in document  d i   

K and b are parameters typically set to 2.0 and 0.75 respectively 

|di| is the length of document d i   

l is the average length of all documents in the corpus 

 

Documents are then ranked in descending score order. If certain documents are 

flagged as relevant, the relevance weights are updated as follows: 

                

  

where 

R is the number of relevant documents 

r j   is the number of relevant documents containing term j 
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C and  n j   are defined as before 

 

In addition to updating the relevance weights, the relevant documents are used to 

select new (or additional) query terms according to the offer weights,  o j   , where  

o j = rCw j   

Terms are ranked in decreasing order of offer weight, and the top terms are used as 

part of the subsequent query. How many such terms are to be chosen per iteration is 

another parameter of the system. 

 

The Bayesian Algorithm 

The Bayesian relevance feedback algorithm (Cox et al., 2000), first proposed for a 

Content-Based Image Retrieval System – PicHunter – is a recursive probabilistic 

formulation in which, at each iteration, k, the probability, Pk, of document, di, being 

the target document, dT, is computed. This probability is conditioned on all current 

and past user actions and the history of displayed documents, which collectively is 

denoted by Hk. The concept of a current query, q, is not explicitly present in this 

formulation. Thus, at each iteration, the document rankings are given by 

 

 

where 

  is the document's probability in the previous iteration 

R is the set of documents marked relevant in this iteration 

 is given by 
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The term sim(x,y) computes the similarity of document x with document y, which for 

textual documents can be taken as the cosine dot product of tf-idf vectors normalised 

for length. σ  is a tuning noise parameter which is set according to the specific dataset. 

2.4.4 Latent Semantic Indexing 

Latent Semantic Indexing (LSI) is an information retrieval method that is based on the 

assumption that there is an underlying semantic structure in textual data, and that the 

relationship between terms and documents can be re-described in this semantic 

structure form (Dumais, 1995). The resulting semantic structure reflects the major 

associative patterns in the data while ignoring some of the smaller variations that may 

be due to different word usage of individual documents. This permits retrieval based 

on the ‘latent’ semantic content of the documents rather than just on keyword matches. 

Even with a clear idea of what factors are important for predicting interest, there is no 

guarantee that those factors can be identified easily. One of the simplest methods of 

determining whether information matches a certain user model is through keyword 

matching. If a user’s interests are clearly indicated by certain words, then information 

containing those words should be relevant. Nevertheless, keyword matching can still 

fail due to polysemy (more than one meaning for a single word) and synonymy (many 

ways of referring to the same concept). Research has shown that across people, the 

same word is seldom used by two people to describe an object (Furnas, et al 1987). 

This suggests that keyword matching in texts may fail. Thus any user model for 
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automatic information retrieval will be based on its ability to determine what part of 

the text actually allows the prediction of the user’s interest.  

 

Below is an example to illustrate some of the problems with term-based information 

retrieval systems by means of a fictional matrix of terms by documents (Table 2-2). A 

fictional query “computer-based information look-up” is given here, which might 

have been passed against this database. 

 

Table 2-2: A query string “computer-based information look-up” 

 access document retrieval information theory database indexing computer RELATED MATCH 

Doc1 √ √ √   √ √  Yes  

Doc2    √* √   √*  Yes 

Doc3   √ √*    √* Yes Yes 

 

A “Yes” in the column labelled RELATED indicates that the user would have judged 

the document relevant to the query (here documents 1 and 3 are relevant). Terms 

occurring in both the query and a document (computer and information) are indicated 

by an asterisk in the appropriate cell. A “Yes” in the MATCH column indicates that 

the document matches the query and would have been returned to the user by 

automatic system. Documents 1 and 2 illustrate common classes of problems with 

which the proposed method deals. Document 1 is a relevant document, which contains 

none of the words in the query. It would, therefore, not be returned by a 

straightforward term overlap retrieval scheme. Document 2 is a non-relevant 

document that does contain terms in the query, and therefore would be returned 

despite the fact that the query context makes it clear enough to a human observer that 

a different sense of at least one of the words is intended. Note that in this example 
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none of the meaningful conditioning terms in the query is found in the index. Thus 

intersecting them with the query terms would not have been a plausible strategy for 

omitting document 2. 

 

Latent Semantic Indexing takes advantage of the implicit higher-order structure of the 

association of terms with documents to create a multi-dimensional semantic structure 

of information. Through the pattern of co-occurrences of words, LSI is able to infer 

the structure of relationships between documents and words (Zelikovitz & Hirsh, 

2005). A single-value decomposition (SVD) of the term by document association 

matrix is computed to produce a reduced dimensionality matrix containing the best k 

orthogonal factors to approximate the original matrix as the model of “semantic” 

space for the collection (Dumais, 1995). This semantic space reflects the major 

associative patterns in the data while ignoring some of smaller variations that may be 

due to idiosyncrasies in the word usage of individual documents. In this way, LSI 

produces a representation of the underlying “latent” semantic structure of the 

information. Retrieving information in LSI overcomes some of the problems of 

keyword matching by retrieval based on the higher-level semantic structure rather 

than just the surface level word choice. 

 

Latent Semantic Indexing is based on the assumption that there is an underlying 

semantic structure in textual data, and that the relationship between terms and 

documents can be re-described in this semantic structure form. Textual documents are 

represented as vectors in a vector space. Each position in a vector represents a 

term/word, with the value of a position i equal to 0 if the term does not appear in the 

document, and having a positive value otherwise. The positive values can be 
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represented as the log of the total frequency in that document weighted by the entropy 

of the term (log-entropy weighting scheme). As a result, the corpus can be looked at 

as a large term-by=document (t×d) matrix X, with each position xij corresponding to 

the presence or absence of a term (row i) in a document (column j). This matrix is 

typically very sparse, as most documents contain only a small percentage of the total 

number of terms seen in the full collection of documents. Because of the way it 

represents terms and documents in a term-document space, it is considered a kind of 

vector-space information retrieval model. 

 

Unfortunately, in this very large space, many documents that are related to each other 

semantically might not share any words and thus appear very distant. Occasionally 

documents that are not related to each other might share common words and thus 

appear to be closer. This is due to the nature of the text, where the same concept can 

be represented by many different words, and words can have ambiguous meanings. 

LSI reduces this large space to one that tends to capture the true relationship between 

documents. 

 

Once the t×d matrix X has been created and properly weighted, a rank-k 

approximation (k<min (t,d)) to X, Xk, is computed using an orthogonal decomposition 

known as the singular value decomposition (SVD) (Golub & Loan, 1989). The SVD 

of the matrix X is defined as the product of three matrices, 

 X = TSDt, 

 

The columns of T and D are the left and right singular vectors respectively, 

corresponding to the monotonically decreasing (in value) diagonal elements of S 
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which are called the singular values of the matrix X. This is illustrated in the 

following formula. The first k columns of the T and D matrices and the first (largest) 

k singular values of X are used to construct a rank-k approximation to X via Xk = 

TkSkDk
T. The columns of T and D are orthogonal, such that TTT = DTD = Ir, where r is 

the rank of the matrix X. The theorem by Golub and Reinsch (1971) suggests that Xk, 

constructed from the k-largest singular triplets of X (a singular value and its 

corresponding left and right singular vectors are referred to as a singular triplet), is the 

closest rank-k approximation (in the least squares sense) to X (Berry, et al., 1995). 

 

 

With regards to LSI, Xk is the closest k-dimensional approximation to the original 

term-document space represented by the incidence matrix X. By reducing the 

dimensionality of X, much of the “noise” that causes poor retrieval performance is 

thought to be eliminated. Thus, although a high-dimensional representation appears to 

be required for good retrieval performance, care must be taken not to reconstruct X. If 

X is nearly reconstructed; the noise caused by variability of word choice and terms 

that span or nearly span the document collection would not be eliminated, resulting in 

poor retrieval performance (Berry, et al., 1995).In LSI, the left and right singular 

vectors specify the locations of the terms and documents respectively, in the reduced 

term-document space. The singular values are often used to scale the term and 

t terms X = 

t × d 

T S D 

t × k 

k × k k × d 

d documents 
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document vectors, allowing clusters of terms and documents to be more easily 

identified. Within the reduced space, semantically related terms and documents 

presumably lie near each other since the SVD attempts to derive the underlying, 

semantic structure of the term-document space (Berry, et al., 1995). 

 

In the LSI model, queries are formed into pseudo-documents that specify the location 

of the query in the reduced term-document space. Given q, a vector whose non-zero 

elements contain the weighted (using the same local and global weighting schemes 

applied to the document collection being searched) term-frequency counts of the 

terms that appear in the query, the pseudo-document, q, can be represented by  

 q = qTTkSk
-1  

 

Thus, the pseudo-document consists of the sum of the term vectors (qTTk) 

corresponding to the terms specified in the query scaled by the inverse of the singular 

values (Sk
-1). The singular values are used to individually weight each dimension of 

the term-document space (Berry, et al., 1995). 

 

Once the query is projected into the term-document space, one of several similarity 

measures can be applied to compare the position of the pseudo-document to the 

positions of the terms or documents in the reduced term-document space. One popular 

similarity measure, the cosine similarity measure, is often used because one only 

needs to find the angle between the pseudo-document and the terms or documents in 

the reduced space. In this measure, the lengths of the documents can affect the 

distance between the pseudo-document and all the terms and documents in the space 

that have been computed. The terms or documents are ranked according to the results 
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of the similarity measure, and the highest-ranking terms or documents, or all the terms 

and documents exceeding some threshold value, are returned to the user (Dumais, 

1995). 

 

Relevance feedback is an effective method for iteratively improving a query without 

increasing the computational requirements to perform the query (Vinay et al., 2005). 

Relevance feedback uses the terms contained in relevant documents to supplement 

and enrich the user’s initial keyword query, allowing greater retrieval performance (in 

terms of precision and recall). Since LSI explicitly represents both terms and 

documents in the same space, a relevance feedback query is constructed in essentially 

the same way as a regular query. Here two vectors are given: 

 q: terms in queryi 

 d: a vector whose elements specify the documents in the queryi 

 the pseudo-document representing the relevance feedback query is given by 

 Q = qTTkSk
-1 + dTDk 

 

By matching the pseudo-document against each term or document vector and sorting 

the results, the highest-ranking terms or documents (or all those exceeding a threshold 

value) can be returned to the user. 

2.4.5 Search Engine  

This section describes how a Web search engine is typically put together. The 

approach of search engine helps the solution proposal in this research project. Figure 

2-8 shows general search engine architecture. Search engines perform three basic 

tasks (Sonnenreich & Macinta, 1998): Firstly, search engines find and fetch web 
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pages using crawlers or spiders, and build lists of words and phrases found on each 

web page. Crawlers are small programs that browse the Web on the search engine’s 

behalf, similar to how human users follow links to reach different pages (Arasu, et al., 

2001). A crawler module is the most important core part for all engines because it 

provides the direction for its operation (shown on the left in Figure 2-8). Secondly, 

search engines keep an index (or database) of the words and phrases found on each 

web page the spiders are able to crawl. The part of the search engine that places the 

web pages into the database is called an indexer; and search engines then enable end 

users to search for keywords and keyword phrases found in their indices. Finally, 

search engines try to match the words typed in a search query with the web page that 

is most likely to have the information which end users are searching for. This part of 

the search engine is called the query processor. 
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Figure 2-8: Search Engine Architecture in General (Arasu, et al., 2001) 

 

Indices of search engines are continually updated by spiders crawling the web. The 

search engine index contains full-text indices of web pages. Thus, when people 

execute a query search on a search engine, they are actually searching this full-text 

index of retrieved web pages, not the web itself. The crawlers grab URLs appearing in 

the web pages and send this information to the crawler control module. The crawlers 
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also store the retrieved pages into a page repository. Then crawlers continue retrieving 

from the Web until storage is full.   

 

The crawl control module may, for example, use a previous crawl’s link graph (the 

structure index in Figure 2-8) to decide which links the crawlers should explore and 

which links they should ignore. Crawl control may also use feedback from usage 

patterns to guide the crawling process (collection between the query engine and the 

crawl control module in Figure 2-8). The indexer module extracts all the words from 

each page and records the URL where each word occurred. The collection analysis 

module is responsible for creating a variety of other indexes. The utility index is 

created by the collection analysis module. During a crawling and indexing run, search 

engines must store the pages they retrieve from the Web. The page repository holds 

this – possibly temporary – collection. Search engines sometimes maintain a cache of 

the pages they have retrieved beyond the time required to build the index. This cache 

allows them to serve out result pages very quickly, in addition to providing basic 

search facilities.  

 

The query engine module is used for receiving and filling search requests from users. 

The engine relies heavily on the indexes, and sometimes on the page repository 

(Arasu, et al., 2001). Due to the Web’s size and the fact that users typically only enter 

one or two keywords, result sets are usually very large. Hence the ranking module has 

the task of sorting the results so that results near the top are the most likely to be what 

the user is looking for. The query module is of special interest because traditional 

information retrieval techniques have run into selectivity problems when applied 

without modification to Web searching. Most traditional techniques rely on measuring 
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the similarity of query texts to texts in a collection’s documents. The small queries 

over a vast collection will return a high proportion of irrelevant pages. There are some 

search algorithms that take advantage of the Web’s interlinked nature. When deployed 

in conjunction with the traditional information retrieval techniques, these algorithms 

significantly improve retrieval precision in Web search scenarios.  

 

Along with search engines, the next section introduces the technology that has been 

developed based on human interaction. The user model is used to predict human 

behaviours. Based on this, researchers have developed a different type of information 

system to meet various needs. 

2.5 Recommender Systems 

Recommenders are computer systems designed to help people find preferred items 

within a very large set of available alternatives such as movies, books or news 

(Popescul, et al., 2001). In order to provide effective, tailored advice (i.e. to predict 

whether the user will like/dislike a particular item) recommenders can make use of 

three different sources of information about their users (Carenini et al., 2003): (i) user 

demographics (e.g. user’s age, gender), (ii) user preferences about features of the 

items (e.g. the movie director) and (iii) user ratings of experienced items (e.g. 

previously seen movies). All these sources of information can be effectively 

combined.  

 

Recommender systems collect user feedback in the form of ratings for items in a 

particular domain and calculate similarities and differences from profiles of several 



 

  53 

users in determining how to recommend an item. There are two prevalent approaches 

for constructing recommender systems (Sugiyama et al., 2004): collaborative 

filtering-based recommendation and content-based recommendation. 

 

2.5.1 Collaborative Filtering-Based Recommendation 

Collaborative filtering-based recommendation is the most successful recommendation 

technique to date. The term collaborative filtering was coined by Goldberg et al. 

(1992). Collaborative filtering means that people collaborate to help each other 

perform filtering by recording their reactions to documents they read. Based on this 

concept, Goldberg et al. (1992) developed a system called Tapestry that is one of the 

earliest implementations of collaborative filtering-based recommendation. This 

system is used to filter emails and it allows users to annotate messages. The 

collaborative filtering provided by complex queries in a special query language was 

designed for the task. 

 

In addition, this system relied on clear opinions of people from a close-knit 

community, such as a group of office workers. However, recommender systems for 

large communities generally cannot depend on everyone knowing each other. 

Therefore, the framework in Tapestry is not appropriate to systems for large 

communities. 

 

Rating-based automated collaborative filtering is quickly becoming a popular 

approach in reducing information overload by providing personalised 

recommendations for information, products or services. The k-nearest-neighbour 

collaborative filtering-based system is achieving widespread success on the Web. For 
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instance, the GroupLens research system (Konstan et al., 1997) which filters Usenet 

news, first introduced an automated collaborative filtering system using the k-nearest 

neighbour based algorithm. In this algorithm, a subset of appropriate k users is chosen 

based on their similarity to the active user, and a weighted aggregate of their rating is 

used to generate predictions for the active user. GroupLens then recommends Usenet 

news articles to these active users.  

 

While Tapestry and GroupLens mentioned above rely on explicit ratings, some 

systems rely on implicit ratings. For example, Morita and Shinoda (1994) exploit 

“time-spent-reading” as a measure of implicit ratings. PHOAKS recommender system 

(People Helping One Another Know Stuff) (Terveen et al., 1997) also uses implicit 

ratings by examining Usenet news postings to find “endorsements” of Web sites. It 

then creates a listing of the top Web sites endorsed in each newsgroup. Some 

recommender systems also explore user preferences transparently without any extra 

effort from the users like the recommender systems relying on implicit ratings 

described above (Kelly et al., 2003). For example, Letizia (Lieberman, 1995 & 

Lieberman, 1997) and WebWatcher (Joachims et al., 1997) infer user preferences by 

observing users’ browsing behaviour. However, the main shortcomings in Letizia and 

WebWatcher are that they maintain persistent and slowly-changing user models and 

overlook the fact that different browsing sessions by the same user or even a single 

session may involve different user interests and goals.  

 

In addition, at the E-commerce sites such as Amazon.com, CDnow.com and 

MovieFinder.com, automated collaborative filtering systems have been used with 

considerable success. Moreover, in the field of audio, Ringo (Shardanand & Maes, 
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1995) uses collaborative filtering techniques to provide users with recommendations 

for music albums and artists. 

 

2.5.2 Content-Based Recommendation 

A content-based approach provides recommendations by comparing representations 

of content contained in an item with representations of content that the user is 

interested in (Carenini et al., 2003). In this approach, a model of user ratings is first 

developed. Algorithms in this category use probabilities and envision the 

collaborative filtering process by computing the expected value of a user prediction 

given the user’s ratings on other items. The model building process is performed by 

three different machine learning algorithms (Sugiyama et al., 2004): (1) Bayesian 

network (Breese et al., 1998), (2) clustering (Basu at al., 1998; Breese et al., 1998), 

and (3) rule-based models (Sarwar et al., 2000).  

 

The systems described above only provide recommendations based on collaborative 

filtering. However, some systems provide better recommendations by combining 

collaborative filtering with content information. For instance, Fab (Balabanovic & 

Shoham, 1997) uses relevance feedback to simultaneously construct a personal filter 

along with a communal “topic” filter. Web pages are initially ranked by the topic 

filter and then sent to the user’s personal filters. The user then provides relevance 

feedback for that Web page, and this feedback is used to modify both the personal 

filter and the originating topic filter. Basu et al. (1998) also integrate content and 

collaboration in a framework where they treat recommendation as a classification task. 

Melville et al. (2002) overcome drawbacks of collaborative filtering systems in their 

recommender system by exploiting content information of items already rated. 
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Schafer et al. (2002) introduce a new class of recommender system that provides users 

with personalised control over the generation of a single recommendation list formed 

from a combination of rich data using multiple information resources and 

recommendation techniques. 

2.6 Conclusion 

This chapter has reviewed the previous research background on online learning 

communities and discussion forum systems. In addition, it has introduced 

technological solutions which are used in this research, such as information retrieval, 

text similarity and the recommender systems. Based on the research background, the 

concerns of existing discussion forum systems used in learning environments and 

requirements of proposed system will be identified in the next chapter. 
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CHAPTER 3   

 

REQUIREMENTS ANALYSIS 
 

3.1 Introduction 

The previous chapter presented the research background and described current 

problems with traditional discussion forums in learning environments. This chapter 

identifies the challenges of existing discussion forum systems used in learning 

environments. It then analyses and gathers the proposed discussion forum system 

requirements in order to solve current problems by overcoming communication 

obstacles in discussion forums. A requirement summary is finally presented according 

to requirements analysis and previous research contributions.  

3.2 Requirements Gathering 

3.2.1 Overview 

This research focuses on discussion forum systems used in web-based distance 

learning environments and classrooms as a tool that can be enhanced to support the 

construction of knowledge and improve learning. The aim is to identify how to 

improve the effectiveness of communication in discussion forum systems. This 

chapter begins with a description of challenges in using discussion forum systems in 

learning environments and presents the requirements analysis for the proposed 

solution based on previous research contributions introduced in Chapter 2.  
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3.2.2 Challenges in Discussion Forum 

Asynchronous communication tools, such as discussion forum and bulletin boards, are 

frequently used by instructors in web-based learning environments as a supplement to 

traditional classroom instruction. These tools allow instructors to communicate with 

students by posting questions, requesting information, generating a debate, surveying 

students, or conducting a discussion. Students can respond to the postings by the 

instructor or other students after reading and reflecting on the postings. The 

expectation is that responses to a posting will not be immediate since the nature of 

asynchronous communication suggests an undefined time lag between postings and 

responses. 

 

Even though discussion forums are now used by majority of on-line courses and 

learning management systems, there are some challenges in incorporating them into 

learning environments. Five areas of concern are discussed below regarding the 

current discussion forum tools based on the prior research contributions. 

 

First Area of Concern - discussion forums not being a catalyst for new ideas: The 

propagation of communication tools such as discussion forums has been recognised as 

a promoter of “active” learning. These discussion forums are part of almost all web 

course management systems such as WebCT, Blackboard, and Moodle. Previous 

research has suggested: that including a discussion on a topic and/or posting questions 

makes the course “active”; that students actively engage in a high level discussion on 

any given topic and in this process, knowledge building is a common occurrence. 

Sheard et al. (2003) on the other hand suggest that discussion forums are neither 

active nor do they consistently encourage thoughtful synthesis and postings. Students 
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frequently paraphrase each other instead of contributing something new to the 

discussion (Cunningham-Atkin et al., 2004; Weller et al., 2005). 

 

Challenge #1: Scaffolding the learners into contributing new ideas and 

managing their learning from the discussion forums is important. 

 

Second Area of Concern – discussion forums having too much ‘junk’: Previous 

research has described that in traditional discussion forums, instructors typically end 

up managing too many unnecessary topics and duplicate postings. Sometimes they 

have to answer similar queries more than once because students who asked at later 

stage would be expecting an answer (Yang, 2005). 

 

Challenge #2: Automatic responses by the system for duplicate queries can 

reduce the number of responses to be made by the instructor or other students. 

 

Third Area of Concern – information rarely being reused in discussion forums: 

Discussion forums in learning environments contain a wealth of knowledge that is 

frequently stored in databases and rarely used beyond the initial posting and response 

situation. Most colleges and universities have stored millions of posting by students 

and responses from peers and instructors and have rarely gone back and reused the 

information in those postings A better way of organising and distributing the 

information may provide students with tools to access learning in discussion forums 

more effectively. 
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Challenge #3: Reusing data to support improved learning is a worthy goal that 

can be extended to assessment of learning.  

 

Fourth Area of Concern – discussion forums have overwhelming amounts of 

information: The sheer number of postings can actually cause students and instructors 

to be overwhelmed (Reeves, 2003), forcing them to skim through vast number of 

postings trying to construct shallow disjointed knowledge from the discussion (Weller 

et al., 2005; Wilhelm et al., 2003). A proper learning experience from current 

discussion forums requires students to read multiple postings and analyse whether 

their own query has already been answered. One likely result is that they would post 

another message or query in the forum, further increasing the duplication. It is quite 

possible that a similar query or message had already been submitted by someone else. 

In such a scenario, it is very difficult for students to capture and retrieve relevant 

knowledge and useful information from the thousands of messages in the discussion 

forums. Discussion forums can be disjointed due to high volumes of irrelevant 

postings and duplicated queries. 

 

Challenge #4: Creating a clear structured discussion and automatically 

identifying similar postings in the forums to help users contribute more 

meaningful content (Wijekumar & Spielvogel, 2006).   

 

Fifth Area of Concern – discussion forum having delayed responses: The undefined 

delay in response time in asynchronous discussion forums can cause breakdowns in 

communication. The resulting discussion can be disjointed and students may lose the 

motivation for the discussion while waiting for a response. When misinformation is 
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(often inadvertently) circulated, the delay before corrections are posted can exacerbate 

the confusion resulting from misinformation (Anderson & Jackson, 2000). 

 

Challenge #5: Immediate feedback can eliminate misconceptions, hold the 

interest of students and prompt them to think about their postings (Wijekumar 

& Spielvogel, 2006).  

3.2.3 Requirement Analysis 

New forum system requirements developed in an attempt to address the above 

challenges are identified in this section. Table 3-1 presents the challenges identified 

earlier and denotes how traditional and the new discussion forum systems handle 

them.  

 

As shown in Table 3-1, in traditional forums, effective communication relies 

extensively on the instructor’s ability to: foster a good learning environment, draw out 

students’ thinking, limit the paraphrasing of student comments, scaffold the learners 

to concentrate on knowledge building and think deeply about their postings, provide 

immediate feedback, prompt the learners, reduce the time lag for feedback, and 

encourage all students to actively participate with less duplicated postings. However 

this research is proposing a new type of forums aiming to solve the current challenges 

of the discussion forums. This new type of forums should overcome the problems 

experienced in the traditional discussion forums in order to help students effectively 

communicate with instructors and each other. Such forums should be able to identify 

that the submitted posting is a duplicate or similar to an existing message in the forum 

and then inform the user about the existing information. Moreover when users post 
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messages in the forum, it should be able to provide immediate useful and relevant 

response. All existing information stored in the discussion forum should be easily 

reused. The new type of forums should be able to reduce instructors’ workload of 

managing the forums as well as encouraging students to actively think and participate. 

 

Table 3-1: Addressing the five challenges in discussion forums 

 

Challenge  

Traditional  

Discussion Forums 

New type of 

Discussion Forums 

1. Students frequently 

paraphrase each other 

Instructor intervention 

needed to manage the 

postings 

They should be able to 

automatically check postings for 

similarity and inform the 

students about existing 

information. 

2. Instructors have to 

spend too much time on 

managing the forums 

Instructor intervention 

required in deleting or 

responding to duplicate 

postings.  

They should provide relevant 

postings to students during new 

posting submission in order to 

reduce the number of similar 

postings to which the instructor 

needs to respond. 

3. Stored millions of 

postings but never used 

No solution. Some 

instructors do review 

postings for research 

purpose but there have 

been no examples of 

assessment techniques 

for the postings. 

They should provide all relevant 

information from the different 

course forums across different 

institutions. 

4. Large numbers of 

postings that add little 

or no new information. 

The instructor has 

limited ability to move 

threads and postings to 

organise the discussion. 

However, this is a 

They should inform students 

about other relevant postings, 

and ask students to focus on 

new information in their 

postings in order to effectively 
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complex task 

complicated by the large 

number of postings. 

contribute to the discussion. 

Delayed response time. The instructor has to 

frequently read and 

respond to all postings. 

They should provide immediate 

feedback on the quality of 

postings and refer users to any 

useful responses already 

available in the discussion 

forum. 

3.2.4 Requirements Summary 

Requirements for the proposed new type of discussion forum systems have been 

gathered and analysed in the last section. This section summarises the requirement 

details for the development phase of the new type of forums: 

• Based on the assumption that being presented with multiple perspectives and 

sharing knowledge across larger groups is beneficial for students, a forum 

should be able to be shared by different courses. This should be possible both 

inside one institution and across different institutions (using different learning 

management systems and discussion forum systems). This is in tune with other 

efforts to define learning objectives (Friesen et al., 2004) for sharing among 

institutions and building repositories of reusable learning content (Baraniuk, 

2006) for easing access to knowledge.  

• Based on the first requirement that a forum should be shared by various 

courses in different institutions and since different institutions use various 

learning management systems and discussion forum, a key requirement for the 

proposed system is to be able to be integrated properly with the existing 
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discussion forum systems that are used in the different courses and different 

institutions. 

• Queries submitted by users should be intercepted by the system, the existing 

knowledge base should be searched, and a list of possible answers and 

relevant information should be displayed to the users, before the queries are 

added to the system. This would allow the users to quickly find relevant 

information to their queries rather than having to browse or search through the 

entire forum to see if the information already exists. This feature should help 

to minimise the creation of duplicate messages in the system. 

• Students should be able to give feedback to a searched message to indicate 

whether the displayed message is related to their queries. The system should 

then use this information to more accurately link messages with certain types 

of queries so that more accurate search results could be extracted for future 

queries. 

• Teachers should be able to reduce the time-consuming burden of managing the 

discussion forum and answering duplicated questions when students submit 

duplicated information in the forums. Hence the system should be able to find 

all relevant information in the pre-existing postings across all forums. 

 

A system implementing the above discussed features would be a substantial 

improvement to the forum systems currently used in academia. The next chapter will 

introduce existing discussion forum systems developed by other researchers to meet 

the above requirements but with major limitations in system and user performance. 

Based on comparative analysis of the existing solutions, this research aims to create a 

new type of discussion forum systems as a better solution to current problems. 
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CHAPTER 4   

 

SOLUTION DESIGN 
 

4.1 Introduction 

The previous chapter proposed requirements for a new type of discussion forum 

systems to solve a host of current problems with such forums. This chapter first 

introduces existing innovative solutions proposed elsewhere, such as the eQuake 

system and intelligent discussion-bot system. This is followed by an analysis of 

strengths and limitations of those solutions. According to the proposed new system 

requirements and summary of existing solutions, this research investigates a new type 

of forum systems as a complement to existing solutions. The chapter concludes with 

the introduction to the high-level design of the new type of systems. 

4.2 Existing Solutions for Traditional Discussion Forums 

4.2.1 Overview 

This research focuses on the use of discussion forum systems in learning settings such 

as web-based distance learning environments and classrooms. The core research 

objective is to improve the effectiveness of communication in discussion forum 

systems. The last two chapters introduced and summarised limitations of traditional 

discussion forums. This chapter begins with a description of typical and recent 

existing solutions such as eQuake and intelligent discussion-bot, which have proven 

to be able to overcome current limitations of traditional discussion forums used in 
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academia. A solution is then proposed on the basis of the identified requirements for 

solving major problems inherent in existing traditional discussion forums (see Chapter 

3). 

4.2.2 EQuake 

The electronic Question and Answer Knowledge Environment (eQuake) system 

(Smestad, 2006) was designed and implemented for tertiary and postgraduate students 

within New Zealand. It includes a new type of discussion forum enhanced with 

software agents that are able to be used for various courses in different institutions. 

Figure 4-1 depicts one example of the distributed architecture of the eQuake system 

which was intended to support interaction between students in different courses and 

institutions. 

  

Figure 4-1: Use of Traditional Forums vs. eQuake Forums (Smestad, 2006)  

 

The components of eQuake are shown in Figure 4-2. The system consists of three 

layers: Presentation Layer, Application Layer and Data Layer. Boxes signify 

components, cylinders represent databases and lines show interactions between 

Traditional Discussion Forums eQuake Learning Forums 

Forum: 

Student: 

University A:       University B University A:       University B 

Course Forum Course Forum 

LMS: Course  Course  

eQuake Forum 

Course  Course  
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components. Lines marked with WS indicate Web Services being used for 

communication between components. Grey parts represent the existing Learning 

Management System (LMS) into which the particular instance of eQuake is integrated. 

 

Figure 4-2: eQuake System Architecture (Smestad, 2006) 

 

As an innovative solution attempting to solve the problems of traditional discussion 

forums, the main functions in eQuake included: automatic identification of previously 

answered questions, linking together several institutions’ forums, and notifying users 

of answers to questions they are interested in. In the automatic answer search process, 

eQuake’s simple Boolean keyword search performs the information retrieval task. As 

reported by Smestad (2006), the search approach in eQuake requires improvements 

most likely from further research in the advanced information retrieval methodology 

field. Figure 4-3 is a screenshot of the discussion area of the eQuake discussion forum.  
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Figure 4-3: Screenshot of eQuake Web Forum (Smestad, 2006) 

4.2.3 Intelligent Discussion-Bot (ID-B) 

Feng et al. (2006) describe an intelligent discussion-bot system that aims to provide 

answers to students’ discussion board questions in an unobtrusive and human-like 

manner. It uses an advanced search function that enhances communication between 

users in order to solve major problems of traditional discussion forums. This 

discussion-bot adopts information retrieval and natural language processing 

techniques to identify the questioner’s preferences, mines appropriate answers from 

an annotated corpus of 1236 archived threaded discussion and 279 course documents 

and chooses an appropriate response. Feng et al. (2006) report a new modelling 

approach designed to analyse archived threaded discussions and facilitate answer 

extraction by the discussion-bot. 

 

Figure 4-4 depicts the architecture of the discussion-bot system which was 

implemented within the ISI discussion board. When a query was posted to the 

discussion board, the discussion-bot system first extracted certain information from 
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the post, e.g., the words and word frequencies. Following that, the system tried to 

match the student’s interest with archived data, including course documents and past 

discussions. The ensuing list of document tiles or messages related to the question 

was ranked based on predefined metrics. The answer extraction module selected the 

leading candidate from the list based on whether it was a segment of a document or a 

post. A variety of strategies were then applied to generate the answer which was 

automatically presented on the discussion board.  

 

Figure 4-4: Discussion-Bot Architecture (Feng et al., 2006) 

 

The discussion-bot did not apply the question-processing module of traditional 

(natural language) question answering systems to determine an answer type and 

extract query terms for the search engines. This was because it was difficult to 

recognise an extract question and thus identify a single answer type with submitted 

query terms. Instead, a set of semantically-related passages that match with a 

student’s interest were retrieved using the TF*IDF technique which computes the 

cosine similarity between a question post and archived data. 
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To understand the approach adopted in the discussion-bot, let us assume that it had a 

total of n passages in the corpus, a student query q, and corpus passages p1, p2,..., pn . 

Let us also assume that there were a total of m different unique words, w1, w2,…, wm , 

found in all documents and posts. Let the number of occurrences of word wj in 

passage pi be tfij and the number of passages in which word wj is found be cj. The 

student’s post and each passage in the corpus could be represented with a vector in the 

following format: 

  q = < wq1, wq2,�, wqm >  

  pi = < , , …, > 

 

where m is the total number of words in this domain, and wij = 0 if a word is missing in 

that passage. Each element then, after normalising the vectors, can be computed by 

 wij =  

 

When question q is posted, could the discussion-bot can retrieve a list of semantically-

related passages (posts or document tiles) using the cosine similarities between the 

query post and the passages where: 

 cos_sim( q, pi) =   

 

According to the evaluation of this research, although the matching, modelling, 

extraction, and evaluation processes show promise and merit iteration, the 

understanding of complex questions remains very much an unsolved problem. 

Therefore the evaluation identifies the need to improve system performance and 

search accuracy (Feng et al., 2006). 
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4.2.4 Limitations of Current Solutions 

The last two sections introduced two recent solutions, eQuake and an intelligent 

discussion-bot, which were designed and developed to solve major problems with 

traditional discussion forum systems. Both eQuake and discussion-bot aimed to 

improve communication in and usability of discussion forums in learning 

environments. Even though both solutions improve forum usability and meet some of 

the proposed system requirements for solving problems of traditional forums, they 

have obvious limitations that cannot be ignored. 

 

Table 4-1 compares characteristics of traditional discussion forums with the above 

mentioned systems. The table shows that the eQuake forum has impressive system 

architecture that enables knowledge to be reused in different institutions, but it could 

be much enhanced by replacing the Boolean keyword search function with a more 

advanced information retrieval process. On the other hand, the intelligent discussion-

bot uses advanced natural language processing methodology for information retrieval. 

However, the performance of its search function could be improved by information 

retrieval measure modification and other popular methods such as user feedback. Also, 

the limited architecture of the intelligent discussion-bot forum does not support the 

reuse of knowledge from different institutions. 

 

Table 4-1: Characteristics of a Traditional Forum, eQuake & ID-B 

Characteristics of discussion 

forums 

Traditional 

Discussion 

Forum 

eQuake 

Forum   

Intelligent 

Discussion-Bot 

Forum 

General functions (view, post Yes Yes Yes 
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and reply) 

Reuse of knowledge from 

different institutions 

No Yes No 

Automatic search  No Yes Yes 

Immediate response  No Yes Yes 

Advanced natural language 

processing approach  

No No Yes 

Search function limited by 

search algorithm 

─ Yes Yes 

Enables rating of search results 

by users 

No No No 

 

4.3 Proposed Solution 

4.3.1 Introduction 

Recently proposed solutions to the problems of traditional discussion forums have 

several limitations, as discussed in previous section. This section describes the design 

of a new type of discussion forums to overcome those limitations, enhance system 

usability and improve communication between forum users. 

4.3.2 Requirements Recap 

In Chapter 3, requirements of the proposed system were identified for solving the 

problems of traditional discussion forums. Before proposing a solution, those 

requirements are recapped below as system design criteria: 

• The forum should include all general functions of a forum such as viewing 

messages, submitting a posting and replying in a thread. 
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• The forum should enable sharing and reuse of knowledge for various courses 

in different institutions. 

• The forum should provide immediate responses for users’ messages. 

• The forum should automatically search and provide relevant information when 

users try to post a message. 

• Users should be able to give feedback on search results. 

All these system requirements are identified as part of the design criteria to solve the 

problems of traditional discussion forums. A new type of forum system is designed 

and developed in this research as an innovative solution based on these requirements. 

This newly designed system exploits the strengths of the current solutions while 

seeking to overcome their limitations. The new system architecture is presented below. 

4.3.3 Solution Overview 

In response to the system requirements list above, the proposed system’s main 

functions are: 

• that it should have general discussion forum functions (view, post, and reply);  

• that knowledge in this forum can be shared between courses and institutions; 

• that it should have synchronised function to respond to users’ queries; 

• that it should have a search function for existing relevant information within 

the forum.  

• that users can rate the information retrieval results to enhance the forum’s 

accuracy. 

 

According to the main design functions, the system should combine the strengths of 

current solutions such as eQuake’s system architecture and the information retrieval 
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approach of intelligent discussion-bot systems. The next section introduces the high-

level design for the new system architecture and each main component of it. 

4.3.4 High-Level System Architecture and Components Design 

The architecture of the proposed system aims to support knowledge reuse and the 

interactions between users in separate courses and institutions. Different institutions 

use different learning management systems (e.g., Moodle, WebCT and BlackBoard) 

and discussion forums systems (e.g., Phpbb, Moodle forum and Jforum) installed and 

running on different platforms. Therefore the proposed system needs to have a 

platform independent interface that can be plugged into different existing systems in 

order to handle information exchange between different institutions. Figure 4-5 shows 

an example of how the proposed system can be utilised by different institutions. 

  

Figure 4-5: Use of Proposed System for Different Institutions 

 

Various components of the proposed system are shown in Figure 4-6. The system 

consists of three layers: Presentation Layer, Application Layer and Data Layer. In 

The Proposed Learning Forum 
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Course A Course B Course C 
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Figure 4-6, the proposed system is integrated with an existing discussion forum via a 

plug-in component. The lines marked with WS are where Web Services are used to 

communicate between components. In the Application Layer, a core component, the 

Dialogue Mechanism, is designed to receive data from existing forums, perform 

information retrieval, handle user interaction and return data to existing forums. With 

the exception of the forum display component, all system components are platform 

independent. The forum display component is developed with similar look and feel to 

the existing forum. The following sections describe each component. 

 

Figure 4-6: System Layer Diagram 

 

Plug-in Component 

A plug-in component is developed to integrate the new forum system with existing 

discussion forum systems. The main task of the plug-in component is to receive the 

data from the existing forums, encapsulate it and then send it to the Dialogue 

Mechanism (via Web Services as the communication method). Web Services is used 

so that, whatever system development languages and server platforms are used for 

existing forums, the new system can be easily integrated. After data is returned from 

the Dialogue Mechanism component, the plug-in component will send the data back 
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to existing forums and display it to users. How the plug-in component works with an 

existing forum is shown in Figure 4-7. 

 

Figure 4-7: Plug-in Component 

 

Dialogue Mechanism Component 

The Dialogue Mechanism is a core component which performs text semantic analysis 

and computing tasks in the new system. As shown in Figure 4-8, the main tasks of the 

Dialogue Mechanism are to semantically analyse the input text and to search existing 

relevant information and knowledge in the database when a new message is 

submitted,. Figure 4-8 shows the data flow between the student and the system when a 

message is submitted. When the Dialogue Mechanism receives a message it first 

calculates the semantic similarity between it and existing messages stored in the 

database and then searches for and returns the most relevant messages to users. It 

efficiently extracts keywords from all new messages and stores them with the 

message when the messages are added to the system. It also handles user interaction 

tasks. When a user gives feedback to the system, it again performs the data 

computation tasks. The design details and methodologies adopted for the Dialogue 

Mechanism component are introduced in Chapter 5. 
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Figure 4-8: Dialogue Mechanism Component 

 

Forum Display Component 

The Forum Display component provides the user interface of the system. In other 

words, it generates the HTML that is sent to a user’s web browser. Different 

discussion forum systems have different methods for their front-end development. For 

instance, the forum display component in eQuake is written in PHP. However, in 

Jforum, the display component was developed in Java. Therefore the new system’s 

Forum Display component needs to be made as identical as possible to the existing 

discussion forum front-ends so that information can be easily exchanged with users. 

 

Central DB Component 

In the Data Layer of the proposed system, the central database component is used to 

store information from different institutions. However each integrated forum also has 

its own local databases to store data. The central database stores information from 

remote databases needed to perform the text semantic similarity calculation and 

information retrieval tasks. Whenever information is stored in a local database, a 

request is sent to the proposed system and then the required information is stored in 

the central database.   
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4.4 Summary 

This chapter introduced two recent solutions which aim to solve major problems in 

traditional discussion forum systems. Both solutions have been implemented to meet 

the requirements summarised in Chapter 3. They improved the usability of the 

discussion forums and solved some traditional problems. However some limitations 

of those solutions were identified. Section 4.3 proposed outline of a novel system to 

overcome these limitations and enhance the usability of forum systems to improve the 

effectiveness of communication between students and instructors. In this proposed 

system, the core component is the Dialogue Mechanism that performs the text 

semantic similarity calculation and information retrieval tasks. This core component 

is designed in detail in the next chapter.    
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CHAPTER 5   

 

DIALOGUE MECHANISM DESIGN 
 

5.1 Introduction 

The previous chapter proposed a new type of system to meet the identified 

requirements and overcome the limitations of existing systems in terms of solving 

major problems in traditional discussion forums. The high-level design of the new 

system architecture was then proposed. In the new system architecture, a core 

component, namely Dialogue Mechanism, was depicted that performed the natural 

language processing tasks in the new forum systems. This chapter first presents and 

summarizes some of the related approaches of natural language processing for text 

similarity calculation, information retrieval and user feedback that have been utilized 

in other research works. Based on the analysis of those approaches, an innovative 

approach is then proposed to design and develop the Dialogue Mechanism component. 

This proposed approach aims at improving the communication between the user and 

the system in the discussion forum systems.  

5.2 Related Approaches 

To improve the effectiveness of communication in the discussion forums, the two-

way communication method between the user and system needs to be taken into 

account because the traditional discussion forums do not have the ability to 
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understand the meaning of users’ messages. This two-way communication method is 

able to improve the understanding between the users and the system as follows: 

• The system should be able to understand the user’s text input more accurately 

in order to perform relevant information retrieval tasks more effectively for 

the users. 

• The users should be able to rate the accuracy of system’s understanding of the 

meaning of their text input in order for the system to improve the performance 

of relevant information retrieval tasks. 

 

Besides the information retrieval approach used in the intelligent discussion-bot 

system (Feng et al., 2006) that was introduced in the previous chapter, a number of 

other innovative approaches are available in the literature that have been adopted in 

various system development processes in an attempt to improve the effective 

communication between the user and the system, particularly in the areas of 

information retrieval and user feedback. After introducing various related solutions in 

the chapter 4, this chapter focuses on the framework for designing the Dialogue 

mechanism component of the proposed system. The approaches used in the 

framework are as follows:  

• Syntactically Enhanced Latent Semantic Analysis (LSA); 

• Assessment Model to Analyzing Student’s Performance; 

• Ontology-based Information Retrieval System; and 

• Dialogue Manager. 

 

Following sections briefly describe these approaches. 
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5.2.1 Syntactically Enhanced Latent Semantic Analysis (LSA) 

In 2003, Kanejiya et al. (2003) designed a new approach called Syntactically 

Enhanced Latent Semantic Analysis (SELSA) to automatically evaluate students’ 

answers. This approach generalized LSA by considering a word along with its 

syntactic neighbourhood given by the part-of-speech (POS) tag of its proceeding word, 

as a unit of knowledge representation.  

 

This approach consisted of first identifying a sufficiently large corpus representing the 

domain of tutoring. Then a POS tagger was used to convert it to a POS tagged corpus. 

The next step was to construct a matrix whose rows correspond to word-prevtag pairs 

and columns correspond to documents in the corpus. Again, a document could be a 

sentence, a paragraph or a larger unit of text. If the vocabulary size was I, POS tag 

vocabulary size was J and number of documents in corpus was K, then the matrix 

would be IJ × K. Let ci_j,k denote the frequency of word wi with prevtag pj i.e., (i-1)J + 

jth row of the matrix. Bellegarda (2000) found in LSA the entropy εi_j of each word-

prevtag pair and scale the corresponding row of the matrix by εi_j. The document 

length normalization to each column of the matrix was also applied by dividing the 

entries of kth document by nk , the number of words in document dk. Let ti_j be the 

frequency of i_jth word-prevtag pair in the whole corpus, i.e., ti_j = . Then 

εi_j and the matrix element were given as: 

 εi_j =   log  

 χi_j,k = (1 - εi_j)  
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Once the matrix X was obtained, performing its singular value decomposition (SVD) 

and approximate it by keeping the largest R singular values and setting the rest to zero. 

Thus, 

 X ≈  X
^

 =  USV
T

  

where, U(IJ × R) and V(K × R) were orthonormal matrices and S(R × R)  was a 

diagonal matrix. It was this dimensionality reduction step through SVD that captures 

major structural associations between words-prevtags and documents (albeit, in 

different bases). This R-dimensional space could be called either syntactically 

enhanced latent semantic space or latent syntactic-semantic space. 

 

Then projecting any new document as a R dimensional vector  in this space, let d be 

IJ × 1 the vector representing this document whose elements di_j were frequency 

counts i.e. number of times word wi occurs with prevtag pi, weighted by its 

corresponding entropy measure (1 - εi_j). It could be thought of as an additional 

column in the matrix X, and therefore could be thought of as having its corresponding 

vector v in the matrix V. then, d  =  USV
T

 and 

  = SvT = UTd 

which is a R × 1  dimensional vector representation of the document in the latent 

space. 

 

A syntactic-semantic similarity measure could also be defined between any two text 

documents as the cosine of the angle between their projection vectors in the latent 

syntactic-semantic space. Although with this measure the problems that LSA has been 

applied on namely natural language understanding, cognitive modelling, statistical 
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language modelling, can be addressed, this presented approach has limited 

improvement over LSA. 

5.2.2 Assessment Model to Analyzing Student’s Performance 

Wu and Chen (2004) proposed another approach which was used to assess the 

performance of students in the discussion forums. This is an approach to enhance the 

ability of the discussion forum systems in understanding the message semantic 

meaning of students’ input. The core contribution was the algorithm to measure the 

quality of student’s online messages. Aiming at distance learning improvements, Wu 

and Chen (2004) proposed this approach which applied natural language processing 

techniques to analyze the course messages to assess students’ performance in the 

discussion forums. They classified the evaluation criteria into three categories:  

1) quality assessment; 

2) quantity assessment; and 

3) participation assessment.  

  

They considered the quality of a student’s work to be a representation of the student’s 

knowledge learnt directly or indirectly from the course, the quantity to be the 

indication of the amount of work the student had done in the class, and participation 

frequency to be a reflection of the activeness of the student in the class. Three 

measurements - Keyword Density (KD), Message Length (ML), and Message Count 

(MD), were accordingly derived from the online messages. The Performance 

Indicator (PI) was then computed from the above three measurements. The 

experimental results from their work suggested that the computer grader highly 

agreed with the human graders (Wu and Chen, 2004). 
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Quality Assessment 

This approach assumed that quality of learning was revealed by the quality of 

discussion messages in some ways. The number of key concepts in a student’s 

message indicated how much the student understood about the course topic and 

content. Therefore, there was an assumption made that the key concepts covered in 

the class message set would be those that a student could learn. By comparing the 

concepts from a student with those from the class message set, the instructors were 

able to estimate how well the student could learn the existing key concepts.  

 

There were two stages before counting the measurement – Keyword Density. Firstly a 

keyword was defined as a simple, non-recursive noun phrase. This approach used a 

noun phrase extractor to identify basic noun phrases from free text. The extractor was 

implemented based on the lexical probability approach and the rule-based approach. 

The lexical probability was obtained from the WordNet lexical database, and the rules 

were defined manually. The second stage was multi-tag disambiguation to identify the 

noun phrase if this phrase were in more than one category. For example, “hit” could 

be either a noun or a verb. If the proceeding word was a determiner (she, a, there, etc.), 

it would be tagged as a noun rather than a verb. 

 

The quality of a student’s message was measured by Keyword Density (KD), which 

was the proportion of the distinct noun phrase that was in the message generated by 

the student. In addition, the duplicated noun phrase posted by the same student was 

counted only once. It was denoted as 

  KDi =  =  
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where KDi was the keyword density for student i, NNPi was the number of distinct 

noun phrases in student i's messages, NNPj was the number of distinct noun phrases 

in student j's messages, and NNP was the total number of distinct noun phrases in all 

class messages.  

 

The above approach proposed by Wu and Chen (2004) has used the concept space 

approach which is a method for users to retrieve documents in a digital library. It has 

been defined by the research (Zhang et al., 2002) that automatically generated 

keywords (terms) in document collections could be represented as the "concepts" and 

the “concepts” with their semantic relationships could be represented as the "concept 

space" as well. The similarity between two concepts (terms) was measured by the 

TF*TDF cosine formula in their definition. In the concept space, similar concepts 

were close to each other in the physical space to cover a topic. The figure 5-1 shows 

an example relationship among concepts (terms) and topics which are a cluster of 

concepts (same colour) in the visualization of concept space after a filtering process 

with a minimum similarity value. 

 

Figure 5-1: Visualization of filtered concept space (Zhang et al., 2002) 
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Therefore in the Quality Assessment model, all online messages in the discussion 

forum with their semantic relationships were assumed to be a concept space. Each 

message was represented as a sub-concept and a cluster of sub-concepts was 

constructing a big concept (topic). The model algorithm was calculating the semantic 

similarity of a sub-concept (an online message) with a big concept (a class messages 

set) to assess the quality of the students’ messages. The figure 5-2 depicts an example 

of how the online messages are visualized as concepts in the discussion forum. In this 

example, there are two online messages and each of them is calculated for the 

semantic similarity with the class message set to assess the quality of those two 

messages in the discussion forum. 

 

 

 

Figure 5-2: An Example of Keyword Density 

 

Quantity Assessment 

The quantity of a student’s effort was measured by the length of the messages (ML) 

student generates. ML was calculated by counting all the words in the student’s 

messages. The absolute number was proportioned by the local size, i.e. the number of 
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words in the entire class messages. Let ML
i  be the number of words in message j of 

student i, and NW kj  be the number of words in message j of student k, the formula 

was denoted: 

 MLi =     

 

Participation Assessment 

The participation frequency could be measured by the login times, but such 

information was not available inside the text messages. If posting a message is 

considered as a valid participation, participation could be measured by Message 

Count (MC), which was the proportion of messages that were generated by a student. 

MCi was used to represent the message count of student i. 

 

Performance Indicator 

Taken together, the measures were proposed by Wu and Chen (2004) to compute a 

Performance Indicator (PI) score, which was defined as  

  PI i
= αKD

i
+ βML

i
+ γMC

i   

 

Where PIi is the performance indicator assigned to student i, and the coefficients α, β, 

and γ  were the weight of each of the three measures respectively. The coefficients 

were adjustable. Instructors could define the values by specifying the importance of 

each of the three evaluation aspects.  
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5.2.3 Ontology-based Information Retrieval System 

Ontology is considered as any formalism with a well-defined mathematical 

interpretation which is capable of, at least, representing a sub-concept taxonomy, 

concept instances and user-defined relations between concepts (Nagypál, 2005). The 

use of ontologies to overcome the limitations of keyword-based search has been put 

forward as one of the motivations of the Semantic Web since its emergence in the late 

90’s (Vallet et al., 2004). Paralic and Kostial (1999) adopted ontology-based 

information retrieval approach in the Webocrate system. This proposed system was 

based on a domain knowledge representation schema in the form of ontology. Use of 

ontology enabled the definition of concepts and relations representing knowledge 

about a particular document in domain specific terms. In order to express the contents 

of a document explicitly, this system created links (associations) between the 

document and relevant parts of a domain model, i.e. links to those elements of the 

domain model, which were relevant to the contents of the document. Model elements 

could also be used for search and retrieval of relevant documents. In case all 

documents were linked to the same domain model, it was possible to calculate a 

similarity between documents using the proposed conceptual structure of this domain 

model. Such approach also supported ‘soft’ techniques, where a search engine could 

utilize the domain model to find concepts related to those specified by the user. The 

search engine could thus return every document linked to the concepts, which were 

close enough to the concepts mentioned in the user’s query.  

 

This approach did not consider type of relation in ontology for calculation of 

similarity between concepts. Moreover it assumed that the set of relevant concepts to 

the query was known. This condition could be achieved with any technique for 
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assigning concepts from ontology to a query, e.g. based on manual assignment or 

based on synonyms to query terms, making use of Wordnet or other similar 

techniques. The figure 5-3 depicts the framework of the Webocrate system process 

which was adopted with ontology concepts.  

  

Figure 5-3: An Ontology-based Document Retrieval (Paralic and Kostial, 1999) 

 

The way in which a query was processed by this approach is shown on the figure 5-3. 

In this approach, for a given query first appropriate concepts were retrieved – in this 

case manually from the user. Then the set of concepts associated with each document 
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was retrieved from the database. As next step, these two sets were compared using 

simple metric, which expressed the similarity between a document  and given 

query . 

 ) =  

 

where Qcon was a set of concepts assigned to query Q and Dcon was a set of concepts 

assigned to document , and k is small constant, e.g. 0.1. Resulted number 

represented ontology-based similarity measure. Better results had been achieved when 

this number had been combined with some of the previous two retrieval approaches 

described above (i.e. LSI approach or vector model). The final similarity was then 

computed as multiplication, e.g. 

  sim(Q,Di) = simonto (Q,Di) * simTF-IDF(Q,Di) 

 

Although the evaluation experiment had shown that ontology-based approach 

employed in the Webocrate system was very promising and might yield better 

precision-recall characteristics, the major problem of this approach was how to 

transform a user-defined query into a set of concepts from an actual ontology. 

5.2.4 Dialogue Manager 

User feedback is an important way to improve the system capability of understanding 

the meaning and preference of users. Goren-Bar and Kuflik (2004) introduced a 

Dialogue Manager component in their recommending restaurant system. The 

Dialogue Manager was able to provide the users with the three “best match” 

restaurants and perform the adaptation of the user model. The adaptation was based 
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on users’ implicit feedback. Learning was performed by reinforcing the weight of the 

selected restaurants and weakening the weight of the non selected ones. If the user 

selected one of the three first recommended restaurants, the initial weight of the 

selected restaurant was increased and the weights of other two were decreased. If the 

user did not like the recommended restaurants and requested more restaurants, then if 

the user selects one of the next three restaurants, the selected restaurant weight was 

increased, and the weights of the other five were decreased. This approach could 

reinforce a specific positive or negative attitude towards the displayed items and 

update the user model (preference) every time the user provided relevance feedback 

regarding a recommended restaurant. This user feedback approach was recognized as 

a simple and effective method to constantly reinforce the accuracy of the system in 

understanding user preferences (Goren-Bar & Kuflik, 2004). For instance, if the 

restaurant R1 is selected and the restaurant R2 and R3 are not selected by the user, the 

weight of those three restaurants will be recalculated as: 

 W(R1)New = W(R1)Original + β F 

 W(R2)New = W(R2)Original - β F 

 W(R3)New = W(R3)Original - β F 

where W represents Weight, F represents Feedback and β represents a parameter of 

how the Feedback influences the original Weight. 

5.2.5 Summary 

In other related research works, many novel approaches have been proposed and 

different methods have been adopted to enhance the system ability of understanding 

human natural language and preferences, particularly in the information retrieval and 

user feedback areas. The cosine similarity measure based on LSA was adopted as a 



 

  92 

major measure for most information retrieval approaches because of its popularity and 

good text retrieval performance, but some research have modified the LSA in order to 

achieve a better performance. The Concept Relationship method and User Feedback 

approach were also adopted as important assistant methods to improve the 

communication between the user and system. The table 5-1 summarizes adopted 

method details, strengths and limitations of these approaches. 

 

Table 5-1:  The summary of related approaches 

System or 

Approach 

Name 

Cosine 

based 

on LSA 

Concept 

Relationship 

User 

Feedback 

Strength  Limitation 

Intelligent 
Discussion-

bot 

Yes No No Good text 
retrieval 
performance. 

Performance can 
be improved & no 
user feedback. 

SELSA Modified No No Good text 
retrieval 
performance. 

Performance can 
be improved & no 
user feedback. 

Assessment 
Model 

No Yes No Improve the 
ability that 
the system 
understands 
user’s input 
text. 

Performance can 
be improved & no 
user feedback. 

Webocrate Modified Yes No Good text 
retrieval 
performance. 

Difficult to 
transform a user-
defined query into 
a set of concepts 
from actual 
ontology. 

Dialogue 
Manager 

 

No No Yes Improve the 
ability that 
the system 
understands 
user’s 
preference 

No natural 
language 
processing 
approach adopted. 

 

In text similarity domain, LSA has been recognized to have an excellent performance 

for recall and precision of information retrieval (Milne, 2007). However, from the 

summarized related approaches in table 5-1, it can be seen that (modified) LSA with 
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cosine similarity measure, concept relationship and user feedback has various 

strengths and limitations to perform natural language processing tasks. The next 

section introduces the design and development in detail for the Dialogue Mechanism 

component, which integrates the modified cosine similarity measure, concept space 

and user feedback weighting to perform effective communication tasks in the 

proposed discussion forum systems. 

5.3 Dialogue Mechanism Design 

5.3.1 Introduction 

Dialogue Mechanism is the core component in the proposed system for performing 

the communication tasks between the user and the system. As a result of the analysis 

of previous research contributions, this research proposes a novel information 

retrieval approach for this component to improve the communication between the user 

and the system in the proposed discussion forum systems. In this proposed approach, 

the popular cosine similarity measure based on LSA is used as the basic algorithm to 

calculate the text similarity of different postings in the proposed discussion forums. 

This measure assumes that each posting of the discussion forum is represented as a 

concept and all postings with their semantic relationships are represented as a concept 

space. LSA and cosine similarity approach are introduced next as the basic algorithm 

for this approach. 

5.3.2 Cosine Methodology Based on LSA 

LSA is a machine-learning model that induces representations of the meaning of 

words by analyzing the relation between words and passages in large bodies of 
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representative text. LSA is both a method (tool) used in industry to develop 

technology to improve educational applications, and a theory of knowledge 

representation used to model well known experimental effects in text comprehension 

and priming, among others (Landauer, 1997). It was originally developed in the 

context of information retrieval as a way of overcoming problems with polysemy and 

synonymy. Some words appear in the same contexts (synonyms) and an important 

part of word usage patterns is blurred by accidental and inessential information 

(Deerwester et al., 1990). LSA offers a way of assessing semantic similarity between 

any two samples of text in an automatic, unsupervised way and it has been used in 

applied settings with a surprising degree of success in areas like automatic essay 

grading (Foltz et al., 1999) and automatic tutoring to improve summarization skills in 

children (Kintsch et al., 2000).  

 

The LSA methodology begins with the term-by-document matrix, an n × m matrix 

where each value in the matrix is the frequency of the nth word in the mth document. 

A weighting procedure is applied that weights each of the term frequencies (TF) by 

the inverse document frequency (IDF) (Salton et al., 1968). A very powerful 

mathematical procedure, known as Singular Value Decomposition (SVD), is then 

performed against the transformed matrix. SVD permits the reduction of any n × m 

matrix to a set of three matrices, such that M = UΣVT, where 

U = (m × m matrix of left singular vectors)  

Σ = (n × m diagonal matrix containing the singular values of M)  

V
T = (n × n transposed row matrix of the right singular vectors).  



 

  95 

While the SVD solution of any given matrix can re-create the original matrix exactly, 

its primary value lies in its capacity to infer what the pattern of relationships and 

associations is for the words in the documents (Landauer et al., 1998).  

Mathematically, let us assume a total of n postings in the discussion forum database, a 

student query posting q, and previous forum postings p1, p2,..., pn. Let us also assume 

there were a total of m different unique words, w1, w2,…, wm, found in all postings. 

LSA transforms all postings into a term-frequency matrix M, where mij is the 

weighted number of times word i appears in post j. It then decomposes M by Singular 

Value Decomposition (SVD) into three matrices such that M = TSD. The M matrix 

can be very large. For instance, it is using over 4500 postings which yield over 1100 

terms (Landauer et al., 1998). LSA reduces S to k dimensions (where k is of the order 

of 300) resulting in the matrix S'. The matrices T, S', and D can be multiplied, 

resulting in M', the least squares best fit of M, where M' = TS'D and M ≈ M'. This 

finished semantic matrix is what we use to actually search the forum. Given terms in a 

posting query, the search system in the forum looks up the values for each search 

term/posts combination, calculates a cumulative score for every posting, and ranks the 

postings by that score, which is a measure of their similarity to the posting query. In 

practice, it will probably assign an empirically-determined threshold value to serve as 

a cut-off between relevant and irrelevant postings, so that the query does not return 

every posting in the discussion forum. Therefore the system finds all relevant postings 

from the discussion forum that are closest using cosine similarity measure of vector 

space.  

  sim ( q, pi) = cos_sim( q, pi) =   
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The limitations of cosine similarity measure is in a large space many documents that 

are related to each other semantically might not share any words and thus appear very 

distant, and occasionally documents that are not related to each other might share 

common words and thus appear to be closer. Therefore this research is adopting the 

concept space and relevance feedback to reinforce the accuracy of relevant retrieval 

results based on the basic cosine measure to weaken its limitation. This proposed 

method assumes that in the discussion forum, all relevant postings are classified into 

different concepts across whole distributed discussion forum databases. The next 

section introduces how a posting is classified into a concept in the discussion forum. 

5.3.3 Framework Design 

The Dialogue Mechanism component is designed to perform information retrieval and 

user interaction tasks in the proposed discussion forum system. Dialogue Mechanism 

consists of two agents which handle concept classification process and query 

monitoring process. The figure 5-4 depicts the framework of Dialogue Mechanism. 

After the component receives the text of submitted postings, Concept Classification 

Agent performs a concept classification process. After concept classification 

processing is completed, Query Monitoring Agent then starts a relevant information 

search process. Relevant postings are found through the information retrieval 

processing and then returned to the users. Moreover, users are able to evaluate the 

retrieved postings and give feedback to the system. When Dialogue Mechanism 

receives the feedback from the user, Concept Classification Agent performs the 

concept reclassification process. The details of approaches adopted for Dialogue 

Mechanism development are introduced in the next two sections. 
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5.3.4 Concept Classification & Information Retrieval 

In the proposed system, the first task for Dialogue Mechanism is to receive the text of 

submitted postings from the front-end side and then start a concept classification 

process. Concept Classification Agent is designed for performing this process. In the 

discussion forum, there are semantic relationships among all postings. Some posting 

may be related in semantic meanings, but the relevant information can be posted 

anywhere in the discussion forum and relevant postings are specifically related to one 

topic (a big concept) such as J2EE or LSA. Thousands of postings may be submitted 

anywhere in the discussion forum and they might be related to hundreds of different 

topics, making it impossible for students to capture all relevant postings that they 

might need or be interested in. The proposed approach for concept classification 

processing in Dialogue Mechanism is to set up a concept space for the discussion 

forum where every posting belongs to a certain semantic concept. It assumes that each 

posting representing sub-concept belongs to a semantic concept in the discussion 

forum. The introduced cosine similarity algorithm based on LSA is used to calculate 

the similarity between a posting (p) and a semantic concept (C): 

sim (q, C) = cos_sim(q, C) 

Central DB 
Concept Classification & 
Reclassification Process  

Information Retrieval Process 

User Front-end Dialogue Mechanism Databas

Concept Classification Agent 

Query Monitoring Agent 

Submit Message 

Evaluate retrieved message 

Figure 5-4: Framework of Dialogue Mechanism 
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The Concept Classification Agent calculates the similarity weight between each 

submitted posting with every existing semantic concept. The result could then be in 

two scenarios: 1) if there is no similarity weight greater than a default threshold, the 

submitted posting itself will become a concept in the concept space; or 2) if there is a 

group of concepts whose similarity weights are greater than the threshold, the 

submitted posting will be classified as a sub-concept of the semantic concept with 

maximum similarity value in the concept space. Therefore all submitted postings in 

the discussion forum should be classified into different semantic concepts in the 

concept space. The figure 5-5 describes a concept classification example for a 

submitted posting in a discussion forum. In this example, there are two existing 

concepts (Concept 1 and Concept 2) in the concept space and the newly submitted 

posting is classified into the semantic concept 1 (Java) because the similarity between 

them is greater than threshold (0.25) and the highest weight (0.4).    

 

Figure 5-5: An Example of Concept Classification in a Discussion Forum 
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When a message is submitted into the discussion forum and sent to the Dialogue 

Mechanism component, the Concept Classification Agent performs the concept 

classification task to identify which concept this message belongs to. After the 

submitted posting is classified into a concept, the relationship between it with other 

postings (sub-concepts) can be identified and information retrieval process is 

performed by Query Monitoring Agent. This relationship is represented by the 

similarity among them. Such relationship is clearly shown in the concept space view. 

The figure 5-6 depicts the relationships between sub-concepts and between concepts 

in the concept space view, such as sub-concept 1 with sub-concept 2, sub-concept 2 

with sub-concept 3, and concept 1 with concept 2. 

 

Figure 5-6: An Example of Relationships between Sub-Concepts and Concepts 

 

Based on the concept classification measure, the basic similarity calculation measure 

is modified to calculate the relationship - similarity (sim) between a submitted posting 

(p) with each existing sub-concept s1, s2,…, sn belonging to both same concept Cs and 
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other concepts Co for the information retrieval process. Based on a set-up threshold of 

the similarity calculation, the Query Monitoring Agent finds out the most relevant 

sub-concepts and returns them to the users. Two assumptions made for this proposed 

similarity calculation algorithms based on the cosine similarity measure are denoted 

as follows: 

• Assumption 1: the existing sub-concept si belongs to the same concept with 

submitted sub-concept p: 

sim(p, si) = cos_sim( p, si) 

• Assumption 2: the existing sub-concept si belongs to a different concept with 

submitted sub-concept p: 

sim(p, si) =  α cos_sim(Cs, Co) × cos_sim( p, si) 

where α  is a parameter that controls the influence of the relationship between two 

semantic concepts.  

 

In the concept space, the relationship between two semantic concepts is represented 

by the similarity between them. Therefore the relationship between two sub-concepts 

can be influenced if those two sub-concepts belong to different semantic concepts. 

This proposed approach for Dialogue Mechanism component design and development 

has combined a modified cosine similarity measure based on LSA and concept space 

to perform the text similarity calculation and information retrieval tasks. As previous 

research contributions have described that relevance feedback is another important 

assistant approach to reinforce the performance of how the system understands users 

meaning and preference, and that it is also able to weaken the word/phrase semantic 

confusion limitation of cosine similarity measure, such as different meaning for one 

word and different words for one meaning, relevance feedback is integrated with 
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above proposed approach to re-enhance the capability of Dialogue Mechanism 

component to perform natural language processing tasks. The next section introduces 

how relevance feedback can be integrated with above approach to reinforce the 

performance of Dialogue Mechanism component. 

5.3.5 Relevance Feedback and Concept Reclassification 

This section presents how the relevance feedback function is integrated with the 

proposed text similarity calculation approach for Dialogue Mechanism component to 

perform natural language processing tasks. In the last section, a synchronised 

response function was introduced in the proposed discussion forum system that, when 

a user submits a message, the Query Monitoring Agent retrieves most relevant 

existing postings in the discussion forum and then returns them to the user. Therefore, 

for the design of relevance feedback function in the proposed system, users should be 

able to evaluate each retrieved posting (si) after they submit a posting (p) into the 

proposed discussion forum system. Users can give a positive feedback (fi) (relevant) 

against each retrieved posting within this function. After users evaluate retrieved 

postings, the Concept Classification Agent performs the concept reclassification 

process with users’ feedback. The proposed relevance feedback approach is designed 

to recalculate the relationship (similarity) between the evaluated retrieved postings 

with the semantic concept corresponding to the submitted message. In this process, 

the relevance feedback takes into account the calculation of similarity weight.  

 

After a posting (p) is submitted and sent to Dialogue Mechanism component to 

perform the concept classification process, the Concept Classification Agent classifies 

it into a semantic concept (Cp) and then the Query Monitoring Agent performs the 
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information retrieval task to search the existing relevant information in the discussion 

forum and returns a list of relevant postings to the user. In the list of returned relevant 

postings, each returned posting (s) which was previously classified into a semantic 

concept (Cs) can be evaluated. The user can submit feedback by identifying which 

returned posting is related to the submitted message (the feedback is f). After the 

user’s feedback is sent back to Dialogue Mechanism, the Concept Classification 

Agent uses a modified similarity calculation algorithm to recalculate the similarity 

(relationship) between the evaluated posting (s) with the semantic concept (Cp) which 

the submitted posting corresponds to. This measure is denoted as the following 

algorithm: 

sim (si, Cp) = sim(si, Cp)  + β ×  ∑ fi / N    

 

where N is the total number of feedback against the posting (si) and β is the parameter 

of influence of user’s feedback against the concept classification.    

 

After the similarity recalculation between the evaluated posting (s) with the concept 

(Cp) corresponding to the submitted posting, if the new similarity weight is higher 

than the similarity weight with its current corresponding concept (Cs), the system 

reclassifies this evaluated posting from the current concept (Cs) into the other concept 

(Cp). The figure 5-7 and figure 5-8 present an example of the concept reclassification 

process. The figure 5-7 describes the concept classification and information retrieval 

processes and the figure 5-8 shows the concept reclassification process with a user 

feedback.  



 

  103 

  

Figure 5-7: An Example of Concept Reclassification – Before User Evaluation 

 

In the example (Figure 5-7), a posting p is submitted into a discussion forum and then 

sub-concept 7 is retrieved as a relevant posting and it belongs to concept 2. After 

concept classification process, p is calculated as a sub-concept of concept 1. The 

similarity between p with concept 1 is 0.4, between sub-concept 7 with concept 2 is 

0.3 and between sub-concept 7 with concept 1 is 0.28. After a user evaluates that sub-

concept 7 (the retrieved posting) is a relevant posting with the submitted posting p, 

the user’s feedback is sent back to Dialogue Mechanism, and the concept 

reclassification process is preformed (Figure 5-8). The similarity between sub-concept 

7 with concept 1 is recalculated from previous 0.28 to current 0.32 which is greater 

than the similarity weight 0.3 between sub-concept 7 with concept 2. Therefore sub-

concept 7 is reclassified from concept 2 to concept 1. Finally with user’s feedback 

submission, sub-concept 7 no longer belongs to concept 2 but concept 1. 
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Figure 5-8: An Example of Concept Reclassification – After User Feedback 

 

This concept reclassification approach is based on relevance feedback from users. The 

more relevance feedback is given from the users the more postings are accurately 

classified into semantic concepts. Moreover, the influence parameter β is also highly 

dependent on the number of relevance feedback. If a posting is classified into a 

correct concept, the proposed system can perform more effective natural language 

processing tasks so that it can retrieve more accurately relevant information for the 

users.  

5.3.6 Summary 

In order to achieve the core objective of this research, which is to improve the 

effectiveness of communication in the discussion forum, the core component of the 

proposed system, Dialogue Mechanism, was designed and developed to perform 

natural language processing tasks. Two agents were designed for the Dialogue 
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Mechanism component to perform the natural language processing tasks. For both 

agents to perform text semantic similarity calculation and information retrieval tasks, 

the adopted approach integrated the cosine similarity measure based on LSA and 

concept space theories to enhance the system’s intelligence capability of natural 

language understanding in the learning communities. However, due to the known 

obstacles, it is impossible to understand 100% correctly the real meaning of users’ 

input in the discussion forums. Because user feedback is recognized as an effective 

assistant approach to reinforce the performance for information retrieval, it has been 

integrated with the Dialogue Mechanism component in the proposed system. After the 

system’s high-level architecture and components design, a prototype of the proposed 

system is implemented in this research. In the next chapter, the development plan of 

the prototype will be introduced. 
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CHAPTER 6   

 

DEVELOPMENT PLAN 
 

6.1 Introduction 

The last two chapters described a new type of discussion forum systems that aims to 

overcome some limitations of traditional discussion forums and improve the 

effectiveness of communication in learning communities. A prototype of this type of 

systems was developed. This chapter first introduces an overview of the development 

plan and then presents various technologies selected for use in the development 

process. It then analyses the benefits and limitations of available open source 

discussion forum systems in order to select an appropriate forum system to be 

customised in the development process. This is followed by a description of the 

proposed development approach, and the development environment and tools. 

6.2 Development Overview 

A high level design overview of system components, main flows and controls for the 

proposed system are described in Chapter 4 and can be seen in Figure 6-1. This 

diagram represents the new system as split into three layers and shows how it 

integrates with existing forum systems. Web Services (WS) are used as the 

communication method between components. A key requirement of this new forum 

system is that it should integrate with existing discussion forum systems so it can be 

used for various courses in different institutions and for reuse of the knowledge within 
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and among different institutions. This new system should also have all the general 

features of traditional discussion forums, such as enabling students to view, post and 

reply to messages, and new features such as being able to view and evaluate 

information retrieval results. 

 

 

 

 

 

 

 

Figure 6-1: High level system overview 

 

The new system was therefore not implemented from scratch but rather “built” upon 

existing systems. This is because traditional discussion forums have functions for 

general features which can be reused in the new system. The presentation layer of the 

new system was integrated with existing discussion forum systems via a plug-in 

component which shows relevant information on search results for users to view and 

evaluate.  

 

Table 6-1 illustrates the components of the system that were implemented. Since the 

new system needs to communicate with existing forums, the plug-in component was 

developed as a bridge for sending and receiving data between two systems. The 

interface development of the presentation layer was intended to align with the 

interface development of the existing discussion forum systems to address the 
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integration issue. The presentation layer includes the user interface of the new system. 

It generates information in HTML format, which is then sent to a user’s web browser. 

In the development plan for the presentation layer, the functions for general features 

were not developed because they could be reused from the existing discussion forum 

systems. Rather the functions for new features (the interface for information retrieval 

results and the user feedback function) were developed from scratch and integrated 

with the general functions of existing discussion forums. The dialogue mechanism 

component of the application layer was developed to perform the text similarity 

calculation and information retrieval tasks. The data layer was developed to store all 

data from different institutions into databases. 

 

Table 6-1: New system development plan 

Component Name Development Component Details 

Plug-in Yes Integrates the new system with the 

existing discussion forum systems.  

General 

Features 

No Reuses functions for general features 

from existing forum systems. 

Presentation 

Layer 

New 

Features 

Yes Can be integrated with the presentation 

layer of existing forum systems. 

Application Layer  Yes The dialogue mechanism is the core 

component which performs the text 

similarity calculation and information 

retrieval tasks. 

Data Layer Yes The data structure of the new system in 

the database. 
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According to the prototype system development plan, it was important to select an 

existing discussion forum system for customisation, which could then be integrated 

with the new system to achieve the research objectives. The next section describes the 

process for selection of an existing discussion forum system for the proposed system 

development. 

6.3 Forum selection 

6.3.1 Requirement Analysis 

To be an appropriate existing discussion forum for this research, the candidate 

discussion forum system needs be customised and integrated with the new system. 

Based on the system requirements in Chapter 3, the forum should meet the following 

criteria: 

• The candidate discussion forum should have the standard features such as the 

functionality for viewing, posting and replying messages. 

• The candidate discussion forum should be available through open source 

licence. 

• The candidate discussion forum should have a friendly user interface. 

• The framework of the candidate discussion forum should be easily 

customisable.  

• The candidate discussion forum should be able to be installed and run on 

different operating systems, such as Windows and Linux platforms. 
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To meet the above criteria, only those discussion forum systems which have an open 

source license were considered for selection. The next section outlines a number of 

open source discussion forum systems and describes the selection process. 

6.3.2 Survey of Existing Open Source Forum Systems 

A number of features proposed in the new system aim to enhance existing discussion 

forums. Existing open source discussion forums are therefore examined in order to 

select one of them as the basis, instead of starting development from scratch. Table 6-

2 shows an overview of the open source forums evaluated in this study. 

 

Table 6-2: A list of open source forums 

Name  URL Licence Implementation 

Language 

Message 

Structure 

Beehive http://beehiveforum.net GPL PHP Threaded 

phpBB http://www.phpbb.com GPL PHP Flat 

PunBB http://www.punbb.org GPL PHP Flat 

JavaBB http://www.javabb.org Apache 

License 

Java Flat 

JForum http://www.jforum.net BSD 

License 

Java Flat 

Yazd http://www.forumsoftware.ca Apache 

License 

Java Flat 

Moodle 

Forum 

http://moodle.org GPL PHP Threaded 

/ Flat 

 



 

  111 

The three types of different open source licenses are: 

• GPL – GNU General Public License (Free Software Foundation, 1991) 

•  BSD – (Modified) Berkeley Software Distribution License (XFree86, 1996) 

• Apache License (Apache, 2004) 

 

The main difference between these licenses is that with the GPL, any modifications or 

extensions made to the source code also have to be open source (under a compatible 

license). The other licenses are less strict in this sense and can easily be combined 

with closed source code. With the above candidate discussion forums, only those with 

an open source licence can be selected as a basis system to be customised.  

Beehive Forum, phpBB and PunBB use the same programming language – PHP. 

Beehive is an open-source project for creating a highly configurable frame-based 

discussion forum (Figure 6-2). Beehive Forum has many features. The main ones are 

listed below (http://beehiveforum.sourceforge.net): 

• Frame-based layout, for easy navigation.  

• Reply-to-user posting and e-mail notification.  

• Powerful HTML posting, without security risks.  

• Extendable user profiles.  

• Flexible relationships system.  

• Private Messaging system.  

• Multiple style options, including dyslexia support.  

• Advanced word-filtering facility.  

• Comprehensive user permissions.  

• Full, easy to use admin tools.  
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Figure 6-2: A Sample Screenshot of a Beehive Forum Website 

 

PhpBB is a popular Internet forum package written in the PHP scripting language 

(Figure 6-3). Some of phpBB’s major features are (http://www.phpbb.com) 

• Modular design for the Admin Control Panel, Moderator Control Panel, and 

User Control Panel  

• Support for multiple database management systems, including MySQL, 

Microsoft SQL Server, Oracle, PostgreSQL, SQLite, Firebird, OpenLink 

Virtuoso, and other ODBC-accessible DBMS  

• Support for unlimited levels of sub-forums  

• Ability to create custom-defined BB-Code  

• Ability to create custom profile fields  

• Permissions system  
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Figure 6-3: A Sample Screenshot of phpBB Forum 

 

 

Figure 6-4: A Sample Screenshot of PunBB Forum 

 

PunBB is a fast and lightweight PHP-powered discussion board (Figure 6-4) which 

has the following features (http://www.punbb.org): 
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• runs Fast 

• simple layout and design 

• easy to administrate and moderate 

• non-output, huge, non-valid, (X)HTML pages 

• source code easy to read and understand 

Moodle forum is a component of Moodle system which is a Course Management 

System (CMS), also known as a Learning Management System (LMS) or a Virtual 

Learning Environment (VLE). The Moodle system is a free web application that 

educators can use to create effective online learning sites. Since the proposed system 

is integrated with an independent discussion forum system, Moodle forum was not 

seen as a suitable candidate in the research project. 

6.3.3 Base forum selection 

Evaluations of the features of all candidate discussion forums were undertaken. These 

included evaluations as to how well and in what language (some were not English) the 

source code was documented. Additionally, assessments of how well their data 

models would match with the proposed system were also carried out. 

 

It was decided to base the system on the existing Jforum system. This was because the 

JAVA programming language had already been selected as the dialogue mechanism 

development language. As described in the previous chapter, this was because: 

• JAVA is a powerful web application development language for complex 

applications that require huge data computation. The dialogue mechanism of 
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the proposed system does indeed require a complex algorithm to perform huge 

data computations. 

• JAVA is platform independent which will make the proposed system easier to 

integrate with various discussion forum systems on different types of servers. 

 

Since Web Services are used for communicating between the system’s layers, the fact 

that this requires the Presentation Layer to be written in the same language is not seen 

as a major problem. Using Web Services hides the implementation languages of the 

various layers from each other anyway. 

 

Therefore as Java is selected for the core Dialogue Mechanism component, the 

candidate discussion forum systems developed in Java are more easily customised and 

integrated with the proposed system. Jforum has a BSD license and is implemented in 

Java. Moreover it is a powerful and robust discussion forum system which provides 

an efficient forum engine, an easy to use administrative panel, and an advanced 

permission control system. The interface of Jforum is very attractive. It can be 

installed and run on a Servlet container or Application Server, such as Tomcat, Resin 

or JBoss (http://www.jforum.net). The other important advantage of Jforum is its 

system framework. Jforum has a clean design and implementation architecture, the 

Model-View-Controller (MVC) framework, which can be easily customised and 

extended. 

 

MVC is a classic design pattern widely used in GUI and Web applications. Generally 

speaking, Model defines and maintains the data, View renders the interactions based 



 

  116 

on the data, and Controller coordinates actions and events that affect the Model and 

View (Gamma et al., 1995). Figure 6-5 presents the MVC framework. 

 

• Input --> Processing --> Output 

• Controller --> Model --> View   

 

Figure 6-5: Model-View-Controller Framework (Gamma et al., 1995) 

 

Based on the above analysis and comparison, Jforum was selected as the best match 

for the research objectives and system characteristics. Specifically, its BSD license, 

Java-based development language and simple framework (which can be easily 

customised and extended) make Jforum the best candidate for the base discussion 

forum system in this research project. The next section introduces the technologies 

used for developing the proposed system. 
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6.4 Development Approaches and Technologies Used 

As outlined in previous chapters, the dialogue mechanism is the core component that 

performs information retrieval and user interaction tasks. It consists of two intelligent 

agents to handle text semantic similarity calculations and information retrieval 

processes. Meanwhile, Web Services are used as the communication method between 

components. This section first introduces concepts for Agent, Web Services, and a 

Java-based methodology tool. Then the development approaches, environments and 

tools for implementing the components of the proposed system are presented. 

6.4.1 Web Services 

A Web Service is a piece of software whose interface and binding can be defined, 

described, and discovered as XML artefacts (Alonso et al., 2003). The Web Services 

concept has recently gained popularity as part of the Service-Oriented Architecture 

(SOA) approach. SOA is often defined as nodes making resources available to other 

nodes in the form of independent services. The important properties of such services 

are usually defined as: being loosely coupled, having well specified interfaces and 

concealing their underlying implementation details (Kobielus & Manes, 2004). Web 

Services, as defined by the W3C (W3C, 2008), are based on Extensible Markup 

Language (XML) and are normally implemented using Web Services Description 

Language (WSDL) definitions to describe each service and by using SOAP envelopes 

to send requests and responses between the nodes. 
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6.4.2 Agents  

There is no consensus in the literature on the definition of the term ‘agent’ because it 

has been used to signify numerous things within the field of computer science 

(Wooldridge, 1999). The agent paradigm has expanded from mere communication 

tools to embrace autonomous ’intelligent’ software entities used in business and 

educational areas to represent their users or owners (Balke & Eymann, 2008). In this 

research, the reason for using agents for various components of the proposed system 

is that they are components acting and interacting on behalf of (representing) a user to 

classify input and gather and return relevant information for that user.  

6.4.3 Object Relational Mapping (ORM) Tools 

Object/Relational Mapping (ORM) provides a methodology and a mechanism for 

object-oriented systems to store their long-term data safely in a database while 

maintaining transactional control over it, yet having it expressed in program objects 

when needed (O’Neil, 2008). Two commonly used ORM tools for development of 

web applications are Hibernate and the Active Record part of the Ruby on Rails 

framework (Peak, 2005). Hibernate is an object/relational persistence and query 

service for Java (Hibernate, 2006) while Rails is an integrated web application 

framework written in the Ruby language. Basically, these tools automatically map 

data structures between a relational model stored in a database and an object model as 

used for object oriented programming. They are then in charge of updating the 

database when changes occur to data in the object model. The prototype system was 

implemented using these technologies and it successfully met the specified 

requirements. 
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6.4.4 Development Approaches 

In the above sections, Java was selected as the programming language for the 

development of dialogue mechanism in the application layer of the prototype system 

(to be implemented from scratch). The integrated discussion forum system, Jforum, is 

also developed in Java. The advantages for Java are that as an object-oriented, 

platform independent and powerful programming language it is strict and statically 

typed (encouraging good design and coding standards). For other components of the 

new system such as the presentation layer, plug-in component, and data layer, the 

development approaches are presented as follows: 

• To develop the forum display component of Presentation Layer, or user 

interface part, we can use FreeMarker to create a Jforum layout. FreeMarker is 

a "template engine"; a generic tool to generate text output (anything from 

HTML to auto-generated source code) based on templates and it is a Java 

package and a class library for Java programmers (http://www.jforum.net). For 

best integration with the presentation layer of Jforum, the forum display 

component of the proposed system is developed in FreeMarker. 

• To integrate the proposed system with Jforum, the Plug-in component is 

implemented in Java and the communication approach for transferring data 

from Jforum to the proposed system uses Web Services which are language 

neutral in that they do not expose the language used in the implementation of 

the services they provide. Therefore the proposed Plug-in component can be 

integrated with any type of forum system regardless of which development 

language is used for the Presentation Layer development. Web Services are 

used to communicate between the Presentation Layer of Jforum and the 

Application Layer of the proposed system via the Plug-in component, and 
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between the Application Layer and Data Layer within the proposed system. 

This occurs in two ways. Firstly a request from the user interface implemented 

in the Presentation Layer is wrapped in a SOAP envelope and then a Web 

Service call is made to send it via the Plug-in component to the main 

Application Layer (Dialogue Mechanism). These two parts of the system can 

be located on the same physical server or on different servers. The second use 

of Web Services in the system is for making requests from the Application 

Layer to the Data Layer. In this case, one request from the Application Layer 

will normally call both the Data Layer Web Service within the system and the 

Data Layers of all other institutions participating in this discussion forum. 

How many Data Layers on different servers will be called depends on how 

many institutions are participating in the forum. 

• A modelling tool was used to design an entity relationship (ER) diagram for 

the Data Layer. Originally, the design was based on the data structure of the 

Jforum module. It was then changed and extended considerably to support the 

specific requirements of the prototype system. The ER diagram was used to 

generate SQL script to create the actual database. The database is accessed to 

generate Java persistency classes for use with Hibernate in the Data Layer. 

Choosing a modelling approach for the Data Layer ensures that the 

documenting diagram remains up to date as the code is generated from the 

diagram. 

 

A code driven approach is used for the Web Services implementation, in that the Java 

classes implementing the functionality are written first. The XML based Web Service 

Definition Language (WSDL) descriptions and supporting files are then generated 
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from the Java source code. This appears in the classes as Web Services. This is done 

using the Eclipse Web Tools Platform (WTP) (Eclipse Web Tools Platform, 2008) 

package and the files are tweaked manually to correct minor errors in generation. 

Apache Axis (Apache Axis, 2008) is used in combination with Apache Tomcat 

(Apache Tomcat, 2008) to operate Web Services. 

 

For this study a range of development approaches were used for the implementations 

of various component. Each approach was considered in order to give the best 

advantage to each individual component implemented in the prototype system. A 

single unified approach would not have been an effective method given the diverse 

challenges of implementing each of the components. The next section will introduce 

the development environment (such as the server environment) and software tools 

(such as the development environment and database management software) chosen 

for the development process. 

6.4.5 Development Environment and Tools 

For the development environment, free software options are chosen when available. 

With the exceptions of the Sun JDK (Java Development Kit) (Sun JDK, 2008), 

Microsoft Windows (Microsoft Windows, 2008) and Microsoft Office (Microsoft 

Office, 2007), all software used is open source. Eclipse (Eclipse, 2008) is used as the 

Integrated Development Environment (IDE) with plug-ins for web development: 

Eclipse Web Tools Platform – WTP (Eclipse Web Tools Platform, 2008), Hibernate 

(Hibernate, 2006), object-persistency with MiddlegenIDE (MiddlegenIDE, 2006) and 

Subversion connection (Subclipse) (Subclipse, 2008). Both Putty for secure shell 
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access (Putty, 2008) and WinSCP for file transfer (WinSCP, 2008) are valuable tools 

used to manage the Window or Linux servers on PCs. 

 

Various server-based softwares are used in the development process. Subversion 

(Subversion, 2008) is used as the version control system for source code and 

documents. This is mainly because it is considered superior to the other common open 

source choice of CVS (CVS, 2008) by the author of this thesis. One convincing 

argument for this is that it keeps track of a whole tree of files, and not just the separate 

files. This is a major advantage when refactoring the code. For the web server, 

Apache (Apache, 2008) is used in combination with Apache Tomcat for Java (Apache 

Tomcat, 2008) and Apache Axis for Web Services (Apache Axis, 2008). MySQL 

(MySQL, 2008) is chosen for the database server in the system, as it is able to provide 

the required features. It is currently a very common choice for web based applications.  

 

The choice of development software tools shows that free software tools are more 

than adequate to handle the requirements. After the design and development plan for 

the proposed system were completed, a prototype system was implemented to meet 

the proposed system requirements and achieve the objectives of this research. The 

next chapter introduces how the proposed system was developed, presented and 

integrated with the Jforum discussion forum system. 
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CHAPTER 7   

 

ARCHITECTURE AND IMPLEMENTATION 
 

7.1 Introduction 

Chapter 6 outlined a new type of discussion forum systems designed to solve the 

research problems introduced in earlier chapters. A prototype system was 

implemented based on the new system design. The development plan for this 

prototype system is described in Chapter 6 which also discusses the selection of 

Jforum as the base discussion forum system which was customised and integrated 

with the prototype system. In this chapter, the architecture of the prototype system is 

described first, followed by the details of the prototype system implementation. 

7.2 Architecture Overview 

The high level design of system components, main flows of control of the proposed 

system and development plan for the prototype system implementation were 

presented in chapters 4 and 6. The prototype system comprises three layers and it 

integrates with Jforum. Figure 7-1 shows the high-level architecture for each 

component of the prototype system. The prototype was implemented in this research 

to represent one instance of the proposed new type of discussion forum systems 

meeting the design requirements and research objectives. This was because the 

method for connecting the prototype system to the remote databases (other forum 

systems in different institutions) and retrieving data is same as for connecting to the 
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local database. It was therefore not necessary to implement remote database 

connection (the dotted line and box) in this research. Only the global database running 

on a central server and the local database running on the local server were 

implemented. Figure 7-1 shows how Jforum integrates with the core components of 

the prototype system via the plug-in component. The global database box represents a 

central database that stores global information from local and remote systems. The 

local database box represents the database for Jforum running on a local server. The 

following sub-sections introduce the system architecture for each component and then 

present the data architecture and deployment architecture for the prototype system. 

 

 

 

 

 

 

 

 

Figure 7-1: High-level System Architecture 

7.2.1 Plug-in Component 

The plug-in component was designed and developed to integrate the core part of the 

prototype system with Jforum (customised as the new type of discussion forum 

system). Jforum is an open source discussion forum system which provides an API for 

customisation and integration. The plug-in component works with the API to send and 

receive the data between Jforum and the core part of the prototype system. It has four 
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classes: the data receiving class, the data encapsulation class, the data sending class 

and the forum display class.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-2: System Architecture for Plug-in Component 

 

Figure 7-2 shows the system architecture for the plug-in component. This architecture 

diagram shows that the API exists where the action occurs in Jforum. Therefore when 

a message is submitted from the Jforum message display page, the action class of 

Jforum system sends the message to the data receiving class of the plug-in component 

via the Jforum API class. After the sent message is encapsulated by the data 

encapsulation class, the data is transferred to the Dialogue Mechanism component via 

the data sending class. When relevant information is retrieved from the Dialogue 
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Mechanism, it is returned via the forum display class to the Jforum message display 

page. 

 

7.2.2 Dialogue Mechanism Component 

The Dialogue Mechanism is the core component which is particularly designed to 

execute communication tasks between the users and system. This component consists 

of two agents: the Concept Formulation Agent and the Query Monitoring Agent. 

After data is transferred from the plug-in component to the Dialogue Mechanism, the 

text of the submitted messages is filtered and then sent to the Concept Formulation 

Agent. Both the Concept Formulation Agent and the Query Monitoring Agent need to 

communicate with each other and with the global, local, and remote databases via the 

dispatch component. The Concept Formulation Agent performs the semantic concept 

similarity calculation and recalculation processes to compare submitted messages 

with existing concepts in the database. The Query Monitoring Agent executes 

information retrieval tasks to search for relevant information in response to each 

submitted message and then returns it to the users. Figure 7-3 shows the high-level 

system architecture for the Dialogue Mechanism.  
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Figure 7-3: High-level System Architecture for Dialogue Mechanism 

 

The system architecture details for the Concept Formulation Agent and the Query 

Monitoring Agent are introduced below. 

 

Concept Formulation Agent 

The Concept Formulation Agent is intended to act as an intelligent agent that 

understands the meanings of messages submitted by users and then classifies those 

messages into corresponding semantic concepts. The architecture for the Concept 

Formulation Agent is presented in Figure 7-4. This agent is used to handle two types 

of input. If the input is a submitted message, then the LSA Engine processes the 

message using Latent Semantic Analysis and the processed message is classified into 

an existing semantic concept according to calculations performed by the Concept 

Classification Class. If the feedback is submitted from the user, then it is sent to the 

Concept Reclassification Class where it undergoes the concept reclassification 

process. Both Concept Classification Class and Concept Reclassification Class are 
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connected to the Global Database via the dispatch component. The Global Database is 

used to store classified concepts and user feedback. 

 

 

 

 

 

 

 

 

Figure 7-4: Architecture for Concept Formulation Agent 

 

Query Monitoring Agent 

The Query Monitoring Agent was developed to act as an intelligent agent that 

monitors each submitted query and performs the information retrieval process in the 

Dialogue Mechanism. Normally, after a submitted message is classified into an 

existing semantic concept by the Concept Classification Agent, the Query Monitoring 

Agent performs a relevant information retrieval task. The architecture for the Query 

Monitoring Agent is shown in Figure 7-5. When a message is sent to the Concept 

Formulation Agent, it is processed by the LSA Engine. Therefore, after a submitted 

message is classified into an existing semantic concept, the LSA processed message is 

sent to the Query Monitoring Agent and the Relevant Information Retrieval Class 
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existing posting and the local and remote databases store the original posting details 

for various courses in different institutions. However the remote part (the dotted line 

and box) were not implemented as discussed at the start of this chapter. 

 

 

 

 

 

 

 

 

 

 

Figure 7-5: Architecture for Query Monitoring Agent 

 

Text Similarity Calculation & Information Retrieval Process 

The Dialogue Mechanism was designed and developed to perform the natural 

language process tasks of text similarity calculation and information retrieval. The 

methodologies for natural language processing in this component are outlined in 

Chapter 5.  
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Figure 7-6: Work Flow Chart in Dialogue Mechanism 

 

Figure 7-6 shows the work flow for the text similarity calculation (recalculation) and 

information retrieval processes in the Dialogue Mechanism. The text of a message is 

sent to the Dialogue Mechanism and this starts the process. The work flow for text 

similarity calculation and information retrieval processes is denoted in Figure 7-6. 

When a submitted message is sent to the Dialogue Mechanism, it is filtered first to 

remove all non-semantic words (the full list is presented in Appendix A). After the 

filtering process, only semantic keywords are left and they are used to identify a sub-

concept which is sent to the Concept Formulation Agent. Here, the sub-concept is 

classified into an existing concept and then sent to the Query Monitoring Agent which 

performs a relevant information retrieval from local and remote databases via the 

Dispatch Component. A relevant information list is then sent back and displayed for 

users to view and evaluate through the Forum Display Component. If users submit 
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feedback, it is sent back to the Concept Formulation Agent which performs the 

concept reclassification process.  

7.2.3 Dispatch Component 

The Dispatch Component was developed to receive all calls from the Concept 

Classification and Query Monitoring Agents and to manipulate or retrieve data from 

global, local and remote databases. It uses Web Services to call the global, local, and 

any remote databases and, after gathering and sorting the information retrieval results, 

it returns one result set to the calling agent. The Data Service was designed and 

developed to expose the Data Layers of the local and remote systems as a Web 

Service that can be accessed by the Dispatch Component to retrieve data. It uses a 

programming method called “reflection” to translate incoming requests into objects 

that can be used with Hibernate as specified in the Datamodel package. The 

Datamodel package contains the Java Persistency Classes and XML descriptions used 

by Hibernate to map database tables to Java Classes. The Dispatch Component then 

uses Hibernate to access local and remote databases. Meanwhile the global database is 

available for direct connection to the prototype system via the Dispatch Component. 

The architecture for the Dispatch Component is shown in the figure 7-7.  
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Figure 7-7: Architecture for Dispatch Component 

7.2.4 Forum Display Component 

The Forum Display Component is the interface that shows information to the users of 

the prototype system. This component requires functions to provide the general 

features of traditional discussion forums such as view, post and reply. According to 

the development plan used in this research, these functions were not developed from 

scratch but were reused from the customised and integrated Jforum system. However, 

the functions for news features were developed to display relevant retrieved results 

and provide an interface for users to evaluate those results. These new functions were 

then integrated with the general functions of Jforum. The system architecture for the 

Forum Display Component is shown in Figure 7-8.  
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Figure 7-8: System Architecture for Forum Display Component 

 

The Forum Display Component includes two function classes. One is the information 

display class which is used to generate the interface for displaying retrieved messages 

and the other is the user feedback class used to provide the interface framework for 

users to submit feedback on the relevance of the messages. Both classes were 

developed in the same way as the message display was developed for presentation 

layer of Jforum. This is because the Forum Display Component needs to be integrated 

with the existing functions of the presentation layer of Jforum via the plug-in 

component. 

7.2.5 Data Architecture 

The structure of information in the prototype system can be seen in Figure 7-9. This 

structure is quite similar to those commonly used in other web forums. A forum 
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messages, while topics are set up by the teachers or tutors. A range of forums would 

ideally be set up centrally using an agreed ontology of subjects. This would encourage 

more institutions to participate in the discussion and the knowledge could be reused 

across different institutions. 

 

 

Figure 7-9: Information Structure and Storage Structure 

 

The dotted lines and grey cylinders in Figure 7-9 show an example of one possible 

structure for data storage. The prototype system is significant in that all the data for 

natural language processing is stored in one central location. Other data is stored in 

the local system to which the user submits a message. For example, a message 

submitted by a student is stored in the local forum database or other remote databases, 

while the concept classification information for the message is stored in the global 

database. To generate the view of a forum the system therefore needs to access all 

connected servers and databases to retrieve all related information. The actual forum 
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definitions are here considered global in that they are replicated in all the databases. 

There is, in other words, currently no physically separate global database. The 

information structure of the prototype system is quite conventional for web forums, 

but storage of information in a distributed data structure is not common. This was 

implemented to allow each institution to be physically in control of their data. 

 

Data Structure 

The entity relationship (ER) model of the databases used in the prototype system is 

shown in Figure 7-10. This includes the data structure for the global database but not 

for the local database. The global database stores the duplicate information of topic 

and message text from the local database and the information for concept 

classification and user feedback. Keeping the local data protected from changes by 

users to different instances of the system works in most cases. One example of a task 

that would not be supported in this design is for a teacher in one course to perform 

actions on a message posted by a student in another course (on a different server). 

Teachers can choose to look after only their own students and then all work is done on 

the local server. This approach works well in that it does not generate any data 

consistency problems, since all data is stored in one location. It makes no difference 

to the teacher whether tasks are being performed on a locally stored message or a 

remotely stored one. This model also allows an information retrieval process to be 

performed across local and remote databases and even those located on servers of 

different institutions. 
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Figure 7-10: Entity Relationship Diagram 

 

Data Access Layer 

The fact that the data is distributed is hidden from the core system. This is achieved 

by all data access calls going through one component, called the Dispatcher. This 

component handles requests to retrieve data and to change data in two different ways. 

Requests to store, update or delete data are sent to the local instance (global database) 

of the Data Layer using its Web Service (which sits on the local server). Requests to 

retrieve data, on the other hand, are forwarded to the Web Services of all Data Layers 

that the prototype system is connected to (i.e. all institutions’ databases) through Data 

Service and Datamodel and then the results received are combined before being 

returned to the calling component. 

7.2.6 Deployment Architecture 

Two approaches were identified and evaluated for deployment of the prototype 

system. The first architecture uses a central database to store global data in the 
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prototype system. The core components of the prototype system would run on a 

central server and the integrated discussion forum systems would run on each of the 

collaborating institution’s servers, communicating with the central server using Web 

Services, as seen in Figure 7-11. The components represented by the dotted line and 

boxes were not implemented in this research. Only the prototype system integrated 

with Jforum was implemented as one instance of the proposed new type of discussion 

forums intended to meet the research objectives. 

 

 

Figure 7-11: Deployment Architecture for Prototype System 

 

The service-oriented approach where everything except the plug-in component runs 

centrally has the advantages that all data is stored in one place, and that most 

functionality is also located there. Maintenance of the system would therefore be 

easier, and scaling the system could be done by adding resources at one point. The 

negative sides to this architecture are that it can require large central resources to scale 

well and institutions may not be willing to store “their” data in a central location, 

especially if the central server is hosted at another institution. The second architecture 
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places everything within each institution. In either case, for performance and 

reliability, the global data structures are duplicated in each running database of the 

system, as they rarely change but are often queried. 

 

 

Figure 7-12: Layers of Prototype System 

 

The developed prototype system is very flexible in how it can be installed on different 

servers. As seen in Figure 7-12, the system can be seen as a five layer architecture, 

where each layer, represented by a box, can be installed on a separate server if 

required. The lines between the boxes signify the communication channel used 

between the layers. In the case of Jforum, an HTTP GET request is sent from the 

forum display component to Jforum via the plug-in component to present the 

information to users. In this case, Jforum and the plug-in component have to be on the 

same server. Between the forum display component and the Application Layer, there 

is a Web Service connection and this is also how the Application Layer communicates 

with the Data Layer. The Application Layer communicates not only with the Data 

Layer within the local system where it resides, but also with the Data Layers of any 

other instances of the system that participate in the forum. The Data Layer then uses a 

JDBC connection to communicate with the actual Database. This gives a high degree 
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of freedom in the number of possible ways of configuring and installing the system on 

servers. This has the benefit that the system can be tailored to take advantage of 

available server resources. The next section outlines some of the specific function 

implementations for the prototype system. 

7.3 Implementation 

7.3.1 Overview  

According to the research development plan, the prototype system implementation 

process includes core component development and integration with a Jforum system. 

The system functions for general features such as view, post and reply were not 

implemented from scratch because these general features of Jforum could be reused in 

the prototype system. The system functions for newly designed features of the 

prototype system such as information retrieval and user feedback were developed 

from scratch and integrated with the general functions of the Jforum system. The 

interfaces for general and new features of the prototype system are presented below. 

7.3.2 General Features 

All functions for general features were reused from the Jforum system. Jforum is a 

traditional discussion forum system which provides general discussion features 

including that: 

• users can create a new topic in the forum; 

• users can view existing topics and messages in the forum; 

• users can post a reply to a topic in the forum;  
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• administrators can manage the forum, such as by deleting an existing message. 

 

The prototype system uses all functions for the above general features. The 

screenshots for the interfaces of the prototype system show how a user creates a new 

topic (Figure 7-13), views all existing topics and messages (Figure 7-14 & 7-15), and 

posts a reply (Figure 7-16) in the prototype system. 

 

Figure 7-13: Topic Creation in Prototype Discussion Forum 

 

 

Figure 7-14: Viewing All Topics in Prototype Discussion Forum 
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Figure 7-15: View Messages in Prototype Discussion Forum 

 

 

Figure 7-16: Post a Reply in Prototype Discussion Forum 

7.3.3 New Features 

Functions for new features in the prototype system were implemented from scratch 

and integrated with general functions of Jforum. These new features include the 

relevant information retrieval function and the user feedback function. In the 
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prototype discussion forum system, when a user submits a new message, the system 

automatically finds the most relevant existing messages from databases and then 

returns them to the user. Meanwhile, when users browse those relevant messages, 

they can evaluate which ones relate to their submitted message.  

 

In the Jforum system, there is a message previewing function which allows users to 

review their new messages before the messages are submitted into the discussion 

forum. This is an appropriate function to integrate the new functions with because it 

allows users to submit their messages directly without a relevant information search 

or they can view relevant information via the preview function. The architecture for 

the preview function in Jforum is shown in Figure 7-17. 

 

 

Figure 7-17: Architecture for Integration with Preview Function 
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‘reply’ page (Figure 7-18), he/she can click the ‘preview’ button and previously 

relevant messages are then shown on the ‘preview’ page (Figure 7-19). 

 

Figure 7-18: Message Reply Page 

 

On the ‘preview’ page, relevant messages are retrieved from different topics and 

sorted by similarity weight with the submitted message. 

 

Figure 7-19: Message Preview Page 
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When relevant messages are shown on the ‘preview’ page, there is a checkbox for 

users to evaluate each returned message. Therefore users can select all messages 

which they think are related to the submitted message and then submit their feedback 

by clicking the ‘evaluation’ button (Figures 7-20 and 7-21). After users view and 

evaluate relevant messages, they can choose to submit their new message, or cancel it 

in case their query has already been answered.  

 

Figure 7-20: User Evaluation for Retrieved Relevant Messages 

 

 

Figure 7-21: User Feedback Submitting 
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7.4 Summary 

This chapter first introduced the architecture for the newly designed discussion forum 

system. In the system development process, a Jforum system is customised and 

integrated with the core components of the prototype system to meet the proposed 

system design requirements and achieve the research goals. The interfaces for general 

and new features of the prototype system were presented in the later part of this 

chapter. The general features include the traditional functions of discussion forum 

such as view, post and reply. The new features developed from scratch include 

relevant information search and user evaluation functions. After the prototype system 

was successfully implemented, it was evaluated from the perspectives of system 

performance and users to establish whether the research problems were solved and 

research goals achieved. The next three chapters outline the research background, 

experiment design and results analysis for the evaluation. 
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CHAPTER 8   

 

RELATED EVALUATION APPROACHES 
 

8.1 Introduction 

A new type of discussion forum system has been proposed and designed in this 

research to overcome the main limitations of traditional discussion forum systems. A 

prototype of such system was then successfully implemented. How well the prototype 

system met the system requirements and achieved the research goals was then 

evaluated. Before presenting the evaluation of the prototype system, this chapter first 

provides the research background to traditional evaluation methods and approaches. 

The following sections introduce traditional evaluation methodologies for Information 

Retrieval (IR) and present evaluation approaches used by other related research. 

8.2 Evaluation Methodologies 

Evaluation is defined as a method for assessing performance or value of a system, 

process, product, or policy. As such, evaluation is a critical necessity in science and 

technology (Saracevic, 1995). The prototype system was designed and implemented 

to provide relevant information retrieval and user feedback functions which improve 

the effectiveness of communication between users in the discussion forum systems. 

Therefore to evaluate the prototype system, evaluation methodologies for both 

information retrieval performance and user performance and satisfaction are taken 

into account in this research.  
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8.2.1 Evaluation for IR Performance 

Traditionally the effectiveness of information retrieval systems is measured by 

comparing information retrieval performance on a common set of queries and 

documents (Sanderson & Zobel, 2005). The evaluation criteria for IR systems include 

retrieval accuracy, cost-effectiveness, processing time, and effort required to learn the 

system. Evaluation methods are commonly based on classical recall and precision 

measures which are system-oriented. These methods evaluate average system 

accuracy but do not identify the influences of other factors such as retrieval task and 

system user (Croft, 1995).  

 

An ideal IR system allows all relevant documents in a collection to pass through and 

no others. A real system is never as effective as an ideal one, but it meets the 

evaluation goals to a large degree. Retrieval accuracy can be defined as the 

effectiveness with respect to the goals (Harter, 1986). Kent et al. (1955) defined the 

measures of precision and relevance (later renamed recall) for evaluation of IR 

systems. Precision is the ratio of the number of relevant documents retrieved to all 

retrieved documents. Recall is the ratio of the number of relevant documents retrieved 

to the number of all relevant documents in the search space. Precision and recall are 

the most commonly used measures of effectiveness for the evaluation of IR systems 

(Billhardt, 2002). The best known example is the Text Retrieval Conference (TREC) 

evaluation methodology, which includes several metrics to evaluate different aspects 

of an IR system (Robertson, 2002). 
 

TREC metrics are based on the measures of precision and recall and are regarded as 

representing the state-of-the-art of ad hoc evaluation. The TREC metrics include: 
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• Interpolated Recall-Precision Averages: This is based on the calculated 

precision at recalls of 11 equal intervals from 0.00 to 1.00. The calculated 

values are averaged over all queries (for each of the 11 recall levels). 

• Average Precision over All Relevant Documents: This is based on the 

calculated precision after each relevant document is retrieved. All precision 

values are then averaged together to get a single number for the performance 

of a query. 

• Precision at k Documents: This is based on the calculated precision after k 

documents have been retrieved. The calculated values are averaged over all 

queries. 

• R-Precision: This is based on the calculated precision after R (number of 

relevant documents for a query) documents have been retrieved. The 

calculated values are also averaged over all queries. 

 

Another well known metric is “Effectiveness” (E) proposed by Van Rijsbergen (1979): 

 

 

where P and R are precision and recall, and β is a parameter reflecting the relative 

importance of recall to precision defined by the user. Effectiveness not only takes into 

account the users’ preferences but also integrates precision and recall in a single 

measure. Precision-oriented users are interested in how many irrelevant documents 

they have to view for a given retrieval set size. In contrast, recall-oriented users are 

interested in how large a retrieval set size they must view in order to obtain a certain 

number of relevant documents (Frei & Wyle, 1991).  
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Other metrics include Normalised Recall, Coverage Ratio, Novelty Ratio, Relative 

Recall and Recall Effort (Korfhage, 1997). These criteria, like many others, however, 

are not widely accepted and used.  

 

Different approaches can be used to evaluate how good a system is or whether one is 

better than another (Beaulieu, 1997). These traditional metrics measure an IR system 

from different perspectives (Greisdorf, 2000). The choice of approach depends on the 

intent of evaluation (Saracevic, 1995). In the practical evaluation of IR systems, 

Interpolated Recall-Precision Averages are used ubiquitously (Frei & Wyle, 1991) 

and TREC is probably the greatest single source of information about IR evaluation 

methods and metrics (Jackson, 2002).  

8.2.2 Evaluation for User Performance and Satisfaction 

Improvements in IR effectiveness measures (recall and precision) do not necessarily 

reflect an improvement in user performance (AI-Maskari, 2007). Many researchers 

have recommended considering perceptions of the users to be as important as IR 

effectiveness measures, and both should be interpreted as measures of effectiveness. 

Therefore IR evaluation should not focus solely on maximising retrieval performance 

by refining IR techniques. It should also include understanding user satisfaction, 

behaviours and information needs.  

 

Measures of user performance and satisfaction are considered as other aspects of the 

criteria of a system (Turpin & Scholer, 2006; Belkin et al., 2004). User performance 

and satisfaction are important to indicate how well a system meets users’ information 
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needs. User performance normally includes measures of user effort and time spent. 

Normally the user effort is measured by the number of documents visited by the user 

to complete a search task. The time spent is the time taken by a user on a session for 

meeting an information need. User satisfaction is measured after completing tasks 

using an information retrieval system by asking the user to indicate the degree of 

satisfaction to which the information need is met (Chanana et al., 2004). Since the 

1990’s researchers have developed various methods for capturing user satisfaction 

with the retrieved results of IR systems and have examined how users assess their 

own performance in task completion. Furthermore some interactive evaluation 

frameworks have been customised from different approaches to bring together aspects 

of system effectiveness and user performance and satisfaction (AI-Maskari, 2007). 

The next sections introduce some related approaches to evaluating the effectiveness of 

IR or similar systems. 

8.3 Related Evaluation Approaches 

8.3.1 Overview  

Different approaches can be used to evaluate or compare systems. The choice of 

approach depends on the research goals for the evaluation (Greisdorf, 2000). In the 

practical evaluation of IR or similar systems, single or combined traditional measures 

may be adopted. These metrics measure an IR or similar system from different 

perspectives. They evaluate the general performance of a system with average 

measures and can provide detailed information about the effects of different factors 

that determine retrieval results. In this way they contribute information to help make 
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improvements to IR or similar systems and processes. The next sections introduce and 

present some recent evaluation examples. 

8.3.2 User Performance versus Precision Measures for Simple Search 

Tasks 

Turpin and Scholer (2006) concluded that traditional evaluation approaches for IR 

cannot prove the benefits for users. They used two evaluation approaches to evaluate 

two different information retrieval systems for user performance. The approaches 

were based on two simple tasks. The first was a precision-oriented task, requiring 

users to find one document that was relevant to the supplied query. The second was a 

recall-based task, measured by the number of relevant documents that users could 

identify in a five minute time period. Data for the time taken to find the first relevant 

document and the number of relevant documents that could be identified in five 

minutes were collected and analysed after the evaluation process was completed. The 

evaluation results showed no significant relationship between system effectiveness 

measured by mean average precision and the precision-based task. 

8.3.3 User-centred Evaluation of an E-learning Repository 

Venturi and Bessis (2006) presented a user-centred approach to evaluate the DELTA 

system which is a distributed repository for learning resources. To identify the 

evaluation goals, they employed scenarios and claims analysis techniques. For 

instance, according to designed scenarios, they made a number of claims including: 

• Simple and advanced search functionalities will be easy to use for people new 

to DELTA; and 
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• Search results will be easy to interpret and filter by advanced search for 

novices. 

 

In their research, they set up an “evaluation toolkit’ and six methods were selected 

comprising quantitative and qualitative research techniques as follows: 

• Web questionnaire (quantitative and qualitative); 

• Usability tests (quantitative and qualitative); 

• Logs analysis (quantitative); 

• Interviews (qualitative); 

• User diaries (qualitative); 

• Pedagogy workshop (qualitative). 

 

The results showed that DELTA fulfilled four out of the nine evaluation goals. 

8.3.4 Evaluating Effectiveness of a Context-based IR System 

Chanana et al. (2005) proposed a new context-based information retrieval system to 

compete with the traditional keyword-based systems. To evaluate the proposed 

system, they designed an evaluation to assess whether the proposed system had better 

retrieval effectiveness than the baseline system. The evaluation measures used 

included: 

• difference in performance between the two systems in terms of precision ratio, 

search effort and time spent; and 

• difference in user satisfaction. 
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Ten students participated in the setup evaluation experiment to use both systems to 

complete a set of ten predetermined information search tasks. All data concerning the 

experiment was logged on a local server. The information recorded included 

documents read, the sequence in which documents were visited, the relevance score 

for each document, time spent for each session and the user’s score for how well the 

information need was met by the documents retrieved. Statistical analysis showed that 

compared with baseline system, the precision ratio and user satisfaction of the 

proposed system were significantly increased, but user effort and time spent were 

decreased. It concluded that for IR effectiveness, the proposed system performed 

better than the baseline system. 

8.3.5 Evaluating an Intelligent Discussion-Bot  

In Feng et al.’s (2006) research, an intelligent discussion-bot was developed to 

automatically answer student queries. To evaluate this intelligent discussion-bot, the 

researchers set up an experiment in which 279 documents and 3093 posts were placed 

in the system. A total of 66 questions were written into a script to simulate a user 

posting new questions on the discussion forum and the related information and 

answers were returned. They classified the 66 replies as exact answer, good answer, 

related answer or unrelated answer. The results showed that good system performance 

depended highly on the system threshold value of the cosine similarity score for the 

intelligent discussion-bot system. 

8.3.6 Assessing Distance Learning Student Performance 

Wu and Chen (2004) proposed a model which combined three measures: keyword 

density, message length and message count in the discussion forum, to automatically 
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assess student performance. To validate this model, they set up an experiment which 

included two online courses. In the first course, the instructors gave out eight 

discussion topics which covered major issues discussed in the class and for each topic. 

Students were required to respond with an original post and reply to others before the 

due date. The second course had only one discussion conference, and there were no 

specific discussion topics. Students were encouraged to find interesting resources to 

share with the class. The experiment showed that automated performance assessment 

worked surprisingly well compared with human judges. The correlations between the 

score based on the proposed measures and the actual grades were generally high.  

8.4 Summary 

This chapter introduced traditional evaluation methodologies for IR and similar 

systems including system performance, and user performance and satisfaction. The 

latter sections presented different evaluation approaches adopted in recent research 

works. Normally an evaluation experiment is set up to test system usability, 

information retrieval performance, user performance, etc. Researchers analyse 

experimental results and compare systems to prove research goals such as whether 

one system is more effective than another.  

 

In this research, the evaluation uses some of the above methods to evaluate how well 

the prototype system meets the proposed system requirements and achieves the 

research goals. This evaluation is introduced in the next chapter. 
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CHAPTER 9   

 

EVALUATION APPROACH  
 

9.1 Introduction 

The previous chapter reviewed traditional and recent evaluation literature for 

information retrieval related systems. This chapter outlines the evaluation approach 

chosen in this project and the consequent evaluation experiments designed to 

determine how well the prototype system met the system design requirements and 

achieved research objectives. The first section summarises the research objectives and 

evaluation goals. The next section introduces the evaluation approaches proposed to 

assess both the objective and subjective performance of the prototype system. The 

details of the evaluation experiments are presented in the last section. 

9.2 Evaluation Goals 

The evaluation process for this research project started after the prototype system 

development phase was completed. The implemented prototype system has been 

assessed as to whether it achieved the research objectives and this is the core 

component of the entire evaluation process. The evaluation goals are based on the 

research objectives and the proposed system design requirements. This section recaps 

those research objectives and then establishes the evaluation goals used in the 

subsequent sections. 
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9.2.1 Research Objectives 

The research objectives provided the foundation for the initial phase of the project. 

This research aims to overcome major communication limitations of traditional 

discussion forum systems by improving the effectiveness of dialogue between users.  

One important requirement of such a system is that the prototype forum should enable 

sharing and reuse of knowledge for various courses in different institutions. Such a 

feature of the prototype forum has been implemented and evaluated in the previous 

eQuake project (Smestad, 2006). Hence this research objective has not been 

considered in the evaluation section of the current research study. 

The research objectives are listed below. 

• The prototype forum should provide immediate responses for users’ messages. 

• The prototype forum should automatically search and provide relevant 

information when users try to post a message. 

• Users should be able to give feedback on the relevancy of the search results in 

the prototype forum. 

• The prototype forum should be able to reduce the teachers’ time consuming 

burden of managing the discussion forum and answering duplicated questions. 

9.2.2 Evaluation Goals 

Building on previous solutions, the proposed discussion forum system was designed 

to meet the above research objectives. The prototype system was developed as an 

instance of the proposed system to meet the proposed system design requirements and 

achieve better system performance than those systems proposed in other research 

works. Therefore the overall evaluation goal is that the developed system should 
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enhance effective communication among learners and between learners and 

instructors in the discussion forum.  

 

To establish whether the prototype discussion forum system has achieved the 

evaluation goal, the usability and performance of the system need to be assessed from 

two perspectives: 

• For achieving effective communication among learners, learners should be 

able to easily find relevant and useful previously posted information in a 

timely manner;  

• For achieving effective communication between learners and instructors, 

instructors should be able to reduce their efforts on discussion forum 

management (such as answering duplicated questions). Meanwhile learners 

should be able to find the related answers or knowledge they need by 

themselves in the prototype discussion forum so that they do not need to 

submit similar questions multiple times. 

 

The evaluation approach was designed to assess the usability and performance of the 

prototype system developed in the research project. The evaluation of the prototype 

system focused on system use, such as how well the prototype system enables a user 

to find useful information thereby meeting an information need. If learners can easily 

find relevant needed information, they do not need to submit duplicate questions into 

the discussion forum so that instructors do not need to waste time and effort on 

answering similar questions and fewer similar questions reduces the number of 

postings which reinforces the ability of learners to easily find useful information.  
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The next section introduces the evaluation approach used to meet the evaluation goals 

summarised above. 

9.3 Evaluation Approaches 

9.3.1 Baseline Systems 

According to the evaluation literature review, popular approaches for evaluating 

information retrieval related systems include objective system performance which is 

measured in terms of information retrieval precision ratio, time spent, user effort, and 

search effectiveness, and subjective system performance (Robertson, 2002; Chanana 

et al., 2004; Belkin et al., 2004; Sanderson & Zobel, 2005; Turpin & Scholer, 2006). 

Precision ratio is calculated by the number of documents judged relevant by a user, 

divided by the number of documents retrieved. User effort is measured as the number 

of documents visited by the user to complete a search session. Time spent is the time 

taken by a user on a session to meet an information need. Search effectiveness is 

calculated as the number of related information sources found within a given time. 

Subjective system performance is based on users’ stated satisfaction with information 

retrieval related systems. For instance, the user can be asked to indicate the degree of 

satisfaction to which the information need is met.  

 

An objective evaluation of the communication aspects of the system’s performance 

requires comparison with baseline systems (Chanana et al., 2004). The criteria for 

selecting the baseline system for this evaluation are as follows. 

• The baseline system should have similar discussion forum functions to those 

of the prototype system (Chanana et al., 2004). 
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• The baseline system should have the same auto-reply feature as the prototype 

system because this feature is the core research contribution to improve the 

effective communication in discussion forums. 

• The IR function of the baseline discussion forum system should adopt 

Information Retrieval (IR) and Natural Language Processing (NLP) 

techniques – such as the Boolean keyword method and the TF*IDF Method 

and also the IR technique should be already evaluated as an effective way to 

improve effectiveness of communication in a discussion forum (Feng et al., 

2006); 

 

This research is an extension of the eQuake research project (Smestad, 2006). The 

Boolean keyword search method was the major information retrieval approach used in 

the eQuake prototype discussion forum. This research seeks to improve information 

retrieval functionality in order to provide more effective communication performance 

than that achieved by the eQuake system. Therefore the eQuake forum was the first 

baseline system used in the evaluation experiments.  

 

The TF*IDF approach has been adopted in some recently designed systems as a new 

and popular approach to improve information retrieval performance in discussion 

forums such as intelligent discussion-bot system (Feng et al., 2006) and in student 

performance assessment systems (Wu & Chen, 2004). The TF*IDF method has 

already been evaluated as an effective method to improve the effectiveness of 

communication in discussion forums. Therefore as developed by using the TF*IDF 

information retrieval approach, the intelligent discussion-bot system was selected as 
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the second baseline discussion forum system and its mock-up system was installed for 

use in the evaluation process.  

 

In the evaluation process, the developed prototype forum system was compared with 

the eQuake forum system and the intelligent-bot discussion forum system.  

 

The measures selected to assess objective system performance for this evaluation 

were: the information retrieval precision ratio, user effort, time spent and search 

performance. The precision ratio measure was used to compare the prototype system 

with the baseline systems, and another measure, search performance (effectiveness), 

was used to assess system performance. The measures time spent and search effort 

were not selected for use in this study because it would have been difficult to record 

the time spent and user effort (how many links visited) in the evaluation process for as 

many as 30 participants who would be involved. In many previous studies, it has been 

shown that even without those two measures, the evaluation measures precision ratio 

and search performance were still able to provide a valid evaluation result (Feng et 

al.’s, 2006; Turpin & Scholer, 2006). In Feng et al.’s (2006) research, only the 

evaluation measure precision ratio was adopted to evaluate that their proposed system. 

Also Turpin and Scholer (2006) assessed their developed IR system using two 

evaluation approaches to that were based on two simple tasks. The first was a 

precision-oriented task, requiring users to find one document that was relevant to the 

supplied query. The second was a recall-based task measured by the number of 

relevant documents that users could identify in a five minute time period. Therefore, 

the selected evaluation measures in this study, precision ratio and search performance, 

were able to provide a valid evaluation result despite not using the two measures, time 
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spent and user effort. The details of the adopted evaluation approach are introduced in 

the next section. 

9.3.2 Evaluation Approach 

The innovative features of the prototype system are the relevant message retrieval 

function and the user feedback function. The user feedback function was also 

designed to enhance the accuracy of information retrieval. Therefore, the core 

evaluation aspect was to assess the system’s performance for the information retrieval 

process. Furthermore, to evaluate the effectiveness of the prototype system, one needs 

to evaluate the system performance of the IR process in the prototype discussion 

forum.  

 

The two measures for evaluating objective system performance for the prototype were 

finalized with information retrieval precision ratio and search performance. For 

subjective system evaluation, the measure was user satisfaction. The evaluation 

primarily involved learner users, but one evaluation in the user satisfaction with just 

instructors was performed. 

 

Based on the evaluation goal in the previous sections the final evaluation approach 

was selected to combine measures from information retrieval evaluation methodology 

and dialogue (user interactive) systems evaluation methodology to evaluate how the 

proposed solution can effectively solve the research problems and answer the research 

questions It was also considering with the convenience to set up experiments, recruit 

participants and record experiment data for the evaluation process. Two evaluation 

experiments were designed to compare information retrieval performance and 
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usability between the prototype system and the baseline systems with respect to the 

evaluation goals.  

 

The first evaluation was set up to evaluate the quality of the auto-reply function of the 

prototype system which can synchronously find most relevant posts when users post a 

message. In order to evaluate the performance of the auto-reply function, the first 

experiment was designed to assess the information retrieval precision ratio against 

both the prototype system and baseline systems. Therefore the retrieval information 

relatedness was measured and the two systems compared. This was designed as an 

automated experiment to test the system’s IR performance.  A test script 

automatically triggered the designed questions to be submitted to both the prototype 

system and baseline systems and then all automatically retrieved information was 

recorded in a log.  

 

The second evaluation experiment was set up as a task completion process for users to 

interact with the prototype and baseline systems. During this experiment, the 

objective system evaluation criterion for search effectiveness was assessed. The main 

focus of the second experiment was to assess how well the prototype system enabled a 

user to effectively find useful information that he/she needs in learning communities. 

After the task was completed, learners and instructors completed a questionnaire 

designed to assess their satisfaction. The user opinions identified from the 

questionnaire were then used to evaluate the subjective performance of the prototype 

system. Due to the time and resource limitations, the prototype system was not able to 

be used for a real course to complete the user performance evaluation experiment. 



 

  163 

Therefore based on an assumed learning scenario, the second experiment was 

designed as a simulated task completion experiment.  

 

Data from the above experiments were then analysed to determine whether evaluation 

goals were successfully achieved the flowing objectives:  

• Compared with baseline systems, was the performance of information retrieval 

in the prototype discussion forum improved? 

• Compared with baseline systems, was user capture of relevant information and 

useful knowledge improved? 

• Compared with baseline systems, were users more or less satisfied with the 

new features and usability of the prototype discussion forum? 

 

The evaluation experiment designs and details are presented in the next section. 

9.4 Evaluation Experiments 

Two evaluation experiments were designed to assess the objective and subjective 

performance of the prototype system. The first was an automated testing experiment 

used to collect the precision ratio data for the auto-reply function in the prototype 

system and baseline systems. The second was an interactive experiment where 

learners used all the prototype and baseline systems. A simulated task completion 

approach and a designed questionnaire were adopted in the second experiment.  
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9.4.1 The First Experiment 

In the first experiment, the aim was to simulate a real course-used discussion forum in 

which all users were able to seek useful information or submit a post so that for both 

the prototype forum and baseline forums, their information retrieval performance 

could be assessed. To evaluate IR performance, a document collection or test 

collection was required as the information retrieval base in the objective system 

performance evaluation process. Additionally, in order to record if retrieved 

information was related or not with a submitted query in a system, the relevancy of all 

information in the test collection with the submitted query was marked before the 

experiment was started. This evaluation experiment used standard test collections that 

assumed that relevance could be approximated by topical similarity of the query to the 

document so the user was not required to make a relevance assessment about retrieved 

documents. The relevance is binary – relevant or non-relevant – and recall for a query 

post was always known. A time constraint and selection of documents from 

specialised databases restricted the domain to 950 articles published in ACM 

(Association of Computing Machinery) and IEEE (Institute of Electrical & 

Electronics Engineers) from 1980 to 2008.  

 

All articles were collected from six topic groups and the content of each article was 

uploaded as a post into the corresponding thread folders of the prototype discussion 

forum by the researchers. This is because the post was the basic information 

representation in the discussion forum systems.  The data for distribution of the length 

of each topic folder was recorded and grouped for further statistical analysis on the 

relationship between IR performance and the length of posts. This evaluation 

experiment was designed to simulate an IT course, therefore in March of 2009, a 
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group of 5 undergraduate and 5 postgraduate students were recruited from the 

computer science and information systems departments at Massey University as the 

learner and instructor users for both the prototype discussion forum system and the 

baseline forums. The background information of all participants is presented in the 

next chapter. 

All participants had experiences with using discussion forums and they were 

requested to post questions or comments in each thread of the discussion forum 

regarding the corresponding topic and also submitted their feedback on retrieved 

postings within 30 minutes. After this section was completed, the prototype system’s 

database was ready for the evaluation experiment.  

 

To evaluate the performance of the prototype and baseline systems, the average 

precision ratio was measured for the list of posts returned to the user. The precision 

ratio data for the prototype discussion forum system and the baseline systems was 

collected and analysed to determine whether the evaluation objectives were achieved. 

The formula to calculate precision ratio is: 

 

         Precision = (number of relevant documents) / (number of retrieved documents) 

 

A script was developed to simulate a user posting news questions and comments in 

the prototype discussion forum and the baseline discussion forums. All submitted 

questions and comments were designed by researchers and loaded into the system 

before the experiment was started. The submitted posts were designed to be related 

with created topic in the discussion forum database for example, one question was 

‘what is information retrieval and information retrieval system’? The postings 
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automatically triggered the systems to send the message text on for processing. The 

test set contained a number of posts, but there was no guarantee that the posts would 

be answered or even discussed in the corpus. The testing performance for this 

situation was expected to be considerably worse than for the situation where the post 

was always answered. 

9.4.2 The Second Experiment 

The second evaluation experiment was a user-system interaction test where users 

completed an information seeking task using the prototype and baseline systems. The 

users were given an information need in a learning scenario and were requested to 

submit posts to identify information and articles relevant to the need. Users were 

required to identify as many items as possible within a time frame.   

 

This experiment was designed as a simulated rather than real task completion process 

to overcome time and resource constraints. A simulated learning scenario was created 

as the background. The simulated scenario was based on the research objectives of 

this project to overcome communication limitations of discussion forums in the 

learning environment.  

 

Volunteer students were recruited to use the prototype and baseline systems. The 

simulated scenario was learning-based and all user activities were designed to be 

learning-oriented, for example as users enrolled in an IT course that needed to use the 

discussion forum to find useful information in order to complete a course assignment. 

The participants were required to complete an information seeking task using the 

prototype and baseline discussion forums as the information source. The simulated 
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scenario involved a group of 30 students who had enrolled in an ‘Information 

Technology” course. The sample size of participants was similar with other related 

studies (Belkin et al., 2004; Turpin & Scholer, 2006; Venturi & Bessis, 2006). These 

students were given an assignment to design an approach to evaluate the effectiveness 

of an information retrieval system. There were discussion forums for this Information 

Technology course, and all students used the discussion forums (prototype forum, 

eQuake forum and intelligent-bot forum) to seek information and ask questions. The 

discussion forum contains 950 loaded articles and users’ posts from the first 

experiment. Some articles and postings were related to evaluation methodology and 

information retrieval and some were not. All relevant items were identified by the 

researcher before this experiment started.  

 

In the simulated scenario, participants sought useful postings by submitting one or 

more posts in each of the prototype and baseline discussion forums.  

 

After users completed the experiment, the list of relevant information found from 

each participant was collected and those related to the corresponding topic (as 

determined by the researcher in advance) were identified and the details of actual 

experiment data are presented in the chapter 10. For each user, the search 

effectiveness was calculated by the number of postings found related to the task topic 

per participant:  

Search Effectiveness = the number of posts found related to the task topic  

 

The search effectiveness for each participant was analysed to assess the difference in 

search effectiveness between the prototype system and the baseline systems.  
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A questionnaire methodology was used to investigate user satisfaction in the 

evaluation process of the prototype system. The questionnaire allowed evaluators to 

gather the participants’ perceptions and expectations. It also provided useful 

information on which qualities were regarded as being more important for example, 

usability or efficiency (Venturi & Bessis, 2006). User satisfaction was measured using 

the questionnaire shown in Appendix II to elicit: the general background information 

of participants; the perceived quality of retrieved information; the effectiveness of the 

system; the complexity of the information problems; the retrieved support; and the 

influence of the user feedback function. All participants were required to complete the 

questionnaire after the second evaluation task was finished. The experiment was 

conducted according to the guidelines of the Human Ethics Committee of Massey 

University and oral informed consent was received from all participants. 

 

The above outline of the experiment describes the designed simulated learning 

scenario in the second evaluation experiment. In the actual experiment, the simulated 

learning scenario had three information seeking tasks to be completed with 30 

participants. Twenty four undergraduate students majoring in computer science or 

information systems at Massey University were recruited as experiment learner 

participants. Meanwhile 6 masters and doctoral students were invited to be the tutor 

users for the experiment. The number of participants recruited was limited by the 

available student resource at the time. The details of participants’ information will be 

presented in the next chapter. 
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9.5 Summary 

The evaluation goal in this study was to determine whether the developed prototype 

system was able to enhance the effective communication amongst learners and 

between learners and instructors in a discussion forum. Both objective and subjective 

system performance were adopted to assess the prototype and baseline systems. The 

baseline systems were determined and installed before the evaluation approaches were 

selected.  

 

Two evaluation experiments were conducted to assess both objective and subjective 

system performance. The first was an automation system test to assess the system 

precision ratio and the second was a user-system interaction test to evaluate search 

effectiveness. A questionnaire was used to investigate user satisfaction after the 

second evaluation experiment was completed.  

 

The experiment details and the collected data are presented in the next chapter which 

goes on to show data analysis, evaluation of results and conclusions for these 

experiments.  
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CHAPTER 10   

 

EVALUATION RESULTS AND ANALYSIS 
 

10.1 Introduction 

This chapter describes the experimental procedure and results for the evaluation of the 

developed prototype system. This formal evaluation was performed at the end of the 

development cycle. The evaluation experiments primarily involved learner users, but 

one evaluation in user satisfaction section with just instructors was also performed.  

 

Key findings are presented in this chapter following each of the relevant experiment 

descriptions in the following two sections. This includes statistical comparison of the 

data between the prototype system and the baseline systems. The chapter concludes 

with the discussion on the relationship trends between system performance with 

parameters of posts (e.g. length of posts) and limitations of the prototype forum. 

10.2 The First Experiment 

10.2.1 Experiment Procedure 

In the first evaluation experiment, both the prototype forum and baseline systems 

(eQuake forum and intelligent-bot forum) were set up on an apache server and a 

testing script was developed to automatically simulate users submitting questions on 

both forums. After question submission, all retrieved postings were automatically 

saved into a text file and manually analysed by the researcher.  
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A total of 950 articles published in ACM (Association of Computing Machinery) and 

IEEE (Institute of Electrical & Electronics Engineers) from 1980 to 2008 were 

inducted into the test collection. This evaluation experiment aimed to simulate an IT 

course-used discussion forum so all articles in the test collection were related to IT. 

They were divided into six topic groups and the content of each article was randomly 

uploaded as a post into each forum. The six topic groups were as follows: 

• Information Technologies 

• Learning Management Systems 

• Information Retrieval Systems 

• Search Engines 

• System Evaluation 

• User Evaluation 

 

All uploaded postings were mapped to a corresponding thread from a set of 40 threads 

(topic folders) that were created by the researcher in each forum. Meanwhile a group 

of 10 student volunteers (table 10-1) were recruited from the Computer Science and 

Information System Departments at Massey University as learner users for both the 

prototype and baseline forums. These learners were requested to randomly submit 

related questions and comments into available topic threads in both forums. For the 

prototype forum system, all learners also was requested to rate each retrieved relevant 

post (related or not) when they submitted a post. 
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Table 10-1:  The general information of participants 

 Undergraduate Postgraduate 

Role Learner Instructor 

Total 5 5 

Age range 18 - 22 22-30 

Experience with 
discussion forums 
(year) 

1-3 2-8 

 

The system finally comprised 40 threads which contained 950 article posts and 220 

user postings as the test collection for each baseline forum (eQuake and intelligent -

bot). The distribution of the length of each thread, that is, how many posts were 

included in each thread, is presented in Figure 10-1. Most threads (nearly 70%) had a 

length of 20 posts or less. Very few threads contain more than 30 posts. 

 
Figure 10-1: Statistics of Thread Length 
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Once the testing collection had been set up, the testing script was run. This 

automatically triggered each of 30 simple and complex test questions to be submitted 

into each forum and all returned posts were recorded to a text file. The threshold for a 

simple question was a posting containing no more than 50 words. The distribution of 

the length of each question is presented in Figure 10-2. This figure shows the 

distribution of the word counts for each question. A total of 5 questions comprised 

less than 50 words, 5 questions had greater than 500 words, 10 questions were 

between 50 and 100 words and 10 questions were between 100 and 500 words. 

 

Figure 10-2: Distribution of Testing Question Length 

 

10.2.2 Results and Analysis 

When a question was submitted to the forum, the threshold number of retrieved posts 

could be controlled by forum instructors. In this evaluation process, the maximum 
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eQuake forum. 
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Table 10-2 shows the results of the first evaluation experiment which aimed to 

compare the effectiveness of the auto-reply function in the prototype, eQuake and 

intelligent-bot forum systems. Retrieved information was manually organised into 3 

categories by the researcher: ‘extract related posts’ which contained extracted answers 

for the submitted questions; ‘related posts’ which contained some content related to 

the meaning of the submitted question and ‘unrelated posts’ which had nothing related 

to the submitted question. For example, the question ‘what is information retrieval?’ 

produced one extracted answer of the post containing ‘Information retrieval (IR) is 

the science of searching for documents, for information within documents and for 

metadata about’, and one related information was the post containing ‘The idea of 

using computers to search for relevant pieces of information was popularized in an 

article As We May Think by Vannevar Bush in 1945. First implementations of 

information retrieval systems were introduced in the 1950s and 1960s.’  

 

For the prototype discussion forum, 273 retrieved posts were collected and classified, 

56 previous posts were identified as extract relevant answers to the submitted 

questions, 205 retrieved posts were identified as relevant to the submitted questions 

and 12 previous posts were totally irrelevant.  

 

For the eQuake forum, 278 retrieved posts were collected and classified, 38 previous 

posts were identified as extracted relevant answers to the submitted questions, 192 

retrieved posts were relevant to the submitted questions and 48 previous posts were 

totally irrelevant.  
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For the intelligent-bot system, 271 retrieved posts were collected and classified, 52 

previous posts were identified as extract relevant answers to the submitted questions, 

193 retrieved posts were relevant to the submitted questions and 26 previous posts 

were totally irrelevant. 

 

Table 10-2: Relevance results in the first evaluation experiment 

Retrieved Posts eQuake Forum Discussion-bot Prototype Forum 

Total Retrieved 278 271 273 

Extract related 38 52 56 

Related 192 193 205 

Unrelated 48 26 12 

 

These results were used to calculate the percentages of extracted relevant answers, 

relevant answers and irrelevant answers contained in retrieved posts in the eQuake, 

intelligent-bot and prototype forums. These percentages are shown in the Table 10-3. 

 

Table 10-3: Ratio of relevance results in the first evaluation experiment 

Percentage of 

retrieved posts 

eQuake Forum Discussion-bot Prototype Forum 

Extract related (ER) 13.7% 19.2% 20.5% 

Related (R) 69% 71.2% 75.1% 

Extract related and 

Related (ER&R) 

82.7% 90.4% 95.6% 

Unrelated (U) 17.3% 9.6% 4% 
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The table 10-3 shows that the highest percentage of ‘Extract related’ retrieved posts 

was achieved by the prototype forum (20.5%) and the lowest percentage by eQuake 

forum (13.7%). In the ‘Related’ row, the highest percentage was still the prototype 

system (75.1%) and the lowest was eQuake (69%). eQuake forum returned the most 

unrelated posts (17.3%) and the prototype forum returned the least (4%). This is 

represented in Figure 10-3. 

 

 

Figure 10-3: The relevance results in the first evaluation experiment 

 

The formula used to calculate precision ratio is: 

Precision = (no. of relevant documents) / (no. of retrieved documents). 

 

Therefore Pprototype is 0.956, Pintelligent-bot is 0.904, and PeQuake is 0.827.  

 

The percentage of ‘Extract Related’ answers rates the prototype forum only 1.3% 

higher than the intelligent-bot forum but 6.8% higher than the eQuake forum. 

Similarly the percentage of ‘Related’ posts rates the prototype forum 3.9% higher 
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than the intelligent-bot and 6.1% higher than eQuake. However from the precision 

perspective, Pprototype is 5.2% higher than Pintelligent-bot and 7.7% higher than PeQuake. 

 

From the evaluation result, it has shown that the prototype forum had the best 

precision ratio and eQuake forum had the worst. This is because of different 

information retrieval approaches adopted in those three forums. Boolean-keyword and 

TF*IDF were adopted as the main information retrieval approaches for the eQuake 

forum and the intelligent-bot forum. The eQuake forum and the intelligent-bot forum 

have been evaluated in other research and have been shown to improve the 

effectiveness of communication and to enhance the information retrieval performance 

in discussion forums (Smestad, 2006; Feng et al., 2006).  

 

Simple Boolean-keyword search is the most common information retrieval techniques 

and it requires users to input the exact words they are looking for into a text field 

(Salton & Buckley, 1988). Upon submission, a search will return a list of documents 

that only contain the search terms and Boolean-keyword search gives all words the 

same value of importance. Previous research had suggested that improvements to 

Boolean-keyword approach using techniques to weight keywords based on how 

commonly they appear in the forum like tf-idf (term frequency – inverse document 

frequency) (Salton & Buckley, 1988; Smestad, 2006; Feng et al., 2006). The IF*IDF 

approach is a weight often used in information retrieval. This weight is a statistical 

measure used to evaluate how important a word is to a document in a collection and it 

is able to enhance the information retrieval performance more than the Boolean-

keyword technique (Salton & Buckley, 1988). Meanwhile the prototype forum system 

adopted a modified Latent Semantic Analysis (LSA) approach which is a 
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mathematical/statistical technique for extracting and representing the similarity of 

meaning of words and passages by analysis of large bodies of text. LSA has been 

proven to significantly improve automatic information retrieval performance more 

than common a statistical method such as TF*IDF by allowing user requests to find 

relevant text on a desired topic even when the text contains none of the words used in 

the query (Deerwester et al., 1990; Landauer, 1997; Foltz et al., 1999; Kintsch et al., 

2000).  

 

The results of this experiment support those of previous research., In this evaluation 

of objective system performance, the prototype forum demonstrated better 

information retrieval performance than the baseline forums, because the current 

evaluation experiment demonstrated that the modified-LSA adopted prototype forum 

had better information retrieval performance (based on measured relevance and 

precision) than the Boolean-keyword adopted eQuake forum and IF*IDF adopted 

intelligent-bot forum.  

10.3 The Second Experiment 

10.3.1 Experiment Procedure 

The second evaluation experiment was designed as a user-system interaction to 

evaluate whether another objective system performance measure, search effectiveness, 

improved in the prototype forum compared with the baseline forums. In this 

experiment, a simulated scenario was designed to assess this search effectiveness in 

the prototype and baseline systems via interaction between users and system. All data 
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from the first experiment were reused in this experiment. The evaluation experiment 

was designed as follows: 

 

Simulated Scenario: 30 students were enrolled in an ‘Information Technology” 

course. These students were given an assignment to design an approach to evaluate 

the effectiveness of an information retrieval system. Discussion forums were provided 

for this Information Technology course, and all students used the discussion forums 

(prototype forum, eQuake forum and intelligent-bot forum) to seek useful information 

and ask questions.   

 

Users: 24 undergraduate students majoring in computer science or information 

systems at Massey University were recruited as experiment participants. Additionally, 

6 postgraduate (masters or doctoral) students were invited to be tutor users for the 

experiment. All 30 users were separated into 3 groups based on three testing forums. 

There were 2 postgraduate students and 8 undergraduate students in each user group. 

 

Location: The experiment was performed in a classroom at Massey University 

Albany Campus. 

 

Duration: 90 minutes 

 

Tools: Hardware: five IBM ThinkPad Laptops - Model T400. Software: evaluated 

systems installed on an Apache Tomcat server networked with the laptops. 
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Guidelines: The experiment was conducted according to the guidelines of the Human 

Ethics Committee of Massey University and oral informed consent was received from 

all participants. 

 

Training Session: Every user was trained for up to 30 minutes to ensure that they 

were familiar with the task and the user interface before beginning the actual 

experiment. 

 

User Task: There were 3 information seeking tasks in this experiment and users were 

requested to complete each task within 15 minutes. The 15 minutes duration was 

based on a user test which concluded that this was the average time to find relevant 

information to complete the each information seeking task in a discussion forum. For 

each task, every user group was required to use a different forum (prototype forum, 

intelligent–bot forum and eQuake forum). Users could browse the forum to seek 

relevant materials and they were also required to submit a question or comment in 

their own words to help them complete their tasks. This question or comment was 

posted to all three forums. The individual user ability and skill were considered in this 

evaluation experiment. All recruited users were studying towards computer science or 

information systems majors so they were familiar with all terminologies and concepts 

in this experiment.    

• Information seeking task 1: In 15 minutes, each user needed to find as many 

possible relevant posts regarding the sub-tasks below and write the retrieved 

posts’ titles down on an answer sheet.  

� What is a search engine? 

� What is information retrieval? 
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� What is an information retrieval system? 

• Information seeking task 2: In 15 minutes, each user needed to find relevant 

posts and write their titles down on an answer sheet for the following 

questions.  

� What is system evaluation? 

� What are measures of system evaluation? 

� What are measures of information retrieval system evaluation? 

• Information seeking task 3: In 15 minutes, each user needed to find relevant 

posts and write them down on an answer sheet.  

� If a new information retrieval system is developed, how can you 

evaluate whether it has better performance than other similar system 

and what evaluation approaches are normally used for such systems? 

 

User satisfaction: user satisfaction can be measured through a questionnaire in which 

the user evaluated the quality of the retrieved information and the effectiveness of the 

system (Brajnik et al., 1996). The questionnaire was based on previous questionnaires 

used to investigate user satisfaction for other IR-related systems (Brajnik, et al., 1996, 

Smestad, 2006; Feng et al., 2006; Venturi & Bessis, 2006).An questionnaire was 

developed and then handed out to all after they had completed all information seeking 

tasks. This questionnaire comprised two parts: part A was for all experiment 

participants and part B was only for tutor users to complete. The questionnaire is 

shown in Appendix II. 
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10.3.2 Experiment Results and Analysis 

During the first few minutes of the experiment, all participants browsed the threads 

and then submitted a post (question or comment) regarding the sub-task into the 

corresponding topic thread of each forum. The average length (word count) of the 

submitted post per user for each task is shown in Figure 10-4. This shows that the 

average lengths of submitted posts was 15, 21and 51words for the first, second and 

third task respectively. 

 

 

Figure 10-4: Average Length of Submitted Post for Each Task  

 

In this experiment, all users have used the auto-reply functionality to submit questions 

into corresponding forums and then received relevant information from the retrieved 

results. All answers from users were manually collected by researchers to verify if the 

answers were related to each sub-task. To avoid the individual user’s ability and skill 

influencing the experiment result, the average number of answers found in each user 

group was utilised as a performance trend to be analyzed and discussed.  

 

In the first information task seeking process, all users spent some time (average 4.5 

minutes for each task) browsing the forums first but only 3 users wrote corresponding 
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answers after it. Most users (27 out of 30) started writing down answers after they 

submitted a question into the corresponding forums. About 93% of the answers that 

users found for the first task came from retrieved results rather than forum browsing. 

This result suggests that it was difficult to quickly find relevant information from 

heaps of posts in the discussion forums, but the auto-reply function helped users 

quickly and effectively finds relevant posts and information in order to achieve the 

first information seeking task.  

 

The first user group used the prototype forum, the second user group used the 

intelligent-bot forum and the third user group used eQuake forum. An average of 12 

relevant posts was found per user for each sub-task in the first group, 9 in the second 

group and only 7 in the third group. Table 10-4 shows the average number of relevant 

posts found per user for each sub-task by forum type during the first task. 

 

Table 10-4: Average number of relevant posts found for each sub-task 

Task 1 Prototype Forum Intelligent-bot eQuake Forum 

Group 1 12 - - 

Group 2 - 9 - 

Group 3 - - 7 

 

In the second information task seeking process, from the observation, all users spent 

some time (average 4.8 minutes for each task) browsing the forums first but only 2 

users wrote down corresponding answers after it. Most users (28 out of 30) started 

writing down answers after they submitted a question into the corresponding forums. 
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About of the 95% answers that users found for the first task came from retrieved 

results rather than forum browsing. 

 

In the second information seeking task, the first user group used the eQuake forum, 

the prototype forum was used by the second user group and the third user group used 

the intelligent-bot forum. An average of 7 relevant posts was found per user for each 

sub-task in the first group, 9 in the second group and only 6 in the third group. Table 

10-5 shows the average number of relevant posts found per user for each sub-task by 

forum type for the second task. 

 

Table 10-5: Average number of relevant posts found for each sub-task 

Task 2 Prototype Forum Intelligent-bot eQuake Forum 

Group 1 - - 6 

Group 2 9 - - 

Group 3 - 7 - 

 

In the third information task seeking process, from the observation, all users spent 

some time (average 5.1 minutes for each task) browsing the forums first but only 1 

user wrote corresponding answers after it. Almost all users (29 out of 30) started 

writing down answers after they submitted a question into the corresponding forums. 

About 97% of the answers that users found for the first task came from retrieved 

results rather than forum browsing. 

 

In the third information seeking task process, the intelligent-bot forum was used by 

the first user group, the eQuake forum was used by the second user group and the 
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third user group used the prototype forum. An average of 5 relevant posts was found 

per user for each sub-task in the first group, 4 in the second group and 9 in the third 

group. Table 10-6 shows the average number of relevant posts found per user for each 

sub-task by forum type in the third task. 

 

Table 10-6: Average number of relevant posts found for each sub-task 

Task 3 Prototype Forum Intelligent-bot eQuake Forum 

Group 1 - 5 - 

Group 2 - - 4 

Group 3 9 - - 

 

The above findings show that the highest average number of relevant posts found for 

each sub-task was achieved using the prototype forum and the lowest number was 

achieved using eQauke. Figure 10-5 compares these results for the prototype forum, 

intelligent-bot forum and eQuake forum. This graph clearly shows that the average 

number of relevant posts found in prototype forum is higher than for both intelligent-

bot and eQuake forums for all three tasks. For the first and second task, the average 

number of relevant returns by prototype forum was 33% and 25% higher than 

intelligent-bot, and 71% and 50% higher than eQuake. For the third task , the relevant 

posts found by the prototype forum were much higher than by the intelligent-bot and 

eQuake forums (80% and 125%).   

 

Search effectiveness is calculated from the number of postings found related to the 

task topic:  

Search Effectiveness = no. of posts found related to the task /no. of participants 
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Figure 10-5: Average Relevant Posts Found in Three Forums for Three Tasks 

 

From the experiment results, over 90% answers came from the retrieved results. It 

suggests that the search functionality was often used as the major approach to find 

relevant answers in this experiment. Regarding the search effectiveness measure, the 

experiment results have clearly shown that the search effectiveness of the prototype 

forum had a higher number of relevant posts found than baseline systems for all three 

tasks. The better search effectiveness in the prototype forum suggests that the 

prototype system has a more powerful system performance which provides more 

relevant information and enhances the communication capabilities of the discussion 

forum. Figure 10-5 indicates that the best improvement was achieved for task 3. 

Figure 10-4 shows the average word count of submitted posts for task 3 was double 

the post length for task 1 or 2. Further discussion on these experimental results is 

presented in Section 10.4. 
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10.3.3 User Satisfaction 

After the second experiment was completed, all 30 participants (24 learner users and 6 

tutor users: table 10-7) were polled for user satisfaction using a custom designed 

questionnaire. The designed questionnaire comprised two parts. Part A was completed 

by all participants and part B was only for tutor users.  

 

Table 10-7: Summary of evaluators 

Major Gender Category Number 

Computer 

Science 

Information 

Systems 

Male Female 

Postgraduate 6 4 2 3 3 

Undergraduate 24 13 11 16 8 

Total 30 17 13 19 11 

 

Part A contained three sections. The first section was designed to investigate user 

satisfaction and their opinion on the system usability for each function of the 

prototype forum system. The second section was used to investigate the benefits and 

limitations of using the prototype forum. Finally, the third section was used to collect 

the general background information of each participant. 

 

Part B was used to elicit user satisfaction and opinion about the prototype forum from 

the tutor user perspective. 

 

Section 1: In order to evaluate the usability of the “auto-reply function” and “user 

feedback function” of the prototype system, four questions were designed to elicit 

users’ opinion about: how easy the “auto-reply function” was to use; to what extent 
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the “auto-reply function” was a useful functionality; how easy the “user feedback 

function” was to use; and to what extent the “user feedback function” was a useful 

functionality.    

 

Table 10-8: Statistical data for the section 1 

 Auto-reply function User feedback function 

Easy to use  25 20 

Useful function 25 15 

 

In the completed questionnaires (table 10-8), most users suggested that the “auto-

reply function” was easy to use and useful. In detail, 83% (25 out of 30) evaluators 

felt that it was very easy to use the “auto-reply function” and that the function 

(synchronously retrieving related information while they submitted a post) was very 

useful. Sixty-seven percent (20 out of 30) of respondents considered that the ‘user 

feedback function” was easy to use, but only 50% (15 out of 30) of participants 

agreed that the “user feedback function” helped to provide more accurate information 

to them.  

 

Section 2: The following four questions were designed to evaluate the benefits and 

drawbacks of the overall prototype system: From your point of view, what are your 

personal expectations in using the prototype discussion forum? What are the reasons 

why you would like to use this prototype discussion forum? What are the benefits you 

believe the prototype discussion forum can bring to learners? What are the negative 

issues that you find annoying in using the prototype discussion forum? 
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From the completed questionnaires about 93% of the evaluators (28 out of 30) 

expected the prototype forum to deliver good quality and highly related post contents. 

When asked the reason to use the prototype forum rather than other forums, 86% (26 

out of 30) of people chose the first option, “more useful and related information could 

be quickly found with the ‘auto-reply’ function”. Twenty-seven evaluators (90%) 

considered that more efficient and effective retrieval of useful information was the 

main benefit in using the prototype system. Meanwhile twenty-four respondents (80%) 

chose “knowledge being easily shared and used” as the major benefit that the 

prototype forum could bring to learners. Another seven participants selected “less 

burdens for teachers to manage the discussions” as the major benefit. As a negative 

issue, all participants considered that the search approach adopted in the prototype 

forum could be improved to retrieve answers that more exactly matched the submitted 

posts. 

 

Table 10-9: General information of evaluators 

 Number Percentage 

Familiar with discussion forums 30 100% 

Familiar with search engines 30 100% 

Often use course discussion 

forums 

29 97% 

Discussion forum is first 

approach to find information 

20 67% 

Search engine is first approach 

to find information 

9 30% 

Text book is first approach to 

find information 

1 3% 
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Section 3: This section was used to collect general background information on 

participants such as familiarity with discussion forums; familiarity with search 

engines; how often they use discussion forums in their own learning and what their 

first approach is when they have questions? This section was included to identify the 

effect of knowledge and experience on the results of the evaluations.  

 

In this section (table 10-9), all respondents reported being very familiar with 

discussion forums and search engines. Almost all participants (97%) indicated that 

they often used course discussion forums to seek answers and useful information for 

their study. Sixty-seven percent of evaluators (20 out of 30) stated that the course 

discussion forum is the first approach that they use when they need to find course 

related information and useful knowledge, and nine (30%) said that an internet search 

engine is their first choice. Only one person (3%) selected a text book as their first 

approach. 

 

Part B (Tutor user only): This part was used to investigate the background and 

opinions of prototype forum from tutor user’s perspective. It included: their 

familiarity with the instructor role in discussion forums, the major issues for 

instructors in using discussion forums, the reasons why an instructor might like to use 

this prototype discussion forum, the benefits instructors believe the prototype 

discussion forum can bring to learners and instructors and what needs to be improved 

in the prototype forum system. 

 

All six tutor users were very familiar with the instructor role in the discussion forum. 

They all advised that the biggest disadvantage of using discussion forums was the 
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time and effort spent on forum management. Easing the management burden was 

selected by five people as the major reason to use the prototype forum. All six 

participants suggested that the major benefit offered by the prototype forum was the 

improvement in effective communication between learners, and between instructors 

and learners. For the question what needs to be improved in the prototype forum, four 

people thought that the information retrieval approach could be improved for 

accuracy and two suggested that the forum posts could be better categorised into 

groups such as query, answer and comments. Along with more relevant information 

provided in the prototype forum from the previous evaluation experiments’ result, the 

questionnaire results also suggested that most users were satisfied with the “auto-

reply function” in the prototype forum. However only 50% of people thought the 

“user feedback function” helped their information seeking process. Nearly all 

evaluators (93%) considered that good quality and relevant content of posts was the 

key expectation of discussion forum systems. The main reason for 86% users to 

choose the prototype forum was that more relevant and useful information could be 

quickly found with the ‘auto-reply’ functionality across different topic folders in the 

prototype forum. Therefore ‘knowledge being easily shared and used’ and ‘efficiently 

and effectively obtaining useful information’ were the most popular (90%) benefits of 

the prototype forum. Most respondents suggested that effectiveness of retrieving 

extracted answers needs to be improved in the prototype forum.  

 

From the users’ background information, most learners and tutors were familiar with 

discussion forums and search engine tools. Two thirds of respondents frequently used 

discussion forums as the first tool to find useful knowledge and relevant information 

in their learning processes. The other third normally used search engines.  
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10.4 Discussion and Conclusion 

10.4.1 Further Discussion 

The user satisfaction survey showed that the discussion forum was the most important 

communication tool for a course of study and the prototype forum achieved most user 

expectations with regard to improving effective communication between users and 

overcoming the limitations of traditional discussion forums. Meanwhile analysis of 

the two evaluation experiments demonstrated that the prototype forum enhanced 

effective communication in the discussion forum and achieved better system IR 

performance compared with baseline systems.  

 

The evaluation experiment showed two trends for the prototype system. The first is 

that the length (word count) of posts was a very important parameter influencing the 

relative performance of information retrieval between the prototype forum and the 

intelligent-bot forum. This is because if a post contains more words (longer length), 

its content can have more keywords and the keyword density is an important 

parameter influencing statistics-based information retrieval approaches (Deerwester et 

al., 1990; Landauer, 1997; Foltz et al., 1999; Kintsch et al., 2000). In the second 

evaluation experiment, the relevant posts found by the prototype forum were 33%, 

28% and 80% higher than by the intelligent-bot forum for the three tasks. This result 

clearly shows that the prototype forum had much better performance for the third task 

than intelligent-bot forum. This result was also related the length of submited posts in 

the third information seeking task process. From the colleted data the average length 

of each submitted post were 15, 21 and 51 words for the first, second and third task 

respectively. Around 90% of submitted questions for task 3 had more keywords than 
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questions for other 2 tasks. Therefore the longer length of the submitted posts 

represented more keywords in the content of posts. 

 

Figure 10-6 clearly shows a positive proportional relationship between search 

effectiveness and average length of submitted posts. From the statistical data of 

submitted questions, about 90% of questions for task 3 had higher keyword density 

than task 1 and 2.  This relationship suggests that the number of keywords in the 

submitted posts controls the effectiveness of information retrieval performance in the 

prototype forum system. 

 

Figure 10-6: Relatiionship between Effectiveness Ratio and Average Length 

 

In the other words, if a submitted post had fewer keywords, the performance of the 

information retrieval function of the prototype forum might be affected, increasing the 

amount of irrelevant information returned. Therefore the benefits of the proposed 

approach are limited to shorter messages. 
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The second trend shown in the user satisfaction investigation was that the “user 

feedback function” was not recognised as an effective function to help users find 

relevant information. In the prototype forum database, there were only 48 feedback 

stored against 23 posts. Therefore the likely reason is that not much changed after 

submitting feedback on the returned information. The prototype forum did not show 

the back-end data computing process so users could only identify the impact of this 

function from the retrieved information. The user feedback function was proposed so 

that when more feedback was submitted from users, more retrieved information will 

be modified. This is because the proposed concept reclassification approach was 

based on relevance feedback from users and the more relevance feedback is given 

from the users, the more postings are accurately classified into semantic concepts to 

influence the information retrieval result. Moreover, the influence parameter β is also 

highly dependent on the number of relevance feedback. However, the amount of 

feedback from users was not sufficient to noticeably influence the performance of 

information retrieval because the evaluation experiment did not have much user 

feedback on the existing posts in the prototype forum.  

 

The user satisfaction investigation showed that the biggest limitation of the developed 

prototype forum system was that it was not intelligent enough to identify all extracted 

answers for submitted questions, although it was able to provide more effective 

relevant information to users. To overcome the current limitation, advanced natural 

language process such as lexical database word-net technology (Miller, 2009) could 

be used in the prototype forum system to more accurately categorise each submitted 

message into the appropriate concept. Such an approach can collect and analyse the 

noun phrases of each message which would enhance the system’s ability to 
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understand the meaning of the messages. Discourse representation theory has shown 

that the primary concepts in text are carried by noun phrases, and noun phrases can be 

considered the conceptual entities in text messages (Wu & Chen, 2004).  

 

Finally, a weak relationship between system performance and user feedback was 

found because the amount of user feedback was not enough to influence information 

retrieval results. Therefore the user feedback function needs to be made more useful 

even when the amount of user feedback is not very high to influence information 

retrieval. Improving this performance needs to be pursued in future research.. 

10.4.2 Conclusion 

The experiment results show that the prototype forum system fulfilled the evaluation 

goals defined in Chapter 9. In the first evaluation experiment, the prototype forum 

demonstrated better effective information retrieval performance than the baseline 

forum systems enabling it to more effectively capture previously related information 

and useful knowledge. From the statistical data analysis in the second evaluation, the 

prototype forum system showed better system performance than the other two 

baseline system enabling it to find more relevant information within a time frame. 

According to the feedback from the questionnaires, the prototype system was 

considered a better solution for improving effective communication amongst learners, 

more easily capturing previous information and effectively finding relevant 

information. Furthermore, while improving effective communication between learners 

and instructors, instructors were able to reduce the time and effort spent on discussion 

forum management.  
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From the experimental data and questionnaire analysis, the biggest limitation of the 

prototype system was that it was not intelligent enough to understand all messages or 

effective enough to help users find the most exact answers to their questions in the 

prototype discussion forum. Advanced natural language processing technology and 

user feedback function improvement are recommended to further enhance the 

performance and usability of the prototype system. In the next chapter, the conclusion 

of this thesis and possibilities for future research are presented. 
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CHAPTER 11   

 

CONCLUSIONS AND FUTURE WORK 
 

11.1 Dissertation Summary 

The research objective of this study is to improve the effectiveness of communication 

between learners and between teachers and learners in online discussion forums. 

Literature has been reviewed in the areas of limitations of traditional discussion 

forums in learning communities and technologies used in educational areas including 

information retrieval, text similarity and the user model concept. Building on the 

background literature, various challenges were identified in Chapter 3 for using 

discussion forum systems in learning environments and a requirements analysis is 

undertaken to identify the ways for overcoming the limitations of traditional 

discussion forums. These are summarised as follows.  

• A forum should be able to be shared by various courses in different 

institutions and since different institutions use different learning management 

systems and discussion forums, a key requirement for the proposed system is 

to be able to be integrated properly with the existing discussion forum systems 

that are used in different courses and different institutions. 

• Queries submitted by users should be automatically responded by the 

discussion forum. 

• Queries submitted by users should be intercepted by the system, the existing 

knowledge base should be searched, and a list of possible answers and 

relevant information should be displayed to the users, before the queries are 
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added to the system. This would allow the users to quickly find relevant 

information to their queries rather than having to browse or search through the 

entire forum to see if the information already exists. This feature should help 

to minimise the creation of duplicate messages in the system. 

• Students should be able to give feedback on a searched message to indicate 

whether the displayed message is related to their queries. The system should 

then use this information to more accurately link messages with certain types 

of queries so that more accurate search results could be extracted for future 

queries. 

• Teachers should be able to reduce the time consuming burden of managing the 

discussion forum and answering duplicated questions when the forum has 

immediate response functionalities of searching relevant information in the 

forums.  

 

Various solutions proposed in other research are analysed in this research with regard 

to the above requirements, and were discussed in the first section of Chapter 4. 

Additionally, it has been suggested that a system proposed to meet such requirements 

should include the following functionalities: 

• It should have general discussion forum functions (view, post, and reply).  

• Knowledge in this forum should be sharable between courses and institutions. 

• It should have a synchronised function to respond to users’ queries. 

• It should have a search function for existing relevant information within the 

forum.  

• Users should be able to rate the information retrieval results to enhance the 

forum’s accuracy. 
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In the proposed solution architecture, a core component, namely the Dialogue 

Mechanism, was depicted to perform natural language processing tasks in the new 

forum system. Chapter 5 summarised various approaches to natural language 

processing for text similarity calculation, information retrieval and user feedback that 

have been utilised in other research. Based on analysis of those approaches, an 

innovative approach was then proposed to design and develop the Dialogue 

Mechanism component. 

 

This was followed by the development plan in the sixth chapter. Chapter 6 analysed 

the benefits and limitations of available open source discussion forum systems in 

order to select an appropriate forum system to be customised in the development 

process. The proposed development approach, development environment and 

associated tools were also introduced.  

 

Chapter 7 illustrated the architecture and the implementation of the developed 

prototype discussion forum system. This prototype was implemented as one instance 

of the proposed discussion forum system. 

 

The eighth, ninth and tenth chapters presented the evaluation of this research. The 

eighth chapter first provided a research background to traditional evaluation methods 

and approaches. The subsequent sections introduced traditional evaluation 

methodologies for Information Retrieval (IR) and presented evaluation approaches 

used by other related research. The ninth chapter outlined the evaluation approach 

chosen and the consequent evaluation experiments designed to determine how well 

the prototype system met the system design requirements and achieved research 
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objectives. Chapter 10 presented analysis of data from the evaluation experiments, 

along with an interpretation of findings and recommendations. 

 

Finally, this chapter presents a summary (above) and highlights major contributions 

and limitations of this study. Future research directions are also suggested. 

11.2 Conclusion: Contributions, Limitations, and Future Research 

One of the most important contributions of this research is the solution proposed to 

improve effective communication and overcome major limitations of discussion 

forums in learning communities. The proposed solution is a novel approach that 

effectively finds relevant information from previous postings across various 

institutions’ systems. The prototype forum system has been implemented as one 

instance of the proposed solution to achieve the main search function of the proposed 

design but the function that can be integrated with various institutions’ system will be 

developed in the future work. 

 

Traditional discussion forums are used by the majority of on-line courses and learning 

management systems. Concerns about incorporating them into learning environments 

have included that:  

• it is hard for learners to contribute new ideas and manage their learning from 

the discussion forums (Sheard et al., 2003);  

• automatic responses by the system for duplicate queries can reduce the 

number of responses required by the instructor or other students (Weller et al., 

2005);  
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• reusing data to support improved learning is a worthy goal that can be 

extended to assessment of learning; creating a clear structured discussion and 

automatically identifying similar postings in the forums will help users 

contribute more meaningful content (Wijekumar & Spielvogel, 2006); 

•  immediate feedback can eliminate misconceptions, hold the interest of 

students and prompt them to think about their postings (Wijekumar & 

Spielvogel, 2006). 

 

Recent proposed solutions include a number of systems and two recent existing 

solutions such as eQuake and intelligent discussion-bot which have been proved 

showing a good performance to overcome current limitations of traditional discussion 

forums used in academia. Both aim to improve communication in and usability of 

discussion forums in learning environments. Even though both solutions improve 

forum usability and meet some of the proposed system requirements for solving 

problems of traditional forums, they have obvious limitations such as ineffective 

information retrieval processes and limited system architecture. 

 

This research proposed further design improvements by combining an architecture 

that supports knowledge reuse and interactions between users across multiple 

institutions with an innovative advanced information retrieval algorithm that enhances 

the usability of forum systems to improve the effectiveness of communication 

between users. A prototype was only developed for the search functionality of the 

proposed system as one instance of the proposed innovation in this study.  
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The two experiments described in Chapters 8, 9 and 10 were designed and conducted 

to evaluate system performance of the prototype. From the objective system 

performance perspective, the prototype forum demonstrated best information retrieval 

performance than the baseline forums. From the objective system evaluation, the 

prototype forum is shown to have more effective information retrieval performance 

(for effectively capturing previously related information and useful knowledge) 

compared with baseline forums. It was observed that the prototype forum showed 

better system performance than the baseline systems for finding relevant information 

within a time frame. Meanwhile from the subjective system performance perspective, 

most users considered that the discussion forum was the most important 

communication tool for a course of study and the prototype forum achieved most user 

expectations with regard to improving effective communication between users and 

overcoming limitations of traditional discussion forums. The prototype system was 

considered to be a better solution for achieving effective communication among 

learners, easily capturing the previously posted information and effectively finding 

relevant information and useful knowledge Furthermore, instructors were able to 

reduce the time and effort spent on discussion forum management. Therefore on the 

top of existing solutions, the prototype system has been evaluated as a better solution 

to improve the effectiveness communication in discussion forums. 

 

The evaluation data showed two trends for the prototype system. The first is that the 

number of keywords in submitted posts controls the effectiveness of information 

retrieval in the prototype forum. The second is that the user feedback function of the 

prototype forum is not recognised as an effective function to help users find relevant 

information. Furthermore, there is a weak relationship between system performance 
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and user feedback because the amount of user feedback was below the threshold to 

influence the information retrieval result.  Based on the user satisfaction investigation, 

it is suggested that the biggest limitation of the prototype system is that it is not 

intelligent enough to understand all messages or effective enough to help users find 

the most exact answers to their questions.  

Although the prototype system achieves all the anticipated objectives and has some 

additional advantages over traditional discussion forum system and other solutions, 

the system can be improved in many ways. The most important improvement would 

be to make the prototype system more intelligent, not only for finding more relevant 

information but, with a better search methodology, for finding more exact answers to 

submitted questions.  With this improvement, it will be able to enhance the 

performance of the search functionality of the prototype system so that improving the 

effectiveness of communication in the prototype forum system.   

 

To weaken the influence of length of posts and user feedback one could improve the 

system usability and performance. In future research, advance natural language 

processing technology such as word-net technology could be adopted to enhance the 

performance and usability of the prototype system. Such technology would be 

appropriate for message processing in the discussion forum. 

 

With enhancing the search functionality of the prototype system, there is another 

important aspect for the future work. It is the architecture implementation of the 

proposed system which can be integrated with different forum systems of multiple 

institutions but this has not been included within the scope of the development plan in 

this study. In the future development plan, the current prototype forum will be 
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integrated with different forum systems of various institutions so that the prototype 

forum is able to support knowledge reuse and the interactions between users in 

separate courses and institutions. 
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APPENDIX 

Appendix I – Stop-word List  

Stop-word list =  (”a”, “about”, “above”, “above”, “across”, “after”, “afterwards”, 

“again”, “against”, “all”, “almost”, “alone”, “along”, “already”, 

“also”, ”although”, ”always”, ”am”, ”among”, “amongst”, “amongst”, 

“amount”,  “an”, “and”, “another”, 

“any”, ”anyhow”, ”anyone”, ”anything”, ”anyway”, “anywhere”, “are”, “around”, 

“as”,  “at”, “back”, ”be”, ”became”, “because”, ”become”, ”becomes”, “becoming”, 

“been”, “before”, “beforehand”, “behind”, “being”, “below”, “beside”, “besides”, 

“between”, “beyond”, “bill”, “both”, “bottom”, ”but”, “by”, “call”, “can”, “cannot”, 

“cant”, “co”, “con”, “could”, “couldn’t”, “cry”, “de”, “describe”, “detail”, “do”, 

“done”, “down”, “due”, “during”, “each”, “eg”, “eight”, “either”, “eleven”, ”else”, 

“elsewhere”, “empty”, “enough”, “etc”, “even”, “ever”, “every”, “everyone”, 

“everything”, “everywhere”, “except”, “few”, “fifteen”, “fifty”, “fill”, “find”, “fire”, 

“first”, “five”, “for”, “former”, “formerly”, “forty”, “found”, “four”, “from”, “front”, 

“full”, “further”, “get”, “give”, “go”, “had”, “has”, “hasn’t”, “have”, “he”, “hence”, 

“her”, “here”, “hereafter”, “hereby”, “herein”, “hereupon”, “hers”, “herself”, “him”, 

“himself”, “his”, “how”, “however”, “hundred”, “ie”, “if”, “in”, “inc”, “indeed”, 

“interest”, “into”, “is”, “it”, “its”, “itself”, “keep”, “last”, “latter”, “latterly”, “least”, 

“less”, “ltd”, “made”, “many”, “may”, “me”, “meanwhile”, “might”, “mill”, “mine”, 

“more”, “moreover”, “most”, “mostly”, “move”, “much”, “must”, “my”, “myself”, 

“name”, “namely”, “neither”, “never”, “nevertheless”, “next”, “nine”, “no”, “nobody”, 

“none”, “none”, “nor”, “not”, “nothing”, “now”, “nowhere”, “of”, “off”, “often”, “on”, 

“once”, “one”, “only”, “onto”, “or”, “other”, “others”, “otherwise”, “our”, “ours”, 
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“ourselves”, “out”, “over”, “own”, ”part”, “per”, “perhaps”, “please”, “put”, “rather”, 

“re”, “same”, “see”, “seem”, “seemed”, “seeming”, “seems”, “serious”, “several”, 

“she”, “should”, “show”, “side”, “since”, “sincere”, “six”, “sixty”, “so”, “some”, 

“somehow”, “someone”, “something”, “sometime”, “sometimes”, “somewhere”, 

“still”, “such”, “system”, “take”, “ten”, “than”, “that”, “the”, “their”, “them”, 

“themselves”, “then”, “thence”, “there”, “thereafter”, “thereby”, “therefore”, “therein”, 

“thereupon”, “these”, “they”, “thick”, “thin”, “third”, “this”, “those”, “though”, 

“three”, “through”, “throughout”, “thru”, “thus”, “to”, “together”, “too”, “top”, 

“toward”, “towards”, “twelve”, “twenty”, “two”, “un”, “under”, “until”, “up”, “upon”, 

“us”, “very”, “via”, “was”, “we”, “well”, “were”, “what”, “whatever”, “when”, 

“whence”, “whenever”, “where”, “whereafter”, “whereas”, “whereby”, “wherein”, 

“whereupon”, “wherever”, “whether”, “which”, “while”, “whither”, “who”, 

“whoever”, “whole”, “whom”, “whose”, “why”, “will”, “with”, “within”, “without”, 

“would”, “yet”, “you”, “your”, “yours”, “yourself”, “yourselves”, “the”); 
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Appendix II – Questionnaire 

Part A (All participants) 

 

Section 1: Search Function 

To what extent do you agree with each of the following statements regarding search 

function on the preview page in this discussion forum system? 

 

1. It is easy to use the auto-reply function.    

Answer:_                                                                     

  5         4      3        2        1  

 

2. The auto-reply function is a useful functionality.    

Answer:_                                                  

  5         4      3        2        1  

 

3. It is easy to use the user feedback function.  

Answer:_                               

  5         4      3        2        1 

4. The user feedback function is a useful 

functionality. 

Answer:_                                                  

 5         4      3        2        1 

 

 

Section 2: advantages and disadvantages of the system 

5. From your point of view, what are your personal expectations in using the 

prototype discussion forum? (Choose one or more options: 1, 2, 3) Answer: _                             

 

Other expectations:  

 

 

6. What are the reasons why you would like to use this prototype discussion forum? 

(Choose one or more options: 1, 2, and 3) Answer: _                               

Good quality and highly related post contents 

Faster to get useful and valuable information 

Easily share information 
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Other reasons:  

 

7. What are the benefits you believe the prototype discussion forum can bring to 

learners? (Choose one or more options: 1, 2, 3). Answer: _                               

 

Other benefits:  

 

8. What are the negative issues that you find annoying in using the prototype 

discussion forum? (Choose one or more options: 1, 2, 3). Answer: _                               

 

Other drawbacks:  

 

 

Section 6: General Questions 

 

9. How familiar are you with discussion forums? Answer: _                               

 

1 Never used 

The search approach adopted in the prototype forum could be improved to 
retrieve answers that more exactly matched the submitted posts. 

User feedback function is helpless 

Difficult to understand how to use the system 

More efficient and effective retrieval of useful information 

Knowledge being easily shared and used relevant information. 

Less burdens for teachers to manage the discussions 

More useful and related information could be quickly found with the ‘auto-
reply’ function 

Easy to use 

User feedback function is useful 
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2 Really used 

3 Often used.  

 

10. How familiar are you with search engines? Answer: _                               

 

4 Never used 

5 Really used 

6 Often used.  

 

11. Which one is your first approach when you have a question regarding your course 

content in the below options? Answer: _                               

 

7 Textbook 

8 Discussion forum 

9 Search Engine. 

 

 

Part  B (Tutor only) 

 

1. How familiar are you with the instructor role in discussion forums? Answer: _                               

 

1 Never  

2 A little bit 

3 Very familiar.  

 

2. The major issues for instructors in using discussion forums? Answer: _                               

 

 

 

Difficult to use 

The time and effort spent on forum management 

Difficult Questions 
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2. The reasons why an instructor might like to use this prototype discussion forum? 

Answer: _                               

 

 

 

2. The benefits instructors believe the prototype discussion forum can bring to 

learners and instructors? Answer: _                               

 

 

 

3. What needs to be improved in the prototype forum? Answer: _                               

 

 

 

 

Improvement in effective communication between learners, and between 
instructors and learners 

More valuable information 

Easily reuse information 

More valuable information 

Easing the management burden 

Easy to use 

The information retrieval approach could be improved for accuracy 

The forum posts could be better categorised into groups such as query, answer 
and comments. 

Not difficult to understand how to use the system 


