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ABSTRACT

L-leaming is being taken as an important means to satisfy the increasing demands for 

learning in today’s information society. Although considerable research effort has been 

devoted to facilitating e-learning, very little has been done to support constructivist e- 

leaming. This research attempts to develop an online constructivist learning 

environment (CLE) and utilize software agents to provide supportive services for 

learners to facilitate and assist them to build knowledge by using constructivist ways.

Constructivists assume knowledge is constructed by learners. Learners are 

knowledge-constructors whereas teachers are facilitators for the construction. 

Constructivist learning theory provides a framework to develop an online CLE. The 

important issues are concerned with what supportive services should be provided for 

learners and how to provide these services.

The services identified in the work include:

• providing access to appropriate learning resources and learning strategies;

• fostering meaningful interactions with content, teachers, and fellow learners;

• supporting personalized learning for individual learners;

• facilitating collaborative learning among learners in groups; and

• aiding to timely evaluate learning outcomes.

An innovative strategy is adopted to organize these services. They are provided for 

learners in non-intrusive ways. Learners are not forced to accept any of the services. 

They can autonomously take control over their learning. Meanwhile, they are offered 

services through suggestion or advice. These spontaneous services help them solve 

various possible problems in learning and assist them to progress in the online learning 

process.

All the supportive services are adapted to individual learners. Three key adaptations, 

service content, presentation manner, and intervention degree, are applied. Profiles are 

built to characterize individual learning characteristics, including knowledge 

constitution, cognition ability, and learning styles.
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All the services are dynamically generated based on actual learning scenes. A 

learning process specification language, built upon Koper’s EML, is developed to 

describe the learning activities and processes and the corresponding supportive services.

A new type of agents, process agents, is developed to realize the services. Three 

classes of agents, personal assistant agent, planning agent, and managing agent, have 

been incorporated into the learning environment to provide support for learners. They 

work in the background, monitor and evaluate individual learner’s learning, and provide 

supportive services for learners whenever necessary. Together they play a role of 

''''constructivist teacher".

To demonstrate the work, a system prototype has been developed and a number of 

services have been implemented. A preliminary evaluation has illustrated the agent- 

based approach can facilitate construction of knowledge by individual learners.
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Chapter 1 

Introduction

This thesis is concerned with the research that aims to facilitate ^-learning by using 

software agent technology. More specifically, it utilizes electronic learning space 

technology to create an online learning environment which is consistent with 

constructivist theories for learning, and incorporates software agents into the 

environment to provide supportive services to facilitate and assist individual learners to 

construct knowledge by using constructivist ways. The services go beyond simply 

providing learning resources for learners but provide a wide range of technological 

facilities, tools and services to support the learning process. The present chapter is an 

introductory chapter to the thesis, including the main background information for the 

research and the principal research issues in the research. It is organized into six 

sections and the theme of each section is listed below:

• Section 1.1 presents an overview of the growing requirements for learning in the 

contemporary information society;

• Section 1.2 analyzes the requirements for online instruction systems to support the 

trends in learning;

• Section 1.3 reviews the previous work for supporting ^-learning. The major merits 

and problems of the main research branches for facilitating e-learning are 

respectively analyzed based on the requirements for online instruction systems;

• Section 1.4 presents our approach to meet the requirements for online instruction 

systems. An agent-based approach to facilitate constructivist e-leaming is proposed 

and the main technological means are briefly introduced;

• Section 1.5 outlines the key research issues in our approach. These reveal the on 

going challenges in the research presented in the thesis; and

• Section 1.6 provides an outline of this thesis.

7



Chapter 1 2

1.1 Growing requirements for learning

In today’s information era, technology and society changes rapidly. People must 

continually develop their skills and knowledge to fit such rapid changes. Learning now 

occurs everywhere. Rather than just the formal education at institutions for education 

and training, learning takes place with diverse different forms and at diverse different 

environments. There are also variations in the kinds of learners (Biggs, 1999) as they 

are no longer just institution students but rather the ones with different ages and from 

different areas. They come with different learning objectives and have different learning 

styles due to their different backgrounds, interests, motivations, capabilities, and so 

forth. Obviously it is impossible to cater for such diversified learning needs through 

traditional formal education at institutions. New methods of instruction and new ways to 

support these methods by technologies are urgently required.

One of the consequences of the growing needs for learning has caused rapid 

development of ^-learning (Dowling, 2003). E-learning is currently being taken as an 

important means to satisfy the increasing demands for learning as its benefits for both 

learners and education providers have been widely recognized. Universities, 

corporations, and organizations over the world are rapidly transferring their 

instructional delivery to the Internet (Jonassen & Churchill, 2004). A number of online 

learning or blended learning programmes are becoming available worldwide (Clarke, 

2004).

E-learning is the delivery of learning, training or education via electronic media, 

primarily over the Internet (Mohan & Greer, 2003b). It involves the use of a computer 

or electronic device in some way to provide learning materials. Recently it has 

developed towards provision of personalized, interactive learning experiences. E- 

leaming can be computer-based, network-based, intranet-based, or Internet-based. 

Online learning refers to learning via the Internet or an intranet. Conceptually e- 

leaming can include online learning, and online learning can be understood as a subset 

of e-leaming (Eklund, Kay & Lynch, 2003). In this thesis, ^-learning is investigated 

with particular emphasis and relevance to online learning and Web-based technologies. 

For this reason, ^-learning and online learning will be used interchangeably in the thesis 

with no distinctions.
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1.2 Requirements for online instruction systems

Following the discussion in the previous section, ^-learning is an increasingly preferable 

alternative to face-to-face learning to satisfy the increasing demands for learning. An 

obvious question to ask is “Can the present online instruction modes support the trends 

in leamingT’ If not, what are the requirements to be met by online instruction systems? 

No debate, can these requirements be studied for implementation only if they are 

identified first.

In the contemporary challengeable society, a vast diversity of learning trends can be 

observed. Many of them are influencing the development of online instruction systems. 

These can be summarized as follows (Hawryszkiewycz, 2004; Biggs, 1999; Howell et 

al., 2003):

• Learning now takes place in many environments rather than just formal education

at institutions for education and training. Learners are also variants in the kinds;

they can be students in individual institutions or they can be in industry. The 

percentage of adult learners is increasing.

• Lifelong learning is becoming a competitive necessary. The exponential growth of 

knowledge and information makes the professional qualification no longer a 

lifetime acquisition. Lifelong learning is an intuitive appeal.

• Learners now come with different motivations and have different learning 

objectives.

• Learning occurs more and more over the Internet. The Internet is becoming 

dominant among other distance learning media.

• There are learners who are specifically seeking training in some area, and those

who have the motivation to become experts in their area. Different methods of

instruction are often appropriate for these different classes of students.

• There is more emphasis on constructivist learning within a self defined or at least 

flexible context.

To summarize, the general trend is to more personalized learning where learners 

setup their learning goals and determine their own learning routes towards their goals. 

The instruction system needs to facilitate and support the learning process.
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The general trend is natural. As Dr. Cristea (2005) argues, there is a vast diversity of 

learners in the world; each has his or her own learning preference, aims and objectives. 

Every learner has the right to demand a high quality, personal learning experience. The 

only solution is to personalize the learning.

The trends in learning call for new methods of instruction (Koper, 2001). The classic 

face-to-face instruction modes are no longer suitable for online instruction. Instead, the 

emphasis of teaching moves to facilitating and coaching learning of individual learners. 

Learners build their own knowledge through a continuous and guided process of 

identifying learning goals, trying ideas and hypothesis by themselves or through 

participating in discussion, collaboration, sharing of ideas and views with other learners. 

Online instruction systems provide assistance for learners to progress in the process. 

They provide environments for learners to interact in meaningful ways and facilitate the 

ways in which learners construct knowledge towards achieving their learning goals. The 

environment includes a variety of cognitive tools as well as supportive services 

(Jonassen, 1999). The former helps learners structure thinking and knowledge building 

and communicate with other learners. The latter provides cognitive guides to help 

learners construct meaningful understandings and develop skills relevant to high-order 

problem solving. The services go much beyond simply providing learning materials or 

allowing learners to study at their own pace but rather provide a broad range of 

cognitive guides. This contrasts with existing learning management systems such as 

Blackboard (www.blackboard.com) or WebCT (www.webct.com), which present 

learning materials to learners but require learners themselves to use them in ways 

specified by the instructors. Such systems generally support teacher-centered learning 

activities.

To summarize, the learning trends call for online instruction systems to support

• flexible learning;

• personalized learning;

• self-directed learning;

• collaborative learning;

• constructivist learning; and

• project-based learning.
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These are the requirements that online instruction systems must fulfill to support the 

current trends in learning. Unfortunately present online instruction systems are not able 

to meet these requirements. As an example, currently many online instructional sites 

just emulate the classic face-to-face teaching over the Internet, where the course 

providers focus only on supplying a set of instructional sequences with predetermined 

outcomes (Lefoe, 1998). Though they provide some services to support learning, they 

are offered in a “one size fits all” mode. Learners are seen as passive recipients of the 

information; they passively receive information from the Web pages. They are directly 

told a solution for the problem under study or are taught how to get a solution using a 

designated mode. They are denied any opportunity to independently explore 

possibilities, make their own solutions and actively build new knowledge in the process.

In order for online instruction systems to meet the requirements identified above, 

further investigation is required. In the following sections, our agent-based approach to 

enabling online instruction systems to satisfy these requirements will be presented based 

on a review of the previous researches for facilitating ^-learning and the analysis of their 

major problems.

1.3 Earlier work for facilitating e-learning

Zf-leaming is electronically based learning and requires support from information and 

communication technologies (ICT) (Clarke, 2004). The investigation into facilitating e- 

leaming has been an area of high interest for a considerable long time (Williams, 2004). 

A number of exciting achievements in the area can be observed over the last decades 

with the advancement of ICT and the techniques pertaining to teaching and learning 

over networks.

Reviewing the previous work can provide us with some insight on the further 

development to facilitate e-leaming. In this section, the major branches of research on 

facilitating e-leaming are reviewed, and the main strengths and problems of each branch 

are respectively analyzed based on the requirements for online instruction systems 

characterized in the previous section.

Intelligent tutoring systems (ITS) and intelligent computer-aided instruction (ICAI) 

systems have pursued to enhance learning for about 40 years. They assist learners to 

study by using a variety of learner models, expert models and tutorial models (Anderson
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et al., 1990). They pre-design all possible learning routes for a course based on those 

models and then appoint one to a learner. The learner can only follow the appointed 

route and has little or no choice about what and how he or she would like to learn. 

Although those pre-set paths designed by experienced educational experts may suit 

some learners, they cannot possibly fit all learners (Jonassen, 2000). Earlier research has 

found that learners naturally prefer a certain single different style, and they tend to learn 

more effectively if learning is orientated according to their preferred learning styles 

(Kolb, 1984). To impose them to accept a learning path that does not match to their 

learning styles will limit the development of their cognitive abilities.

Another important research branch to support ^-learning is the development of 

learning management systems. Some of these systems are based on the conceptions of 

learning objects, which have been proposed in answer to the need for sharing and reuse 

of learning materials across online instruction systems. Learning objects are still a 

concept that needs some adjustment to a suitable implementation. The idea of learning 

objects offers a great promise for the flexible assembly of learning materials according 

to dynamical learning requirements of individual learners (Mohan & Greer, 2003a). The 

problem with the approach is that it places too much emphasis on content delivery 

rather than looking more carefully at what learners do (Boyle, 2006; Britain, 2004).

To alleviate the problem with the learning objects approach, researchers have tried to 

support e-leaming through a learning design approach (IMS, 2003; Britain, 2004). They 

develop standard ways to describe learning designs so that they can be shared and 

reused for online instruction systems. Despite these systems can support ^-learning 

through dynamically providing learning strategies, few have taken account of the 

adaptation for individual needs of learning or the support for constructivist learning 

activities.

Researchers in recent years have begun to apply software agents to facilitate e- 

leaming. Pedagogical agents have been studied and developed to play different roles in 

a teaching-learning session online (Shang, Shi & Chen, 2001), for instance, the MIMIC 

system in which agents act as mentors to students (Baylor, 2004), the AutoTutor system 

where agents act as tutors to assist learners to construct knowledge (Graesser et al., 

2004), and the TAG-V system in which agents play the role of the “tutee”, or co-learner 

(Biswas et al., 2001). Another class of agents for facilitating learning are the ones that
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support a specific functionality in a learning process, such as interface agents or 

navigational agents (McArdle, 2005). Although these studies have made encouraging 

achievements in facilitating online learning, they are only applicable for specific 

circumstances and provide limited support from one or more aspects. Generally they are 

designed to support individual learning tasks rather than the generic learning process; 

the process of building knowledge. None has considered the support from the aspect of 

an entire learning process. There is no integration of technologies that supports various 

aspects of the learning process (Lin et al., 2002). In practice, the support for assisting 

online learners to get through a learning process is especially valuable because not all of 

them are equally capable of effective and efficient learning on their own (Britain, 2004). 

Learners in online learning are likely faced with more difficulties than learning in 

conventional classrooms because they have to, by their own effort, decide what, when 

and how to learn for a particular theme. Some learners may have problems to 

independently make such decisions. Accordingly, they require assistance and guidance 

to overcome these challenges.

In summary, the earlier work described above approached the goal of facilitating e- 

leaming using different paths. They have different features; each has strengths and 

weaknesses. No debate, they can support e-leaming from one or more aspects. 

However, gaps still exist between the earlier work and the requirements for online 

instruction systems characterized in the previous section. Perhaps the prime reason for 

the gaps is the emphasis in the previous work was placed on teaching rather than on 

learning. The teaching-learning activities and the corresponding support strategies were 

teacher-centered rather than learner-centered or learning-centered. They paid too much 

attention to the presentation of learning materials, but paid less attention to the process 

of meaning-making conducted by individual learners.

To bridge the gaps and hence, to further facilitate e-leaming, new methods are 

required to improve and enhance the present online instruction modes.

1.4 An agent-based approach to facilitate constructivist c-learning

To enable online instruction systems to satisfy the requirements characterized in Section 

1.2, we have proposed an agent-based approach to facilitate e-leaming, which will be 

briefly introduced in this section. In this approach, the effort to facilitate e-leaming is
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being directed towards developing an online learning environment and utilizing 

software agents to provide supportive services for learners. The core aim is to facilitate 

and assist individual learners to construct knowledge. Our approach is built upon the 

previous work described above but the emphasis is on the adaptations for individual 

learners to facilitate their knowledge construction.

As it can be seen from the requirements for online instruction systems identified in 

Section 1.2, the most important requirement is to provide learners with an environment 

conducive to constructivist learning. The environment must include three highly 

interrelated components: electronic learning spaces, cognitive tools and supportive 

sendees (Jonassen, 1999; Kunz, 2004). Learning spaces are for online learners to 

manipulate study problems, build their own knowledge representations and collaborate 

with other learners. Cognitive tools are to facilitate learners’ engagement in reflective, 

critical thinking and collaboration with other learners. Supportive services are to help 

learners construct meaningful understandings and develop skills relevant to high-order 

problem solving. Such an environment will be developed in our work and the services 

will be realized by software agents.

Obviously, constructivist theories for learning are a major theoretical background for 

our approach. According to constructivism, learning is an active process of knowledge

building conducted by learners (Jonassen, 1991b; Mayer, 1999). Hence, learners have to 

actively take their own learning activities to make meaningful understandings on the 

study theme. To facilitate the meaning-making, teachers, tutors or even the online 

instruction system should not offer learners the solution for a problem under study or 

impose them to attain the solution using a designed mode. Rather, they must provide a 

constructivist environment to support the construction. Our agent-based approach is 

built upon these perspectives. Its core is to establish an environment conducive to 

constructivist learning and facilitate and assist learners to build knowledge in 

constructive ways.

In our approach, several advanced technologies are combined together to facilitate 

knowledge construction of learners. They include electronic learning space technology 

and software agent technology. The former is used to create a virtual place in the online 

learning environment for learners to manipulate study problems and share and exchange
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information; the latter is used to develop a multi-agent architecture to monitor the 

change in the virtual place and provide active supportive services for learners.

In the approach, the services are dynamically generated based on actual learning 

scenes. In order for the agents to generate services based on actual learning scenes, 

agents need knowledge for the links between the learning activities being conducted and 

the corresponding services. A specification language, called a learning process 

specification language (LPSL), has been developed to describe the learning activities 

and processes and the relevant services through a series of units of learning (UOLs).

In our approach, all the supportive services can be customized to individual learners. 

Profiles are built to characterize the learning characteristics of individual learners. 

Based on the profile, agents accommodate individual learners with particular sendee 

contents, using a particular presentation manner, and at a particular intervention degree. 

The rules related to provide what supportive services for a particular learner are 

developed through careful learning designs, and they are described by using LPSL 

through a series of UOLs.

To demonstrate the research, a prototype of the Agent-Supported Learning System 

(ASLS) has been developed. A number of supportive services have been successfully 

implemented. The further research and development is in progress.

The approach will be presented in detail and will be examined and validated in the 

remainder of the thesis.

1.5 Key research issues

The research presented in this thesis aims to develop a constructivist learning 

environment (CLE) over the Internet, and utilize software technologies to provide 

learners with a wide range of supportive services to facilitate and assist them to 

construct knowledge by using constructivist ways.

Clearly the constructivist theory for learning is a theoretical foundation underlying 

the research. However, as Riesbeck (1996) argues, constructivism is not a particular 

model of learning and it does not describe a process or set of mechanisms by which 

knowledge construction occurs. It only provides a framework to build an online CLE. 

The important issues, however, are concerned with what supportive services should be 

provided for individual learners and how to provide these services. To build an online
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CLE needs a transition from the philosophy of constructivism into actual practice 

(Karagiorgi & Symeou, 2005). There are a lot of research issues that must be addressed 

in the transition. The key research issues, which will be the central topics of the thesis, 

include the following:

• What services should be provided for learners in online learning? Clearly the 

services must aim to facilitate and assist learners to construct knowledge and 

develop needed skills to independently solve problems in real-world applications. 

Moreover, they must be directed towards the particular requirements in online 

learning, solving the particular problems which may restrain constructivist 

characteristics. It thus derives a requirement to investigate into how learners 

experience an online learning process (Al-Mahmood & McLoughlin, 2004) and 

what services they most want in the process.

• How to organize supportive sendees into a learning process of a learner? This is 

an extremely important issue in the research since it concerns which role controls 

the learning of a learner, the system or the learner? According to constructivists, 

learners must construct their own knowledge representations by actively interacting 

with the surrounding environment (Jonassen, 1991b; Mayer, 1999). Hence, learners 

must take responsibility for, and control over, their own learning, for example, they 

must be able to identify a learning goal, setup a plan for the goal, control the 

sequence and pace to approach the goal, and decide whether and how to use the 

tools and services provided by system (Li & Soh, 2003). On the other side, 

however, the support, assistance, and necessary coaching for learners could not be 

realized without interfering in their learning processes. Basically, the more 

assistance the system offers, the greater degree of control the system needs to take. 

Consequently the issue is directly related to the degree to which constructivist 

principles should be reflected in practical applications.

• How to tailor supportive services to suit individual learners? Learners come from a 

wide variety of backgrounds, interests, styles, motivations, capabilities and goals 

and thus, they require distinct supportive services. Countless studies have indicated 

that catering for learners with individualized services is more valuable than the 

standard services (Hawryszkiewycz, 2003). The issue here is not whether 

personalized learning should be supported but rather how to provide personalized
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proactive support for every learner with the best suitable service. There are many 

open problems involved, such as the learning models of different learners, the 

dimensions of learning style, and the classification of learners. In order to provide a 

personalized, rich learning experience for each learner, not only the service 

contents need to be adapted, but also the service manners and the degree to which 

the services will be provided, need to be tailored to suit individual learners.

• How to facilitate co-building knowledge for learners in groups'? Constructivist 

theories for learning stress the need for collaboration in knowledge construction 

(Vygotsky, 1978). Many researchers, such as Dillenbourg, Rochelle, Teasley, and 

O’Malley, have devoted research efforts to collaborative learning (CL). CL does 

not just entail sharing a workload or coming to a consensus, but allows learners to 

develop, compare, and understand multiple perspectives on an issue (Karagiorgi & 

Symeou, 2005). These multiple perspectives provide them with flexibility and 

support in reorganizing their knowledge base and contribute to the toolkit of 

strategies for organizing new experiences (Wilson & Lowry, 2001). CL in online 

environments has specific values because many of the particular problems with 

online learning caused due to the geographical distribution of learners can be 

effectively alleviated through collaboration. On the other side, CL in online 

environments has some particular problems, typically, the learners may each have 

their own time zone, and they may have totally different cultural backgrounds. 

How to establish a cognitive community (Schwartz, 1995, p. 350) over the Internet, 

equivalent to that found in classrooms, requires considerable research effort.

• How to provide supportive services based on actual learning requirements'? In our 

work, all the supportive services are provided for individual learners according to 

their actual needs of learning. The basic idea here is all the supportive services will 

be dynamically generated based on the actual learning scenes according to learners’ 

unique learning characteristics. Consequently, there should be some links between 

learning activities and corresponding services for different learners. This derives a 

requirement to investigate how to describe learning activities and processes and the 

required services. It also leads to a requirement to provide such knowledge for 

software agents, since all these services are realized by software agents in our 

work.
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• What software technology should be applied to implement supportive sendees? 

Obviously there is more than one software technology that can be used to 

implement the supportive services that facilitate construction of knowledge by 

learners. Different technologies have different characteristics; each has its own 

strengths and weaknesses. Hence, it is necessary to choose the most appropriate 

one to implement the supportive services in order to attain a more efficient and 

attractive implementation. This derives a requirement to investigate the related 

software technologies by examining their respective performances, comparing their 

respective implementation methods, and evaluating the efficiencies and costs of 

various different implementations.

1.6 Thesis outline

This thesis is organized into nine chapters to present our approach to facilitate 

constructivist e-learning by using software agents and to examine and validate the 

approach. Chapter 1 (the present chapter) is an introductory chapter to the thesis. The 

other chapters of the thesis are structured as follows:

• Chapter 2 (“Constructivist Theories for Learning and Constructivist Learning 

Environments”) reviews constructivist theories for learning and CLEs. It also looks 

at online CLEs to get some insight on the development of an online CLE. The 

chapter is intended to build a theoretical background that underlies the research 

presented in the thesis.

• Chapter 3 (“Major Technological Means to Facilitate Knowledge Construction”) 

looks at the major technological means used in our approach to facilitate 

constructivist learning of learners. Electronic learning space technology is 

investigated in the first part. Software agent technology is investigated in the 

second part.

• Chapter 4 (“Descriptions of Learning Activities and Processes”) explores the 

descriptions of learning activities and processes. In order for the agents to provide 

supportive services based on actual requirements of individual learners, agents 

require knowledge about the links between learning activities and the 

corresponding services. This chapter investigates the descriptions of individual 

learner's learning routes and the corresponding services from constructivist
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perspectives of learning. Two approaches are presented in the chapter; one is a top 

level description whereas the other is a more detailed specification language. A 

learning process specification language we have developed is presented in the 

chapter.

• Chapter 5 (“Services for Facilitating Knowledge Construction and Challenges in 

Implementing the Sendees”), based on the theoretical and technological 

foundations investigated in the preceding chapters, derives the services to facilitate 

individual learner's knowledge construction, and analyzes the challenges in the 

realization of these services. The ways that we overcome these challenges are 

sketched out in the chapter.

• Chapter 6 (“Technological Framework for the Realization of the Services”) 

presents a technological framework for realizing the services identified in Chapter 

5. An overview of ASLS is presented at first. Then, the crucial components of the 

system are investigated, including the UOL database, the activity list, and the 

checklist. The chapter closes with an analysis on the supportive services the agents 

provide for individual learners in an entire learning process and their roles in 

assisting learners to construct knowledge.

• Chapter 7 (“Development of the Multi-Agent Architecture”) investigates the 

development of the multi-agent architecture for realizing the supportive services. 

Three classes of agents, personal assistant agent, planning agent, and managing 

agent, are designed to realize the supportive services and the development of 

respective conceptual models is presented in detail. The agent-to-agent 

communication is also explored.

• Chapter 8 {“Evaluations”) addresses the ASLS evaluations. A preliminary 

evaluation focusing major on the system prototype we have developed is reported 

and the relevant feedback is discussed. A systematic evaluation which will be 

conducted at the next stage is outlined as well.

• Chapter 9 (“Conclusion and Future Work”) summaries the results attained in the 

research and outlines the research directions in the near future. The major 

contributions of the thesis and the distinctive features of our approach are also 

included in the chapter.
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Constructivist Theories for Learning and Constructivist 
Learning Environments

As introduced in the previous chapter, the research presented in this thesis aims to 

develop a constructivist learning environment over the Internet to facilitate knowledge 

construction of learners. In order to build a theoretical foundation that underpins the 

research, constructivist theories for learning and constructivist learning environments 

are reviewed in this chapter. It also looks at online constructivist learning environments 

to provide some insight on the development of an online constructivist learning 

environment. The structure of the chapter is as follows:

• Section 2.1 reviews constructivist theories for learning. The constructivist 

viewpoints of learning are examined through the comparisons with the objectivist 

viewpoints of learning. The significant results that constructivist learning could 

produce are highlighted and meanwhile the problems in learning by using a 

constructivist approach are analyzed.

• Section 2.2 examines constructivist learning environments. After the definition for 

a constructivist learning environment is clarified, the features of a constructivist 

learning environment are explored, and then the major elements and components of 

a constructivist learning environment are investigated.

• Section 2.3 delves into the development of an online constructivist learning 

environment. The features of online learning are first analyzed, then the core 

principles for designing an online constructivist learning environment are outlined, 

and finally the challenges encountered in the development of an online 

constructivist learning environment are addressed.

• Section 2.4 is a summary of the chapter.

14



Chapter 2 15

2.1 Constructivist theories for learning

The aim of the research presented in this thesis is to develop a constructivist learning 

environment (CLE) over the Internet to facilitate knowledge construction of learners. 

For the attainment of this aim, there are a lot of challenges as not much has been done in 

this area. Surely the first important issue towards the goal is to accurately understand 

what constructivism is. This leads to a review of literature for constructivism and 

constructivist theories for learning. Because constructivist epistemology is difficult to 

label due to the fact that various types of constructivism have emerged (Ernest, 1995), 

this section will clarify our understanding on the constructivist perspectives of learning. 

It does not intend to present an exhaustive overview of constructivist epistemology. 

Thus, only the most important conceptions and literature will be referred to.

2.1.1 Learning and learning theories

What is learning? This is a complex question with no single answer. Different learning 

theories have distinct viewpoints. Learning theories have undergone a major revolution 

and a number of learning theories have been proposed during the past 100 years of the 

research into learning (Smith, 1999; Hergenhahn & Olson, 1997). Among them two 

major and pervasive theories well represented in the literature are objectivism and 

constructivism (Phillips, 1998).

According to objectivism, learning is based on the behaviourist epistemology. It 

assumes that knowledge objectively exists outside of the mind of the individual in the 

world and can be transmitted directly from the head of a teacher to the heads of learners 

(Jonassen, 1991b). Thus, the learner is to passively receive the information, whereas the 

role of the teacher is to send the information.

Constructivist conception of learning claims that learning occurs only when a learner 

actively builds a knowledge representation by trying to make sense of the presented 

information (Jonassen, 1991b; Mayer, 1999). In this viewpoint, learning is viewed as a 

process of constructing knowledge, and teaching is a process of supporting the 

construction. The learner is no longer a passive recipient of information but rather an 

active knowledge-constructor who constructs his or her own knowledge from the 

surrounding environment and has control over its nature and direction. The teacher is a
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cognitive guide who guides the learner in ways that encourage him or her to synthesize 

his/her own knowledge and integrate it into an enlarged cognitive structure in the 

process (Phillips, 1998).

The constructivist theories for learning bring a strong challenge for educators to 

develop instructional materials and teaching strategies that reflect the theories.

2.1.2 Constructivist viewpoints of learning

Constructivist learning has emerged as a prominent approach to learning since the 

1980s and 1990s, although constructivism has a considerable long history.

Constructivism is a theory of learning, and it is also a theory of knowing (Guthrie, 

2003, p. 1463). It is an epistemological concept that draws from a variety of fields, 

including philosophy, psychology, sociology, cybernetics and education. The 

psychological roots of constructivism began with the philosophies of George Berkeley 

(1685-1753) and Immanuel Kant (1724-1804) and more recently with the 

developmental work of the pioneering Swiss philosopher and psychoanalyst Professor 

Jean Piaget (1896-1980). Professor Piaget developed a genetic epistemology theory that 

analogized the development of the mind to evolutionary biological development and 

highlighted the adaptive function of cognition (Guthrie, 2003, p. 1463). He outlined 

four stages for the process of human cognitive development: the sensorimotor stage, the 

preoperational stage, the concrete operational stage, and the formal operational stage. 

He believed human behaviour (adaptation to the environment) is controlled through 

mental organizations called schemes that the individual uses to represent the world and 

designate action. This adaptation is driven by a biological drive to obtain balance 

between schemes and the environment (Huitt & Hummel, 2003). Piaget’s view of 

learning has been greatly extended by neo-Piagetian research (Guthrie, 2003, p. 1463).

Russian psychologist and educational theorist Lev Vygotsky (1896-1934) provided a 

foundation for socio-cultural theories of learning that have become a part of the 

constructivist tradition. The most important aspect of Vygotsky’s theoretical framework 

was the introduction of social interaction as a fundamental factor in cognitive 

development. In his experiment, Vygotsky studied the difference between the child’s 

reasoning when working independently versus reasoning when working with a more 

competent person. He devised the concept of the “zone of proximal development” (ZPD) 

to express his conclusion: “the range of skills that a learner is able to develop with
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guidance or collaboration exceeds what can be achieved alone” (Vygotsky, 1978). 

Vygotsky's findings suggest that learning environments should involve guided 

interactions that permit learners to reflect on inconsistency and to change their 

conceptions through communication (Guthrie, 2003, p. 1464).

In addition to Piaget and Vygotsky, a great many philosophers and educationalists, 

such as John Dewey, Maria Montessori, Jerome Bruner, and Ernst von Glasersfeld, have 

worked with these ideas and made profound contributions to constructivist theories for 

learning. Fosnot (1996) has provided a summary of these theories and described 

constructivist teaching practice.

With the evolution of constructivism, constructivist learning is being recognized by 

more and more people as an efficient learning method (Guthrie, 2003, p. 1466). 

Although there are different schools of constructivist thought, such as radical, social, 

physical, evolutionary, postmodern constructivism, social constructionism, information

processing constructivism, and cybernetic systems (Ernest, 1995; Lefoe, 1998), they 

tend to share the commonly epistemological assumptions for learning. The fundamental 

epistemological assumptions underlying constructivist learning can be summarized as 

follows (Gagnon & Collay, n.d.):

• Knowledge is physically constructed by a learner who is involved in active 

learning;

• Knowledge is symbolically constructed by a learner who is making his/her own 

representations of the presented information based on his/her earlier knowledge 

and experience;

• Knowledge is socially constructed by a learner who conveys his/her meaning 

making to others;

• Knowledge is theoretically constructed by a learner who tries to explain things he 

or she doesn’t completely understand.

Constructivist perspectives of learning have important implications for teaching 

(Hoover, 1996). First, because learning is a constructive process, teaching cannot be 

viewed as the transmission of knowledge from enlightened to unenlightened. 

Constructivists believe teachers no longer take on the roles of the “sage on the stage ’ 

(King, 1993) but rather act as “guide on the side” (King, 1993) who provides students 

with assistance to help them to construct their meaningful understandings of content.
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Second, because learning is based on the learner’s prior knowledge, teachers must 

realize what students know and think, and provide learning environments that exploit 

inconsistencies between learner’s current understandings and the new experiences 

before them (Ewing & Miller, 2002). This is a big challenge because students do not 

understand a study theme in the same way. Third, because students must apply their 

current understandings in new situations in order to build new knowledge, teachers must 

mediate between student’s current and emerging understandings, bringing their current 

understanding to the forefront. Fourth, because knowledge is actively built by students, 

teachers must engage students in the construction, encourage them participation, and 

facilitate them reflection about new learning experiences.

In educational practice, constructivist learning is usually categorized mainly into 

radical constructivism and social constructivism. The former is based on the work of 

Prof. Piaget, which focuses on individual’s mental construction of knowledge. The latter 

is based on the work of Vygotsky, which places more emphasis on the social context of 

the learning environment. In this thesis, constructivist learning refers to one that reflects 

both views.

2.1.3 Comparisons of constructivist and objectivist viewpoints of learning

Perhaps the best way to understand constructivist learning is to compare the distinctions 

between constructivist learning and objectivist learning.

According to constructivism, knowledge is constructed; learners build new 

knowledge based upon the existing one. This is the central idea of constructivism, 

which sharply contrasts with the objectivism (Hoover, 1996). Objectivism sees 

knowledge as a passive reflection of the external, objective reality. This implies a 

process of “instruction”, ensuring that the learner gets correct information (Guthrie, 

2003, p. 1463). In this view, the key for learners is reception, rather than construction. 

This subtle difference has profound implications for all aspects of the two viewpoints of 

learning. French et al. (1999, p. 12) compare the differences in five aspects, as shown in 

Table 2.1.

The two viewpoints of learning result in distinct strategies to teaching. In an 

objectivist approach, teachers take on the central role to control the teaching-learning 

process while students are passive recipients. In a teaching-learning session, a formal 

definition of the study theme is presented to students at first and then the explanations
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Table 2.1: Comparison of constructivist learning and objectivist learning

Constructivist learning Objectivist learning

Objectives are determined by a learner 
based on his/her learning needs.

Objectives are determined by the 
teacher.

Stresses the importance of divergence 
based on the uniqueness of individual 
learners.

Objectives are determined for all in 
hierarchical form and sequenced 
from simple to complex.

Problems are solved that have personal 
relevance to individual learners.

Learners are seen as passive or as 
holes to be filled with static data.

Knowledge is individual and socially 
constructed, based on personal

Knowledge can be separate from 
knowing.

experiences.
Learning can only be assessed through 
estimation with observation or 
dialogue.

Learning consists of acquiring 
“truth” or the ability to mimic and 
can be assessed with tests.

of rules and concepts are offered to them via lectures to facilitate the understanding on 

the study theme. What follow are some questions or problems in assignments to check 

the extent to which students can recall what was taught. If predetermined outcomes 

have not been achieved, the teaching sequences will be repeated. In the teaching

learning process, student’s mind is seen as an empty vessel, a tabula rasa (Murphy, 

1997), which can be filled with knowledge by teachers. Students passively receive 

information from a teacher and then try to remember them, in which very little 

intellectual work is involved. Such approaches of passive learning may result in lack of 

understanding the basic concepts and eventual failure to transmit the knowledge to 

students (Sridharan & Kinshuk, 2003).

In a constructivist approach, students are an active constructor of knowledge. In a 

teaching-learning session, they are introduced to problems, projects, or cases in the 

beginning and they build up their own knowledge by trying to solve the problems 

through their own effort. Students conduct tasks, such as solving a particular problem. 

They are provided with examples rather than abstract rules to understand the problem 

from different angles. Those examples are not only to provide relevant information for 

solving the problem, but also to create a realistic context (Guthrie, 2003, p. 1464). 

Students try to discover the rules behind the concepts through those examples rather 

than from abstract definitions. They are encouraged to build their own understanding of 

content through actively participating in discussion, collaboration, and sharing of 

knowledge and views with other learners. The teacher’s role in the teaching-learning
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session isn’t so much to lecture at students but acts as a facilitator and a coach who 

guides and supports students as they make sense of the ideas for themselves in 

cooperation with their fellows (Guthrie, 2003, p. 1465). Teachers monitor their 

understandings, request from them evidence and justification, provide constraints for 

their thinking, and give them opportunities to represent their knowledge in a variety of 

ways (Johnson, 2001). Teachers also introduce, when necessary, new ways of thinking 

about phenomena and working with symbols.

It has to be noted, in order to contrast the differences between constructivism and 

objectivism, the two theories are generally conveyed here as incompatible and mutually 

exclusive. In our work, however, we do not hold such an assumption. Instead, we 

believe that constructivism and objectivism offer different perspectives on learning 

(Jonassen, 1999), and both are effective theories for learning. It is inadequate to use any 

single theory to explain learning (Barak, 2006) because learning is a multidimensional, 

dynamic phenomenon (Yukawa, 2006). Actually, it is decidedly nonconstructivist to 

impose a single belief or perspective (Jonassen, 1999). Because our work aims to 

facilitate effective and efficient learning experiences for individual learners, we should 

not reject any valuable learning theory. We must support the synthetic applications of 

diverse learning theories. Accordingly we provide supportive services for learners to 

construct knowledge not only by constructivist ways but also by other ways including 

the objectivist ones. The services not only reflect constructivist learning theory but also 

reflect objectivist learning theory. We advocate and encourage learners to build 

knowledge by using constructivist ways. Such a synthetic way to applying learning 

theories to facilitate learning can also be found in many other computer-based learning 

support systems, for example the work reported by Moallem (2001).

2.1.4 Core of constructivist learning

It can be seen from the above discussion that a constructivist view of learning does not 

lead to a simple, uncontested set of rules for pedagogical practice (Johnson, 

2001). Rather, it has resulted in higher demands for both students and teachers. It is the 

students who actively seek to explore the surrounding environment for new knowledge 

and understandings. Students must build their own knowledge representations by trying 

to make sense of the information presented to them. They should interact meaningfully 

with the physical world and with their peers to stimulate meaning-making (Johnson,
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2001). During a learning process, students possess and use a variety of cognitive 

processes, which mainly include paying attention to relevant information, organizing 

that information into coherent representations, and integrating these representations 

with existing knowledge (Mayer, 1999). Apparently this goes much beyond other 

learning, such as rote learning, reproductive learning, and so on.

According to constructivists, teachers are coordinators, facilitators, supporters, 

resource advisors, tutors or coaches to the knowledge building taken by students 

(Gergen, 1995). Much of their effort is directed towards supporting the knowledge 

building through developing student’s ZPD and towards challenging student’s thinking 

in the building process. Constructivist teachers elicit student’s initial beliefs about the 

problem to be studied and about the nature of learning (Johnson, 2001). They try to 

organize information around “big ideas’' that cause students to dissatisfy with their 

current knowledge and engage them in critical thinking and high-order skills (Li & 

Gunn, 2003). They “encourage students to ask their own questions, carry out their own 

experiments, make their own analogies, and come to their own conclusions” (Guthrie, 

2003, p. 1465). Also, they encourage students to share views and strategies and develop 

multiple perspectives through collaboration with other students. In the entire teaching

learning process, constructivist teachers offer students various guidelines and support 

when necessary. Conceptually, the teaching that reflects a constructivist viewpoint of 

learning follows the following principles (Bruner, 1996; Savery & Duffy, 1996):

• Teaching goals should be consistent with the learning goals of the students.

• Teaching should be commensurate with the experiences and contexts that make the 

students willing and able to learn. The cognitive demands and tasks should be 

consistent with the cognitive demands and tasks for the environment for which the 

students are being prepared.

• Teaching should be structured so that it can be easily grasped by the students.

• Teaching should be designed to fill in the gaps between student's existing 

knowledge and their goals and to encourage their reflection on the learning process.

Constructivism has shifted the attention from teaching to learning. The attention is 

paid to the student's learning process. All the teaching-learning activities are students- 

centered. A greater degree of autonomy and initiative is given to students. The goal of 

the teaching is to foster knowledge construction of students through support and
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assistance. The core of the teaching is to offer students a CLE to help them interpret the 

multiple perspectives of the study theme and discover the solutions for the problem 

using their preferred modes. The issue related to the CLE will be deeply investigated in 

this thesis (see Section 2.2).

2.1.5 Learning outcomes of constructivist learning

Constructivist learning focuses on knowledge construction (Jonassen, 1999) and 

accordingly can generate more significant results than other learning approaches such as 

the objectivist ones. Mayer (1999) compares three kinds of learning: learning as 

response strengthening, learning as knowledge acquisition, and learning as knowledge 

construction (namely constructivist learning) through a retention test and a transfer test. 

In the retention test, students are asked to write down all they can recall from the 

material they have just been presented; and in a transfer test students are asked to 

answer questions that require using the information from the material in new ways. 

Mayer’s comparison comes to the conclusion: constructivist learning is better than the 

other two learning approaches.

As Wilson et al. (1995) summarized, constructivist learning can produce:

• more meaningful learning outcomes that are likely to be used in relevant contexts;

• more meaningful participation of the learner in the learning process;

• more independent problem-solving abilities;

• more flexibility in learning activities; and

• more acknowledgements of social and motivational factors in learning. 

Constructivist learning is becoming more and more prominent and proven to be

beneficial (Jonassen, 1999; Wilson, 1996).

2.1.6 Problems in constructivist learning

Because the prime emphasis of constructivist learning is placed on the active 

construction of knowledge by individual learners (Akhras & Self, 2000; Jonassen, 1999; 

Lefoe, 1998), constructivist approaches to learning have made an assumption that 

learners possess a certain skill of independent learning. During a process of the 

construction, learners build new ideas or concepts based upon their prior knowledge. 

They select and organize information and resources for the study theme, try out of ideas 

and hypotheses for the problems under study, discuss with other learners to resolve
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cognitive conflict and revise thinking, make decisions of how to interpret the multiple 

perspectives, and finally construct their own understandings.

Unfortunately, earlier research has indicated that learners are not always capable of 

adequately building knowledge by their own (Large, 1996; Williams, 1996; Clarke, 

2004). Some learners may lack necessary prior knowledge or skills to take charge of 

their learning and develop a sense of ownership through the interaction and exploration 

with the surrounding environment. For instance, some may find it difficult to choose an 

appropriate learning resource, some may have problems to independently determine the 

needed learning activities and choose a proper method to conduct those activities, and 

some may even have no idea on how to evaluate the outcomes of learning and align 

learning according to the actual learning progress. Consequently, a problem in the 

learning by using constructivist approaches is that learners may not have the necessary 

prior knowledge or abilities to independently conduct learning.

In order to avoid this problem, support and assistance are imperative to help learners 

to conduct learning. These must include services that go beyond simply presenting 

course materials, but supply a wider range of technological facilities, tools and services 

to support the learning process.

Apparently a requirement that arises is to develop a CLE through which the services 

are provided for learners. Learning environments are a core of constructivist learning 

theory because much of its power comes from the learning environment in which 

learners study. All the support and assistance to help learners to construct knowledge 

are provided for learners through the learning environment.

In the research presented in this thesis, we utilize electronic learning space 

technology to create an online CLE, and incorporate software agents into the online 

CLE to provide a variety of supportive services to facilitate and assist learners to 

construct knowledge by using constructivist ways.

2.2 Constructivist learning environments

According to constructivist viewpoints, knowledge is constructed by learners through 

actively interacting with and exploring the environment they are in. Constructivist 

theories for learning emphasize the environments where learners learn (Jonassen, 1994). 

Because the epistemic assumptions of constructivist learning are different from those of
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traditional learning, such as objectivist learning, traditional learning environments, such 

as conventional classrooms, are inadequate for constructivist learning. CLEs must have 

specific characteristics, which differentiate it from other learning environments. This 

section will examine CLEs and explore the features and major components of a CLE to 

build a basis for our development of an online CLE.

2.2.1 What is a constructivist learning environment?

Learning environment is a place for learning and classrooms are a well known one. In 

addition to the conventional one, a variety of new learning environments have been 

developed or proposed. Examples include computer based learning environments, 

network based learning environments, and virtual learning environments.

What is a CLE? Wilson (1996) defines a CLE as “a place where learners may work 

together and support one another as they use a variety of tools and information 

resources in their guided pursuit of learning goal and problem-solving activities” (p. 5). 

In this definition, he emphasizes learning environments as opposed to teaching 

environments in order to facilitate “a more flexible idea of learning”, one which 

emphasizes “meaningful, authentic activities that help learners to construct 

understandings and develop skills relevant to problem solving” (p. 3).

A CLE provides learners with opportunities to build new knowledge based on their 

prior knowledge from authentic experiences. Learners are allowed to confront problems 

full of meaning. When solving a problem, learners are encouraged to explore 

possibilities, invent alternative solutions, collaborate with others, try out ideas and 

hypotheses, revise their thinking, and finally reach to the best solution they can derive 

to the problem.

A CLE is an environment that fosters the constructing and sharing of knowledge in a 

collaborative and supportive atmosphere using whatever learning methods and 

approaches that facilitate individual learner self-motivation and inquiry and problem

solving skills (Sridharan & Kinshuk, 2003).

2.2.2 Major features of constructivist learning environments

A CLE is a rich learning environment, where learners may work together and support 

one another as they use a variety of tools and information resources in their learning 

activities. The core of a CLE is to provide learners with a rich learning environment so
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that they can be engaged in active manipulative, constructive, intentional, complex, 

authentic, cooperative and reflective learning activities (Jonassen, 1999).

A CLE should attempt to replicate the activity structures, tools and sign systems, 

socio-cultural rules, and community expectations that performers must accommodate 

while acting on some objectives of learning (Jonassen & Rohrer-Murphy, 1999).

Jonassen et al. (1995) suggest the fundamental to a CLE lie on the four constructivist 

features, namely

• context that creates a problem-solving situation, which is authentic and relevant 

and is not divorced from the context in which it will be applied later (Suh, 2004);

• collaboration that helps learners to develop new and modify their own 

understanding of an experience or content by the sharing of the multiple 

perspectives of their peers;

• construction that allows learners to create meaning from what they experience 

rather than learning from the teacher’s understanding of that experience or content;

• conversation that is vital to collaboration. Learners need to converse with each 

other to plan, collaborate and create meaning together (Leong & Ho, 2004).

The major features of a CLE can be characterized below (Brooks & Brooks, 1993):

• Learner autonomy and initiative are accepted and encouraged. By respecting the 

ideas of learners and encouraging independent thinking, teachers help learners 

attain their own intellectual identity. Learners who frame questions and issues and 

then go about analyzing and answering them take responsibility for their own 

learning and become problem solvers.

• The teacher asks open-ended questions and allows wait time for responses. 

Reflective thought takes time and is often built on others’ideas and comments. The 

ways teachers ask questions and the ways learners respond will structure the 

success of learner inquiry.

• Higher-level thinking is encouraged. Constructivist teachers challenge learners to 

reach beyond a simple factual response. They encourage learners to connect and 

summarize concepts by analyzing, predicting, justifying, and defending their ideas.

• Students are engaged in dialogue with the teacher and with other learners. Social 

discourse helps learners change or reinforce their ideas. If they have the chance to 

present what they think and hear others’ ideas, learners can build a personal
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knowledge base that they understand. Only when they feel comfortable enough to 

express their ideas will meaningful classroom dialogue occur.

• Learners are engaged in experiences that challenge hypotheses and encourage 

discussion. When allowed to make predictions, learners often generate varying 

hypotheses about natural phenomena. Constructivist teachers provide ample 

opportunities for learners to test their mental hypotheses, especially through group 

discussion of concrete experiences.

• Learning activities use raw data, primary sources, and manipulation, as well as 

physical and interactive materials. Constructivist approaches involve learners in 

real-world possibilities, and then help them generate the abstractions that bind 

phenomena together.

2.2.3 Ma jor components of constructivist learning environments

Because constructivist theories for learning emphasize the environments where learners 

learn (Jonassen, 1994), many researchers (Jonassen, Wilson, and Rohrer-Murphy, for 

instance) have been drawing attention on the investigation into CLEs. They attempt to 

provide learners with a CLE that engages them in knowledge construction. However, 

because constructivism is not a particular model of learning and it does not describe a 

process or set of mechanisms by which knowledge construction occurs (Riesbeck, 

1996), it needs a transition from the philosophy of constructivism into actual practice 

(Karagiorgi & Symeou, 2005) in order to build a CLE.

Jonassen (1999) proposes a model for designing CLEs in his paper “Designing 

Constructivist Learning Environments”. The model illustrates the essential elements and 

components a CLE should contain. A CLE includes the following elements and 

components (Jonassen, 1999; Jonassen & Rohrer-Murphy, 1999):

• a space for problem-project representation and manipulation. A CLE must provide 

learners with three integrated and interrelated components: the problem-project 

context, the problem-project presentation or simulation, and the problem-project 

manipulation space. The problem-project context may be a project, a case, an issue, 

a question or a problem that learners attempt to solve or resolve, but it must be 

interesting, relevant and engaging to foster learners ownership; it should be ill- 

defined or ill-structured; and it should be authentic as well (Suh, 2004). Meanwhile 

the problem-project should have a proper representation and manipulation space.
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Problem-project representation simulates the problem or project in the context in 

which it is normally and naturally encountered and provides the challenge for the 

learners. Problem-project manipulation is to manipulate the problem or project to 

make it more meaningful.

• related cases and examples. A CLE must provide related cases and examples for 

learners to support understanding of the problem and draw on to represent that 

deficient experience. The related cases and examples can support learning in at 

least two ways: by scaffolding learner memory and enhancing cognitive flexibility. 

They provide prior experiences for learners to enable learners to examine them and 

relate them to the current problem. They can help to represent complexity in 

learning environments by providing multiple perspectives, themes, or 

interpretations on the problems or issues being examined by the learners.

• information resources. A CLE must provide learners with rich information 

resources about the study theme to help them to build their mental models and 

formulate hypotheses to drive the manipulation of problem space. These resources 

should be relevant and easily accessible. They can be in different forms, such as 

text documents, graphics, sound, video, or animations, but they must be organized 

in ways that are appropriate for helping learners comprehend the problem.

• cognitive tools. A CLE must provide learners with various cognitive tools to 

interpret and manipulate aspects of the problem. They scaffold required skills for 

performing the learning tasks. These tools should include the ones supporting 

problem-representation, knowledge-modelling, performance-support, information

gathering, and for other meta-cognitive activities.

• collaboration and conversation tools. A CLE must use a variety of computer- 

mediated communication methods to support collaboration among learners. These 

tools are for facilitating dialogue, communication, and co-construction of 

knowledge among the community of learners.

• social/contextual support. A CLE must accommodate environmental and 

contextual factors that affect the implementation. The implementation of a CLE 

needs to consider important physical, organizational and cultural aspects of the 

environment in which the CLE is implemented.
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2.3 Towards online constructivist learning environments

After the review of constructivist theories for learning and CLEs in the previous 

sections, this section will delve into the establishment of an online CLE. It is a 

challengeable work since building a CLE over the Internet has not been sufficiently 

explored. Because online learning is the learning supported by network technologies, it 

differs from conventional classroom learning in many aspects. Hence, some specific 

considerations must be made when designing an online CLE. This section will first look 

at the features of online learning, then outline the core principles for designing an online 

CLE, and finally address the challenges for developing an online CLE.

2.3.1 Major features of online learning

As claimed in Chapter 1 (see Section 1.1), online learning refers to the learning 

supported by Internet or intranet technology. Online learning exhibits distinctive 

features in comparison with the conventional classroom learning. First of all, learners 

are no longer accompanied with teachers; they learn at a distance from both their peers 

and teachers. They often conduct learning alone. Second, learners have varied profiles 

since they come to online learning with distinct backgrounds, interests, styles, 

motivations, and capabilities. As a direct result, learners may have many different 

learning demands. Third, online learning offers more flexibility for learners in terms of 

study time, place, and pace; learners can study at any time from any place and at their 

own preferred pace (Shen et al., 2002). Last, the information on the Internet is often 

unreliable in content and access, chaotic, with content increasingly dominated by 

commercial interests (Wilson & Lowry, 2001).

If online learning is investigated from the constructivist perspectives for learning, it 

will exhibit the following characteristics:

• Online learning is particularly suitable for active construction of knowledge by 

learners. A number of metaphors have been used to describe the Internet, such as 

information highway, digital library, cyberspace, and global village (Wilson & 

Lowry, 2001). All of these are compatible with learners constructing meaning 

through active inquiry, guided activity, or community-based co-participation. The 

Internet contains enormous learning resources, some of which provide details while
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others provide comparison or synthesis (Clarke, 2004; Wilson & Lowry, 2001). 

Moreover, some may provide mutual conflicting and contradictory views. 

Learners, in order to make meaning of the study theme, must engage in active 

interactions with the learning resources and build their own understanding based on 

their existing knowledge.

• Online environment can easily preserve the authenticity of the experience. It would 

be too difficult or expensive to teach some areas relevant to such as the more 

practical skills of pilots, astronauts, or controllers of chemical and nuclear plants in 

conventional classrooms. However it is possible to comprehensively utilize 

advanced technologies, such as communication, multimedia, visualization and 

artificial intelligence, to create a virtual reality or a simulation environment in 

which learners can interact with the research objects. These can effectively 

facilitate learners to construct meaningful understanding on the study theme.

• Online learning enables individualized support for learners. Timely feedback and 

adequate individualized support is sometimes restricted in a conventional 

classroom due to a limited number of teachers and class-time. Moreover, it is 

almost impossible to allow for student ownership and control over the learning 

process in a whole class environment. The online resources can include 

considerable variability in answers and perspectives. They can accommodate 

learners with different purposes, some learners can get a big picture, and some can 

find very specific information (Wilson & Lowry, 2001). Furthermore a broad range 

of individualized supportive services, including the feedback to learner’s responses, 

can be automatically presented to learners without the intervention from human 

instructors. Admittedly, it requires a number of technological means and research 

effort to provide individualized support for learners in online environments, as it 

requires to dynamically recognize the learning activities being conducted and to 

decide the required support based on the learning characteristics of individual 

learners and the used pedagogical principles.

• Online learners require sufficient support and assistance. When learning online, 

learners are likely faced with more difficulties than learning in a conventional 

classroom and require more support and assistance accordingly. First, they have to 

independently get through the learning process because they are physically
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separated with both their peers and teachers in space and/or time. For instance, they 

have to, by their own effort, choose appropriate learning resources, determine 

needed learning activities, choose a proper method to conduct those activities, 

evaluate learning outcomes, and align learning according to the actual learning 

progress. Obviously it is more difficult to do so than to perform them under the 

guides of teachers and the help from fellow learners. Second, it is more difficult for 

learners to understand ideas and make meanings in an online environment than in a 

classroom. This is because they are no longer facilitated in understanding study 

topics by the powerful body language, such as eye contacts, gestures, facial 

expressions, and tone of voice, from an experienced teacher as if they study in a 

classroom. Third, learners may easily lose learning interest in online learning since 

they could not get the powerful motivation as that an experienced teacher can give 

if they study in a classroom, such as timely feedback and necessary scaffolding, 

encouragement, and support. This is also because online environments can hardly 

reproduce the rich socio-cultural atmosphere like those in a classroom, which can 

facilitate idea exchange and sharing, collaboration, negotiation and competition 

among learners in the accomplishment of a study task. Learners need sufficient 

support and assistance to solve these potential problems; otherwise they may be in 

an isolation situation.

2.3.2 Core principles for designing an online constructivist learning environment

The above analysis on the major characteristics of online learning from the 

constructivist perspectives for learning reveals the distinctions between online learning 

and traditional classroom learning. It can be seen from the analysis that online learning 

environments strongly support the principles of a constructivist philosophy. A number 

of constructivist characteristics can be clearly observed in online learning. However, 

there are some factors in online learning which may restrain or exclude constructivist 

values.

The analysis also provides valuable insight on the development of an online CLE. 

Because the underlying principles of learning and epistemologies are the same for all 

media and learning environments, including online learning environments (Wilson & 

Lowry, 2001), an online CLE should possess the features of a CLE as discussed in 

Section 2.2.2. It must include the related elements and components discussed in Section
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2.2.3. This suggests that the development of an online CLE must be directed towards 

the particular features of online learning, maximizing the strengths in online learning 

and avoiding the relevant problems involved.

To create an online CLE to facilitate online learners to construct knowledge by using 

constructivist ways, the core design principles can be summarized as follows:

Principle 1: supplying learning spaces for representing and manipulating study 

themes.

First of all, an online CLE must supply learning spaces for learners to conduct online 

learning activities. It is essential since learners in online environments require a place, 

just like a classroom in traditional learning, to represent and manipulate study problems. 

Electronic learning spaces can be used as the substitute and supplement of the 

conventional classroom. On the electronic learning spaces, learners can conduct various 

learning activities, such as access related learning materials, discuss study topics with 

their peers or teachers, and do other group work together with others.

The electronic learning spaces must support not only individual learner’s personal 

knowledge-building but also the social collaboration and negotiation among learners. 

They must be able to be tailored by learners according to their actual needs. Individual 

students or groups of learners must be empowered to configure, structure, and manage 

the learning spaces on their own. This includes students having the rights to create, 

modify or remove a learning space, and configure or update the parameters within their 

learning space (Kunz, 2004).

The electronic learning space is a basis for online learning, and it is an essential but a 

crucial part of an online CLE. It is implemented by using computer networking 

technology. Chapter 3 will investigate the electronic learning spaces from technological 

angles and present a learning space system that can fulfill the above requirements. The 

system will be used in our work as a platform to build an online CLE to facilitate 

knowledge construction of learners.

Principle 2: equipping with cognitive tools for facilitating reflective, critical thinking 

and collaboration with other learners.

The involvement of human teachers in online learning is restricted due to the 

required costs and the current technologies. To avoid the potential problems caused by
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the restriction, an online CLE must provide learners with a variety of cognitive tools 

and a broad range of supportive services to assist learners to construct knowledge.

The facilitation of knowledge construction and collaboration requires an online CLE 

to offer a simple way to equip its learners with the necessary tools to reflect on their 

learning experiences (Kunz, 2004). An online CLE must provide learners with cognitive 

tools to facilitate their engagement in reflective, critical thinking and collaboration with 

other learners. The cognitive tools are for learners to study with, not from; as an online 

CLE should not support learning by attempting to instruct learners (Jonassen, 2000).

The cognitive tools are generalizable computer applications that are intended to 

engage and facilitate specific kinds of cognitive process (Jonassen, 1999). An online 

CLE must equip learners with the following categories of tools (Jonassen, 2000; Ip & 

Morrison, 2001):

• semantic organization tools to help learners analyze and organize what they know 

or what they are learning. Two well-known examples are databases and semantic 

networking tools. The former help for analyzing and organizing subject matter 

while the latter help for visual representations of concept maps.

• dynamic modeling tools to help learners describe the dynamic relationships among 

ideas. These mainly include spreadsheets, expert systems, systems modeling tools, 

and microworlds. Spreadsheets are computerized, numerical record keeping 

systems that are especially useful for data analyses, such as answering “what if ’ 

questions. Expert systems are artificial intelligence programs that simulate the way 

human experts solve problems through logic deduction (Jackson, 1986). They can 

be designed to provide advice of learning on demand, simulate cognitive 

processing, offer intelligent tutoring and engage critical thinking (Jonassen, 2000, 

p. 113). Systems modeling tools provide vehicles for representing and 

manipulating complex, abstract concepts in tangible, concrete way and so can help 

learners develop complex mental representations of the phenomena they are 

studying. Microworlds are exploratory learning environments or discovery spaces 

in which learners can learn by acting on the simulation environment, such as 

navigating, manipulating or creating objects, and testing their effectiveness.

• information interpretation tools to help learners access and process information in 

the constructive process of knowledge building. They mainly include information
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search tools and information visualization tools. The former help learners search 

for required information from different information sources, such as the World 

Wide Web. The latter utilize advanced visualization technology to represent 

information, for example to represent a learning plan, a learning history, or a 

concept mapping.

• knowledge construction tools to help for knowledge construction resulting from 

constructing things. The behind idea is, when learners function as designers of 

objects, they learn more about those objects than they would from studying about 

them. Knowledge construction tools, such as concept mapping and mind mapping, 

can support learners discourse with controversial content in order to construct their 

own understandings (Kunz, 2004).

• communication and collaboration tools to help for the social co-construction of 

knowledge among learners. Constructivists believe learning doesn’t happen in 

isolation in the head of individuals, but rather it is a result of social interactions 

(Vygotsky, 1978; Kunz, 2004). Learners co-construct meaningful knowledge 

through discussion, collaboration, negotiation, and sharing meanings, which all 

require vehicles support in online environments. Thus, an online CLE must provide 

a variety of synchronous and asynchronous communication tools for supporting the 

social construction. Typical asynchronous communication tools include electronic 

mail, online forums, Listservs, bulletin boards', typical synchronous communication 

tools include chat and videoconference. Collaboration tools include electronic 

whiteboard, electronic blogs, brainstorm, and peer assessment.

• task management tools to help for the management of learning tasks, especially the 

ones cooperated by learners in a group. These tools include activity list, checklist, 

calendar tools, timer tools, notification tools, and version control tools.

An online CLE must make all these cognitive tools available in electronic learning 

spaces to allow learners to use them based on the actual requirements for a task or 

project. It should also provide opportunities for learners to customize these tools in 

execution time to fit their particular demands. In addition, these tools must be organized 

in a user-friendly, intuitive and easily accessible manner for learners to use.

Principle 3: providing supportive services for facilitating knowledge construction

and social collaboration.
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In order to facilitate effective and efficient learning experiences for learners, an 

online CLE not only needs to provide a variety of cognitive tools but also must provide 

a broad range of supportive services to assist learners to construct knowledge in the 

environment. As described above, cognitive tools can facilitate learner’s engaging in 

reflective, critical thinking and collaboration with other learners, but they are not able to 

control whether learners use them and how learners use them. It is learners themselves 

who take the control over the use of these tools. Learners study with them, not from 

them. Therefore, provision of these tools is not enough for an online CLE; it must guide 

learners to use these tools in ways that benefit their knowledge construction and skill 

development. Furthermore, an online CLE must provide services to guide learners to 

effectively and efficiently build knowledge in the environment.

These services take on the role of a constructivist teacher in online learning, 

preferably just as well as a human coach does. As investigated in Section 2.1.4, 

constructivist teachers act as learning facilitators and coaches. Their tasks are to pose 

problems and monitor learner exploration, facilitate the direction of inquiry taken by 

learners, and encourage new patterns of thinking when necessary. An online CLE 

realizes these functions through providing services for learners.

Obviously these services go much beyond simply providing learning resources for 

learners but provide a wide range of support and assistance for learners to perform 

various learning activities in the constructive process of knowledge. The emphasis of 

these services is on facilitating the accomplishment of learning tasks, fostering social 

collaboration in learning, and facilitating the development of learner’s cognitive skills, 

knowledge, and conceptual understanding. They must be learner-centered, and learning- 

centered.

The provision of these services must be directed towards the requirements in online 

learning. They must be aimed to solve the particular problems that may restrain or 

exclude constructivist values. Conceptually they must be designed to assist learners 

• to solve potential problems and overcome potential barriers they may encounter in 

online learning. As investigated above, learners are likely faced with various 

particular problems in online learning. Those may form an obstacle that hinders 

learners pursuing their learning goals. Elence, it is imperative to provide services to 

help them solve these potential problems. As a typical example, because the
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Internet contains massive information resources like an encyclopedia, as a whole it 

is unedited, un-refereed (Wilson & Lowry, 2001), and challenges learners to seek 

for appropriate learning resources for a particular study theme, it is necessary to 

assist learners to search for the required learning resources. In order to design 

services to help learners solve potential problems and overcome potential barriers 

in online learning, it is critical to identify all these potential problems and barriers 

for different learners and determine the corresponding solutions. An obvious 

difficulty lies in the fact that different learners may have distinct problems or 

barriers due to their learning skills and styles.

• to facilitate collaborative learning. Collaborative learning should be encouraged in 

online environment because it can effectively alleviate some problems due to the 

geographical separation of learners. Unfortunately, collaboration in online 

environments has some particular problems in comparison with traditional physical 

learning environments, such as classrooms. First, learners who have common 

learning interests probably do not know each other because they study in different 

geographical locations. This makes it very hard to form collaboration groups (how 

to build a group if they are not aware of the presence of others?). Second, online 

learners may have distinct cultural backgrounds, which make it hard to mutually 

communicate and exchange. Consequently, services must be designed to solve 

these particular problems. They must help learners build a community over the 

network to bring learners together, no matter where they are, and facilitate mutual 

communications among them. They must try the best to make it easy for learners to 

get know each other, make conversation, exchange views and ideas, and perform 

collaborative projects in a social and cultural atmosphere of meaning construction.

• to acquire needed skills to autonomously take charge of their own learning. It is 

particularly important for online learners to have the necessary skills to conduct 

various online learning activities because they often learn alone. Online learners 

are assumed as independent learners. An online CLE must provide services that 

aim to improve and enhance their practical skills for learning. These include 

facilitating critical thinking, offering opportunities for them to acquire basic skills, 

knowledge, and conceptual understanding. An online CLE must encourage learning 

activities as contributions to student’s development of strong identities as individual
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learners and as more effective participants in the meaningful social practices of 

their learning communities.

• to timely evaluate learning and align learning accordingly. Since the direct 

involvement from teacher is restricted in online environments, it is necessary to 

timely let learners know whether they are in a right route towards their learning 

goals. The service includes providing feedback on online learning activities taken 

by learners and advising them of necessary learning adjustment.

• to get engagement in online learning. An online CLE should present learners with 

necessary complimentary and encouraging remarks to attract them in meaning

making so that they could be engaged in the constructive process of knowledge.

All the above are underlying principles for designing the supportive services. The 

services will be identified in Chapter 5 after the investigation of how individual learners 

experience an online learning process and what services they most want in the learning 

process from a constructivist viewpoint.

2.3.3 Challenges for developing online constructivist learning environments

It can be seen from the above discussion that an online CLE conceptually consists of 

three highly interrelated components: electronic learning spaces, cognitive tools, and 

supportive services. There are many challenges needed to overcome in order to develop 

such an online CLE. The major challenges are analyzed as follows:

• Realizing a transition from the philosophy of constructivism into actual practice. 

Because constructivist theories for learning do not provide a method, approach or 

particular pedagogy (Riesbeck, 1996), a lot of issues must be investigated to 

develop an online CLE. Typically, it is needed to investigate the degree to which 

constructivist principles should be reflected in practical applications. Constructivist 

theories hold that learners must construct their personal representation of 

knowledge by actively interacting with the surrounding environment. As a result, 

learners must take responsibility for, and control over, their own learning. On the 

other side, however, the coaching, support, and assistance for learners could not be 

realized without interfering in their self-directed learning processes. It is in 

dilemma! It requires an innovative strategy to solve the problem.

• Adapting services for individual learners to provide personalized proactive 

supportive services. Learners with different backgrounds, motivations, learning
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styles, capabilities and goals require distinct supportive services. Hence, how to 

cater for learners with the best suitable service is an important issue to research. 

Catering for different learning needs means to create distinct alternatives of the 

same concept, this in turn leads to the investigation in learning models of different 

learners and the classification of learners.

• Organizing sendees based on the learning activities being carried out. All the 

supportive services must be provided according to the actual learning needs. This 

gives rise to the requirement for the recognition of learning scenes and the selection 

of the services based on the scenes. Hence, it is required to investigate how to 

describe learning activities and to link learning activities and the corresponding 

supportive services through a specification language.

• Implementing sendees using a suitable technology. Because there are generally 

several alternative technologies, such as software agent technology or traditional 

AI technology, which can be used to implement the supportive services to facilitate 

online learning, it is necessary to choose the most suitable one to implement them 

in order to attain robust performances. However, it is hard to determine which one 

is better than others before a deeper investigation and practical uses, since each has 

its own virtues and defects. Moreover, there are still many technological challenges 

to implement the services even a suitable technology is used because a variety of 

technical problems must be solved to realize the robust supportive services.

The above challenges will be in turn investigated in the succeeding chapters. The 

challenges related to the provision of the supportive services will be elaborated in 

Chapter 5 after the supportive services have been identified. The strategies we use to 

tackle these challenges in our work will be presented.

2.4 Summary

This chapter has reviewed constructivist theories for learning and CLEs. First, the core 

of constructivist learning has been explored through contrasting objectivist viewpoints 

of learning and the constructivist ones. Second, the significant results that constructivist 

learning can produce have been examined and in the meantime the problems in learning 

by using a constructivist approach have been presented. Third, the features of a CLE 

have been analyzed. Finally, the major components of a CLE have been outlined.
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The chapter has also investigated the establishment of an online CLE. Based on the 

analysis on the features of online learning, it has outlined the core principles for 

designing an online CLE, and presented the challenges for developing the online CLE.

To summarize, an online CLE conceptually consists of three highly interrelated 

components: electronic learning spaces, cognitive tools, and supportive sendees. As 

shown in Figure 2.1, learners interact with the electronic learning spaces to represent 

and manipulate study problems, construct their own knowledge representations, and 

communicate with other learners to share and exchange ideas and views. Learners 

construct new meaning based on the existing knowledge through engagement in 

reflective, critical thinking, and collaboration with their fellows, facilitated by the 

sophisticated cognitive tools integrated with the learning spaces. In the constructive 

process of knowledge, learners are offered cognitive guides through the supportive 

services, which help them to construct understandings and develop skills relevant to 

high-order problem solving.

Interaction

Learner

Assist to evaluate learning

Foster collaboration

Dynamic modeling tools

Collaboration tools

Semantic organization tools

Assist to solve potential 
problems and barriers

Cognitive tools

Supportive services

Electronic 
learning spaces

The online CLE

Figure 2.1: Online constructivist learning environment

The understandings on an online CLE and the related discussion in this chapter will 

be used as a theoretical background for the development of an online CLE. Building 

upon this background, the succeeding chapters will turn to the development of an online 

CLE and in particular, a multi-agent architecture to provide services for individual 

learners to facilitate knowledge construction. The next chapter will investigate the 

required technology for the development.
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Major Technological Means to Facilitate Knowledge 
Construction

Following the review of constructivist theories for learning presented in the previous 

chapter, this chapter examines two principal technologies used in our work to facilitate 

knowledge construction of learners. The first part of the chapter, Sections 3.1 to 3.3, 

focuses on the technology relevant to electronic learning spaces, including their 

conceptual model and dynamic update. The second part, Sections 3.4 to 3.7, is 

concerned with software agent technology, including the basic conceptions of software 

agents, the typical agent architectures, major agent applications, and agent system 

development. The purpose of this chapter is to build a technological foundation for the 

work reported in the thesis. The chapter contains eight sections and the theme of each 

section is outlined below:

• Section 3.1 presents basic concepts of electronic learning spaces. The potential of 

electronic learning spaces to facilitate learning is analyzed and the requirements for 

achieving the potential are indicated;

• Section 3.2 explores the conceptual model of the electronic learning spaces which 

are realized in our work;

• Section 3.3 addresses the dynamic update of the electronic learning spaces, where 

two ways to update the learning spaces are illustrated, one by learners and the other 

by software agents;
• Section 3.4 reviews the basic concepts of software agents, including weak notion 

and strong notion, typical characteristics, classifications, and multi-agent systems;

• Section 3.5 investigates the architectures of software agents. Four typical agent 

architectures, deliberative, reactive, belief-desire-intention (BD1), and hybrid, are 

respectively examined, focusing on action selection strategies and major strengths 

and problems;

• Section 3.6 reviews agent applications. Four applications, interface agents, 

information search agents, information fdtering agents, and pedagogical agents, 

are respectively looked at;

• Section 3.7 deals with the techniques for developing agent systems; and finally

• Section 3.8 summarizes the chapter.

39
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3.1 Fundamental conceptions of electronic learning spaces

As claimed in Chapter 1 (see Section 1.4), the work reported in the thesis is to utilize 

software agents to provide supportive services for learners to facilitate knowledge 

construction. All the supportive services are provided for learners through an online 

learning environment. As investigated in the previous chapter (see Section 2.3), an 

electronic learning space is a foundation for an online constructivist learning 

environment (CLE). Thus, it is necessary to take a close look at electronic learning 

spaces to build some technological foundations concerning the virtual learning spaces 

before the investigation into the services to facilitate learning goes any further.

3.1.1 Overall description of electronic learning spaces

Traditionally classrooms are the primary locus where students learn. Students come to 

classrooms to listen to teachers, do assignments, discuss issues relating to study topics 

with teachers and other students, and do other learning activities. With the advances of 

information and communication technology (ICT), the places where learners can study 

have evolved. An entirely new learning environment, called electronic learning space 

(or simply learning space), is being widely used as a substitute and supplement to the 

traditional learning environments (Harrison & Fourish, 1996). There is no universally 

accepted definition for what is an electronic learning space. Some people think 

Blackboard,m and WebCTTm are both electronic learning spaces because students can 

log into either of them to study, instructors can upload learning materials for learners to 

access, and students and instructors can use the communication tools to exchange 

information. In this thesis, an electronic learning space is defined as a place for learning 

where various learning resources, roles, artifacts, vehicles, tools, and services may come 

together. Learners connect to a learning space via networked digital devices.

Electronic learning spaces are a place for online learning implemented by using the 

advanced ICT, where learners can conduct various learning activities, such as access 

related learning materials, do group work with other learners, and discuss study topics 

with their fellows and teachers. Learners are given varied flexible and convenient means 

to support their learning activities.
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3.1.2 Potential of electronic learning spaces in facilitating learning

As shown in Figure 3.1, electronic learning spaces are not just a place for learners to 

study together as a conventional classroom. They can be seamlessly integrated with 

various cognitive tools and a wide range of supportive services to create an online CLE 

(see Section 2.3) for assisting and facilitating learners to productively build knowledge. 

According to the particular requirements of learners, learning spaces can be defined as a 

public learning place or a private learning place. Learners can study individually in a 

learning space, and if they wish, they can move in different learning spaces and see 

themselves and others as avatars no matter where they are. These offer a great potential 

for facilitating efficient learning experiences for learners. In the learning spaces,

• Learners can not only study individually but also communicate with other learners 

to share and exchange views, thoughts, ideas, and learning outcomes as well. 

Learners with a common goal may work together on group projects.

• Teachers can provide learners with individualized assistance based on their zone of 

proximal development (ZPD) (Vygotsky, 1978). For instance, a teacher can, 

through a learning space, provide cognitive guidelines to help a learner to perform 

some activities that he or she cannot manage alone based on his/her ZPD. Also, the 

teacher can provide personalized suggestions for the learner about how to perform 

study in a way just beyond his/her ZPD.

• Education providers can supply supportive services to facilitate effective learning 

for individual learners. For instance, they can disseminate learning materials to a 

learning space according to the particular requirements of the learners in the 

learning space, make various task-specific tools available in a learning space to

......©
Teachers

I___1
Semantic organization tools

JDynamic modeling tools
......

Collaboration tools

Cognitive tools

Agents

Learning
materials

Figure 3.1: Roles of electronic learning spaces
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help learners solve particular problems. They can provide collaborative facilities 

for learners to assist them to exchange information both in a synchronous mode, 

such as chat room (Wang & Chen, 2006) or video conference, and in an 

asynchronous way, such as email or online forum. They can also monitor learning 

spaces to evaluate individual learning behaviour and provide individualized 

supportive services accordingly. All these may be accomplished by human 

instructors, but ideally by software agents on behalf of human instructors when 

considering the involved cost and efficiency.

It must be emphasized that there is much work to be done before the above potential 

is realized. To successfully realize the potential not only relies on learning spaces 

themselves but also the applications of the learning spaces. As the first aspect, it 

requires that

• Learning spaces could be built according to the actual requirements of learning and 

evolve with learning progression; and

• Learning spaces could be used as a platform for both individual learning and 

collaborative learning, and the services for facilitating learning can be provided 

through the platform. For example, the related cognitive tools can be assembled in 

a learning space, learning groups can be flexibly built, and group activities can be 

supported.

As the second aspect, it requires learners to be engaged in their individual learning and 

to share views and strategies, and achieve learning goals collaboratively with other 

learners. This is consistent with constructivist viewpoints of learning. According to 

constructivists, knowledge construction is not reserved for a particular environment, 

modem technology, or multimedia presentation of content, but it happens as learners try 

to make sense of their environment. Knowledge is constructed by learners. The role of a 

learning environment is to create engaging, thought-provoking situations for learners to 

internalize stimuli and form meaningful understandings. Hence, the full potential of 

learning spaces can be achieved only when learners are engaged in the meaning making 

by actively using the tools and facilities provided by system within the learning spaces.

The first aspect, the requirements for learning spaces themselves, will be addressed 

in this chapter and thus, the learning spaces that support both individual learning and 

collaborative learning will be investigated in the following. The second aspect is in fact
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directly related to the theme of this thesis; software agents will be employed to engage 

learners into their individual learning process and facilitate collaborations among 

learners in groups. The related design will be reported in Chapter 5 after the involved 

technologies have been examined.

3.1.3 Requirements for electronic learning spaces

Unlike classrooms, electronic learning spaces are implemented by modem ICT, and 

they come and go. They can support synchronous communication or asynchronous 

communication. Participants and the relationships among them in a learning space can 

shift rapidly (Brown & Lippincott, 2003). In order to support both individual learning 

and collaborative learning on learning spaces, learning spaces themselves must meet the 

following requirements (Hawryszkiewycz, 1999; Guerrero et ai, 2003):

• provision of organizational settings that follow the metaphors of a place for 

learning and research, decreasing the cognitive burden of learners by the consistent 

representation, such as learning activity, group, and task.

• easy customization and adaptation according to the individual preferences when 

the common space should be restricted in changes.

• easy construction and evolution as learning progresses, including the ability to 

quickly compose a learning space for a particular study topic and provide ways to 

get specialized knowledge for corresponding study topics.

• support for flexible group formation and governance, including the redefinition of 

tasks and emergence of processes, dynamic change of group structures, and 

defining and redefining specific responsibilities for each group member.

• provision of status support through facilitating a common understanding of goals 

and maintenance of awareness across the system, and

• provision of tools and services for building and maintaining the mutual social 

relationships of participants and to facilitate collaborative actions in meaningful 

ways.

3.1.4 Overall approach to realize electronic learning spaces

Currently many investigations into electronic learning spaces, such as the CoPAS 

system (Jondahl & Morch, 2002), are built upon the results of research on workspaces in 

computer supported cooperative work (CSCW). Workspaces in CSCW are the spaces
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for online participants to exchange and share information in their collaborative working 

processes. The central topic of CSCW is to support collaborative working processes, 

especially emergent collaborative processes, through modern information technologies. 

A great deal of effort has been devoted to the research into CSCW. Many valuable 

achievements in the research have been achieved. For example, the issues relating to the 

architecture of a workspace, the access control for the private or semi-public 

workspaces, the approaches to providing supportive services for the collaboration 

between team members through workspaces, and the dynamical management of 

workspaces have been deeply studied and some solutions have been attained, although 

further research on these issues is necessary.

From some angles, collaborative learning can be considered as a particular working 

process, a knowledge construction process. Also, it can be considered as an emergent 

process because the configuration of the group for collaborative learning allows the 

occasional participation of additional according to emerging needs (Nachmias et al., 

2000). It is a natural way to realize learning spaces by making use of the results of 

research on workspaces. This implies learning spaces can be realized by the 

transformations of variables, components and processes characterizing collaborative 

events in workspaces. Workspaces will become learning spaces when the related 

variables, components, and processes are assigned with the semantics of learning.

In our case, we have the LiveNet system, a workspace management system, which 

can fulfill the requirements for learning spaces discussed in the previous subsection (the 

LiveNet system will be introduced in Section 3.2). Departing from the LiveNet 

workspaces to realize learning spaces can make use of all the results attained in the 

design and implementation of the LiveNet system, reducing a great number of 

overheads. Hence, the learning spaces in our work are realized based upon the research 

result of workspaces, particularly the LiveNet workspaces. The LiveNet system is used 

as a platform to implement the learning spaces for learners to study.

3.2 Conceptual models of the electronic learning spaces

To develop electronic learning spaces to facilitate online learning, a conceptual model is 

needed to represent the learning spaces because it directly relates to what the learning 

spaces will offer for learners, instructors, and other roles who will use the learning
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spaces, and how the learning space system will control and manage the learning spaces. 

As discussed above, the learning spaces in our work are built upon the LiveNet 

workspaces. In this section, a brief introduction to the LiveNet system and its workspace 

model will be provided, and then a conceptual model for the learning spaces in our 

work will be presented.

3.2.1 Brief description of the LiveNet workspace model

The LiveNet system was developed by our research group in the late 1990’s 

(Hawryszkiewycz, 1999), and is still being actively developed further. It supports both 

synchronous and asynchronous collaboration of distributed groups of people. It has 

been successfully applied to a number of domains, including business process 

processing, subject teaching (Hawryszkiewycz & Lin, 2003).

LiveNet uses workspaces as shared spaces for group members to exchange 

information for the purposes of collaboration. For each workspace, any number of roles 

can be defined, and users can be added to a workspace as participants occupying roles 

(Biuk-Aghai, 2004). One user can have different roles in different workspaces, but can 

only occupy one role in each workspace. Figure 3.2 is the meta-model of the LiveNet 

workspaces. The major elements are described below (Biuk-Aghai & Hawryszkiewycz, 

1999):

• Workspace is a shared place for collaborative group members. These can be 

populated with a number of different types of objects such as artifacts, online 

forums, and tools. Workspaces have a privacy feature, which can be classified into
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Figure 3.2: Meta-model of LiveNet workspaces (adapted from (Biuk-Aghai
& Hawryszkiewycz, 1999))
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public, semi-public, and private. Public workspaces can be accessed by any person; 

private workspaces can only be accessed by privileged person; and semi-public 

workspaces can be accessed by privileged person and the persons who have been 

invited by the owner of the workspace.

• Participants are persons who participate in a workspace. They may play different 

roles. What they can do in a workspace depends on the role they take on in the 

workspace. Participants are grouped into different workgroups.

• Role defines a responsibility within a workspace. Roles are assigned to individual 

participants in a workspace, which defines the actions a participant is allowed to 

take. A participant may take on a role as an owner, a tutor, or a learner in a 

workspace. A participant may have different roles in different workspaces at a 

same time, but always acts as the assigned role in a workspace.

• Actions are activity steps or operations that can be carried out in a workspace, such 

as creating or deleting a document, submitting a completed assignment. An action 

can be classified into two categories, namely a solo action or an interaction. The 

former is taken by an individual participant; whereas the latter involves more than 

one participant.

• Artifacts are any objects that are produced or consumed in an action, such as a 

subject outline, a completed assignment. These are usually documents of various 

types, such as text, drawings, and graphical images.

• Messages are short text strings that are exchanged between two participants to 

signal the occurrence of some event. The sending and receiving participants may 

reside in a same workspace or in two different workspaces. Messages have a 

defined message type, which is associated with, and unique within a workspace.

• Communication channel permits participants to communicate with each other, 

using for example synchronous text-based communication and asynchronous 

online forums.

3.2.2 Using the LiveNet workspaces to model the electronic learning spaces

As seen from the above description, the LiveNet workspace model can fulfill the 

requirements for learning spaces discussed in Section 3.1.3. The learning spaces in our 

work are built upon the LiveNet workspaces through transforming relevant variables,
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components, and processes into the metaphors of learning. Table 3.1 shows some 

examples of the terms in the learning spaces.

Table 3.1: Examples of the terms in the learning spaces

Terms Semantics

workspace learning space

workgroup learning group

activity develop a learning plan, draw out a learning report

action submit an assignment, read a document, revise a learning plan

artifact subject outlines, tutorial materials, assignments, reading lists

role instructor, tutor, student, owner of a learning space

After the transformation, the learning spaces can provide spaces for learners to learn 

collaboratively. Figure 3.3 shows a collaborative learning scenario in the learning 

spaces (FLawryszkiewycz, 2005). It shows two groups of participants in collaborative 

learning. Each group has two roles, tutor and student. Each role has its separate 

responsibilities. The tutor role can add documents to their activity whereas the student 

role can read the documents and make comments about them. The participants can take 

on a particular role or take on more than one role for different groups. For instance, two 

participants, Amy and Sam, participate in each of the two groups.

The collaboration is dynamic in the sense that changes can happen at any time. New

NOTATION

Mary Peter Amy SamJim Tom Jenny Alan

ParticipantStudent 
group 2Tutor 

group 2
Tutor group 1

Student group l
Learning group

Student
role

Student
role

Tutor
role

Tutor'
role

Grou|y2 activity ActivityGroup/1 activity
Add
documentAdd

document. Read
document.

ActionRead
document. statement

Artifact
Discussion

forums
Discussion

forums
DocumentsDocuments
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learning group can be created at any time and new participants can be created and added 

to a learning group at any time. Similarly, participants can add or delete artifacts and 

actions into activities as their actual requirements. They can be assigned responsibility 

for these actions with the existed roles or creating new roles.

In the implementation of the collaborative learning, an activity becomes an electronic 

learning space, and the other concepts become the components of the learning space 

(Hawryszkiewycz, 2005). The model of the learning spaces can be depicted by Figure 

3.4. A learning space in the model represents a set of learning process elements and 

their relationships.

Electronic^ 
learning spaceElectronic 

learning space
Electronic^ 

learning space

NOTATION

CP Activity

Artifact

4. y Constraint

-----► Perform
Electronic learning space

Create/delete

Figure 3.4: Model of the electronic learning spaces (adapted from (Lin, 2005))

An electronic learning space includes a collection of elements and their relationships, 

methods to operate on the elements and relationships, and relationships with other 

learning spaces. Since a learning group can create any number of activities and assign 

responsibilities to learning group members in each activity, it is allowed to create one or 

more new learning spaces within a learning space. The new learning space and the 

background one form a child/parent relationship, in which the background learning 

space is the parent and the new created one is the child. A learning space tree is 

constructed as the existence of the multiple levels of the parent/children relationships. A 

learning space tree represents, stores, and maintains the dynamics of collaborative 

learning groups (Lin, Hawryszkiewycz & Henderson-Sellers, 2003).

Learning spaces are grouped together into learning groups associated with different 

groups of users. Each group has its own tree of learning spaces, and therefore its own
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root learning space. Besides learning spaces, a learning group also has a collection of 

users. Only users who are members of a learning group can be added as participants to 

learning spaces in that learning group. In this way, learning spaces associated with 

different groups of users can be kept separate from other groups. However, a user may 

be a member of multiple learning groups.

Access to the various facilities provided in LiveNet is controlled by constraints. Two 

sets of constraints are provided (Biuk-Aghai, 2004):

• the ones that apply to the level of learning groups and define whether a user has 

permission to add users to and remove users from a learning group;

• the ones that apply to individual learning spaces and define general permissions, 

such as creating, modifying or deleting learning spaces, adding or removing 

participants, roles and documents, the use of communication facilities.

Upon the realization of the learning spaces using the model shown in Figure 3.4, 

learning spaces can be built and updated by participating learners according to their 

actual requirements of learning along with the progression of learning. In the next 

section, two ways to update the learning spaces will be illustrated.

3.3 Update of the electronic learning spaces

In the online CLE we are building, electronic learning spaces are used as spaces for 

online learners to represent and manipulate study problems and collaborate with their 

fellows. In order to facilitate learning of learners, learning spaces must be able to be 

created and evolve according to the actual requirements of learning. This section will 

briefly look at the technology that supports the dynamic update of learning spaces, and 

then illustrate the learning spaces realized on the LiveNet can fulfill the requirements for 

dynamic update. Two ways are provided to update the learning spaces in the LiveNet 

system. First, the participants of a learning space, for example, learners or instructors, 

can update them via a learning space interface. Second, software agents can update 

them on behalf of a participant.

3.3.1 Management of the electronic learning spaces

The management of the electronic learning spaces is realized through a relational 

database management system. All the dynamical information of the learning spaces,
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including their hierarchical structure, the participants and their roles in each learning 

space, is maintained and managed by the database management system.

The learning space tree is maintained in a database. It is implemented by a collection 

of tables each of which corresponds to a relation to store and represent a learning space 

or the elements of a learning space. Figure 3.5 shows the architecture of some selected 

tables in the database and the relationships among these tables. The table 

LeamingSpace contains the information of all the learning spaces currently existed in 

the LiveNet system. Each learning space occupies a record in the table. Every record 

stores the information of all the elements in a learning space. In particular, the field 

parentld stores the identifier of its parent learning space, which maintains a tree 

hierarchy of the learning spaces. The table Group and User respectively stores the 

information of all the groups and users currently existed in the LiveNet system. The 

table Participation stores the links between tables Group and User, determining which 

group a user belongs to. The table Role maintains the information between a learning 

space and its participating groups, determining which group is participating in a 

particular learning space.

There are other tables that store and represent other elements of the learning spaces, 

such as various constraints related to the permissions to enter a learning space, do some 

activities. These tables are linked together through keyword fields to represent the 

overall semantics of the learning spaces.

PK.FK
PK.FK

Participation

groupld
userid

ArtifactsAncestor

LearningSpace

name
creator
createdTime
modifier
modifiedTime
description
parentld
type
level

spaceld

name
creator
createdTime

Group

groupld
name
creator
createdTime
title
firstName 
last Name

Figure 3.5: Relationships of the selected tables in the learning space database
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3.3.2 Updating learning spaces through a learning space interface

There are several ways to illustrate how the learning spaces realized by us on the 

LiveNet can be dynamically created, configured and deleted based on the actual 

requirements of learning through a learning space interface. Perhaps the most 

convincing way is to use practical examples. Figure 3.6 shows an interface of a learning 

space created on the LiveNet. It is the “Learn to design database” activity implemented 

in a LiveNet learning space. It shows the learning steps, including “Learn conceptual 

design”, “Learn logical design”, and “Learn physical design ’. In the left panel, it lists 

all the artifacts, roles and participants of the learning space.

In the learning space, two child learning spaces have already been created, 

respectively corresponding to subactivities “Learn to design physical database” and 

“Learn to design logical database” (see ® and ® in Figure 3.6). If it is necessary to 

create a new learning space, the participant can create one by simply clicking on “Add 

SubActivity” button (see ©) on the interface. If the owner of the learning space wants to 

delete an existed child learning space, he or she can enter that space and then deletes it 

by clicking the “Delete” button (see @).

In the learning space, two roles, “student” and “teacher” (see © and ©), have been

So gpcfaMrte Tods tW>

http://Wenet4.ituts.edu.du/actrvrtyDetak.do
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team to design database
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Figure 3.6: Interface of a learning space built in LiveNet
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defined and eight participants, two take on the teacher role and six take on the student 

role, have been added. If necessary, the participant can assign a new role by clicking on 

“Add Role” button (see ®). The participant can also add more participants to the 

learning space. Participants can be added to a learning space one by one or by groups.

In the learning space, there are several artifacts that have already been created (see ® 

). The participants can create more artifacts to the learning space, for example a learner 

can upload a document that contains learning resources for “database design

It can be seen easily from Figure 3.6 that there are a number of buttons on the 

interface through which learners can conveniently configure or update the learning 

spaces to let the learning spaces better meet their particular requirements for learning.

3.3.3 Updating learning spaces by software agents

As discussed above, learning spaces are a place that can be used by online learners to 

study together towards a common goal. Learning spaces themselves cannot provide any 

services for learners to facilitate learning; all the services are provided through the 

learning spaces. In order to assist learners to productively build knowledge when they 

are studying on learning spaces, various sophisticated cognitive tools and supportive 

services should be incorporated into the learning spaces to assist learners to build 

knowledge and collaborate with other learners. These include provision of the task 

specific tools and also include the assistance to dynamically manage learning spaces, 

even to create or delete learning spaces.

Our intention is, as shown in Figure 3.7, to employ software agents to monitor the 

changes occurring at the learning spaces and actively provide learners with a wide range 

of assistance based on the monitored events.

Figure 3.7: Software agents to provide supportive services

In this section, the assistance that agents provide is concentrated upon the dynamic 

update of the learning spaces. Software agents will, based on their internal knowledge 

and the events they have perceived, autonomously take actions to update the learning 

spaces. Such actions include creating a new learning space, deleting an existed learning
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space, or changing the settings of a learning space such as adding new participants into 

a learning space. Each of the actions is implemented by a function call. For instance, if 

an agent creates a new learning space, it will call a function 

Create_leaming_space (spacejname)

to manipulate the learning space database by adding a learning space. Obviously 

because learners are able to update the learning spaces via a learning space interface, the 

functionality that updates the learning spaces by manipulating the database must be 

already successfully implemented. Otherwise, it would be impossible to enable learners 

to update the learning spaces. Here the only difference is an agent rather than a learner 

initiates the function call. Accordingly, there should be no problems for the agents to 

manipulate the database to perform the update of learning spaces. However, there are 

other issues that need to be investigated, such as how the agents monitor events on the 

learning spaces, how they make decisions based on the monitored events.

In fact, our work reported in this thesis does not limit the range of the assistance that 

agents will provide. The agents will provide a wide range of services which go beyond 

the assistance for the dynamic update of learning spaces, including learning materials, 

learning plans, and other personalized assistance. Our goal is to design an architecture 

with reusable agents that possess knowledge and can work at the learning spaces, on 

behalf of human instructors, to assist learners to construct knowledge. Apparently, in 

order to achieve the goal, knowledge about software agents is required. Hence, the next 

section will turn to the investigation into software agent technology.

3.4 Fundamental conceptions of software agents

After the discussion about the technology related to electronic learning spaces in the 

preceding sections, this section will start to examine software agent technology, another 

principal technology used in our work to facilitate knowledge construction of learners. 

Perhaps most people are in one sense familiar with term “agent” because we know what 

a travel agent or estate agent can do for clients. We are deeply impressed by James 

Bond, agent 007, who, in the service of Her Majesty, the Queen of Great Britain, 

accomplishes various difficult tasks by himself and never fails (Brenner, Zamekow & 

Wittig, 1998). Do software agents have the same “magic”? Can they help learners study 

on behalf of human instructors? How can we design agents so that they could do so?
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The remainder of the chapter will look at software agent technology to provide 

technological backgrounds for the application of agents in our work. The concrete agent 

architecture in our work is deliberately not addressed in this chapter, because it will be 

explored in Chapters 6 and 7. The focus here is on generic agent technology.

3.4.1 What is a software agent?

The research into software agents is an exciting area in artificial intelligence field. A 

great deal of effort has been devoted to the theoretical researches and the practical 

applications of software agents. Unfortunately there is no commonly accepted definition 

of what it is that constitutes a software agent until now, for instance, different 

definitions are included in Wooldridge’s book (2002).

The term software agent (often simply termed agent) originated from the field of 

artificial intelligences (AI), dating back to the 1950s. Research into software agents 

started to proliferate in the mid-1990s. Currently they have been regarded as a new 

“paradigm” for developing AI applications in agent literature (Wooldridge & 

Ciancarini, 2000). The existing agent theories are more or less built upon one of two 

widely accepted notions of agents, the weak notion and the strong notion (Cuesta- 

Morales et ah, 2004). The former describes what an agent should possess most, is 

something that most scientists have agreed upon at this moment; the latter characterizes 

an agent not only through exhibiting the properties that an agent should have, but also 

by using the concepts used to implement and realize the agent.

The weak notion states that an agent is a kind of computer software system, which 

exhibits the following four properties: autonomy, social ability, reactivity, and pro

activeness (Wooldridge & Jennings, 1995; Hermans, 1997).

According to the strong notion, an agent is not just a system that complies with the 

observable properties, but a system that is also implemented using conceptualisms that 

are more usually applied to humans (Moraitakis, 1997). Hence, an agent is also a system 

that is characterized by mentalistic attributes, such as knowledge, belief, intention and 

obligation, or even characterized by emotional attributes. A typical representative of the 

strong agent notion is the BDI (belief, desire, intention) agents.

Like many others, this thesis accepts the definition by Jennings (2000): a software 

agent is “an encapsulated computer system that is situated in some environment and
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that is capable of flexible, autonomous action in that environment in order to meet its 

design objectives.” (p. 280)

3.4.2 Characteristics of software agents

It can be seen from the above description that an agent has some specific properties. 

What are the implications of these properties? How can they be useful for us? Let's look 

at the characteristics that agents should demonstrate. Within the scope of the thesis, it is 

inadequate to provide an in-depth and exhaustive analysis of agent hood but rather to 

give a reasonably clear description of the agent properties in order to understand how 

these properties can be useful in our work.

The important characteristics that software agents typically demonstrate include:

• autonomy, agents should be able to take actions without the direct intervention 

from an outside source, human or other agents, and they should have a certain 

degree of control over their own actions and their own internal states. For instance, 

an agent working for a learner should autonomously decide how to help the learner 

to accomplish a particular learning task without being explicitly directed by a 

human instructor. The autonomy forms the most important property of an agent 

without which the notion of agency would not exist.

• adaptive./learning: agents should be able to automatically adapt their behaviour to 

the preferences of their user based on previous experiences. For instance, an agent 

must exhibit a certain degree of intelligence to adapt its behaviour to its owner 

learner's skill level and learning style so that it can assist the learner to study in 

more appropriate manners. The ability to learn from previous experiences and to 

successively adapt its behaviour to the changes in the environment is one of the 

important intelligent behaviours of agents.

• sociability/collaboration: agents should be able to interact with their environment 

or other agents to collaboratively perform tasks. Collaborative agents work together 

in groups, combing their knowledge and specialized skills to perform tasks. By 

collaborating, agents can provide learners with powerful supportive services that 

exceed what any single agent can provide, and permit faster and better solutions for 

complex tasks than any single agent does. Collaboration does not imply an agent 

blindly receives requests from others, but rather the agent can modify requests, ask 

clarifications or even refuse to satisfy some requests (Etzioni & Weld, 1995).
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• reactivity/sensing and acting ability, agents must be capable of reacting 

appropriately to influences or information from their environment. For example, 

they perceive the changes that occur in an electronic learning space, and timely 

take actions to respond the changes. Reactivity forms one of the fundamental 

requirements for an agent and should be supported to some extent by all agents 

(Brenner, Zamekow & Wittig, 1998). In order to be able to react to the changes in a 

learning space, agents must have suitable sensors or possess an internal model of 

the learning space. Also, they must spend most of their time in a kind of sleep state 

from which they will awake if certain changes occur.

® pro-activeness/goal-directed: agents do not simply act in response to their 

environment, they must exhibit opportunistic, goal-directed behaviour and take the 

initiative where appropriate (Jenning, Sycara & Wooldridge, 1998). They should be 

aware of the goals of the learners they are working for and take actions towards the 

goals. They should, based on the goals, make decisions for how a learning task is 

best split up into smaller sub-tasks, and in which order and in which way these sub

tasks should be best performed.

• mobility: describes the ability of an agent to navigate within communication 

networks. Mobile agents are capable of wandering from one machine to another 

across different system architectures and platforms. Mobile agents can significantly 

reduce network traffic because they do not need to gather the information they 

require to fulfill a task by sending a series of messages over the network. They can, 

instead, go to the target sites with the required information and then perform the 

task locally on the target sites (Brenner, Zamekow & Wittig, 1998).

It should be emphasized here that the above descriptions of the characteristics of 

agents are merely for the demonstration of what an agent looks like and the differences 

between an agent and a traditional software program. Up till now, few single agent 

currently available or under development possesses all these abilities, although several 

prototype agents have exhibited quite a lot of them.

Another thing that should be emphasized here is the above description of the 

enumerated properties has not included all the characteristics that agents can exhibit. In 

addition to those already mentioned, agents may have other attributes, such as security,
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veracity, personality, benevolence, and rationality (see Wooldridge & Jennings (1995) 

for details).

3.4.3 Classifications of software agents

The investigation into software agents is a rapidly developing area. A great number of 

agent systems have been developed so far. They share the properties of agents in 

general, however, they largely differ in many important aspects of their nature and 

constructs, having different goals, behavioural models, capabilities and potential 

application ranges (Moraitakis, 1997). It is hence significant to take a look at the 

diversity of agent types in order to better understand the abilities that software agents 

can demonstrate.

Many different ways to classifying or categorizing the existing agents have been 

proposed. Several dimensions can be used to classify agents. The following is a 

typology of agents by five different dimensions (Nwana, 1996):

First, by mobility, agents may be classified into mobile agents or static agents. The 

former can move from a machine to another across communication networks; while the 

latter cannot.

Second, by the primary processing strategy they use, agents may be classified into 

several categories. One of the simplest types is reactive agents or reflex agents, which 

directly respond to the external states available from their sensing of the environment. 

For instance, reactive agents working in an online learning environment do not have any 

internal, symbolic models of the electronic learning spaces they are looking after, but 

rather just respond to the changes in a learning space using a stimulus-response manner. 

Deliberative agents are more powerful than reactive agents. They possess an internal 

symbolic, reasoning model and they engage in planning and negotiation in order to 

achieve coordination with other agents based on the method of decision-making. They 

make decisions not only based on the current states but also the designed goals, usually 

through logical deduction.

Third, agents may be classified by the primary attributes they exhibit. Figure 3.8 

shows a typology of agents based on the three basic characteristics, learning, co

operating and autonomy. The classification results in four subtypes of agents: smart 

agents, collaborative agents, collaborative learning agents, and interface agents 

(Nwana 1996). Smart agents have the ability to learn, co-operate with each other and
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Collaborative 
learning agents LearnCooperate Smart agents

Collaborative
agents Autonomous Interface agents

Figure 3.8: Four types of agents derived from three agent attributes (from (Nwana, 1996))

are highly autonomous. True smart agents are rare in current agent-based systems. 

Collaborative agents emphasize autonomy and co-operation. They can negotiate with 

other agents in order to perform tasks for their owner users. Collaborative learning 

agents have the ability to co-operate with other agents and can learn from each other, 

however they have very little autonomy in the decision making process. Interface 

agents are highly autonomous and can learn in order to perform tasks assigned to them.

Fourth, agents may be classified by the roles they take. This taxonomy yields a lot of 

agents including user interface agents, information search agents, information filtering 

agents, and other domain-specific assistance, such as pedagogical agents. User interface 

agents act as a personal assistant who tries to do what its user means rather than just 

what the user says when interacting with a software system (Bigus & Bigus 1998); 

information search agents go out on the Internet and find information for users; 

information filtering agents help users to process incoming information, ferreting out 

the stuff of interest from the more mundane or uninteresting rubbish; pedagogical 

agents perform a teaching and learning task, by acting as a tutor, a coacher or a mentor, 

even a learning partner. All these agents will be looked at in more detail at Section 3.6.

Fifth, agents may also be classified by the philosophy they apply. Hybrid agents 

combine two or more agent philosophies in a single agent.

3.4.4 Multi-agent techniques

The research into software agents is one of the most active and fast growing area of AI 

(Wooldridge & Ciancarini, 2000). Agent techniques represent a new exciting means to 

analyze, design and build complex software systems. The agent-oriented approaches 

offer a powerful repertoire of tools, techniques, and metaphors that have the potential to 

considerably improve the way in which people conceptualize and implement many 

types of software (Jennings, Sycara & Wooldridge, 1998). When viewing the world by
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using an agent-oriented viewpoint, it becomes apparent that most applications involve 

several cooperating agents. Ideal for solving complex problems with multiple solving 

methods, perspectives and/or problem-solving entities, a multi-agent system (MAS) 

presents many potential advantages including robustness, parallelism, flexibility, 

adaptivity, scalability, inter-operation of multiple existing legacy systems, enhanced 

speed, reliability and extensibility (Chira et al., 2003).

A MAS can be defined as a loosely coupled network of entities that work together to 

solve problems or make decisions that are beyond the individual capabilities or 

knowledge of each entity (Jennings, Sycara & Wooldridge, 1998). These entities are 

individual agents and may be heterogeneous in nature. Since each agent in a MAS may 

have incomplete information or capabilities for making a decision or solving a problem, 

they have to exchange information and knowledge in order to solve a problem 

coherently. Agent-to-agent interaction is a key to achieve the potential of the agent 

paradigm. Examples of the interaction include cooperation, coordination, negotiation 

and communication. The agents in a MAS must cooperate together towards a common 

goal, coordinate their activities, negotiate if a conflict occurs and be able to 

communicate with one another. An agent communication language enables agents to 

interact with each other providing them with the means of exchanging information and 

knowledge (FIPA, 1998).

Another critical issue of a MAS is how to formulate, describe, decompose, and 

allocate tasks and synthesize result among the agents in a MAS (Jennings, Sycara & 

Wooldridge, 1998). For example, when a MAS is applied to assisting learners to study, 

it is needed to research what each of the agents in the MAS will do and how to ensure 

they will act coherently in making decisions or taking actions towards their common 

goal. A number of factors should be taken into account for a solution to this issue, such 

as problem type, task granularity, overload balance, entire efficiency, and network 

traffic. The concrete solution for the issue in our work will be explored in Chapter 7.

3.5 Architecture of agents

After a review of the fundamental concepts of software agents in the previous section, 

this section will look at the architectures of software agents. An agent architecture is a 

specification that describes how the agent derives rational actions to respond the events
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perceived from the environment to fulfill its goals. Apparently examination of different 

agent architectures will benefit us to better understand their work methodology, find 

various different features, and finally comprehensively apply them into our work.

A number of different agent architectures have been proposed so far. In this section, 

four popular architectures will be respectively examined (Wooldridge, 2002):

• logic-based agents that make decisions through logical deduction (see Section 

3.5.1);

• reactive agents that make decisions by some direct mapping from a situation to an 

action (see Section 3.5.2);

• BDI agents that make decisions through the manipulation of data structures 

representing beliefs, desires, and intentions of agents (see Section 3.5.3); and

• hybrid agents that make decisions via comprehensive use of two or more of the 

above approaches (see Section 3.5.4).

3.5.1 Logic-based architectures

With a logic-based architecture, an agent makes decisions through logical deduction, 

known as symbolic AI, which suggests that intelligent behaviour can be generated in a 

system by giving that system a symbolic representation of its environment and its 

desired behaviour, and syntactically manipulating this representation (Wooldridge, 

2002). Because the agent adopts logical reasoning by these symbolic representations 

while making decisions, it is called a deliberate agent.

A deliberate agent, if applied in an online learning environment to look after the 

learning spaces and provide services for learners to facilitate knowledge construction, 

contains an explicitly represented, symbolic model of the environment, and it makes 

decisions via logical (or at least pseudo-logical) reasoning, based on pattern matching 

and symbolic manipulation (Wooldridge & Jennings, 1995). The symbolic model is 

assumed to be a database of formulae of the classical first-order predicate logic. The 

database contains the information that the agent has about the environment.

Thus, to develop such a deliberate agent, the crucial work includes (Wooldridge, 

2002):

• developing a database A to describe the learning environment through a collection 

of formulae in the first-order predicate logic form; and
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• developing a deduction rule set p in such a way that if a formula Do (a) can be 

derived then a is the best action to perform. Here a is a term that denotes an action, 

such as revising a learning plan, submitting an assignment.

With such a database A and the deduction rule set p, the agent decides which action 

to perform through a reasoning procedure. In the procedure, it first examines each of the 

possible actions a in turn, and attempts to prove the formula Do (a) from the database A 

using the deduction rule set p. If the agent succeeds in proving Do (a) then it will 

perform action a. If the agent fails to prove Do (a) for all actions a then it will further 

try to find an action that is consistent with the rule set and the database, namely the one 

that is not explicitly forbidden. Therefore, it will attempt to find an action a, such that 

—Do (a) cannot be derived from the database using the deduction rules. If such an 

action can be found then it will perform the action; otherwise no action will be taken.

It can be seen from the above procedure that logic-based architectures have the 

advantage of semantic clarity, and allow users to apply all the apparatus of logic and 

theorem proving that have been developed in AI over the years into the agent design 

(Weiss, 1999). However, it takes time to accomplish the symbol deduction and thus, 

such architectures may not well suit the learning environments that are subject to time 

constraints. Considering an example where a deliberate agent starts to, by deduction, 

select an action to help a learner who is trying to solve a particular problem, if the 

complex symbol deduction takes a long time to reach a decision, for example, it selects 

an action after the learner has already solved the problem, the action will be useless.

3.5.2 Reactive architectures

With a reactive architecture, an agent makes decisions directly based on the events 

perceived in the environment. These decisions are made at runtime, usually in a 

stimulus-response manner. The agent does not possess internal, symbolic models of the 

environments where it is situated (Muller, 1996; Nwana, 1996).

The three key theses that underlie reactive agent architectures are (Brooks, 1986):

• Intelligent behaviour can be generated without explicit representations of the kind 

that symbolic AI proposes;

• Intelligent behaviour can be generated without explicit abstract reasoning of the 

kind that symbolic AI proposes; and
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• Intelligence is an emergent property of certain complex systems.

The two key ideas that have informed the research on reactive architectures are (Brooks, 

1986):

• situatedness and embodiment: “Real” intelligence is situated in the world, not in 

disembodied systems such as theorem provers or expert systems; and

• intelligence and emergence: “Intelligent” behaviour arises as a result of an agent's 

interaction with its environment. Also, intelligence is “in the eye of the beholder”; 

it is not an innate, isolated property.

If a reactive agent is applied into online learning to monitor electronic learning 

spaces and provide services for learners to facilitate knowledge construction then it is 

necessary to design the action selection function through a set of behaviour. A 

behaviour is a pair (c, a), its semantic is

if condition c is satisfied then perform action a 

A behaviour (c, a) will be fired when the environment is in a state that only condition c 

is satisfied.

When the agent decides which action to take, it first computes the set of all 

behaviour that could be fired. Then, it checks each behaviour (c, a) to determine if there 

is other higher priority behaviour that can be fired. If not, it will perform the action a in 

the behaviour pair. If no behaviour can be fired, no action will be performed 

(Wooldridge, 2002).

As it can be seen from the above description, reactive agents can make timely 

response to the events occurring at a learning space, if they are employed to monitor the 

learning space. That is because they eschew symbolic representations and reasoning in 

favor of closer relationship between agent perception and actions. They are more 

economical in computational terms, making them well-suited to episodic environments 

that require real-time performance (Weiss, 1999). The major problem with reactive 

agents is that they derive actions only based on the current state without considering the 

entire objectives and intentions.

3.5.3 BDI architectures

With a BDI architecture, an agent is able to exhibit goal-directed action reasoning and 

decision-making by manipulating the data structures which represent beliefs, desires,
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and intentions. BDI architecture is one of the most popular approaches in current agent 

applications. The philosophical foundations of the BDI model are based on Bratman 

(1987)’s account of the role that intentions play in human practical reasoning.

The basic idea of the BDI approach is to describe the internal processing states of an 

agent in terms of a set of mental categories, beliefs, desires and intentions, and to define 

a control architecture by which the agent selects its sequence of actions based on their 

representation. The related concepts are described as follows (Muller, 1996; Brenner, 

Zamekow & Wittig, 1998; Wooldridge, 2000):

• beliefs correspond to the information an agent has about its environment. For 

example, the first-order predicate logic formula

Student_is_leaming (“Peter”, “Database logical design”) 

is an agent belief with the semantic “Peter is learning ‘Database logical design’". 

The beliefs of an agent may be incomplete or incorrect.

• desires represent states of affairs that the agent would, in an ideal world, wish to be 

brought about. For example, “accomplishing learning task of subject ‘database 

design ’” is an agent desire. An important point is that an agent is allowed to have 

inconsistent desires, and that its desires are all achievable.

• intentions are a set of selected desires. If an agent has committed to achieving a 

particular desire then the desire becomes an intention. Since an agent may have 

several desires, it is not able to pursue all the desires at the same time. Even if the 

set of desires is consistent, an agent may also have to select a certain set of desires 

to commit to. For instance, an agent may take “learning database logical design” 

as its intention at a certain time, although it has two desires to pursue: “learning 

database logical design” and “learning database physical design”.

The practical reasoning of a BDI agent involves repeatedly updating the beliefs the 

agent has from information in the environment, deciding what options are available, 

“filtering” these options to determine new intentions, and acting on the basis of these 

intentions.

If a BDI agent is applied to monitoring learning spaces and providing services for 

learners to facilitate knowledge construction then it is necessary to design the three sets 

for the agent: the set of beliefs, the set of desires, and the set of intentions. The agent, 

after being initiated due to an event that occurs in a learning space, will derive a rational
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action to respond the change at that learning space by a deliberation process 

manipulating these three sets. In this process, the agent first updates its belief set based 

on the event it has perceived from the learning space, decides what options are 

available, by “filtering” these options to determine new intentions, and then performs 

actions on the basis of these intentions. These actions will change the learning spaces.

It can be seen from the above description that intentions play a central role in BDI 

agents. The decision-making can be viewed as practical reasoning from beliefs about 

how the world is and will be to the options available to an agent, and finally to 

intentions and actions. This reasoning mode makes BDI architectures more attractive. 

First, they are intuitive because most people recognize the process of deciding what to 

do and then how to do it, and we all have an informal understanding of the notion of 

belief, desire, and intention. Second, they give us a clear functional decomposition, 

which indicates what sorts of subsystems might be required to build an agent 

(Wooldridge, 1999). Because of these attractive characteristics, BDI architectures have 

been widely used in many different applications, and they are one of the most successful 

agent architectures to date. This kind of architectures is utilized in our work, too. The 

details will be presented in Chapters 6 and 7.

3.5.4 Hybrid architectures

The architectures that have been presented so far exhibit different features respectively. 

Each has its own strengths and deficiencies. One way to maximize the strengths and 

minimize the deficiencies is to adopt a hybrid approach to combine two or more agent 

philosophies within a singular agent. Maes (1990) introduces the concept of a network 

propagating energy activation, for selecting among competing goals while taking 

external stimuli into account. Other researchers propose a multi-layered architecture 

with a reactive lower level and more deliberative upper levels.

Figure 3.9 depicts multi-layered architectures, where decision-making is partitioned 

into a number of decision-making layers. Each layer deals with the environment at a 

different level of abstraction and each layer may use a different mechanism of decision

making. In a multi-layered architecture, the layers can be arranged horizontally, see 

Figure 3.9 (a), so that each layer is directly connected to the sensor input and action 

output. Alternatively the layers can be arranged vertically, see Figure 3.9 (b) and (c), so 

that only one layer has access to the agent’s sensors and effectors.
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Figure 3.9: Multi-layered agent architectures (from (Wooldridge, 1999))

Hybrid architectures are quite promising because they can synthesize the strengths of 

reactive reasoning and deliberative reasoning and meanwhile minimize their respective 

deficiencies. The hybrid concept is also applied in our work, which will be addressed in 

Chapters 6 and 7.

3.6 Application of agents

Applications of software agents are a “hot” topic in information system research and 

development at the moment. They have span into diverse different domains, ranging 

from comparatively small systems to large, open, complex, or even mission critical 

systems, such as email filtering, network management, air-traffic control, information 

retrieval, electronic commerce, data mining, education, scheduling management 

(Jennings, Sycara & Wooldridge, 1998; Green et al., 1997). Reviewing the diversified 

applications of software agents can facilitate us to understand their capabilities and 

reflect how to apply agent potentials to achieve our objectives.

A usual way to review agent applications requires a general classification of agent 

applications. Unfortunately it is hardly possible to clearly classify agent applications 

into groups by one or two selected orthogonal dimensions. In practice, researchers use 

different approaches to classify existing agent-based systems. For instance, Abushar and 

Hirata (1998) divide agent applications into five categories: watcher agents, learning 

agents, shopping agents, information retrieval agents, and helper agents', Brenner, 

Zamekow and Wittig (1998) group them into information agents, cooperation agents,
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and transaction agents', Jennings and Wooldridge (1998) classify them by their 

application domains. With the scope of the thesis, the interesting focus is not on the 

classification scheme itself, but rather on the actual status of agent applications. It is not 

intended to enter into a debate on which class a particular agent application should be 

categorized into. For this reason, examples of agent applications, which may more or 

less relate to our work, will be selected to examine their current status, implementation 

methodology, and major challenges.

3.6.1 Interface agents

An interface agent acts as a personal assistant who is collaborating with its owner user 

in the same work environment to help the user to accomplish tasks (Maes, 1994; 

Mitchell et al., 1994). The basic function of an interface agent can be depicted in Figure 

3.10. The agent observes and monitors the input that its user presents to the interface, 

learns new short cuts, and suggests better ways to do the task. It works for its owner 

user acting as an autonomous personal assistant who cooperates with the user in 

accomplishing some task in a particular application.

Interacts

Interface to 
the system

Application
system Communicates

Interacts

Figure 3.10: Basic function of an interface agent (adapted from (Maes, 1994))

Referring back to Figure 3.7, it is easy to see that the abilities of interface agents are 

desirable in order to provide learners with individualized assistance. The agents 

working for individual learners are required to act as their personal assistants to provide 

them with proactive assistance in their learning process. They will continuously observe 

the behaviour and actions of their owner learner to maintain a profile for their owner 

and provide individualized supportive services based on the profile.

Interface agents emphasize autonomy and learning in order to perform tasks for their 

owner user. Their abilities in collaboration with other agents are limited, and most of 

their interactions with other agents relate merely to receiving advice from others. By
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learning, they gradually adapt themselves to better assist their owner user. Typically 

they learn through the following four ways (Maes, 1994):

• watching over the “user's shoulder”, observing patterns of actions taken by the 

user, and imitating the user;

• receiving positive and negative feedback from the user on the assistance they 

offered;

• receiving explicit instructions from the user; and finally

• asking other agents for advisory information.

There are currently dozens of interface agent prototypes. Maxims, an electronic mail 

agent developed at MIT (Maes, 1994), is a typical example. It “learns to prioritize, 

delete, forward, sort, and archive mail messages on behalf of its user”. As the user takes 

actions for the arrived mail messages, the agent memorizes all of the situation-action 

pairs generated. When a new situation occurs, which can be due to an action taken by 

the user or due to some external event such as a message arriving, the agent will try to 

guess what the user will do based on the examples stored in its memory. Upon 

suipassing a degree of certainty, it will present suggestions to the user about what to do 

(Abushar & Hirata, 1998).

There are other interface agents developed by the same learning approach as Maxims, 

such as the meeting scheduling agent, the news-filtering agent, and the entertainment 

selection agent. Other interface agent examples include the ones that attempt to 

automate the user's repetitive tasks, for instance Etzioni and Weld (1995) have done 

some work in the UNIX operating system domain; Thomas and Fischer (1997) have 

produced a system to help users organize their bookmarks effectively.

It can be seen that an interface agent effectively works as a user's personal assistant 

only after it successfully addresses the following issues (Middleton, 2001):

• understanding the user,

• interacting with the user, and

• competence in helping the user.

Understanding the user involves learning user preferences and work habits. In order to 

offer assistance for the user at the right time, and of the right sort, the agent must learn 

how the user prefers to work. Many open problems exist for how to learn from users, 

such as how to extract the goals and intentions of the user from observations and
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feedback. These are challenging researchers at present and hence, further research is 

necessary to overcome these challenges.

3.6.2 Information search agents

In the present information society, the “information highway” is truly a high-speed. The 

information available on the Internet grows day by day, even though some information 

is useless. Having too much data can cause as much trouble as having no data, as users 

have to shift through such an enormous amount of information to get the small portion 

that they need (Abushar & Hirata, 1998). For instance, learners have to search long and 

hard to find appropriate learning materials from the Internet for a specific learning 

theme.

An information search agent can help users alleviate the problem. It can search for 

the required information over the Internet on behalf of its user. Currently there are many 

different information search agents. They may be static or mobile; they may be non

cooperative or social; and they may or may not be able to learn (Nwana, 1996). 

Typically an information search agent perceives the requirements of its user for 

information by observing or monitoring his or her actions or by directly receiving input 

from the user. It then searches over the Internet and gathers what the user needs. Finally 

it presents the user with the search result.

In one sense, most of us probably have already perceived the benefit of an 

information search agent. Considering the use of a commercial Web search engine such 

as Yahoo, Lycos, Excite, Info seek and Alta Vista, it will return us the matched 

information when we submit a query to it by keywords. In fact, an information search 

agent has been involved in the process and has provided services for us because the Web 

robot, an information search agent, is employed by the Web search engine (Caglayan & 

Harrison, 1997). Figure 3.11 depicts the architecture of a typical Web search engine.

The Web robot is an information search agent that searches for information over the 

Internet. There are currently many such robots running over the Internet, with the kinds 

such as Spider, WebCrawler. Their task is to keep current with the dynamically 

changing and growing graph of the Web. Since it is extremely hard, they usually use a 

strategy to traverse the Web graph in a prioritized manner (Caglayan & Harrison, 1997).

Web search engines provide a starting point for the development and application of 

information search agents. Various powerful information search agents have been
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Figure 3.11: Architecture of a typical Web search engine (adapted from Caglayan &
Harrison (1997))

developed through extending Web search engines. For instance, some not only provide 

keyword query but also use “vector space query strategies” to optimize search; some 

perform pre-process and/or post-process to improve search process and optimize search 

result; some not only receive direct input from users but also actively observe users and 

collect user’s interests for information; some let agents move over the Internet; some 

even employ several simple Web search engines to enhance the precision and recall of 

the search result sets (Caglayan & Harrison, 1997).

One important issue in information search agents is the personalization of the result 

set. This is because the search for information covers the special area of interests of the 

user, with the result that the contents of the result sets exhibit certain similarity (Brenner, 

Zamekow & Wittig, 1998). This calls for the building of user models. The following 

three methods are usually used to categorize the types of users (Green et al., 1997):

• an explicit user profile based upon a series of questions designed to accurately 

acquire from the user for his/her interests and preferences;

• based upon relatively short term interaction with a system which monitors user 

behaviour, a shallow model of user preferences and interaction patterns;

• based upon long term interaction with a system which monitors user behaviour, a 

deep model which captures user's interests and goals.

Perhaps, the third method is the most desirable one as it does not distract the users from 

their main task of acquiring the information they require. However it is notoriously 

difficult and unreliable to derive user type in this manner. The first one also suffers 

from problems. It is intrusive, yet there is no guarantee that the questions asked will be 

answered truthfully, even that the questions asked are the right ones for obtaining the
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information desired. In practice, the syntheses of the three methods are often used to 

categorize users. In our work, we also synthesize the three methods to build profiles to 

categorize learners (see Section 5.3.1 for details). Due to the problems existing in these 

methods, further research is necessary to categorize users more accurately.

3.6.3 Information filtering agents

Unlike information search agents help users find Web sites of particular interests from 

the Internet, information filtering agents help users find the content of particular 

interests from the incoming information. Such a kind of services is useful for users in 

the modem information society. For instance, it is particularly useful for assisting 

learners to efficiently make use of information resources in their daily learning. 

Everyday learners may be presented with enormous amount of information, via email 

and Usenet news, for example, but only a tiny proportion of which is relevant or 

important (Jennings, Sycara & Wooldridge, 1998). Information filtering agents can help 

learners pick up the important ones in a timely way by filtering the information 

according to their personal interests (Caglayan & Harrison, 1997).

Information filtering agents collect content from a number of large information 

sources, such as Web pages, Usenet news, and online forums. They, based on the 

personal preferences of a user, filter the information in some way to leave only the 

information relevant to the user. They present the filtered information to their user. 

Typically these are an updated Web page or an email message.

An information filtering agents is different with an information search agent. In an 

information search agent, there is a flow of communication from the agent to 

information resources, but there is no such a communication flow in an information 

filtering agent. An information filtering agent only gathers information from the 

information sources which its user has registered with, and then sorts the “wheat from 

the chaff’ according to the user's personal preferences (Green et al., 1997).

There are now a fairly large number of agents that may fall into this class of agent 

applications, and among them email and news group filtering is very popular. One 

interesting example is News Hound (http://www.newshounds.us). News Hound is a 

personalized newspaper that automatically searches in the San Jose Mercury News, 

Tribune News Service, the Associated Press, Business Wire and other newspapers to 

find the articles that match a user's profile (Caglayan & Harrison, 1997). A user can
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specify a profile for News Hound either by accessing its Web site or sending an email to 

it. The searched articles matching a user’s profile are sent to the user by email. Users 

can adjust the selectivity parameter to guide News Hound to send more or fewer stories 

on a given topic. Similarly, users can increase the relevance of delivered information by 

specifying keywords to be required and excluded.

It is clear, to effectively work, information filtering agents also need to solve the 

same problems as information search agents. Particularly, they also need to build user 

models or user profiles that could be used to categorize the types of users. They need to 

understand their user’s preferences and intentions through interactions with the user. 

Information filtering agents have the same challenges with information search agents.

3.6.4 Pedagogical agents

With the advances of software agent technology, researchers in recent years have begun 

to apply software agents into education and training. A variety of pedagogical agent 

prototypes have been developed and studied to facilitate online learning. Pedagogical 

agents result from the merge of two distinct research areas (Johnson et al, 2000). The 

first is interface agent, which provides a new way for learners to interact with 

instructional software; the second is a knowledge-based environment incorporating AI 

techniques into instructional software that can be adapted to individual learners.

As to what a pedagogical agent is, there has been no widely accepted definition, yet. 

An agent is usually considered as a pedagogical agent when it plays a role in an 

interactive learning environment. Pedagogical agents can be autonomous and/or 

interface agents that support learning, by interacting with learners (Johnson, 1998).

Typically a pedagogical agent consists of the following six modules (Smith et al, 

1999):

• student preference module, which is responsible for personalization of the agent. It 

includes a database of student’s preferences, regarding the form of the agent, the 

appearance and function details of the agent and the preferred working methods.

• behaviour module, which is responsible for the actions that the agent will take. It 

include all the scripted actions such as gesturing and moving across the screen, as 

well as the idle time actions randomizer, and a library of responses based on 

student actions and questions.
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• decision-making module, which is responsible for pacing decisions. It contains 

decisions relating to pacing, such as when to allow the student to the next level, 

when to offer suggestions, hints, presentations, example codes and links to other 

sources of human support as well as interpretation decisions based on the student’s 

current work which allows the agent to act as facilitator.

• study progress module, which contains the history record of a student’s 

performance and information regarding the student’s current work. This 

information, in cooperation with the decision-making module, allows the agent to 

act as a tutor.

• emotional support module, which enables the agent to act as advisor. It contains the 

active listening guidelines, a case base of possible solutions to common problems, 

and reasoning ability to generate possible new solutions based on past solutions.

• communication module, which enables the agent to communicate with the student 

via speech or text.

Although the research into pedagogical agents is built upon the previous research on 

intelligent tutoring systems, it brings a fresh perspective to the research into facilitating 

online learning, and addresses issues that previous intelligent tutoring work has largely 

ignored (Shaw et al., 1999). Because pedagogical agents undertake some pedagogical 

functions in a given subject area, they must have explicit control or tutorial strategies 

specifying when to interrupt the learner’s learning activity, what to say and how best to 

say it. These capabilities require pedagogical agents to understand the academic context 

of the subject the learner is studying. Obviously this makes hard for the popularization 

of pedagogical agents to broad subject areas.

As mentioned in Chapter 1 (see Section 1.3), a number of pedagogical agent 

prototypes have been proposed so far. Examples include: the MIMIC system developed 

at the University of Florida in which the agents act as mentors to students (Baylor, 

2004), the AutoTutor system developed at the University of Memphis where the agents 

act as tutors to assist learners to construct knowledge (Graesser et al., 2004), and the 

TAG-V system developed at Vanderbilt University in which the agents play the role of 

the “tutee”, or a co-learner (Biswas et al, 2001; Chan, 1996).

It can be seen from the earlier work that most pedagogical agents are designed to 

support particular learning tasks rather than the generic learning process and thus, are
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applicable for specific circumstances. Few of them have considered the support from 

the aspect of an entire learning process. There is no integration of technologies that 

support various aspects of the learning process (Lin et al., 2002). As described in 

Chapter 2 (see Section 2.3.1), online learners have to decide what, when and how to 

learn by their own effort in a learning process. Some may have problems to make such 

decisions. Accordingly, it is of particular value to assist and guide them to overcome 

these challenges. In contrast with pedagogical agents, our work is being focused on the 

generic learning process and our agents provide supportive services to assist learners to 

get through the learning process.

3.7 Development of agent-based systems

In the previous sections, some fundamental concepts and knowledge of agents have 

been reviewed, including their special features, classifications, typical architectures, and 

major applications. These provide a meaningful basis for our work. Especially the 

previous agent applications provide some profound implications for our work in terms 

of the research methodology and the emphases in research. To apply agent technology 

in our work, the questions that might naturally follow will concern how to design and 

develop agents so that they will work as we ask them to do, such as “Which language 

can be used to develop an agent system ?”, “Are there any tools available for developing 

an agent systemT, and “How can an agent system be developed in a high efficient 

way?”. This section will try to answer these questions.

3.7.1 Development languages

An agent development language is a programming language that can be used to develop 

agents and agent-based systems. Here an agent-based system means one in which the 

key abstraction used is that of an agent. The crux to such an agent development 

language is to be able to directly program agents in terms of agent notions, such as 

mentalistic and intentional terms. Several languages can be used to develop agents. 

However, not every one provides an adequate functionality to permit an efficient 

implementation. Also, the concepts of a language affect the suitability for the 

development of agents. There are some fundamental requirements for an appropriate 

agent language, which include the following (Brenner, Zamekow & Wittig, 1998):
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• object-orientedness. Because agents are particular kinds of objects, the language 

used to develop agents should support object-oriented programming model. As an 

object, an agent possesses data and methods. The communication between agents 

normally occurs through the invocation of a method where every agent makes a 

subset of its methods public. This subset constitutes its public interface. The agent’s 

data is manipulated only by the provided methods. These object-oriented features 

must be supported by the language used to develop agent systems.

• platform independence. Agents are used within various hardware and software 

environments. Thus, the agent development language should possess a high degree 

of platform independence and support a wide range of heterogeneous systems.

• communication ability. Agents have to communicate each other in order to 

accomplish a collaborative task. The agent development language must provide 

constructs that can be used to realize various communication requirements.

• security. The security feature plays a central role in practical applications of an 

agent-based system. The agent language must provide an adequate degree of 

security functionality. This can be provided through the use of language-specific 

security model or through the integration of external security models, such as 

firewall or encryption protocols.

The above are the fundamental requirements for an appropriate agent development 

language. They are by no means complete, and should be taken as merely the primary 

considerations when selecting a language to develop an agent system. Currently there 

are many languages available to develop agent-based applications, such as Java, C++, 

and Agent-Tcl.

3.7.2 Integrated development environments

Research into software agent technology has indicated that it is very difficult to develop 

a sophisticated agent system (Jennings, Sycara & Wooldridge, 1998). The development 

team needs specialized skills and knowledge in a variety of areas, including agent 

architecture, communication technology, reasoning systems, knowledge representation, 

and agent communication languages and protocols. If the agents are applied into 

learning environments, the development team also needs knowledge in a variety of 

learning theories as well. To assist developers to develop agent-based applications, 

researchers in recent years have begun to develop integrated development environments
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(IDEs) for them to quickly and easily build agent systems. These IDEs are aimed at 

developers with little background in intelligent system or intelligent agent technology. 

They can reduce their development time and cost and can also simplify the development 

of high-performance, robust agent systems.

JADE (http://jade.tilab.com/) is a typical one of such IDEs, which is fully 

implemented by using Java language. It simplifies the implementation of multi-agent 

systems through a middle-ware that complies with the FIPA specifications and through 

a set of graphical tools that support the debugging and deployment phases. This 

environment can be distributed across machines and the configuration can be controlled 

via a remote GUI. The configuration can even be changed at runtime by moving agents 

from one machine to another one.

AgentBuilder (http://www.agentbuilder.com/) is another IDE for the development of 

agent systems. It provides an integrated too! suite for constructing software agents. It 

consists of two major components, the toolkit and the runtime system. The toolkit 

includes tools for managing the agent software development process, analyzing the 

domain of agent operations, designing and developing networks of communicating 

agents, defining behaviour of individual agents, and debugging and testing agent 

software. It is designed to provide the developers with an integrated environment for 

quickly and easily constructing software agents and agent-based software. The runtime 

system includes an agent engine that provides an environment for the execution of 

agent-based software.

As it can be seen, IDEs allow developers to develop agent systems in a quick and 

easy way. They can save the developers with little background in agent technology a lot 

of development time and cost. The disadvantage for developing an agent system by 

using an IDE is the developers have to learn the use of the IDE. The developing process 

must follow a particular mode of the IDE, which may lose the flexibility the 

development for some experienced developers. In addition, the IDEs usually do not 

provide necessary documents for the development and debug process.

3.7.3 Agent-oriented software engineering

The design and development of complex software systems requires the use of phase- 

oriented design methods (Brenner, Zamekow & Wittig, 1998). This applies not only for 

traditional software systems but also for agent-based systems. The main purposes of
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agent-oriented software engineering (AOSE) are to create methodologies and tools that 

enable inexpensive development and maintenance of agent systems (Tveit, 2000).

AOSE is closely related to software engineering and object-oriented software 

engineering (OOSE). Software engineering is the discipline concerned with developing 

large-scale software systems. It covers not only the technical aspects of building 

software systems, but also management issues, such as directing programming teams, 

scheduling, and budgeting. The advances of software engineering effectively maintain 

the quality of software systems and avoid so called “software crisis”. Based on software 

engineering, OOSE is for the object-oriented development of software systems. 

Although agents are normally represented as objects, they also support structures for 

representing mental components such as beliefs, desires, and commitments. In addition, 

agents support high-level interactions between agents. Another important difference 

between agents and objects is that objects can only be controlled from outside, as 

opposed to agents that have autonomous behaviour. AOSE has been proposed in 

addition to OOSE as a means of mastering the complexity associated with the 

development of large-scale agent systems (Silva et al., 2003). Figure 3.12 shows the 

relationship between AOSE and OOSE.

A number of AOSE methodologies have been proposed. A typical one is the Gaia 

methodology (Wooldridge, Jennings & Kinny, 2000). Gaia is a general methodology 

that supports both the micro-level (agent structure) and macro-level (agent society and 

organization structure) of agent development. Using Gaia, designers can systematically 

develop an implementation-ready design based on system requirements.

The first step in the Gaia analysis phase is to extract the roles from the problem 

specification, and the second step is to model interactions between the roles found. 

Roles are used to abstractly define the basic behaviours within the system, which

Process-Oriented
Software

Engineering

Data-Oriented
Software

Engineering

Object-Oriented 
Software Engineering

Agent-Oriented 
Software Engineering

Figure 3.12: Relationship between AOSE and OOSE
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include the following four attributes (Tveit, 2000):

• responsibilities, which are of two types: liveness properties - the role has to add 

something good to the system, and safety properties - prevent and disallow that 

something bad happens to the system;

• permissions, which represent what the role is allowed to do, in particular, which 

information it is allowed to access;

• activities, which are tasks that a role performs without interacting with other roles;

• protocols, which are the specific patterns of interaction, such as a seller role can 

support different auction protocols.

The first step in the Gaia design and implementation phase is to map roles into agent 

types, and then to create the right number of agent instances of each type. The second 

step is to determine the services needed to fulfill a role in one or several agents, and the 

final step is to create the acquaintances for the representation of communication 

between the agents (Tveit, 2000).

Gaia has formal operators and templates for representing roles and their belonging 

attributes and it also has schemas that can be used for the representation of interactions.

Gaia has been proven as a good approach for developing closed domain agent- 

systems. It is however no “silver bullet” approach since it requires that inter-agent 

relationships and agent abilities are static at runtime (Tveit, 2000). Due to those, it is of 

less value in the open and unpredictable domain of Internet applications.

There are other AOSE methodologies, such as the Multiagent Systems Engineering 

Methodology (MaSE) and Agent-Object Relationship (AOR) modeling approach.

3.8 Summary and discussion

In this chapter two principal technological means used in our work have been explored. 

The first is the technology relevant to electronic learning spaces. The second is software 

agent technology. The intention of the chapter is to build a technological foundation for 

the development of an online CLE to facilitate effective and efficient learning 

experiences for individual learners.

Electronic learning spaces are a foundation of an online CLE. In such learning spaces, 

learners can study individually and, if they wish, they can communicate with each other 

to share and exchange views and ideas. Also, the education providers can, via the
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learning spaces, provide supportive services for learners to facilitate their individual 

learning and the collaboration with other learners towards a common goal.

Learning spaces are a good place for learners to study and communicate with each 

other but they may not provide learners with any guidelines or direction on how to 

effectively build knowledge. All the services for learners are not provided by learning 

spaces, but rather by other entities, human or software programs. Software agents are 

more suitable for being employed to provide the services on behalf of human instructors. 

As discussed in this chapter, a software agent is a computer software, which exhibits 

some particular attributes and can be characterized by mentalistic attributes or even 

emotional attributes. Software agents have been successfully applied in many different 

domains including education. They have particular decision-making strategies. All the 

investigation presented in this chapter will be utilized in the design and development of 

an agent-supported learning system to facilitate knowledge construction of learners, 

which will be reported in the following chapters.

Because agents can take actions based on their internal mental state categories, such 

as beliefs, desires, and intentions, they should be associated with appropriated beliefs, 

desires and intentions so that they can properly respond to the events occurring in 

electronic learning spaces. The agent beliefs must include knowledge about the 

provision of services based on learning activities and individual learning characteristics. 

There must be some way to provide agents with rules regarding what services should be 

provided for which learners at different scenes so that agents can provide right services 

at a right time for individual learners. Consequently, the theme of the next chapter will 

move to the investigation into the description of online learning activities and processes 

and relevant supportive services. A specification language will be presented to represent 

the related beliefs for agents. After the presentation of the specification language in 

Chapter 4, the services that the agents are expected to provide for learners to facilitate 

knowledge construction will be identified in Chapter 5, and then the related 

implementation will be explored in the succeeding chapters.
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Descriptions of Learning Activities and Processes

In order for software agents to provide services for learners based on their actual 

requirements in learning, the agents need knowledge for what services they should 

provide under various different learning scenes. A demand to describe learning 

activities and learning processes that include services to support learning is hence 

raised. This chapter addresses this issue from constructivist perspectives of learning. 

The intention is to develop a conceptual model to describe learning activities and 

processes so that knowledge construction can be facilitated by agents through the 

provision of a wide range of services. Two approaches are presented in the chapter. One 

is a top level description whereas the other is a more detailed specification language. 

The difference is that the former identifies general components whereas the latter 

defines a language to integrate the components into a process. After the two approaches, 

an instance of an online constructivist learning process is structured and investigated. 

The chapter is divided into five sections. The theme of each section is outlined below:

• Section 4.1 briefly reviews the previous research on the description of learning 

activities and processes;

• Section 4.2 presents a top level description of learning activities and processes, 

where the learning process itself and the kinds of elements or concepts that make 

up the learning process are surveyed;

• Section 4.3 investigates the description of learning activities and processes by a 

specification language and presents a learning process specification language we 

have developed. The structure of a UOL (unit of learning) described using the 

specification language is examined and the specific features are analyzed;

• Section 4.4 explores an instance of an online constructivist learning process and 

proposes a five-stage description of the process, where the centre of learning is 

placed on the concept development and understanding through self-regulation by 

the learner and the learning plan is taken as a core of the self-regulation; and finally

• Section 4.5 summarizes the chapter.

79
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4.1 Brief review of the research into the description of learning 

activities and processes

It has been recognized as an important issue to use an adequate approach to describe 

learning activities and learning processes because without such an approach the research 

results and supportive services regarding learning activities and processes could not be 

shared and reused over different learning systems. The research on this particular topic 

has so far attracted considerable research effort. A number of researchers and 

practitioners have conducted this investigation for distinctive purposes. This section will 

briefly review the earlier work in this area to build a basis for our investigation into the 

description of learning activities and learning processes.

4.1.1 Models for describing learning activities and processes

Many investigators have made attempts to describe learning activities and learning 

processes through using a variety of models. They have tried to structure and model a 

learning process from various different angles and developed a number of models or 

semi-models. The typical ones among them which are more or less relevant to our work 

are described as follows:

Gagne et al. (1988), from the perspective of teaching design, claims that all lessons 

should include the sequence of nine events: gain attention, inform of the objectives, 

stimulate recall of prior learning, present the stimulus material, provide learning 

guidance, elicit performance, provide feedback, assess performance, and enhance 

retention and transfer.

Gagnon 8c Collay (n.d.), from the aspect of learning design, has developed an events- 

model to describe the learning process: situation (arrange situations for students to 

explain), grouping (of students and materials), bridge (between what students know and 

what they might learn), questions (ask students or anticipate students ask), exhibit (of 

students explanations for others to understand), and reflections (by students on their 

process of explanation).

Laurillard (1994) from the viewpoint of student learning, divides a learning process 

into four main activities: discussion between the teacher and the student at the level of 

descriptions; interaction between the student and some aspect of the world defined by
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the teacher; adaptation of the world by the teacher and the action by the student; 

reflection on student’s performance by both teacher and student.

Bybee (2000) has investigated the learning process from constructivist theories for 

learning and claims that learning is not a linear process. He developed a 5E model to 

explain the process: engagement, exploration, explanation, extension, and evaluation.

Mayer (1996) has extracted three crucial cognitive processes in knowledge 

construction and proposed an SOI model of learning, S: selecting relevant information; 

O: organizing incoming information; and I: integrating incoming information with 

existing knowledge.

These models have generated profound implications on the research into the learning 

process in ^-learning environments from several aspects. However, it is not enough for 

our work if any one of the above models is used. What we need is a structure to describe 

learning activities and learning processes where individual learning routes can be 

described and the corresponding supportive services can be specified.

4.1.2 Standards for learning objects

The requirement to develop ways to describe learning activities and learning processes 

is also derived from sharing and reuse of learning objects. Learning objects are digital 

education resources that can be stored in repositories and described in such a way that 

they can be easily identified and reused by educators in distinctive learning contexts 

(Wiley, 2002). In recent years, the concept of learning objects has been heavily used in 

a lot of technology supported learning projects. The IEEE Learning Technology 

Standards Committee (LTSC) (2001) has made a proposal for a standard definition. A 

learning object is any “entity, digital or non-digital which can be used, reused or 

referenced during technology supported learning”. This is a very broad definition. In 

most cases, learning objects possess a finer granularity, or they are mostly smaller 

objects, usually smaller than an entire subject. Learning objects are designed to be taken 

as database-driven objects and to be assembled to construct larger learning material, 

such as larger pieces of instruction content, lesson plans, exercises, assignments, study 

notes, book chapters, or even complete books. The idea behind learning objects is 

grounded in the object-oriented technology. Independent pieces of education resources 

may be re-used in multiple learning contexts and they fulfill the principles of 

encapsulation, abstraction and inheritance.
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Obviously it is necessary to know the attributes of a learning object in order to allow 

the automatic re-use across different learning contexts. These attributes include its type, 

structure, and, most importantly, its pedagogical role. Metadata is structured data or 

descriptive information about these attributes that is human and/or machine readable. It 

can help human or machine to locate, organize, access and use those objects. As 

depicted in Figure 4.1, a learning object is an entity that may be referred to by using 

metadata. A learning object has content and the description of the behaviour of the 

learning object (Koper, 2001). The metadata, and sometimes the learning objects itself, 

may be stored in databases so that learning objects can be identified, retrieved, used, 

and reused by using a formal way in technology supported learning (Hawryszkiewycz, 

2002; Fischer, 2001).

Metadata
refers to

________f________
Learning object

Content (Optional)

Method (Optional)

Figure 4.1: Learning objects and metadata (from (Koper, 2001))

The major issue in the use of learning objects in real educational practice is the 

development of metadata. The requirement for using a standard way to describe 

learning objects has been recognized by many researchers. Considerable research effort 

worldwide has been devoted to developing standard elements to describe learning 

objects. Several standards for learning objects have been proposed, typically the IEEE 

LTSC/IMS standards (LTSC, 2001), Dublin Core Metadata Initiative (Dublin, 2004), 

SCORM’s Content Aggregation Model (ADL, 2003). Other well-known standards or 

projects include the Canadian CanCore System (2004), the Educational Modelling 

Language (EML) (Koper, 2001), the CISCO’S Reusable Learning Object strategy 

(CISCO, 2001). Most of them provide a structure of defined elements to describe 

learning resources along with requirements about how the elements are to be used and 

represented. These can make the process of finding and using a learning resource more 

efficient. Consequently, they can be used to realize the sharing and reuse of learning 

objects with a certain granularity.
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Reusable learning objects promise to significantly reduce the time and cost required 

to develop learning resources, making course material more readily available and more 

easily updated (Mohan & Greer, 2003a).

Although the benefits of sharing and reuse of learning materials exist, a learning 

objects approach does not well describe learning activities and processes. It places too 

much emphasis on packaging and describing learning materials rather than looking 

more carefully at what learners do (Boyle, 2006; Britain, 2004). There are a number of 

pedagogical techniques that focus on providing activities for learners that help to create 

deeper, swifter and more effective learning. A learning objects approach has been 

focused on quite a narrow set of learning activities and only a small dimension of 

learning has been involved. The metadata only provides the description of learning 

materials.

Obviously, for our work, a learning objects approach needs to be extended to 

describe more dimensions of learning so that the metadata can provide meaningful 

information to support individual learner’s knowledge construction.

4.1.3 Work relevant to learning designs

Recently a number of researchers and practitioners (the members of the Valkenburg 

Group, for instance) have devoted research effort to the sharing and reuse of learning 

designs. This also facilitates the investigation into the description of learning activities 

and learning processes. Learning design is far from being a new idea, although its 

relatively recent appearance in connection with e-leaming (Britain, 2004). It facilitates 

more effective learning by carefully structuring learning activities and their workflow in 

a learning process. Learning design structures a sequence of activities, accompanying 

resources, and interactions that comprise a particular learning experience. More 

specifically, it specifies under which conditions, what activities have to be performed by 

learners and instructors to enable learners to attain the desired objectives (Koper & 

Olivier, 2004). To share and reuse learning designs over different platforms, it is 

necessary to describe learning activities and learning processes.

Similar to the research on learning objects, researchers are trying to develop standard 

metadata to describe learning designs. The IMS Learning Design (IMS-LD) 

specification (IMS, 2003) is a typical example. It supports the use of a wide range of 

pedagogies in online learning. Rather than attempting to capture the specifics of each of
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many pedagogies, it does this by providing a generic and flexible language to describe a 

wide range of pedagogies in e-learning (IMS, 2003). The IMS-LD specification was 

built upon EML developed by Koper and colleagues, after extensive examination and 

comparison of a wide range of pedagogical approaches.

The first version of the IMS-LD specification specifies three levels of 

implementation (Koper & Tattersall, 2005, p. 34):

• Level A: includes all elements described in EML such as Learning Objectives, 

Roles, Activities, Activity-structure, Environment, Resources, and Method. It thus 

contains all the core vocabulary needed to support pedagogical diversity.

• Level B: adds Properties and Conditions to Level A, enabling learner 

personalization, supporting pre-knowledge, preference, and accessibility to be 

taken account of in a learning design.

• Level C: adds notifications to Level A and B, supporting real-time event-driven 

learning flow. This means the learning flow could be adapted at runtime based on 

event triggers such as completion of earlier tasks (Britain, 2004).

In addition to the IMS-LD, there are currently other efforts for sharing and reuse of 

learning designs. A significant development is the Learning Activity Management 

System (LAMS) (Dalziel, 2003). Not only has it implemented the core concepts behind 

the IMS-LD in terms of a focus on creating sequences of activities but also provided a 

simple and highly intuitive user interface for course designers to organize the activities 

into a sequential workflow (Britain, 2004). Other projects of learning designs include 

the Reload project, Coppercore, Lobster.

The IMS-LD specification describes more dimensions of learning activities and 

processes than any current standards for learning objects or any current projects based 

on the idea of learning objects. Its aim is to provide a model within which to describe 

the structure of tasks and activities, their assignment to roles, and the workflow of a 

UOL as a “learning design \ and also to provide a platform-independent notational 

convention to allow sharing and reuse of these designs (Britain, 2004).

The problem with the IMS-LD specification is that it is very complex because it was 

designed to provide a very thorough framework for the description of learning activities.

Another problem is that the intended goal of the projects related to learning designs 

is to share and reuse learning designs. What they pursue are various templates for
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learning and instruction which can be reused in distinctive environments. They structure 

learning activities and decrease their granularity to construct instructional scenes so that 

they can be reused in different online instruction systems. Unfortunately, because there 

are many ways to knowing things and accordingly learners may learn a theme in many 

different ways due to their distinctive learning styles and backgrounds, it is impossible 

to model and encapsulate all of the ways in which learners may go about trying to solve 

a problem (Jonassen & Churchill, 2004). As a result, the designed templates can hardly 

be a match to all individual learners. The pedagogical effect is very dubious when an 

unsuitable template is imposed on an individual learner. According to constructivist 

theories for learning (see Section 2.1), learning systems should not impose any 

particular learning method on learners, but rather provide them with a broad range of 

services to assist and facilitate their knowledge construction.

This problem is serious for the work reported in this thesis because its goal is to 

facilitate constructivist learning, as suggested by the thesis title. In our work, all the 

supportive services for learners are aimed to facilitate and assist learners to construct 

knowledge by using constructivist ways. Therefore, it is inappropriate for our work to 

describe learning activities and learning processes by using the already existed 

specification languages without any adjustments or changes. What is needed for our 

work is a way that can describe learning activities and learning processes so that 

individual learner’s knowledge construction can be assisted and facilitated through 

supportive services. In the following sections, the way will be explored. It will include a 

top level description, a specification language, and an instance of a constructivist 

learning process.

4.2 Top level description of learning activities and processes

As already emphasized, the goal of the research presented in this thesis is to facilitate 

effective and efficient learning experiences for individual learners by providing them 

with a constructivist learning environment. In order to achieve the goal, we investigate 

the real learning activities and processes from the perspectives of knowledge 

construction. Our purpose is to develop a conceptual model to describe learning 

activities and learning processes so that knowledge construction can be supported and 

facilitated through a variety of supportive services. Two approaches are adopted for the
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purpose. One is a top level description whereas the other is a more detailed specification 

language. The difference is that the former identifies general components whereas the 

latter defines a language to integrate the components into a process. This section will 

explore the top level description.

4.2.1 Why a top level description?

As briefly analyzed in Chapter 1 (see Section 1.3), despite considerable research effort 

devoted to supporting c-leaming, much of them has still focused on the distribution and 

management of learning materials. Many current online instruction systems just simply 

deliver course materials over the Internet, usually through a set of instruction sequences 

with predetermined outcomes (Moallem, 2001; Li & Gunn, 2003). In such systems, 

information is divided into small parts and built into a whole conception via a series of 

Web pages (Murphy, 1997). Learners are directly told about a solution for the problem 

under study or are taught how to get a solution by a designated mode. They are denied 

any opportunity to independently explore possibilities, make their own solutions and 

actively construct new knowledge in the process.

Clearly this online instruction mode cannot satisfy present day’s needs for 

customizing learning to meet particular demands as it is cost prohibitive to develop 

customized systems for each particular need. We believe that what is needed are generic 

systems that can be used to easily customize ^-learning environments by putting 

predefined components together in different ways to satisfy distinctive learning needs. 

A top level analysis is necessary to identify such components. As illustrated in Figure 

4.2, the real world phenomena, the current practices in learning and teaching online are 

first looked at. Then, rather than simply translating each practice into a computer 

implementation, it develops a general conceptual model that can be used to describe any 

number of practices. At the same time, it identifies the common components that can be

Collaborative 
model of the 
learning process

Figure 4.2: Our approach to developing a flexible learning system
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applied to satisfy many different learning requirements. This is the first step in 

introducing the kind of structure needed for implementing flexible learning systems. 

The conceptual model terms can then be used to model particular instances. Since 

learners often work together with their fellows to collaboratively solve practical 

problems, a collaborative learning conceptual model is used to model the collaboration 

among learners. A mapping is provided to convert these models to an implementation, 

usually a learning space. The corresponding services are then developed using 

technological means such as software agent technology.

4.2.2 Top level description

In the top level, the learning process itself and the kinds of elements or concepts that 

make up the learning process are looked at. The main elements, or learning process 

concepts, of a conceptual model for describing the learning process are shown in Figure 

4.3. The main elements are:

• learning environment where learning takes place, which refers to the physical as 

well as to the social environment in which learning takes place and might include 

physical entities, tools, and other people;

• learning goal describing what to be achieved through learning activities;

• learning plan defining what learning activities will be carried out and the sequence 

of the activities to be taken to achieve the learning goal;

• learning activity describing the actions to be performed for the learning plan, such 

as writing a report, evaluating a problem;

• subject metadata providing explicit references to learning resources needed in 

learning;

provides

about

creates

follow containLearning
methods

Learning
plan

Learning
goal

Learning
activities

Subject
metadata

Supportive
services

Learning
environment

Figure 4.3: Top level conceptual model for describing learning activities and processes
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• learning method defining the way how to conduct learning, including what actions 

will be carried out in each step of the learning activity; and

• supportive sendees describing the services provided for various learning methods 

respectively.

This top level description illustrates a framework for placing learning activities 

within a practical context. Thus for example, supportive services depend on the 

environment in which learning takes place. The environment can be a university or a 

business entity. The learning proceeds in accordance with a plan. How the plan is set 

depends on the learning environment and the learning goal. The revision of the plan 

depends on the actual progress of the learning in the environment. Similarly the method 

used to support learning activities depends on available supportive services and learning 

process. It is used to identify the kinds of engagements to be supported.

4.3 Specification language to describe learning activities and processes

Obviously the top description is not able to describe learning activities and processes 

and what supportive services should be provided to facilitate knowledge construction of 

individual learners because it is only focused on describing the kinds of elements and 

concepts that make up a learning process. We need a way to put all the elements and 

concepts together to construct a learning process where the knowledge construction can 

be facilitated through a wide range of supportive services. This section will explore a 

more detailed description of learning activities and processes. A learning process 

specification language we have developed based on EML will be presented and its 

specific features will be analyzed.

4.3.1 Roles of a specification language describing learning activities and processes

To conceptually describe learning activities and learning processes in a more detailed 

mode, a specification language must be defined and developed. Such a specification 

language has been concerned by many researchers for different purposes. As discussed 

in Section 4.1, both the projects based on the idea of learning objects and the projects 

based on learning designs have investigated or made use of such a language. Basically a 

specification language is required to be able to describe a learning process that can put 

all the elements and concepts in a learning process together. It should be able to express
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a conceptual learning model designed using a certain learning theory. For our work, it is 

also required to describe services to facilitate constructivist learning.

As stated previously in the chapter, because our work has different goals with the 

projects based on the idea of learning objects and the projects based on learning 

designs, it is inadequate to describe learning activities and learning processes by using 

these existed languages without further adjustments or changes. What is needed for our 

work is a specification language that can describe learning activities and learning 

processes so that individual learners knowledge construction can be facilitated through 

a wide range of services.

Building upon the early work in the specification language, particularly EML, we 

have developed a specification language, called learning process specification language 

(LPSL), to describe learning activities and processes and the relevant services to support 

learning. In the following subsections, the specification language will be presented. For 

a better conceptual understanding, however, EML will be looked at first.

4.3.2 Structure of a UOL described using EML

Educational Modelling Language, developed by Prof. Rob Koper and colleagues at the 

Open University of the Netherlands, is a comprehensive notational system to provide a 

way to describe teaching and learning interactions at a level of abstraction above the 

specific instance of the content in which it was created. The resulting model acts as a 

design pattern for that teaching and learning instance. At the heart of EML is the idea 

that Learners perform activities in an environment with resources (Britain, 2004).

The development of EML started at 1998 and its version 1 was released at the end of 

2000 after a large number of diagoses, adaptation, and improvement. The complete 

EML binding contains more than 100 elements in the version. Because the focus of a 

specification language is on the description of learning activities and processes, here 

EML is examined through using it to describe a UOL.

A UOL is an abstract term used to refer to any delimited piece of education and 

training, such as a course, a lesson, or a module (IMS, 2003). A UOL cannot be broken 

down into its component parts without losing its semantic and pragmatic meaning and 

its effectiveness towards the attainment of the learning objectives (Koper & Manderveld, 

2004). It however can contain other UOLs, with different learning objectives or with 

objectives contribute to a common objective. A UOL may be in different types, sorts
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and sizes. The basic structure of a UOL described using EML is shown in a tree view in 

Figure 4.4 (see the next page). For the purpose of clarify, only a selection of elements 

and relationships is shown and no attributes are included.

As it can be seen from the figure, a UOL described using EML is a complex structure 

that includes six components: Metadata, Roles, Learning-objectives, Prerequisites, 

Content, and Method. All these are compound elements and each consists of a set of 

more elementary elements. Some elements are optional, and some may occur many 

times within the context of a UOL. The core concept in the UOL, as expressed in the 

figure, is that, regardless of pedagogical approach (for example a behaviourist approach 

or a cognitive one), a user of the UOL gets a role in the teaching-learning process, 

typically a learner or a staff. Taking on a role, the user works towards certain outcomes 

by performing more or less structured learning and/or support activities within an 

environment (Koper & Manderveld, 2004). Which role gets which activities at what 

moment in the process is determined in the Method.

The Method summarizes the learning models to meet the learning-objectives and 

presupposes certain prerequisites. It does not contain any learning content but consists 

of one or more concurrent play(s); a play associates exactly one role with one Activity, 

Activity-structure or external UOL. The later describes what that role is to do and what 

environment is available to it. The Method may also contain conditions, namely If- 

Then-Else rules, which further refine the assignment of activities and environment 

entities for persons and roles, by defining Boolean expressions on their properties.

Activities can be assembled into Activity-structures. An Activity-structure aggregates 

a set of related activities into a single structure. A structure can model a sequence or a 

selection of activities. In a sequence, a role has to complete the different activities in the 

structure in the order provided, which is specified in an Activity-sequence. In a 

selection, a role may select a given number of activities from the provided set, which is 

specified in an Activity-selection.

An Activity-structure can also reference other Activity-structures or external UOLs, 

enabling elaborate structures to be defined if required.

Environment is a collection of resources with some sort of ecological relationship 

and may contain two basic entities:



Chapter 4 91

— ? Learning-objectives

UOL

_ Metadata

r— Title

Roles

? Staff -

Subtitle

Creator

Description

Copyright

? General-properties

Learner % Role-model

Learning-objective -

? Information-for-role

< Property ~

Property-group ~

— * Role -

Learning-objective-ref

? Prerequisites
? Metadata

Knowledge-object -

— ? Content - +

Environment - Announcement-object ~

Communication-object ~

Tool-object -

— + t Questionnaire-object ~

Role-information-object -

Personal-object ~

Index-search-object ~

Environment -

? Metadata

- ? Objectives

Activity ~ - % Activity-moder>
— Activity-description -

- ? Environment

? Prerequisites

? Introduction

What

? How

? With-whom

? When

? Why

? Hint

L- Method

If

* Conditions ~ + Then

? Else

Role-choice

T > I A t f S
? means optional 
* means zero or more 
+ means one or more 
•f represents a sequential 
list of elements 
~< represents a selection 
of one of the elements

Figure 4.4: Basic structure of a UOL described using EML
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• located learning objects. Typically learning objects are specified by a URL with 

optional metadata. In EML the learning objects are classified as the following 

types: knowledge-objects, tool-objects and test-objects.

• generic sendees. A service relates to a concrete service facility available at 

runtime. Examples of a service include online forums, chat rooms, monitoring 

tools, and search facilities.

EML supports the use of a wide range of pedagogies in online learning. It has the 

advantages over alternatives. It provides a complete content vocabulary and concepts to 

express UOLs that support pedagogical diversity and innovation in online learning. 

Only one set of learning designs and runtime tools are needed to be implemented in 

order to support the desired wide range of pedagogies. Because of these advantages, 

EML has been officially accepted as a basis for IMS-LD, which was previously 

discussed in Section 4.1.3. EML and IMS-LD share the same philosophy, aim, and 

model discussed here (Koper & Tattersall, 2005, p. vii).

Because EML has many advantages over alternatives and is compatible with various 

important international standards and moreover it seems to be able to satisfy our needs 

to a large entent, we have chosen it as a base to develop our specification language, a 

learning process specification language (LPSL). Many of the ideas and concepts used 

in EML/IMS-LD have been inherited by LPSL. In the remainder of the section, LPSL 

will be presented and its distinctive features in comparison with EML will then be 

examined.

4.3.3 Structure of a UOL described using LPSL

Building upon the earlier work into the specification languages, particular EML, 

considering the critical view of learning objects approaches (Jonassen & Churchill, 

2004), we have developed a LPSL to describe and specify learning activities and 

processes that include services to facilitate constructivist learning. The primary means is 

to extend and adjust the object parameters of EML so that personalization of learning 

can be supported and the constructivist learning activities can be facilitated.

The trial version of LPSL has been implemented and is being used in the system 

prototype we have developed (the prototype will be reported in Chapter 6). Figure 4.5 

(see p. 96) illustrates the basic structure of a UOL when it is described by using the trial 

version. To increase readability, it is shown in a tree view, only containing a selection
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of elements and relationships, and no attributes. As depicted in the figure, the 

description of a UOL is composed of seven compound elements: Metadata, Roles, 

Content, Methods, Assessments, Case studies and Learning plans. Some are optional, 

and some may occur many times within the context of a UOL. Each of them contains 

more elementary elements, constructing a complex hierarchical structure. The major 

elements and their roles for describing various learning processes and the corresponding 

supportive services are outlined as follows.

1) Metadata

This field is to denote the meta-information for the UOL, which includes fields Type, 

Title, Prerequisites, Learning objectives, and Keywords. Type specifies the type of the 

UOL, compound or elementary. A compound UOL will reference other UOLs whereas 

an elementary UOL will not. Learning objectives are the overall learning objectives to 

be achieved by learners who complete the UOL. Each objective has a brief description 

and a corresponding category such as skill, knowledge. Keywords are the ones extracted 

from the objective descriptions and are used to match with the learning goals of the 

learner.

2) Roles

This field is to specify the targeted users of the UOL. Users can of course be learner, but 

also instructor, tutor or administrator. Every class of users can be further classified into 

different categories through the Property field, where an identifier of the category is 

defined and a brief description of the features of the users in the category is provided. 

Learners can be categorized based on different criteria. In the current system prototype, 

learners are categorized based on their cognitive levels, and so the Property field of a 

learner denotes the cognitive level of the learner. It will be seen in the next chapter that 

the cognitive level of a learner is characterized by six different levels (see Section 

5.3.1).

3) Content

This field contains two composite elements: Activity and Learning resource, describing 

all the learning activities and all the learning resources for the UOL respectively.

A learning activity is the actions that some learners will do in the learning process. 

Within the description of each learning activity, Type specifies the category of the 

activity (such as topic discussion, reviewing materials, or role playing), Description
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gives a textual description of what will be done in the activity, Completed indicates the 

status change after the activity is completed (the status change will affect the sequence 

of learning activities), Activity input specifies the artifact files for taking the learning 

activity and Activity output specifies the artifact files that will be generated when the 

activity is completed (the activity output files can be used to evaluate the outcomes of 

the learning activity).

A learning resource is a learning material some learners may use in the learning for 

the UOL. It can be in any form but mostly is a Web resource. Within the description of 

each learning resource, Traits specify the specific features of the learning resource (if it 

can support a learning style then the style will be put into the field), Content object 

indicates the medium type of the resource and its exact location, Communication object 

illustrates the requirements for the communication facilities, and Tool object specifies 

the prerequisite tools and facilities for using the resource.

4) Methods

This field is used to define all the dynamics of the learning process to achieve the 

objectives of the UOL; all the possible learning methods to achieve the UOL goal are 

defined in this field. They are categorized based on the learning characteristics of their 

targeted learners and divided into different groups accordingly. Each group is put into 

an Activity structure field. That is to say an Activity structure field contains the learning 

methods that suit a particular category of learners.

An Activity structure field mainly includes: Id, Activity sequence, Learning resource 

ref‘ Assessment ref and Case study ref. The Id specifies an identifier of the Activity 

structure for being referred to by other components. The Activity sequence defines a 

particular learning route in which a sequence of activities is performed during the 

learning process. The Learning resource ref Assessment ref and Case study ref 

respectively refers to the used learning resources, assessment methods and case study 

materials in the activity structure.

An Activity structure may contain multiple Activity sequence fields, which makes it 

possible to provide learners with multiple optional learning routes that suit their 

learning characteristics. This is one of the major distinctions between LPSL and other 

specification languages. Each Activity sequence can be associated with more than one 

learning resource, ensuring a learning route can be taken by using alternative learning
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resources. Each Activity sequence can be associated with more than one assessment 

approach, allowing the outcome of a learning sequence to be evaluated from different 

aspects. Also, each Activity sequence can be associated with multiple related case 

materials, letting the learner be scaffolded by multiple optional templates or patterns.

Within an Activity sequence, a learning step can be a reference to a learning activity 

defined in the UOL or a reference to another UOL. In the latter case, a learning step is 

the execution of other UOL, which enables a hierarchical architecture of a module or a 

subject to be defined if required. An Activity sequence may also define a conditional 

learning path of the given learning steps, allowing sequencing, conditions and 

repetitions of some learning activities. The Type field is to specify the methodology 

category of the learning sequence, such as knowledge acquisition, project based, 

problem based, informative testing. Traits indicate the particular features of the 

sequence: if it can suit a learning style then the style will be put into the field (see 

Section 5.3.1 for different dimensions of learning styles). Description provides a brief 

description of the learning sequence. Service options declare the computer supported 

collaborative tools or facilities that are required in the learning activities, such as online 

forums, chat rooms, or monitoring tools.

5) Assessments

This field is to define all the relevant assessment approaches for the UOL. Each 

assessment approach is defined in an Assessment field, where Id specifies its identifier 

for being referred to by other components; Type specifies its category, such as question 

answering, interactive program; Traits specify the specific features of the assessment 

approach (if it can support a learning style then the style will be put into the field); and 

Source indicates where to find it.

6) Case studies

This field is to define all the case study materials related to the UOL. It may contain 

multiple Case study fields. Each defines a case study material, where Id specifies its 

identifier for being referred to by other elements; Type specifies its category, such as 

document material, interactive program; Traits specify the specific features of the case 

study material (if it can support a learning style then the style will be put into the field); 

and Source indicates where to find it, typically a URL pointing to a web site.

7) Learning plans
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This field is used to declare the links between a learning method and its targeted learner 

category. It contains a series of Learning plan fields, each of which is a pair of a 

Property ref and an Activity structure ref. The former refers to an ID of the Property 

defined in the Roles field whereas the latter refers to an ID of the Activity structure 

defined in the Methods field. This enables learning methods to be provided for learners 

according to the category they belong to and hence, the field is a critical in the provision 

of supportive services for personalized learning.

4.3.4 Use of the rule expressed in a UOL described using LPSL

The purpose for developing LPSL is to supply software agents with knowledge through 

a series of UOLs so that they will know what services they should provide for 

individual learners under various different learning scenes. This subsection will briefly 

analyze how a UOL described using LPSL provides such kind of knowledge.

Figure 4.6 sketches out how the major supportive services are generated by using the 

knowledge expressed in a UOL described using LPSL, where the principal steps are 

indicated in boxes. The approach to implementing a step is illustrated by the description 

near the corresponding box.

By matching the learner’s learning goals with the 
, r learning objectives defined in a UOL.

Find a UOL from the UOL database

By matching the learner's cognitive level with a 
Property ref in a Learning plan field of the UOL.

Attain an Activity structure in the UOL

1. Getting all the Activity 
sequences in the Activity 
structure field;
2. Comparing the learner's 
learning styles with the 
Traits defined in each of 
these Activity sequence 
fields to calculate each 
one's fit degree; and
3. Selecting the suitable 
Activity sequence fields 
based on the fit degrees.

1. Getting all the Learning 
resource refs in the 
Activity structure field;
2. Comparing the learner's 
learning styles with the 
Traits defined in each of 
these Learning resource 
fields to calculate each 
one's fit degree; and
3. Selecting the suitable 
Learning resource fields 
based on the fit degrees.

1. Getting all the 
Assessment refs in the 
Activity structure field;
2. Comparing the learner's 
learning styles with the 
Traits defined in each of 
these Assessment fields to 
calculate each one's fit 
degree; and
3. Selecting the suitable 
Assessment fields based on 
the fit degrees.

1. Getting all the Case 
study refs in the Activity 
structure field;
2. Comparing the learner's 
learning styles with the 
Traits defined in each of 
these Case study fields to 
calculate each one's fit 
degree; and
3. Selecting the suitable 
Case study fields based on 
the fit degrees.

Attain multiple 
Case study fields

Attain multiple 
Assessment fields

Attain multiple 
Activity sequence fields

Attain multiple 
Learning resource fields

Provide multiple 
learning plans

Provide multiple 
case study materials

Provide multiple 
learning resources

Provide multiple 
assessment approaches

Figure 4.6: Use of the rule expressed in a UOL described using LPSL
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As depicted in the figure, when a supportive service for a learner is generated, a UOL 

is identified at the first from the UOL database through matching the learner’s goal to 

the objective of the UOL. Then an Activity structure is identified through matching the 

learner’s cognitive level to the Property ref in a Learning plan field. An Activity 

structure field may include multiple Activity sequence fields and can be respectively 

associated with multiple Learning resource, Assessment, and Case study fields (see 

Section 4.3.3 for details). Each of them has a Traits field indicating respective specific 

features. Comparisons of their Traits field with the learner’s learning styles can indicate 

if they suit the learner and the fit degrees (again see Section 4.3.3 for the Traits field of 

an Activity sequence, a Learning resource, an Assessment, and a Case study 

respectively). Consequently, based on the rank of the fit degrees, the learning plans, 

learning resources, assessment approaches and case study materials that suit the learner 

can be respectively determined and then extracted from the corresponding fields.

To further illustrate the above process, the remainder of this subsection will examine 

a simplified UOL example. The UOL is from the UOL database that is being used in the 

system prototype (the prototype will be presented in the next chapter). It is a UOL for 

“Database design”. Because the theme “Database design ’ includes several sub-themes, 

such as “Database conceptual design ’, “Database logical design ’, “Database physical 

design'’, and “Design techniques and models”, the UOL is a compound one. Figure 4.7 

(see pages 100-102) is a simplified version of the UOL, where only principal 

components and relationships that are related to the implementation of varying learning 

routes for different learners and the services to support each of them are shown. The line 

numbers of the code are used to aid to explain the relevant ideas and concepts.

As seen from Figure 4.7, the notational system for the UOLs described by using 

LPSL is implemented through the use of internationally accepted meta-language 

Extensible Markup Language (XML). The utilization of XML is for the readability by 

humans and machines (see Section 6.3 for details).

The agents choose a UOL first by matching the learning goal of the learner to the 

learning objectives defined in the UOL. After that, they look at the Learning plans field 

of the UOL (see line 173-187). They attain an Activity structure ref by matching the 

learner's cognitive level with a Property ref. Using the Activity structure ref, the agents 

can capture an Activity structure defined in the Methods field. Suppose the learner's
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cognitive level is “Application” (see Section 5.3.1 for the different levels of learner's 

cognitive ability), then the agents capture an activity structure whose Id is “DhOO- 

ActStrOT’ (see line 174-177). Within the definition of the activity structure DbOO- 

ActStr02 (line 94-138), there are three Activity sequences “DbOO-ActSeqOl” (defined in 

line 98-111), “Db00-ActSeq02” (defined in line 112-125) and “DbOO-ActSeqOl” 

(defined in line 126-132), each of which defines a particular learning route. All these 

are suitable for the learners with cognitive level “Application”. The agents then compare 

the learner's learning styles with the Traits of the three Activity sequences respectively, 

calculate each one's fit degree (by counting the number of the suited styles), and 

determine the most matched Activity sequence based on the fit degrees. Suppose “DbOO- 

ActSeqOl” is the most matched one, the agents then recommend the activity sequence 

defined in “DbOO-ActSeqOl” (line 106-109) as the best learning plan for the learner. 

According to the fit degrees, the agents may also recommend the second suitable 

learning plan, third suitable learning plan, and so on for the learner.

Within the definition of the Activity structure with Id “Db00-ActStr02” (line 

94-138), there are three references to learning resources that can be used for ieaming 

“Database design” (see line 95-97). These are “DbOO-ResourceOl”, “DbOO- 

Resource02” and “Db00-Resource03” and they are respectively described in the 

Content field at line 34-47, line 48-61, and line 62-73. Each description not only 

contains a Content-location field that indicates where to find the resource but also 

includes a Traits field that specifies the features of the resource. By comparing the 

learner's learning styles with the features stored in the Traits field of the three learning 

resources respectively, the agents can determine which one is the best suitable for the 

learner, which one is the second suitable, and so on. The agents can thus recommend the 

learning resources in the rank for the learner to use for the theme “Database design”.

It can be seen from the simplified example that two assessment approaches, “DbOO- 

AssessOl” and “Db00-Assess03”, are referred to within the definition of the “DbOO- 

ActStr02” (see line 134-135). The agents can hence recommend these assessment 

approaches for the learner to self-evaluate his/her learning outcomes for the UOL with 

the rank determined through comparing the learner's learning styles with the Traits of 

the assessment approach. The agents can also choose an appropriate one from them to 

autonomously evaluate learner's learning outcomes.
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001 <Uol ld=“Db00">
002 <Metadata>
003 <Unit-type> Compound </Unit-type>
004 <Title> Database Design </Title>
005 <Keywords> database, design,......</Keywords>
006 <Date-last-change>12/09/2004</Date-last-change>
007 <Prerequisites>
008 ......  <!-- The entry requirement for the learners to study the UOL -->
009 </Prerequisites>
010 <Learning-objectives>
011 ......  <!-- The learning objectives of the UOL -->
012 </Learning-objectives>
013 </Metadata>
014
015 <Roles>
016 <Learner>
017 <Property ld=“Analysis”> <!-- Learners are categorized based on their cognitive levels -->
018 Good ability of understanding
019 </Property>
020 <Property ld=“Application”>
021 Middle ability of understanding
022 </Property>
023 <Property ld=“Comprehension”>
024 Poor ability of understanding
025 </Property>
026 ...... <!-- More definition of Property for learners -->
027 </Learner>
028 <T utor>
029 ...... <!-- The definition of Property for tutor -->
030 </Tutor>
031
032

</Roles>

033 <Content>
034 cLearning-resource ld=“Db00-Resource0T’>
035 <Res-traits> Visual, Sequential, Active
036 </Res-traits>
037 <Content-object type=“Web”>
038 <Content-description>
039 This is the learning material for learners of the Application level to get knowledge of
040 database design.
041 </Content-description>
042 <Content-location>
043 http://www-staff.it.uts.edu.au/~wdpan/db/inter/int-index.htm
044 </Content-location>
045 </Content-object>
046 ...... <!-- Description of the other elements e.g. communication-object, Tool-object, etc. -->
047 </Learning-resource>
048 cLearning-resource ld=“Db00-Resource02”>
049 <Res-traits> Auditory, Sequential
050 </Res-traits>
051 <Content-object type=“Web”>
052 <Content-description>
053 This is the learning material for learners of the Application level to get knowledge
054 of database design.
055 </Content-description>
056 <Content-location>
057 http://www-staff.it.uts.edu.au/~wdpan/db/inter/aint-index.htm
058 </Content-!ocation>
059 </Content-object>
060 ...... <!-- Description of the other elements e.g. communication-object, Tool-object, etc. -->
061 </Learning-resource>
062 cLearning-resource ld=“Db00-Resource03”>
063 <Res-traits>......</Res-traits>
064 <Content-object type=‘Web’’>
065 <Content-description>
066 This is the learning material for learners of the Application level to get knowledge
067 of database design.
068 </Content-description>
069 <Content-location>...... </Content-location>
070 </Content-object>

To be continued
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071:
072: ..... <!- Description of the other elements e.g. communication-object, Tool-object, etc. -->
073: </Learning-resource>
074: cLearning-resource ld=“Db00-Resource04”>
075: <Res-traits>...... </Res-traits>
076: <Content-object type=“Web”>
077: <Content-description>
078: This is the learning material for learners of the Analysis level to get knowledge
079: of database design.
080: </Content-description>
081: <Content-location>....... </Content-location>
082: </Content-object>
083: <!- Description of the other elements e.g. communication-object, Tool-object, etc. -->
084: </Learning-resource>
085: ...... <!- More definition of Learning-resource. ~>
086: ...... <!- The definition of Activities. -->
087: </Content>
088:
089: <Methods>
090: cActivity-structure ld=“Db00-ActStr01”>
091: ...... <!- Description of the Activity-structure “Db00-ActStr01 -->
092: </Activity-structure>
093:
094: cActivity-structure ld=“Db00-ActStr02”>
095: <Learning-resource-ref> Db00-Resource01 </Learning-resource-ref>
096: <Learning-resource-ref> Db00-Resource02</Leaming-resource-ref>
097: <Learning-resource-ref> Db00-Resource03</Learning-resource-ref>
098: <Activity-sequence ld=“Db00-ActSeq01”>
099: <Act-seq-traits>
100: sensory, intuitive, visual, inductive, deductive, active, sequential, global, individual, collaborative
101: </Act-seq-traits >
102: <Act-seq-description>
103: (1) Design techniques and models; (2) Database conceptual design;
104: (3) Database logical design; (4) Database physical design.
105: </Act-seq-description>
106: <Unit-ref> Db05 </Unit-ref> <!- Reference the Uol “Design techniques and models” -->
107: <Unit-ref> Db06 </Unit-ref> <!--Reference the Uol “Database conceptual design” -->
108: <Unit-ref> Db07 </Unit-ref> <!-- Reference the Uol “Database logical design” -->
109: <Unit-ref> Db08 </Unit-ref> <!-Reference the Uol “Database physical design” ~>
110: ...... <!- Description for the service-options -->
111: </Activity-sequence>
112: <Activity-sequence ld=“Db00-ActSeq02”>
113: <Act-seq-traits>
114: sensory, intuitive, visual, inductive, deductive, active, sequential, collaborative
115: </Act-seq-traits>
116: <Act-seq-description>
117: (1) Database conceptual design; (2) Database logical design;
118: (3) Database physical design; (4) Design techniques and models.
119: </Act-seq-description>
120: <Unit-ref> Db06 </Unit-ref> <!-- Reference the Uol “Database conceptual design” -->
121: <Unit-ref> Db07 </Unit-ref> <!--Reference the Uol “Database logical design” -->
122: <Unit-ref> Db08 </Unit-ref> <!--Reference the Uol “Database physical design” -->
123: <Unit-ref> Db05 </Unit-ref> <!--Reference the Uol “Design techniques and models” -->
124: ...... <!- Description for the service-options -->
125: </Activity-sequence>
126: <Activity-sequence ld=“Db00-ActSeq07”>
127: <Act-seq-traits>...... </Act-seq-traits> <!-- Define the traits of the Activity-sequence -->
128: <Act-seq-description>
129: ...... <!-- Define the description of the Activity-sequence -->
130: </Act-seq-description>
131: <Service-options>....... </Service-options> <!--Description for the service-options-->
132: </Activity-sequence>
133: ...... <!-- More definition of Activity-sequence->
134: <Assessment-ref> Db00-Assess01 </Assessment-ref>
135: <Assessment-ref> Db00-Assess03 </Assessment-ref>
136: <Case-study-ref> Cased </Case-study-ref>
137: <Case-study-ref> Case02</Case-study-ref>
138: </Activity-structure>

To be continued
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139
140 <Activity-structure ld=“Db00-ActStr03”>
141 ..... <!- Description of the Activity-structure “Db00-ActStr03” ~>
142 </Activity-structure>
143
144

</Methods>

145 <Assessments>
146 <Assessment ld=“Db00-Assess01”>
147 <Assess-type> Quiz </Assess-type>
148 <Assess-source> ....... </Assess-source>
149 <Assess-traits> ....... </Assess-traits >
150 </Assessment>
151 <Assessment ld=“Db00-Assess02”>
152 <Assess-type>Practical task </Assess-type>
153
154 </Assessment>
155 <Assessment ld=“Db00-Assess03”>
156 <Assess-type> Questionnaire </Assess-type>
157
158 </Assessment>
159
160

</Assessments>

161 <Case-studies>
162 <Case-study ld=“Case01”>
163 <Case-type>Document</Case-type>
164 <Case-source> ....... </Case-source>
165 <Case-traits> ....... </Case-traits>
166 </Case-study>
167 <Case-study ld=“Case02”>
168 <Case-type>lnteractive material</Case-type>
169
170 </Case-study>
171
172

</Case-studies>

173 <Learning-plans>
174 <Learning-plan ld=“Db00-Plan01 ”>
175 <Property-ref>Application</Property-ref>
176 <Activity-structure-ref> Db00-ActStr02</Activity-structure-ref>
177 </Learning-plan>
178 <Learning-plan ld=“Db00-Plan02”>
179 <Property-ref>Analysis</Property-ref>
180 <Activity-structure-ref> Db00-ActStr01 </Activity-structure-ref>
181 </Learning-plan>
182 <Learning-plan ld=“Db00-Plan03”>
183 <Property-ref>Comprehension</Property-ref>
184 <Activity-structure-ref> Db00-ActStr03</Activity-structure-ref>
185 </Learning-plan>
186 ....... <!-- More definition of Learning-plan. -->
187 </Learning-plans>
188
189

</Uol>

Figure 4.7: Simplified version of the UOL for “database design”

In addition, two case study materials, “CaseOl” and “Case02”, are referred to in 

“DbOO-ActStrO2” (see line 136-137). This enables agents to associate the two case 

study materials with the Activity structure and scaffold the learning activities defined in 

the Activity structure through providing optional case study materials. The provided 

case study materials are ranked based on the comparison of the learner's learning styles 

and the Traits of the case study materials to ensure that they suit the learner.
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It can be seen from the above description that LPSL can provide a framework for the 

description of learning activities and learning processes as well as the services that 

support and facilitate learning of individual learners. With such a description expressed 

in the UOLs, software agents can determine what supportive services they should 

provide for which learners at what moment in a learning process.

4.3.5 Comparison between EML and LPSL

As seen from the discussion in the preceding subsections, the central core of EML is 

preserved in LPSL and many of its ideas and concepts are also accepted by LPSL. 

However, in spite of the fact that LPSL is inspired by, and heavily based on EML, there 

are significant differences between LPSL and EML. This subsection will illustrate those 

differences.

First and foremost, the goals are different. The aim of the development of EML was 

to define a semantically rich information model and binding, describing the content and 

process within UOLs from a pedagogical perspective in order to support reuse and 

interoperability (Koper & Manderveld, 2004). LPSL has been designed to describe 

content and process within UOLs from constructivist perspectives of learning so that 

knowledge construction can be supported and facilitated by supportive services in an 

individual basis. The centre of EML is on reuse and interoperability of the content and 

process within UOLs; whereas the centre of LPSL is on the services that support and 

facilitate learning.

The two distinct goals result in the differences between LPSL and EML in several 

aspects. The most obvious one is that LPSL is much simpler than EML. Currently LPSL 

has less than 80 elements whereas EML has more than 100 elements. This is probably 

because LPSL is not designed to be a reference implementation of a detailed learning 

process. It does not attempt to include all aspects of an education process. It does not 

intend to describe the full details of learning scenes, either.

The substantial differences between LPSL and EML mainly include:

• In a UOL described using LPSL, an Activity structure may include multiple 

Activity sequence fields, each of which describes a particular method to conducting 

learning activities for the learning objectives defined in the UOL. Because all the 

methods in an Activity structure are targeted for a particular category of learners to 

achieve the learning objectives, the multiple Activity sequence fields make it
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possible to provide learners with multiple optional learning routes that suit their 

learning characteristics. This design conforms to the constructivist perspectives of 

learning: different learners may build knowledge and meaningful understandings of 

ideas from different paths. Imposing them to accept a particular path may limit the 

development of their cognitive abilities. In a UOL described using EML, however, 

only one learning method is provided for a particular category of learners.

• In a UOL described using LPSL, each Activity sequence contains a Traits field to 

indicate the specific features of the sequence, and each Learning resource contains 

a Traits field to specify the specific features of the learning resource. This design 

enables the supportive services to be provided for individual learners in a more 

personalized way because it enables the agents to choose the most suitable learning 

methods and learning resources for individual learners, through matching to their 

learning styles with these features. In a UOL described using EML, no such 

association is provided.

• In a UOL described using LPSL, an Activity structure may contain multiple 

Assessment ref elements, each of which is a reference of assessment method. This 

design, on one aspect, links assessment with a particular learning route so that the 

learning outcomes can be timely evaluated. On the other aspect, it allows the 

learning for a particular route to be evaluated through multiple methods. In a UOL 

described using EML, no such link is provided.

It is worth noting that the above distinctions existed between EML and LPSL are due 

to their respective different design goals. It by no means indicates EML has any 

problems for its goal: that kind of evaluation is beyond the scope of the thesis.

4.3.6 Major features of LPSL

LPSL has some specific features that differentiate it from other specification languages, 

particularly EML. Most of these features are for supporting constructivist learning. The 

major ones can be summarized below:

• It enables software agents to use multiple optional pedagogical strategies to assist 

learners to construct knowledge. In the description of a UOL using LPSL, there can 

be more than one alternate approach to conducting learning for a particular class of 

learners to achieve their learning goals. Thus, the agents can provide multiple 

optional strategies for learners to achieve their learning goals. As a result, learners
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can choose their preferred path, or method to conduct learning. This conforms to 

the constructivist conception of learning: different learners may construct their own 

knowledge and meaningful understandings of ideas from different paths.

• It enables agents to provide services in more individualized ways. Individual 

learners may have unique learning styles due to their different backgrounds and 

experiences. LPSL supports such descriptions that each activity sequence, learning 

resource, assessment approach and case study material all has a Traits field to 

specify its features respectively. This makes it possible to dynamically provide the 

“best ones” for individual learners based on the comparison between learner's 

learning styles and the features specified in the Traits field.

• It enables agents to evaluate learner's learning behaviours when learning is 

proceeding. In a UOL described using LPSL, assessment can be associated with a 

particular activity sequence so that any problems in a learning process can be 

timely identified and the corresponding remedy can accordingly be made 

immediately. This is harmony with constructivist views of learning because 

constructivists emphasize the procedure of knowledge construction, not just the 

final result (Jonassen, 1991a).

• It enables agents to supply learners with more scaffolds for knowledge 

construction. LPSL allows case study materials to be associated with an Activity 

sequence. This enables agents to help learners conduct learning activities through 

related case study materials.

4.4 An instance of a constructivist learning process

After having outlined a top description and a more detailed specification language, it is 

required to investigate into an instance of a constructivist learning process so that 

constructivist learning activities and processes can be described and in turn be 

supported and facilitated by software agents. This section will propose a five-stage 

description of an online constructivist learning process.

4.4.1 Significances to investigate the instances of an online learning process

In order to provide services for individual learners to facilitate knowledge construction 

in online learning, it is essential to investigate how learners study in online
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environments (Al-Mahmood & McLoughlin, 2004). There are several ways to conduct 

the investigation as for example those models discussed previously in Section 4.1.1. 

Unlike others, we will, from the perspectives of knowledge construction, investigate the 

real learning activities and processes, especially when constructivist approaches are 

applied. Our purpose is to structure and model an instance of online learning process so 

that constructivist learning activities can be supported and facilitated through a variety 

of services.

As seen from the investigation presented in Chapter 2, constructivist learning focuses 

on knowledge construction for the problem to be solved or the project to be performed. 

According to constructivists, knowledge must be individually constructed and socially 

co-constructed by learners through interactions with the environments where they are. 

The prime emphasis is on the active construction by individual learners. Learning 

occurs only when learners process new information or knowledge in a meaningful way 

that makes sense within their own frames of reference, their inner world of memories, 

experiences and responses (Barak, 2006).

It is apparent that constructivist learning has many distinctions with any of other 

learning approaches. Consequently, a number of substantial differences must exist in an 

online learning process where a constructivist approach of learning is used, if compared 

to a learning process where any of other learning approaches are used. The investigation 

into the instances of an online learning process where a constructivist approach is used 

is to identify the specific properties of the learning process from constructivist 

perspectives for learning. It can help to attain more accurate understandings of how 

learners construct knowledge using constructivist ways in an online environment. Also, 

it can help to analyze what kind of supportive services learners mostly want when they 

construct knowledge in online learning and accordingly provide significant clues for 

how to facilitate and assist the process of knowledge construction.

All these are in fact very important for the research presented in this thesis. Knowing 

how to facilitate constructivist learning activities makes it possible to design learning 

scenarios using the conceptions of learning designs to facilitate constructivist learning. 

Since a specification language, LPSL, has been developed, the designed learning 

scenarios can be described in a formal way, namely a series of UOLs. These UOLs can 

be used by software agents as the knowledge for how to dynamically generate
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supportive services for learners based on the actual learning requirements in a learning 

process.

4.4.2 Five-stage description of an instance of an online learning process

By investigating a constructivist learning process, a learning process where a 

constructivist learning approach is used, we believe that an online constructivist 

learning process can be structured into the following five stages (see Figure 4.8):

• setup a goal based on the problem to be solved or project to be accomplished;

• build a plan to achieve the goal;

• carry out the plan to accomplish all the learning steps designed in the plan;

• evaluate the learning to see whether the goal has been achieved or not, and if not, 

to see whether it is on a right path towards the goal; and

• revise the plan if a problem in the plan being executed is found through the 

evaluation.

5. Revise plan

3. Carry out planI. Setup goal 2. Build plan 4. Evaluate learning
Figure 4.8: Five stages of a constructivist learning process

An important idea here is on the learning activity, which is used as a central concept 

in structuring and modeling the learning process. They are applicable to ^learning at 

institutions for education and training as well as other environments. Learners in 

institutions usually follow a particular instruction program. Others build knowledge 

through a continuous and guided process of identifying learning goals, discussing and 

trying ideas and evaluating outcomes in their learning outcomes. This process, as 

depcited in Figure 4.9 (see the next page), is initiated and driven by a learning goal. 

Here the activities are represented by black dots. After a goal is constituted based on a 

project or a case under study, learners experience a guided process to reach it. The 

process starts with a goal, which is followed by building a plan to achieve the goal. This 

includes defining the learning activities and designing the methods used in these 

activities. The methods are chosen based on their particular cognitive characteristics and 

learning history. Then, learners carry out the plan to construct knowledge in a domain. 

They conduct the learning activities in sequence as defined in the plan. Each learning
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5. Revise planConduct step 
2 of the plan Conduct step 

n of the plan
Conduct step 
1 of the plan'

1. Setup goal 2. Build plan 3. Carry out plan 4. Evaluate learning

Figure 4.9: Instance of a constructivist learning process

step is a particular learning activity, such as accessing a learning resource, discussing 

with other learners, doing assignment, doing self-assessment, requesting assistance from 

teacher or fellow learners. When the learning is progressing, learners evaluate the 

learning to align learning towards their goal. They record their own learning activities, 

evaluate their outputs, and then revise the current plan based on the evaluation. The 

updated plan will immediately affect the learning process; the relevant activities or 

sequences will be aligned. The learning based on the updated plan will be evaluated 

again and this may result in further revision of the plan. The learning proceeds in this 

way until the evaluation shows that the learning goal has been achieved.

4.4.3 Major features of the five-stage description

The way to describe the online learning process takes the learning process as a learner’s 

self-motivation and self-regulation process of building ideas and concepts through 

reflection, abstraction and interaction with other learners. The centre of learning has 

been placed on concept development and understanding through appropriate activities. 

A prime emphasis is on the self-motivation and self-regulation organized by the learner 

when the learning is proceeding. The learning plan is taken as a core of the self

regulation. A learning process can be described in terms of the progress of a learning 

plan, especially its building, carrying out, and revising, which provides a basis for the 

investigation into the provision of services by software agent technology.

The five stages and the learning process identified in the description are similar to 

problem-based learning (PBL). PBL is learning that results from working with problems 

(Rhem, 1998). It begins with a problem to be solved and the analysis and study of the
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problem comprises several phases that are spread over periods of group work and 

individual learning. The defining characteristics of PBL include: learning is driven by 

challenging, open-ended problems; students work in small collaborative groups; and 

teachers take on the role as facilitators of learning (Wikipedia, 2006). The learning 

described by the five-stage has similar characteristics but it is not just for solving a 

problem. It may be aimed at a wide range of learning objectives, such as to accomplish 

a particular project or to study a particular case for example.

The five-stage description provides an insightful clue for how to provide services to 

facilitate effective and efficient learning experiences for individual learners. This will be 

studied in the next chapter (see Section 5.1).

4.5 Summary

This chapter has investigated the technological means to describe learning activities and 

processes from constructivist perspectives of learning. Two approaches have been 

presented; one is a top level description whereas the other is a more detailed 

specification language. A five-stage description of an online constructivist learning 

process has also been presented. The aim is to develop a conceptual model to describe 

learning activities and learning processes so that knowledge construction of learners can 

be facilitated through a wide range of services. In this chapter, a learning process 

specification language developed by us has been presented. The structure of a UOL 

described using the specification language has been examined and the specific features 

analyzed.

By using the technological means investigated in this chapter, the learning activities 

and processes and the relevant services that support and facilitate learner’s knowledge 

construction can be described through a series of UOLs. These will be used as rules for 

software agents to dynamically generate services for individual learners, based on the 

learning activities being carried out and their unique learning characteristics. In the next 

chapter, the services that the software agents will provide for learners to facilitate 

knowledge construction will be explored.
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Services for Facilitating Knowledge Construction and 
Challenges in Implementing the Services

Building upon the theoretical and technological foundations investigated in the 

preceding chapters, this chapter identifies the services we will implement to facilitate 

individual learner’s knowledge construction, analyzes the challenges to realize these 

services, and sketches out the ways that we overcome these challenges. The intention of 

the chapter is to provide an overview of our approach to facilitate constructivist e- 

leaming by using software agent technology. The approach is built upon the 

comprehensive utilization of the investigation presented in Chapters 2 to 4. The details 

of the design and implementation will be presented in the succeeding chapters. The 

chapter is organized as follows:

• Section 5.1 examines the required services to facilitate individual learner’s 

knowledge construction. Building upon the investigation presented in the previous 

chapters, the services to facilitate construction of knowledge by individual learners 

are identified. The objectives and core of the services are emphasized.

• Section 5.2 explores how to support learner control. An innovative strategy to 

support learner control is presented.

• Section 5.3 describes how to support personalized learning of individual learners. 

The service contents, the presentation modes, and the intervention degrees are 

adapted for learners on individual basis. Learner profiles are built and dynamically 

updated for realizing these individualized services.

• Section 5.4 addresses the support for collaborative learning among learners in 

groups. The techniques to facilitate the formation of collaboration groups, the 

partition of group tasks and the completion of group tasks are in turn studied.

• Section 5.5 sketches out an overall approach to designing software agents to realize 

the services. The agent task, agent conceptual model, and the agent interactions are 

respectively explored.

• Section 5.6 provides a summary of the chapter.

110
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5.1 Services to facilitate individual learner’s knowledge construction

The purpose of the research presented in this thesis is to develop a flexible online 

learning system to facilitate effective and efficient learning experiences for individual 

learners. In contrast with other work, our work facilitates learning of learners by 

providing them with a set of services that are useful to construct knowledge. An 

innovative approach to combining electronic learning spaces and software agents is 

used in our work. Learning spaces are used for learners to manipulate study problems, 

construct personal knowledge representations and collaborate with other learners. All 

the tools and services to support individual knowledge construction and collaboration 

among learners in groups are provided through the learning spaces. Software agents are 

developed to realize the supportive services. They monitor the learning spaces and 

actively provide supportive services for learners whenever necessary. The emphasis in 

these services is to facilitate and assist learners to construct meaningful understandings 

of the study themes, develop their abilities relevant to high-order problem solving in 

practical applications, and improve their teamwork skills. Clearly these go beyond 

simply presenting course materials, but supply a wider range of cognitive guides to 

support the learning process. In this section, the services to facilitate knowledge 

construction of learners will be identified.

5.1.1 Objectives of the services

According to constructivist learning theory, learning is a procedure of knowledge 

construction conducted by learners (see Section 2.1 for details). Hence, the core of 

facilitating learning is to assist learners to build knowledge. The investigation into 

constructivist learning environments (CLEs) (see Sections 2.2 and 2.3) has illustrated 

that we should assist learners to build knowledge through providing them with a variety 

of services rather than offering them with the solution for a problem under study or 

enforcing them to attain a solution using a designated mode. Based on the investigation 

described in Chapter 4, we are able to use a specification language to describe learning 

activities and processes and the corresponding services to support learning. From the 

investigation into software agent technology presented in Chapter 3, we know that we 

can adapt agent’s behaviour in the ways that they can take on roles to assist their users to
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make some intelligent decisions. Now, we are moving to a critical stage of the research: 

designing and developing a flexible learn ing system to facilitate knowledge construction 

of individual learners by combining these technologies together. As shown in Figure 

5.1, here the task is to take constructivist perspectives of learning and the results of 

research in online learning as the theoretical background, and take software agent 

technology and learning space technology as the technological means, to develop an 

agent-based system to facilitate and assist individual learners to construct knowledge.

Constructivist theory 
for learning

Online learning

Learning objects and 
learning designs

Theoretic background

Software agent 
technology

Electronic 
learning spaces

Technological means

Services that facilitate 
knowledge construction 
of individual learners

Figure 5.1: Facilitating knowledge construction by combining technologies together

The goal here is to develop an online CLE and utilize software agents to provide 

supportive services for learners to facilitate their knowledge construction. Software 

agent technology will be applied into the procedure of knowledge construction of 

learners to provide them with a variety of assistance through a series of supportive 

services. As shown in Figure 5.2, two major objectives of these services are:

• providing support to facilitate personalized learning of individual learners; and

• providing support to facilitate collaboration among learners in groups.

The overall objective is to facilitate construction of knowledge by individual learners in 

an effective and efficient mode.

Supportive services

Facilitating collaboration 
among learners in groups

Facilitating knowledge 
construction of learners

Facilitating personalized 
learning of individual learners

Figure 5.2: Objectives of the supportive services
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5.1.2 Contents of the services

The instance of an online learning process described in Section 4.4 reveals a significant 

clue on what supportive services learners mostly require when they build knowledge in 

an online learning process. In light of constructivist learning theory, an important 

supportive means to facilitate knowledge construction of learners is to provide a CLE 

for them (Jonassen, 1999). Based on the investigation into CLEs (see Section 2.2) and 

the core principles for designing an online CLE (see Section 2.3), the services to 

facilitate knowledge construction in online learning should include the following:

• providing access to appropriate learning materials and learning strategies that meet 

the learning requirements of individual learners and match to their particular 

learning characteristics;

• fostering meaningful interactions with contents, teachers, and fellow learners;

• supporting personalized learning for individual learners;

• facilitating collaborative learning among learners in groups; and

• aiding to timely evaluate learning outcomes.

Currently in our work, the services we have identified to develop are the ones that 

assist learners to use constructivist approaches of learning to build new competences. 

They are concentrated major on the supportive services that help individual learners to 

get through the learning process. These services mainly include:

(1) offering individualized learning resources and learning methods. Learners are 

provided with learning resources and learning methods which are dynamically 

determined in light of their individual learning requirements and unique learning 

characteristics. These can effectively and efficiently assist them to analyze, comprehend 

and understand the theme being studied.

(2) suggesting open and flexible strategies for knowledge construction. Learners are 

provided with suggestions about open and flexible learning strategies, including the 

selection of learning materials and methods to conduct learning activities. All of them 

are dynamically adapted based on the progressive nature of learner’s learning. This 

ensures not to impose a particular learning strategy on learners and hence, enables 

learners to use an optimal one to construct knowledge.

(3) timely and focused evaluation of learning. “Timely” means the evaluation is 

associated with learning procedure rather than just the final result of learning.



Chapter 5 114

“Focused” means the evaluation will result in a meaningful suggestion or advice with 

respect to the next learning activities, or even an actual action undertaken by the 

learning support system. The purpose of this service is to assist learners to timely 

identify various possible problems in a learning process and to make an immediate 

remedy.

(4) multiple assistance for facilitating collaborative learning. These include 

supplying assistance in the management of learning spaces to enable learners to freely 

share information, conduct group activities, and organize online discussion forums to 

exchange ideas and views. These also include supplying assistance to help participating 

learners to setup collaborative learning groups, partition learning tasks, and combine the 

learning outcomes achieved by individual learners and so forth. Such services can 

provide strong support for various collaborative activities in the process of knowledge 

construction.

(5) providing effective scaffolding to individual learning activities. Learners are 

provided with multiple case study materials associated with their learning activities. 

These can produce significant impact on them in constructing their own meaningful 

understandings of the theme under study.

5.1.3 Examples of the services

We will realize all the services identified above by using software agent technology. To 

this end, a multi-agent architecture has been developed to implement these services. The 

agents provide supportive services for learners to facilitate their knowledge construction 

through the electronic learning spaces where they study. The details of the design and 

implementation will be presented in Chapters 6 and 7. In this subsection, some 

examples will be presented to provide an overall vision for what these services look like 

and how they are provided for learners.

Figure 5.3 shows some examples of the services, which we have already developed, 

to assist learners to construct knowledge by using constructivist approaches. The 

notation here is same as in Figures 4.8 and 4.9. When a learner builds a plan for a 

learning goal, an agent that is working for the learner will autonomously advise him or 

her several suitable plans to assist him/her to achieve the learning goal. If the learner 

selects to follow one of these plans, the agent will forward him/her to the due learning 

step of the plan. When the learner executes a plan to reach the goal, the agent will
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Figure 5.3: Examples of the supportive services
provide him/her with a wide range of supportive services to assist him/her to perform 

the relevant learning activities, which include:

• suggesting learning resources for the theme under study;

• suggesting strategies to perform the relevant learning activities;

• suggesting online discussion forums for the theme;

• suggesting assessment methods for self-assessment; and

• suggesting students with similar interests to collaboratively struggle for the 

problem under study, and teachers for asking for assistance in solving the problem.

In the meantime, the learning activities taken by the learner are monitored and evaluated 

by the agents, and suggestions for learning adjustment will be presented to the learner 

whenever necessary. In this procedure, the cognitive profile and knowledge profile of 

the learner are automatically updated by the agents based on the evaluation of his/her 

learning behaviours. This will refine the profiles to more accurately reflect the cognitive 

ability and knowledge structure of the learner, which is an important basis for providing 

personalized supportive services.

As it can be seen from the above description, the core of these services is to facilitate 

active learning of individual learners in an online learning process and help them to 

solve various problems which they likely encounter in the process.
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It should be noted that most of the services depicted in Figure 5.3 are titled as 

“Suggest That is because we do not want to force learners to accept any of these 

services, but recommend and suggest them use these services. This issue will be 

discussed in detail at the next section.

5.2 Support for learner control

There are a number of challenges to realize the services for facilitating knowledge 

construction of learners, identified in the previous section. Sections 5.2 to 5.4 will in 

turn investigate three primary challenges among them. The present section will explore 

how to organize these services into the learning process of learners. This is an extreme 

important issue since it concerns which role controls the learning process of a learner 

and the degree to which the online learning system is able to support learner control in 

the learning process.

5.2.1 What is learner control and why should support learner control?

The concept of learner control is relative to the one of tutor control, system control or 

program control (Kay, 2001). When learners have the option to select the study themes 

they want, control the sequence and pace at which they progress, and decide whether 

and how to use system-provided services and tools, the learning system can be said to 

support learner control (Li & Soh, 2003).

Learner control in online learning has a great deal of intuitive appeal because of its 

potential possibility to increase learner motivation, to develop self-learning ability, and, 

consequential, to yield the best learning achievement (Wydra, 1980). It has many 

distinguished features while being compared to other control modes, such as program 

control or tutor control. For example, it can enhance learning efficiency since it allows 

learners to skip over the materials they have already learned before. It can also alleviate 

their boredom, frustration, and anxiety since it allows them to avoid the materials or the 

activities they do not like due to reasons such as different cultural backgrounds. It can 

provide them with more autonomy so that they become more actively involved in their 

learning. It can significantly facilitate the development of their abilities in adaptation, 

problem-solving and improve their teamwork skills.
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Although the benefits of learner control have not been explored thoroughly, the 

critical issue is no longer whether learner control should be supported by online learning 

systems but how to support learner control in online learning so that its benefits for 

learning of learners could be maximized (Li & Soh, 2003).

5.2.2 How to support learner control in online learning?

As we know, teaching and learning are two dependent aspects in education. The aim of 

teaching is to help learners to build new knowledge and develop new competencies. In 

history, the applications of computing technologies, particular AI technologies, in 

education have evolved from early computer aided instruction (CAI) systems with the 

traditional one-to-one teaching mode to modem intelligent tutoring systems (ITS) and 

intelligent computer aided instruction (ICAI) systems. A shift from program control or 

system control to learner control can be clearly observed in the evolution. More control 

is being given to learners in modem ITS and ICAI systems than in earlier CAI systems.

Early CAI systems perform teaching through drill-and-practice by an architecture 

outlined in Figure 5.4. The teaching content hank consists of a series of pre-designed 

teaching frames which contains drill contexts. The user interface displays teaching 

frames and accepts input from learners. The pedagogical module is responsible for 

teaching, namely selecting a frame to display based on the input from the learner. 

During a teaching-learning session, the system presents a drill frame to a learner and 

then waits for his/her response to the practice questions presented after the drill frame. 

The learner responds to the questions based on his/her understanding to the theme. The 

system then further determines which frame will be displayed next for the learner 

according to the response from the learner. For instance, if the response is not correct, 

the system may present the same frame again, namely practice it again.

It can be seen that learners in these systems can only control their learning through

User interface
Input and output

Pedagogical module
Making teaching 
decisions

Teaching 
content bank

Learner

Figure 5.4: Working mode of early CAI systems
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presenting different responses to the questions asked by system. Apparently such 

limited control is not enough for supporting the autonomy of learners in learning.

Compared with those CAI systems, ITS and ICAI systems move a step further and 

they can offer more learner control. Despite the degree of control varies in different ITS 

and ICAI systems, most of them perform teaching through the structural modules 

outlined in Figure 5.5 (Kay, 2001; Li & Soh, 2003; Anderson et al., 1990).

• The interaction module is used for the system to interact with the learner. It deals 

with the interface preferences, the presentation mode, and the language.

• The learner model represents static beliefs about the learners, and in some cases 

may simulate the learner’s reasoning. It is refined during learners interact with the 

system, and becomes an increasing accurate model for describing the cognitive 

abilities and other relevant preferences and attributes of learners.

• The pedagogical module contains the information on how to teach the course units 

to individual learners. This would draw upon the current state of the learner model. 

It might use the domain expertise module. It captures expertise from that module 

on how to teach individual learners as an experienced human instructor will do.

• Domain expertise model contains the knowledge about the subject matter. It 

enables the system to perform teaching actions as a domain expert. It may be 

accessible by learners in different ways.

Interaction module
Input and output for 
interaction

Pedagogical module
Making teaching 
decisions

Domain expertise module
Modeling ideal learner 
actions

Learner model
Recording and updating 
histories of individual 
learner

Learner

Figure 5.5: Working mode of ITS and ICAI systems 
The core of these ITS and ICAI systems is a variety of models in which all the

activities related to teaching and learning are structured and modeled. The system pre

designs all possible learning routes for a particular study theme based on the learner 

models. When a learner interacts with the system, he or she is appointed to one of these 

routes based on the category that the learner belongs to according to the learner model 

being used. Apparently because the learner model contains the information about
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learner’s knowledge level and other relevant attributes, more decisions are made 

according to the learner than in earlier CAI systems. Accordingly, the degree of learner 

control is larger than in CAI systems.

However, learner control in these systems is still very limited, because learners can 

only follow those routes defined by system and have little or no choice about what and 

how he or she would like to learn. Clearly, those pre-designed paths cannot possibly 

specify all of the ways in which learners may go about trying to solve a problem 

(Jonassen & Churchill, 2004), because learners may use their own ways to study. 

Frequently learners are forced down a learning path that does not suit them, or even 

limits the development of their cognitive abilities.

5.2.3 Our approach to support learner control

In order to sufficiently support learner control and at the same time avoid various 

potential problems caused by the support, an innovative strategy to support learner 

control is being adopted in our work. This subsection will present the approach and 

discuss the related considerations.

We believe learners in online learning environments should be active learners and 

they should be given responsibility for, and control over, all aspects of their learning. 

They must be able to decide what, when and how to learn for a particular study theme. 

According to constructivist theories for learning, knowledge is constructed by learners 

who are involved in active learning (Akhras & Self, 2000). This implies learners have to 

do many activities on their own to build new knowledge. It does not benefit learners to 

construct knowledge if they are taught how to get a solution for a problem using a 

designated mode. To give learners good learning experiences and make the learning 

process optimal, active learning should be encouraged. Therefore, our work supports 

and encourages learners to construct knowledge in an active mod.

We also believe online learning system should provide support for learners to assist 

them to build knowledge. This is because not all learners are equally capable of 

adequately making all decisions in the learning process (Britain, 2004; Large, 1996). 

Some learners may have problems in the learning process, for example some may feel 

difficult to independently choose a learning resource and determine a proper method to 

conduct the learning process for a particular goal. This clearly suggests the necessity to 

provide supportive services for learners to assist them to solve these problems.
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Therefore, we provide supportive services for learners to aid them to get through the 

learning process.

Obviously we should balance the degrees of control between learners and other roles 

in an online learning system. It is in fact in a dilemma. In order to enable learners to 

develop their full potential, maximize their learning outcome, a greater degree of control 

should be given them. They should take full control over their own learning process. On 

the other side, however, the learning system needs to offer assistance to help learners to 

get through the learning process because they may have troubles in the process. The 

system has to take some degrees of control on the learning experience of learners. The 

more supervisory role the system plays, the greater degree of control the system will 

need to take. How to solve this problem?

It is clearly impractical if the system takes a complete control on learning of learners 

as that way used in ITS and ICAI systems, because in that case no learner control over 

learning routes is supported.

On the other side, it is not acceptable either if the system lets the learners take full 

control on their learning without providing any effective support. Despite learners in that 

case can take a complete control over their learning, they at the same time have to solve 

all possible problems by their own effort. This produces a heavy cognitive burden, 

which often become a distraction from learning for some learners (Kay, 2001). As 

analyzed previously (see Section 2.3.1), online learners are in physically separate 

locations from both their peers and teachers. They will feel isolation and disorientation 

if they cannot get effective assistance from the system. The system should provide 

learners with guidance and support to reduce the cognitive burden.

In order to support the autonomy of learners in learning and at meanwhile provide 

them with cognitive guidance, a novel strategy is being adopted in our work. We 

provide supportive services for learner to assist them to conduct learning, and offer the 

services in non-intrusive ways. All the services are non-compulsory. Learners are free to 

accept them or ignore them doing their normal activities according to their own 

requirement. They are not forced to take any learning activities or follow any particular 

learning route. Their autonomy in learning is sufficiently supported and encouraged. As 

shown in Figure 5.6, during a learning process, learners can
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Figure 5.6: Items a learner can control in a learning process

• choose learning content and the content sequence. Learners can set personal 

learning goals, select learning content, and control the sequences of the content. 

For instance, they can freely decide to study theme X before learning theme Y.

• control learning pace. Learners can control the time spent on a particular theme. 

They can decide when to start and end the learning for a theme.

• decide the use of the supportive services provided by system. Learners can decide 

whether to use the tools and supportive services supplied by the learning system. 

They can also decide how much to use it when they use one of the tools or services.

• select interactive mode. Learners can select their preferred modes to interact with 

the learning system. They can decide whether to learn individually or 

collaboratively. They can select peers as learning partners. They can also select 

instructors to get assistance.

• reflect on outcomes. Learners can use their preferred modes to evaluate their own 

learning.

• access the information concerning with their cognitive level and other relevant 

preferences and attributes recognized by the system (Kay, 2001). Learners are 

allowed to check the profile information collected and induced by the learning 

system. This can facilitate opportunity for learner’s reflection on their cognitive 

strategies, which is a key step in the development of meta-cognitive skills. They are 

also allowed to modify some of this information.

• view the progressive information of learning. Learners are allowed to look at the 

progressive information of their own learning towards a particular objective. By the
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viewing, they can have a clear knowledge of what they have already completed and 

what they need to learn for their goal. This kind information can increase sense of 

personal responsibility for learning and the potential to optimize learning efficiency.

In the meanwhile, a wide range services (identified in Section 5.1) are supplied for 

them to shape and guide them to get through the learning process. All these services are 

not compulsory, and accordingly they are free to accept or ignore them. For instance, a 

learner, when being advised of several learning plans as he or she is building a plan for 

a learning goal, can accept one of them, or disregard them by building his/her own one.

A mechanism that provides the supportive services is being incorporated with the 

learning spaces through events and actions, as depicted in Figure 5.7. It works 

independently of learners, observes and monitors their learning, and makes suggestions 

or advises them. It takes events in a learning space as input and takes actions to the 

learning space as output. Any change taking place in a learning space made by an 

individual learner is represented as an event. Events will be detected by the mechanism 

through monitoring the learning spaces. Learning progress is evaluated through 

evaluating the detected events. The learner profiles are built and timely updated through 

collecting the detected events and inducing from them. The mechanism generates 

suggestions or advice for learners according to the actual learning scenes and learner 

profiles. The mechanism is implemented by a group of software agents (see Section 5.5) 

and decision-making is realized by using a reactive reasoning and a BDI based 

proactive reasoning (see Sections 7.2 and 7.3).

events

actions

Learning progress

Learner
profiles

The mechanism that 
provides supportive 
services

Electronic 
learning spaces

services

Learner

Figure 5.7: Overall architectural framework for the supportive services 

It has to be noted that we do not offer all learners with a same degree of control 

although we support learner control. This is because a unique degree of learner control 

for all learners does not benefit every learner due to their distinct cognitive abilities and 

learning styles. This issue will be addressed in the next section (see Section 5.3.4).
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5.2.4 Major features of our approach to support learner control

In the use of the approach to supporting learner control, learners are not imposed to take 

any learning activities or follow any particular learning route. Hence, they can 

independently adopt their own learning approaches and plans to conduct learning for a 

study theme and actively construct their own meaningful understandings of the theme. 

Their autonomy in learning is sufficiently supported and encouraged. Meanwhile they 

are offered with a wide range of services in the learning process through various 

suggestions or advice. These spontaneous services can effectively assist and direct them 

to solve various possible problems in the learning process. They benefit learners to get 

through the learning process. In contrast, most current online instruction systems just 

supply course materials for learners and leave themselves to get through the learning 

process. On the other side, this also contrasts with those ITS or ICAI systems where 

learners can only passively follow a predetermined learning path chosen by the system.

5.3 Support for personalized learning

As described in Section 1.2, learning now takes place in almost everywhere rather than 

just at institutions. There is a vast diversity of learners in the world; each may have his 

or her own learning preferences, aims and objectives. Every learner has the right to 

desire a high quality, personal learning experience (Cristea, 2005). It is impossible to 

accommodate all the learners using the traditional institution instructional mode such as 

unique teaching material, syllabus, plan, pace, time, and place. The only solution for 

this problem is to provide learners with an individualized, rich learning environment.

To facilitate personalized learning, it is not adequate to provide a standard form of 

services for all learners because different learners may need distinctive supportive 

services (Martinez, 2001). Some learners may want the services that other learners do 

not want. Some may prefer a particular mode of presentation. In order to benefit every 

individual learner, the services should be tailored to individual requirements. For this 

purpose, we adopt the concept of “adaptation”, making adjustments in the provision of 

services so as to accommodate the diversified learner needs and abilities, and engage 

every learner in their knowledge construction. Three key adaptive features are being 

incorporated to the supportive services, as shown in Figure 5.8, namely



Chapter 5 124

Learner
profiles

Customized content

Customized 
presentation mode

Customized 
intervention degree

Personalized services Learner

Figure 5.8: Services to support personalized learning

• adaptation with respect to sendee content. The contents of the services are tailored 

to suit the unique learning characteristics of individual learners. For example, 

different learners will likely be respectively provided with different learning 

materials when they are learning a same theme if they have distinctive learning 

characteristics.

• adaptation with respect to presentation manner. Supportive services are provided 

for learners in different modes of presentation. For example, learning materials for 

a particular theme may be respectively provided for different learners through an 

explicit suggestion or a clue embed in a Web page. Suggestions and advice are 

respectively provided for different learners through text, voice, graphical image, 

animation or their combination.

• adaptation with respect to intervention degrees. Depending on the level of 

scaffolding required by individual learners, different intervention degrees are 

applied. For learners of higher cognitive level, less intervention is applied, whereas 

for learners of lower cognitive level, more intervention is applied.

It is a challenging work to provide the “adaptive services” because it needs to build 

learner models, dynamically identify learning requirements and learning characteristics 

of learners, dynamically organize corresponding services for distinctive learning 

demands and distinctive cognition level, learning styles and so forth. This section will 

present our approach to overcome these challenges.

5.3.1 Learner profiles

In order to provide individual learners with supportive services that exactly match to 

their learning characteristics, it is necessary to clearly know their respective learning 

characteristics, and know what kind of supportive services each of them wants under 

various different learning scenes. Yet, these are still open problems. In general, learner
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models are currently considered as an intractable problem. The classification of learners 

usually makes use of the objective knowledge about the learner’s previous knowledge, 

skill level performance, and learning styles (Shi et cil., 2004).

In our work, learner profiles are used to describe the learning characteristics of 

individual learners. They are characterized by the following three dimensions: 

knowledge constitution, cognition ability, and learning styles. All the services for an 

individual learner are dynamically generated according to the three dimensions stored in 

his or her profile and the given learning scene, as shown in Figure 5.9.

Knowledge constitution

Cognition ability

Learning styles

Learner profile

Real learning scene

Generating supportive 
services for an 
individual learner

Learner

Figure 5.9: Services based on learner profiles and learning scenes

The knowledge constitution seeks to describe what an individual learner has already 

learned so far, namely the learning history. It contains all the study themes that the 

learner has already learned.

The cognitive ability seeks to describe the ability or skill that an individual learner 

constructs knowledge. It is characterized by six levels based on the well-known 

taxonomy of cognitive abilities developed by Benjamin Bloom (1956). The six levels 

build in increasing order of difficulty from basic, rote memorization to higher (more 

difficult and sophisticated) levels of critical thinking skills. Table 5.1 (from Counselling 

Services, 2003) gives a fuller description of the six levels.

The learning styles seek to describe the methods by which an individual learner 

studies. Since different learners naturally have their own preferred learning styles (Kolb, 

1984), knowing a learner’s learning styles will enable his or her learning to be 

orientated according to his/her preferred styles, facilitating more effective learning. The 

investigation into learning styles has a considerable long history. As style is concerned 

with very complex issues involving cognition, conceptualization, affect, and behaviour 

(Guild & Gerger, 1985), various instruments have been developed to determine a 

learner’s learning styles. They are not mutually exclusive but represent different ways
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Table 5.1: Bloom’s taxonomy

Level Competence Skills demonstrated

1 Knowledge

observation and recall of information 
knowledge of dates, events, places 
knowledge of major ideas 
mastery of subject matter

2 Comprehension

understanding information 
grasp meaning
translate knowledge into new context 
interpret facts, compare, contrast 
order, group, infer causes 
predict consequences

3 Application
use information
use methods, concepts, theories in new situations 
solve problems using required skills or knowledge

4 Analysis

seeing patterns 
organization of parts 
recognition of hidden meanings 
identification of components

5 Synthesis

use old ideas to create new ones 
generalize from given facts 
relate knowledge from several areas 
predict, draw conclusions

6 Evaluation

compare and discriminate between ideas 
assess value of theories, presentations 
make choices based on reasoned argument 
verify value of evidence 
recognize subjectivity

of viewing complex phenomena. Kolb (1984) established four distinct learning styles, 

based on a four-stage learning cycle. His learning styles model is today considered as 

fundamental concepts towards our understanding and explaining learning behaviour of 

learners, and towards helping learners learn efficiently. Based on Kolb’s model, Felder 

& Silverman (1988) developed a learning styles description for engineering students. 

Building on their work, we use five dimensions as a conceptual framework to 

characterize individual learner’s learning styles (see Table 5.2).

Because both the cognitive level and the learning styles of an individual learner are 

relatively stable human characteristics (Carroll, 1983), they can be seen as operating on 

two different time scales for learner model: long-term and short-term (Shi et ai, 2004). 

Short-term model refers to the model achieved based upon relatively short term 

observation of a learner's behaviour. Long-term model attempts to model a learner's 

learning through the long term observation. The short-term model will be updated as 

learning progresses, and the update will lead to the revision of the long-term model.
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Table 5.2: Five dimensions of learning styles

Dimension Styles Classification

1 Sensory/Intuitive Perception
2 Visual/verbal Input

3 Active/Reflective Processing

4 Sequential/Global Understanding

5 Individual/Collaborative Interaction

At the beginning, the cognitive levels and the learning styles of individual learners 

are determined through a questionnaire. When a learner first logs in the learning system, 

he or she will be presented a questionnaire to let him/her determine his/her cognitive 

level and learning styles. These are used as the initial values of the learner’s profile. 

Such initial values enable the system to have the first vision of the learner and 

accordingly provide suitable services. Afterwards, these values can be changed by the 

learner through service provided by system (see Section 6.1.4, and particularly Figure 

6.13). The learner profile can also be updated by system based on the observations of 

the learning behaviour of the learner, namely the short-term model. The information for 

short-term model is collected through the following three ways:

• executing the assessment associated with an activity sequence;

• evaluating the artifact files submitted by individual learners for a unit’, and

• monitoring the change of status caused by a learning activity.

For the terms, such as activity sequence or artifact file, see the description in Section 

4.3. All the information is aggregated into a vector of learning features and will lead to 

the update of the long-term model.

5.3.2 Service content adaptation

All the supportive services in our work are designed in the ways so as to accommodate 

learners in an individual basis, namely all the service contents are dynamically 

organized according to the learning characteristics of individual learners. As indicated 

previously in Section 5.1, the services we have identified to realize are not only 

concentrated on providing easy access to learning materials, but also on other kinds of 

assistance such as those concerning learning plans, learning assessment, case study 

materials, online discussion forums and so forth. All these services are designed to be 

adaptable for individual learners, and the concrete service contents are dynamically 

generated depending on the profiles of individual learners.
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As an example, Figure 5.10 illustrates how the service contents are dynamically 

adapted to individual learners according to their respective profiles (the agent 

implementation will be investigated in Chapter 7). To offer learning materials to an 

individual learner for a learning goal, a unit is first identified from the UOL database 

through matching the learner’s goal to the objective of the unit. The UOL record for the 

unit is captured from the UOL database. Then all the learning materials for the unit are 

extracted from the UOL record. These are the ones that can be used for learning the 

unit, but only some suit the learner; and some do not suit the learner in terms of learning 

characteristics. Accordingly, at the next, the suitable ones will be chosen from them 

based on the learner’s profiles. At the first, the ones that suit the learner in terms of the 

cognitive level are chosen. Then the remaining ones are further filtered based on the 

learner’s learning styles. Only the learning materials whose traits most match the 

learner’s learning styles are left (see Section 4.3.3 for the Traits attribute of a learning 

material). Finally these learning materials are presented to the learner.

The UOL 
record for 
the unit

The learning 
materials for 
the unit

The
learner’s 
cognitive 
level _

The learning 
materials that 
suit the 
cognitive 
level A-—

Tire learning 
materials that 
suit the 
learner to 
reach the goal

The learner’s 
learning 
styles __

UOL
database

Extracting 
learning 
materials 
for the unit

Matching to 
the learning 
objective of 
a unit

Tire keywords 
of the learner’s 
learning goal

Filtering the 
ones that do 
not suit the 
learning 
styles

Extracting the 
learning materials 
that suit the 
cognitive level

Figure 5.10: Providing learning materials for individual learners based on their profiles

The contents of all other supportive services are adapted to individual learners in the 

similar way so as to cater for every learner with the best suitable service content. The 

cognition level of a learner is first taken into account when the service content for the 

learner is dynamically organized. Then, his or her particular learning styles are further 

considered to determine the service content that most suits him or her.
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5.3.3 Presentation manner adaptation

In order to facilitate a personalized and rich learning experience for every learner, we 

not only offer learners individualized service contents but also use individualized 

manners to deliver the services. In general, different learners are provided with services 

by using distinctive presentation modes.

It has been known that to enable a supportive service or a tool to be effective for 

facilitating learning requires learners to become quite sophisticated in the use of the 

service or tool (Salmon, 2000). Indeed, only learners are willing and are able to use a 

service, can the service produce anticipated outcomes for facilitating learning. This calls 

for the use of appropriate modes to deliver supportive services so that learners can 

easily use them and like to use them. The advances of multimedia and visualization 

technologies make it possible to present services for learners in ways that let learners 

easily master them and attract learners to use them (Huang, Eades & Cohen, 1998).

The goal here is to enhance the effect of the supportive services identified in Section

5.1 through designing the human-computer interface (HCI) of the system. The 

investigation into HCI has attracted many researchers and practitioners. The role that a 

HCI can play in a software system has been widely recognized. A number of design 

principles for HCI have been proposed, which mainly include: simplicity, consistency, 

efficiency, sensibility, clarity, and dependability (Campbell, 1996).

The problem is, however, the application of these HCI design principles may 

generate different effects for different learners because they have different learning 

characteristics. Some learners may easily be attracted and in turn get familiarity in the 

use of the services presented through a HCI, whereas some others may have problems 

with the HCI. As an example, for a particular tool delivered by a system in its HCI, 

some learners may quickly master its use without any difficulties, whereas some others 

may still have difficulties to attain competency with its use after they have spent a lot of 

effort to study it. Hence it is necessary to delivery supportive services for individual 

learners through an appropriate HCI that matches their respective learning 

characteristics so that every learner could be served in the most proper way.

For the presentation manner adaptation, the HCI of the system for the delivery of the 

supportive services is dynamically generated according to individual learner’s profile. 

The display hierarchy of information, the layout of window, and the use of medium
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forms are respectively determined based on learner’s learning characteristics. These are 

to ensure to

• reduce the cognitive burden of the learner, and

• attract the learner to facilitate his/her enjoyment of the learning situations.

For the learners of the lowest cognitive level, services are delivered in ways that 

these learners can easily follow the suggestions provided in the services. The HCI for 

these learners is designed mainly for simplicity and clarity so that they could clearly 

know what to do in the next and how to do it. Diversified convenient means are 

provided in the HCI so that they could easily access, understand and use the information 

delivered by the HCI. Meanwhile, multimedia and visualization technologies are 

applied to provide learners with various audio, visual and other aids through the HCI. 

The involvement of these technologies will stimulate their interests in the use of these 

services and hopefully, may make the use much enjoyable.

For the learners of the highest cognitive level, services are delivered in ways that the 

services will facilitate their completion of the learning tasks in a higher efficiency and 

facilitate their deeper understanding of the study theme. The HCI for these learners is 

designed mainly for efficiency. The suggestions are presented mainly in the text forms 

without any graphical representations. The menus, buttons in the HCI are arranged in a 

way that benefits learners to efficiently complete their learning activities.

In general, windows, menus, tool buttons, graphics and animations, are 

comprehensively used in the HCI to make the services more attractive. All these are 

applied in a flexible way so as to ensure learners of distinctive cognitive levels can have 

emotional connections with these services. For the purpose of supporting the autonomy 

of learners in learning, learners are allowed to select some of the presentation modes.

5.3.4 Intervention degree adaptation

The goal for accommodating learners in individual ways is to ensure every learner can 

be engaged in the process of knowledge construction. Although self-directed learning is 

a worthy general goal of education, freedom to learn is not a sufficient condition to 

ensure effective learning. Countless researches in ^-learning have illustrated that some 

learners are incapable of reaping the benefits of certain types of learner control (Park, 

1991). Many are unsuccessful when being given the opportunity to control their 

learning. In fact learner control is of benefit only to those who are already
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knowledgeable about a domain to some extent or who are generally high-achievers 

(Brown, 1997). It may cause a negative effect to give learners responsibility for their 

learning if they are not able to control their learning appropriately. Accordingly it is 

inadequate to offer all learners with a unique degree of learner control. For different 

learners, online learning system should intervene in learning process at different degrees 

so as to ensure necessary orientation and guidance.

The rationale regarding offering learners with different levels of scaffolding can be 

validated by a scene which is frequently seen in an online learning environment. When 

a system displays a prompt message in a particular session of learning, some learners 

may feel it is annoying because they think it is unnecessary for them. On the other side, 

however, some learners may feel it is valuable and helpful, and some may even think it 

is not enough for example they may wish more such prompt messages in the similar 

scenes. Without any doubt, only should the system intervene in a learner’s learning 

experience when the learner wishes it to do so.

The real challenge here is how to adapt the intervention degrees for individual 

learners so as to maximize each one’s engagement, self-direction, and self-evaluation. 

We overcome the challenge by first investigating why learner control is not effective for 

those learners. The main reasons that have been identified include (Park, 1991):

• they lack sufficient knowledge about the contents to be learned, and hence cannot 

make appropriate decisions in the selection of learning contents and strategies;

• they may not have the meta-cognitive ability to accurately access and predict the 

progressive nature of their own learning; and

• they may not have appropriate cognitive strategies for applying their experience 

and knowledge in the learning process.

Clearly the cognitive level of an individual learner must be considered as an important 

factor to determine the scaffolding level that he or she may require, and in turn 

determine the intervention degree applicable for him/her. Consequently, we adapt 

intervention degree for individual learners based on their cognitive level. For a learner 

of higher cognitive level, less intervention is applied; whereas for a learner of lower 

cognitive level, more intervention is applied, see Figure 5.11. We offer guidance to 

learners of the lowest cognitive level in a step by step mode. The guidance is clear 

instructions for what to do next and how to do. All the guidance is actively offered to
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Figure 5.11: Intervention degrees versus the cognitive ability of learners

them. On the other side, for the learners of the highest cognitive level, only limited 

intervention is applied. Most of the supportive services for them are suggestions or 

advice; except for the extreme important ones, all the services are presented for them 

only when they request to do so.

Furthermore, learners are provided with opportunities to choose a greater or lesser 

degree of intervention from the system based on their own needs.

5.4 Support for collaborative learning

Collaborative learning (CL) can be one of the most significant means to facilitate e

learning because it can enliven and enrich the learning process and enable learners to 

learn in relatively realistic, cognitively motivating and socially enriched learning 

contexts (Kumar, 1996). CL benefits learners on enhancing learning skills, such as 

critical thinking, reflection and communication capabilities, that are not as readily 

attained by other means (Kong et al, 2005). A primary focus of social constructivist 

learning theory is on CL (Shih & Swan, 2005). Research into CL has proposed many 

effective ways to facilitate CL from many different angles (Dillenbourg, 1999; 

Dimitracopoulou, 2005). Our work for supporting CL has been focused on two of the 

four categories (Dillenbourg, 1999, p. 5): setting up initial conditions, and monitoring 

and regulating the interactions among the learners in groups. These include assisting 

them to build CL groups, partition and allocate learning tasks, and facilitating the 

completion of the assigned tasks (see Figure 5.12). We provide supportive services for 

facilitating CL through learning spaces. This section will investigate the services to 

facilitate collaboration among learners in groups.
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Figure 5.12: Supporting collaborative learning through learning spaces

5.4.1 Learning spaces and their dynamic management

One essential issue for CL over computer networks is concerning learning places and 

their management. In a physical CL environment such as a classroom, all the 

participating learners and the required tools for the learning task at hand are assembled 

to a physical place. In the CL over networks, electronic learning spaces are used as a 

shared place for the substitute (Harrison & Fourish, 1996). The electronic learning 

spaces have already been investigated from technological angles in Chapter 3. By using 

the electronic learning spaces implemented in the LiveNet system, participating learners, 

no matter where they are, are able to share information with one another in their own 

workstations, for example, they can use a same document or discuss a same issue. They 

can exchange messages one another by text or graphic images. The electronic learning 

spaces also provide a channel for teachers to assist learners to build knowledge and 

collaborate with their fellows. They can, through a learning space, provide cognitive 

tools to help learners perform some activities. Also, they can provide personalized 

suggestions for individual learners with respect to how they proceed in their study in a 

way just beyond their ZPD.

As described in Section 3.3, the learning spaces we provide for learners to share 

information can be dynamically configured and updated. Learners are free to create and 

define their private learning spaces to interact with other learners and their instructors. 

Based on a learning space one or more new learning spaces can be created. All the 

learning spaces are managed and maintained through a learning space tree (Lin, 

Hawryszkiewycz & Henderson-Sellers, 2003).

The meta-model of the learning spaces used in our work has been investigated in 

Section 3.2. Using the meta-model, a group member plays a particular role within a
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learning space, such as a learner or a tutor. A role defines the actions the group member 

is allowed to take in a learning space. An action can be classified into two categories, a 

solo action or an interaction. The former is taken by an individual group member, 

whereas the latter involves more than one group member. In an action, artifacts can be 

created or deleted in a learning space.

The dynamic management of the learning spaces is realized through a relational 

database management system. All the information of the learning spaces, including the 

hierarchical structure of the learning spaces, and the participants and their roles in each 

learning space, is stored in a relational database system.

5.4.2 Assistance in the formation of collaboration groups

CL is referred to a variety of situations in which two or more people learn or attempt to 

learn something together (Dillenbourg, 1999). The first way towards supporting CL 

over the Internet is to carefully design the situation, including the assistance in the 

establishment of a CL group (Dillenbourg, 1999). Finding appropriate peers to form a 

CL group might not be a problem in a traditional CL environment where learners can 

interact in face-to-face. Unfortunately it is difficult when CL takes place over the 

Internet because learners log on the Internet from different geographical locations 

worldwide. They likely even do not know the existence of others. As a consequence, 

assisting them to build CL groups is an effective means to set up initial conditions for 

the mutual interactions among learners.

In general, an online learner selects learning partners in two ways. One is to build a 

new CL group, his or her own group, by inviting some appropriate fellow learners; and 

the other is to join into an already-existed CL group. Apparently, in either case the 

learner must be aware of the presence of other learners currently in the system. 

Moreover, some rules or criteria should be followed for the composition of a CL group, 

such as group size and group members’ knowledge level and type, for example. Our 

services assist individual learners to find appropriate fellows to compose a CL group 

through providing them with information and recommendations regarding the 

construction of a CL group. The services mainly include (see Figure 5.13):

• providing real-time awareness of the presence of other learners with common 

interests (Miettinen et al., 2005). The information is in fact the one about the 

participants of the current learning space because the members of a learning space
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Figure 5.13: Assistance in the formation of collaboration groups

have common learning interests. It can be easily obtained through a set of database 

queries since this information is stored in the learning space database of the 

LiveNet system.

• recommending groups for the learner to join by following some principles. Two 

principles are applied here. One is the rule for the size of a group, namely the 

number of learners in a CL group is restricted within a certain range (Gokhale, 

1995; Suh, 2004). The other is the learners in a CL group should have common 

learning characteristics to a certain extent. The number of learners in a CL group is 

the number of participators in a learning space. Hence, a group with an appropriate 

size can be found through the comparison of the participant numbers of all the 

related learning spaces. For the second principle, it needs to make use of learner 

profiles to find appropriate groups. As investigated previously (see Section 5.3.1), 

every learner has a profile, which is built when he or she registers in the system and 

updated during he or she studies in the system. The profile contains the information 

about each one’s learning characteristics. The common learning characteristics of 

the learners in a group can be extracted from the profiles of the group members. 

The appropriate group can thus be found through seeking for a match between the 

learner and a CL group by comparing his/her learning characteristics with the 

common learning characteristics of a CL group. When a group is found to satisfy 

the both rules, the group is considered as an appropriate one for the learner and 

recommended to him or her.
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• arranging liaison with the fellow learners whom he or she will work together in a 

group. It is natural that the learner needs to get approval by the group if he or she 

wants to join a group to study together with the group members. Alternatively the 

learner also needs to contact the learners if he or she wants to invite them to build a 

new group for CL. Email address and other contact information will be provided 

for the learner to assist him/her to contact them. The liaison will be arranged if the 

learner decides to contact them.

• performing some activities related to a CL group formation. If the learner builds a 

new CL group, a learning space will be created for the group. If the learner joins 

into an already-existed CL group, the information of the learning space for the 

group will be updated. Some related registration for the learner to join into a 

learning group will be performed as well.

5.4.3 Assistance in the partition of learning tasks

As stated by Dillenbourg (1999), CL is not one single mechanism: if one talks about 

“learning from collaboration'’, one should also talks about “learning from being 

alone” (p. 5). Collaboration and individual work are complementary modes of learning 

(Shaw, 2005), and the individual work is a basis for the mutual cooperation. An overall 

learning task for a CL group is usually split into several sub-tasks and allocated to each 

group member to perform. Clearly the partition should be based on the learning abilities 

and styles of each learner in the group. Again, this might not be a problem when 

learners in a group can negotiate with one another in face-to-face. However, it is quite 

difficult in the CL over the Internet because the learners mostly do not know each other 

in terms of learning styles. Moreover, it becomes even more complicated when the task 

is complex or for solving an ill-defined problem in a knowledge domain (Suh, 2004). 

The major problem is there is no unified rule to follow for splitting a learning task due 

to the complexity involved in those cases.

To assist participating learners to partition and allocate a learning task in a way that 

all participants could be benefited to a maximum degree from the accomplishing of the 

assigned task, it is necessary to take into account the learning task at hand, the learning 

modality being adopted, and the cognitive abilities and learning styles of each 

participant. With this in mind, we provide supportive services to assist learners to 

partition and allocate a learning task. The services mainly include:
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• suggesting initial partition scheme. For every learning task, an initial partition 

scheme designed by experienced teachers is provided for learners as a base to 

consider. The initial partition scheme includes the sub-tasks that the learning task 

will be split up into, together with the requirements of the learning characteristics 

of the learners to undertake each of the sub-tasks. When execution, the initial 

partition is provided for the group members as a suggested partition scheme.

• facilitating negotiations among all the group members. To implement a partition 

scheme and allocate the related sub-tasks, each member is presented with a request 

for undertaking sub-tasks according to the initial scheme. The learners in the group 

can freely select sub-tasks that they are willing to undertake. They are encouraged 

to undertake more sub-tasks. If a confirmation of accepting a sub-task allocation is 

returned, the sub-task will be allocated to the learner. If there is a sub-task no body 

likes to undertake, further appeals are followed; a request for undertaking the 

unallocated ones will be sent to the group members, especially the ones who have 

undertaken less work. The allocations will be broadcast to all learners in the group. 

This procedure will be repeated until it has been confirmed that all the sub-tasks 

have been allocated to the learner members in the group. Here it is allowed that 

more than one learner undertakes a same sub-task, and a learner undertakes more 

than one sub-task. This is to ensure that any of the sub-tasks has at least one learner 

to undertake.

It is worth noting that the above services just facilitate and assist learner to partition 

and allocate learning tasks. They by no means attempt to remove the work from 

learner’s learning.

5.4.4 Assistance in the completion of learning tasks

CL increases the breadth of knowledge acquired, its relevance, as well as the 

evaluations of the application of new knowledge in a subject area. However CL over the 

Internet is problematical for several reasons (Whatley, 2004). Learners often diverge 

from the mutual collaboration in learning. The major problems include making joint 

decisions, reluctance to ask basic questions, reluctance to deal with conflict, guidance 

on learning steps, and leaving things till last (Hawryszkiewycz, 2004, p. 350; Smith et 

al., 1999). Our services try to regulate CL activities through recognizing learner’s 

divergence in CL. They include:
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• facilitating realization of plan. A plan to accomplish the group task, setup by 

experienced teachers, is copied into learning space as a suggested group plan. The 

plan is made up of a number of learning activities, including their start and end 

dates, together with supporting materials relevant to each learning activity. The 

learners can create their own learning spaces and copy this initial plan into their 

own learning spaces. They can then adjust their learning paces to suit the schedule 

specified in the plan. They can also revise this plan to their needs. The system 

keeps up to date with the progress that has been made on the group work. Learners 

can compare it with their own, which may facilitate learners to timely accomplish 

learning. The system provides the service to initiate each learning activity at its 

start date making suggestions for progress. When the due date for a group activity 

is coming, the system sends messages to the learners to remind of the due date. The 

system also informs the learner if his/her work has no progress for several days or 

his/her work is deemed to be slow.

• facilitating group activities. Diversified means are provided to regulate group 

activities so that they “follow processes that encourage idea generation and 

evaluation, discussion and conflict resolution in timely ways” (Hawryszkiewycz, 

2004, p. 350). This includes recommending online forums for learners, and 

providing support enabling them to conveniently enter into the forums, exchange 

their understanding of the study theme, and help each other. This also includes a 

variety of prompts, hints that redirect the group activities in a productive direction.

• assisting completion for particular tasks. The relevant models, cues, prompts, 

hints, partial solutions, think-aloud modeling, direct instruction, and so forth are 

provided for learners to scaffold their learning (Hartman, 2002). The relevant 

cognitive tools as well as sample solutions or related design principles are copied 

into the learning spaces to assist participating learners to conduct the relevant 

learning activities (Kali, 2006). These can significantly shape and assist learners to 

complete the task assigned to them.

5.5 Designing software agents to realize the services

In our work, the supportive services to facilitate construction of knowledge by 

individual learners, described in the previous sections, are realized by software agents.
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This section will provide an overall vision for how we utilize software agents to realize 

these services.

5.5.1 Why software agents?

As seen from the investigation described in the previous sections, the “adaptive 

services” to facilitate individual learning call for the dynamic interaction and 

communication between different components in the system. Those require 

communications between distributed components, sensing and monitoring of the online 

learning environment and autonomous operations. The use of software agents to realize 

these services is quite appropriate. Software agents can autonomously monitor the 

environment where they inhabit and actively take actions to react to the change of the 

environment. They have the ability to reason and can easily perform sequences of 

complex operations based on the messages they perceive, their own internal beliefs and 

their overall goals (Garro & Palopoli, 2002). They can interact with each other to take 

collaborative actions towards their common goals. These distinguished and attracting 

features make software agents quite appropriate to realize the “adaptive services”.

In fact, the theories and technologies of software agents provide a new way for 

software development, different from traditional approaches, such as object based or 

component based approaches. They represent a powerful conceptual and technical 

framework that can be used for the design of sophisticated, distributed, active, and 

robust systems (Nabeth, Angehm & Roda, 2003). Their useful tools and approaches can 

be highly integrated into a system to support complex human decision-making 

processes. They can help us to break system complexity in the realization of the 

supportive services by distributing the control among a set of specialized, autonomous, 

and weakly coupled entities living in the online learning environment. They allow us to 

abstract the data at a higher level than using conventional software techniques, and 

enable us to conceptualize the implementation in a natural fashion (Sun & Joy, 2005). 

Accordingly we incorporate software agents into the online learning environment and 

take them as the intelligent entities to realize the supportive services.

5.5.2 Overall description of the agents to realize the services

The investigation into software agent technology presented in Chapter 3 has already 

illustrated what agents can do in a complex decision-making process. It also provides
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some general ideas for how to adapt agent behaviour so that they can work for their 

users to perform a particular task. In our work, software agents are incorporated into the 

online learning environment to monitor the changes that happen in learning spaces and 

take actions accordingly. This means the mechanism in Figure 5.7 is implemented by 

using software agents. Software agents are employed to provide supportive services for 

learners to facilitate knowledge construction. Figure 5.14 depicts the relationship 

between the software agents and the electronic learning spaces and individual learners.

events

Electronic 
learning spacesSoftware

agents actions

Learning progress

Learner
profiles

Learner

Figure 5.14: Incorporating software agents into the learning spaces

Here the software agents are expected to take on a role of constructivist teacher (see 

Section 2.1 for details), providing supportive services to facilitate construction of 

knowledge by individual learners. They silently observe and evaluate the learning 

behaviour of individual learners and present them with a variety of assistance and 

scaffolding whenever necessary. To take on the role, the software agents must have all 

the properties of a highly autonomous agent (see Section 3.4 for details). During a 

learning process, a learner continuously interacts with the learning spaces and presents 

various inputs to the learning spaces, such as initiating the learning for a new unit, 

submitting an assignment. The agents should react to all the events caused by the inputs 

from all learners in a timely fashion. They must be autonomous in the sense that they 

make their own decisions with respect to what to react to these events at a given 

moment. Furthermore, they must have the competence to select related services based 

on the learning activity being detected and the learning characteristics of the learner 

who is conducting that activity. As pointed out in Section 5.3, all the supportive services 

are the “adaptive services' that should be able to be adapted to suit the capabilities and 

interests of individual learners. Agents adapt their behaviour to suit learners so that 

learners will believe that the agents support their learning process.

As the services identified in Section 5.1 are process-oriented services that aim to 

assist learners to get through a learning process, the agents are process agents. They are
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a new class of agents which differ from the pedagogical agents investigated in Chapter 

3 (see Section 3.6.4). Pedagogical agents usually play a role in a learning process such 

as a tutor, mentor or a learning partner to assist learners to perform some particular 

learning tasks. They are designed to provide domain-specific services for learners. 

Process agents do not take such a role, but rather facilitate learning through a broad 

range of supportive services. These services go beyond simply delivering course 

materials, answering FAQs relevant to a course, presenting an easy-used user interface. 

They provide a wider range of technological facilities, means and services to support 

various learning activities in the learning process. Process agents do not need to 

understand the knowledge of a particular domain as pedagogical agents do because they 

aim to guide learners to get through a learning process rather than providing domain- 

specific assistance. They are generic in this sense.

5.5.3 Identification of the agents

It is clearly impossible to employ one agent to realize the process-oriented services 

identified in Section 5.1. Like in many other similar applications, a series of individual 

agents with specific expertise are being employed in our work to realize the services to 

facilitate knowledge construction of learners. They together form a multi-agent society. 

Each individual agent in the society has a particular intention and undertakes a 

particular task. They work collaboratively towards their common goal, namely 

providing services for learners to facilitate individual learning as well as collaborative 

learning with other learners in groups.

Obviously the question that might naturally follow will be “How many agents are 

employed for the realization of these services?” and “What does each of them doT\ This 

concerns the identification of the agents and the allocation of the task. It is an open issue 

with more possible strategies. In general, it depends on the decomposition of the tasks 

relevant to the supportive services.

Currently three categories of agents are being employed in our work to realize the 

services. The three classes of agents and their major roles are described below:

• Personal assistant agent (PAA) is an agent for an individual learner. Each learner is 

assigned an agent when he or she logs in for learning. The agent acts as a personal 

assistant for the learner, and so it is called a personal assistant agent for the 

learner. A PAA continuously observes the behaviour and actions of its owner
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learner in order to maintain a profile. It updates the profile as the learning proceeds, 

and provides the information to other agents when being requested.

• Planning agent (PA) is an agent responsible for the work relevant to learner’s 

learning plans. The important one among is to assist learners to develop personal 

preferred learning plans for a particular learning goal. This includes designing 

learning activities and their sequences, determining evaluation methods and so 

forth. All of these are based on the actual learning scenarios and the unique 

learning characteristics of individual learners. The tasks of the PA also include 

assisting other agents to help learners adjust learning plans when being requested 

by other agents.

• Managing agent (MA) is an agent responsible for managing the learning process of 

a unit. Each UOL has a specific agent, a MA, for assisting individual learners to 

perform the learning activities defined in the UOL. The MA finds a learning plan 

for the learner who is studying the UOL to conduct the learning for the UOL and 

follows the plan to construct activities by matching step objectives to activity 

objectives. It delegates work to learning activities according to the plan. The MA 

keeps track of the progress in the learning activity for the unit and provides 

assistance for learners in revising learning plan accordingly. This includes 

monitoring the submission of the artifact file for the unit, evaluating the artifact file 

or asking a domain expert to evaluate it and then receiving the evaluation result 

from the expert.

How each individual agent accomplishes the assigned task and how they 

collaboratively realize the services will be presented in Chapters 6 and 7.

5.5.4 Design of an individual agent

The agents in our work use a hybrid architecture that combines a reactive reasoning and 

a BDI based proactive reasoning (see Section 3.5). This subsection will provide some 

insightful views on how to design an individual agent in our work. Here it is not 

intended to describe the abstract concepts and terms relevant to the generic agent 

techniques (investigated in Sections 3.4 to 3.7), but rather to provide a conceptual 

model of the agents in our work to outline how to design them so that they will derive 

the actions based on the perceived events towards their objectives we have appointed to 

them. The implementation issues will be addressed in Chapters 6 and 7.
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Id:
Name:
Type:
User:
Creator: 
Created time:

Agent Conceptual 
Model

General information

Roles

Beliefs

Goals

Plans

Actions

Events

A1: Find a unit by matching learning goals (goal) 
A2: Request the cognitive level of the learner (stu) 
A3: Extract all learning methods for the goal (goal) 
A4: Extract methods for the cognitive level from 

the plans (level, plans)
A5: Request the learning styles of the learner (stu) 
A6: Filter unsuitable methods for the styles from 
the plans (style, plans)

El: The PA has received a request from the PAA to 
generate learning plans for its owner to reach 
the learning goal (agent, student, goal);

E2: The PA has sent a request to the requested 
PAA for its owner’s cognitive level (agent);

E3: The PA has received its owner’s cognitive 
level from the PAA (agent, cognitive-level);

E4: The PA has sent a request to the requested 
PAA for its owner’s learning styles (agent);

E5: The PA has received its owner’s learning styles 
from the PAA (agent, learning-styles);

E6: The PA has replied to the requested PAA with 
the plans (agent, plans)

E7: The PA has received a request from the PAA to 
get the plan content (agent, plan-id);

Bl: Student_is_learning (“Peter”, “Db0102”)
B2: Agent_worksJor (“PAA-for-peter”, “Peter”) 
B3: Has_signed__in (“Peter”)
B4: Student_has_email_address (“Peter”, 

pwilson @ it. uts. edu.au)
B5: ls__available (UOL database)
B6: Student_has_completed (“Peter”, “DbOlOl”) 
B7: Student_has_completed (“Peter”, “Db0103”)

Overall goal: Generate required learning plans for 
the requested agent and reply to the 
requested agent with these plans.

G1: Find an appropriate unit from the UOL 
database;

G2: Gather the information about the cognitive 
level of the learner;

G3: Generate learning plans that suit learners with 
the cognitive level;

G4: Gather the information about the learning 
styles of the learner;

G5: Generate learning plans that suit the learner to 
achieve his/her goal;

G6: Reply to the requested agent with these plans.

id: plan-OOXX
name: plan_to_generate_leaming_plans
overall goal: Generate required learning plans for 

the requested agent
Body
action: unit = A1 (goal); 
pre-condition: El (PAA-for -peter, Peter, goal) 

&& B5 (UOL database)
sub-goal. G1; 

action: A2 (Peter)',
pre-condition: G1 && B2 (PAA-for-peter,Peter ) 
sub-goal'. G2;

action: plans = A3 (unit)',
plans = A4 (cognitive_level, plans)', 

pre-condition: E2 (PAA-for-peter) &&
E3 (PAA-for-peter, cognitive_level)

sub-goal: G3; 

action: A5 (Peter)',
pre-condition'. G1 && B2 (PAA-fox-peter,Peter) 
sub-goal: G4;

action: plans = A6 (learning_styles, plans)', 
pre-condition: E4 (P AA-(ox-peter) &&

E5 (PAA-for-peter, learning_styles) 
sub-goal: G5;

End_body

Figure 5.15: Architecture of an agent conceptual model
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A conceptual model of an agent is not an actual construction model of the agent; it 

provides a condensed view on what the agent’s behaviour looks like and how the agent 

works. It offers a highly abstract level of description. Figure 5.15 (see p.143) depicts the 

architecture of an agent in our work through an example from a conceptual level. It 

describes the concepts used in the agent. It also defines the main working mode of the 

agent. In Chapter 7. all the agent classes identified above will be defined by using such 

a conceptual model. Here the purpose is to illustrate the conceptual architecture of an 

agent in our work and to sketch out a general approach to designing an agent from a 

conceptual level.

As shown in Figure 5.15, a conceptual model of an agent employed in our work 

consists of seven components; general information, roles, beliefs, goals, actions, events, 

and plans. Their meanings are in turn described as follows.

1) General information

Each individual agent has its general information assigned by its creator or user. The 

general information of an agent mainly includes:

• ID: the unique identity of the agent, which allows it to be recognized by other 

agents in the multi-agent society;

• Name: the name of the agent;

• Type: the class that the agent belongs to, i.e. PAA, PA or MA;

• User: the name of the user the agent is working for;

• Creator: the name of an agent who created the agent; and

• Createdjtime: the time when the agent was created.

2) Roles

Every individual agent is associated with a particular role or roles for the overall agent 

goal in our work. A role defines the behaviour of an agent in a learning process. It is 

appointed to an agent for achieving a process goal or goals. For instance, the planning 

agent is appointed to be responsible for generating learning plans for a unit in the 

process for learning the unit.

3) Beliefs

An agent holds beliefs or knowledge about the learning environment, about itself, about 

the learner it is working for, and about other agents as well. The beliefs include what the 

agent knows, what the agent views, its memories and its perceptions about everything
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that happens in the learning environment (Silva et til, 2003). Beliefs are either set 

statically by the agent user or revised dynamically (when the agent is running) by the 

agent. For example, the information contained in the UOL database is the agent beliefs 

set statically; whereas the ones like Student_is_leaming (“peter”, “Db0102”) (semantic: 

Peter is learning unit “Db0102”) are the agent beliefs set dynamically as the agent 

perceives the event that learner Peter has started learning unit Db0102.

4) Goals

An agent must have at least one goal to be achieved in a learning process. An agent goal 

is a future state, or desire, that an agent would like to achieve, or satisfy (Wooldridge 

1999). The agent achieves its goal by executing a plan, which can be selected from a list 

of the plans assigned to it (as to the agent plan, it will be explored shortly). In fact, the 

agent goals are derived from the roles that an agent will play since the roles decide what 

the agent is responsible for fulfilling while playing the roles. An agent goal is composed 

of several sub-goals.

5) Actions

An agent has an action repository to represent and store all the actions the agent will 

take. An action in an agent plan body is an atomic unit of work that an agent can 

perform, such as sending a message to other agent(s), activating another agent goal. 

Actions in a plan are scheduled when a plan instance is created. The scheduled actions 

are executed if its pre-conditions hold according to the beliefs of the agent. After an 

action is executed completely, a new event will be generated.

6) Events

An event is anything that happens to change the learning environment or anything of 

which an agent should be aware. It can be generated in various ways such as by agents 

via the execution of an action, or by learners via their inputs into the system (Silva & 

Lucena, 2004). An agent perceives events from the environment. An event can trigger 

an action to be taken by an agent. After an event is used, it is removed by the agent from 

the event queue.

7) Plans

An agent plan specifies a sequence of actions that is executed by an agent to achieve a 

goal. It can be built statically or dynamically by the agent users. A plan, when being 

executed, is an object of Java class consisting of three major attributes: sub-goals,



Chapter 5 146

actions, and pre-conditions. The semantics is if the pre-conditions hold then the 

corresponding actions will be executed to achieve the sub-goals. For example, the 

semantics of the plan

action: unit = At (goal)',
pre-condition: El (PAA-for-peter, Peter, goal) && B5 (UOL database) 
sub-goal: Gl;

is if condition El && B5 holds then action A1 will be executed to achieve goal Gl.

Apparently an agent plan is one of the most crucial components in such an agent 

conceptual model. It is used to realize reasoning and decision-making to determine next 

actions the agent will take. All the plans of the agents in the multi-agent society should 

form a proper event-and-action chain so that the agents can collaboratively respond to 

the changes in the learning spaces they are looking after.

To design an individual agent is to design the seven components for the agent 

according to actual requirements. The Gaia methodology described in Chapter 3 (see 

Section 3.7) can be used here to assist the design of the conceptual model. The first step 

is to define the role or roles that the agent is expected to play. Based on the role, the 

other components are designed in light of the decomposition and allocation of the tasks 

relevant to the supportive services. The conceptual models of all the individual agents 

must be designed in ways that their events and actions can form an event-and-action 

chain. Only such a chain is properly formed, when an event occurs in a learning space, 

one agent’s reaction to the event can change the environment. The latter can in turn 

result in new events. Other agent actions can be initiated by the new events further. The 

chain of the event-and-action enables the actions to move along the way towards the 

accomplishment of a task relevant to a supportive service.

5.5.5 Design of the interactions among the agents

As presented above, three categories of agents (PAA, PA and MA) are currently being 

employed in our work to realize the services identified in Section 5.1. All these 

individual agents are expected to collaboratively work towards the overall agent 

objective: realize the sendees to facilitate knowledge construction of individual 

learners.

From the perspectives of design, an important premise for the agents to work 

collaboratively towards a designated objective is the successful implementation of the
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interactions among the agents. Agents need to interact with each other, either to achieve 

their individual objectives or to manage the dependences that ensue from being situated 

in a common environment. As an example, when agents assist a learner to develop 

appropriate learning plans, the PAA for the learner and the PA need mutual interactions. 

For the task, they have their own contributions respectively and they need assistance 

from others as well. Without a flexible, highly efficient interaction means, they are not 

able to accomplish the task properly.

The interactions between the agents in our work are implemented through agent-to- 

agent communication. Accordingly it is a challenging work to design an efficient and 

flexible communicative means for the agents to exchange messages. It includes the 

transport path, communication language, and the exchange protocol. The detailed 

design and implementation relevant to these issues will be presented in Chapter 7 (see 

Section 7.4).

5.6 Summary

This chapter has identified the services to facilitate knowledge construction of learners, 

which concentrate not only on providing easy access to learning resources, but also on 

other types of assistance such as those concerning learning plans, learning assessment, 

case studies, and online discussion forums. There are a lot of challenges to realize these 

services. The chapter has presented an overall vision for how we overcome the primary 

challenges in the realization of these services, including the support for learner control, 

the support for personalized learning, and the support for collaborative learning. The 

chapter has also outlined an overall approach to utilizing software agents to implement 

these services.

Now that an overview of our approach to facilitating constructivist e-leaming by 

using software agent technology has been presented in this chapter, the succeeding 

chapters will explore the related implementation.
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Technological Framework for the Realization of the 
Services

After having identified the services to facilitate construction of knowledge by learners 

and outlined the overall approach to realize them in the last chapter, this chapter 

explores the technological framework for the realization of these services. In this 

chapter, an overview of the agent-supported learning system (ASLS) is presented and 

the prototype we have developed is briefly introduced. The crucial components of the 

system, including the multi-agent architecture, the UOL database, the activity list, and 

the checklist, are investigated. Also, the benefit of the agent services in assisting 

individual learners to construct knowledge in an entire learning process is examined. 

The chapter is organized into six sections:

• Section 6.1 introduces ASLS briefly, including its system architecture and working 

environment. It also reports the prototype we have developed so far, focusing on 

the supportive services that have been implemented in the prototype.

• Section 6.2 explores the multi-agent architecture in ASLS. The tasks of the agents 

in the multi-agent architecture are described, their interactions are analyzed, and 

their working modes are studied. The approach to administrating the agents in the 

multi-agent architecture is also outlined.

• Section 6.3 focuses on the implementation of the UOL database. The role of the 

UOL database, its XML implementation, and the approaches to parsing it are 

respectively dealt with.

• Section 6.4 investigates the management for learner’s learning processes, two 

specific data structures, the activity list and the checklist, and their roles in the 

management of individual learner’s learning are explored in detail.

• Section 6.5 examines the supportive services that the agents provide for individual 

learners in an entire learning process, analyzes their roles in assisting learners to 

construct knowledge.

• Section 6.6 is a summary of the chapter.

148
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6.1 Overall description of ASLS

As described in the previous chapters, the aim of the research reported in this thesis is to 

develop a flexible learning system to facilitate construction of knowledge by individual 

learners. An agent-supported learning system is proposed. In this system, software 

agents are incorporated into the electronic learning spaces to monitor the learning of 

individual learners and provide them with services to facilitate individual learning and 

collaborative learning with other learners in groups. The crucial characteristics of 

software agents, such as autonomy, reactivity, pro-activeness, and sociability, make it 

possible for ASLS to actively provide supportive services for learners. This section will 

provide an overview of the system.

6.1.1 System architecture

The overall architecture of ASLS can be depicted by Figure 6.1. Individual learners log 

into the system for learning via networked digital devices. They can study individually 

in an electronic learning space, and if they wish, they can learn collaboratively with 

other learners in groups through the learning spaces. The agents work in the 

background, independently of learners, observe and monitor the events that happen in 

the learning spaces. Any change taking place in a learning space made by an individual 

learner is represented as an event. The agents autonomously detect these events and take 

actions to respond them.

In order to provide learners with individualized services, the agents build and timely 

update profiles for learners through collecting detected events and inducing from them.

Learning
design Collecting and inducingLearner

profiles

UOL
v database Suggesting 

and advising Electronic 
learning spacesSoftware

agentsActivity
list Learner

Monitoring
Learning activities

Checklist

The agent-supported learning system

Figure 6.1: Overall architecture of the agent-supported learning system
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They monitor and evaluate the learning of individual learners and present suggestions 

and advise them when necessary. All the suggestions or advice are customized to 

individual learners; they are dynamically generated based on the actual learning scene 

and the learner’s profile. The agents present suggestions or advise learners through the 

learning spaces.

All the rules related to what supportive services should be provided for which 

learners at what moment in a learning process are stored in the UOL database (the issue 

concerning the development of the UOL database will be addressed in Section 6.3). The 

UOL database contains a collection of careful designed learning units, each of which is 

stored in a UOL record that, by using LPSL (see Section 4.3.3), defines how to organize 

the learning for different learners to achieve the objective of the unit, including the 

learning plans, learning materials, assessment methods, and case study materials (see

4.3.3 for details). The agents provide services for individual learners according to these 

rules. They offer learners with learning plans that are from the UOL database to assist 

learners to develop their personal preferred learning plans for example. When detecting 

a learner has set up a learning goal, the agents identify a unit from the UOL database 

through matching the learner’s goal to the objective of a unit. The UOL record for the 

unit is captured from the UOL database. Then the agents extract learning plans from the 

UOL record based on the learner’s profile, and recommend them to the learner.

The activity list and the checklist are for managing learner’s learning processes (the 

two lists will be investigated in Section 6.4). When a learner initiates the learning for a 

unit, the unit, its learning goal, and the adopted learning plan for the goal are together 

put into the activity list. Meanwhile all the learning tasks of the unit are put into the 

checklist. When a learner has completed all the tasks of a unit, the unit in the checklist 

will be checked. The two lists are dynamically updated and maintained by the agents 

according to the actual learning progress of individual learners. With the two lists, the 

agents can keep track on individual learning and suggest learning adjustment when it is 

necessary. For example, when a learner starts learning a new unit, the agents can judge 

if he or she has completed all the units planned to learn prior to the one he/she is going 

to study through the two lists. If not, the agents will advise the learner to adjust learning.

The agents observe and monitor the learning of individual learners. If evidence 

indicating a learner is not able to achieve the objective of a unit by using the current
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learning plan is detected, the agents will advise the learner of new learning plans that 

they attain from the other optional plans for the goal in the UOL database.

As seen from the above description, the actions taken by the agents in the learning 

process are very similar to what a “constructivist teacher' will do in the same scene. 

The realization of such a role is built upon the specific features and reasoning methods 

of software agents and as well the comprehensive use of the UOL database, the activity 

list, and the checklist. The beneficial effects of the services to facilitate individual 

learner’s knowledge construction in an entire learning process will be analyzed in detail 

in Section 6.5.

6.1.2 Working environment

ASLS is implemented through a seamless link with the LiveNet system. The electronic 

learning spaces for learners to study are realized in the LiveNet system. Learners log 

into the system to study via a learning space interface. The dynamic information of the 

learning spaces is managed by the LiveNet system through a relational database 

management system (see Section 3.3). The agents observe and monitor individual 

learner's learning through monitoring the events that happen in the learning spaces. The 

agents offer individual learners supportive services via a learning space interface.

6.1.3 System prototype

A prototype of ASLS has been developed and several services to facilitate learning of 

individual learners have been implemented. Figure 6.2 (see the next page) is a screen 

shot of the first interface the prototype shows when a learner signs in. An individual 

learner can enter or choose a learning goal in the interface, and the system then forwards 

the learner to a corresponding subject. The following will give an introductory 

description of the prototype through examples, focusing on the services that have been 

implemented in the prototype.

Suppose Peter Wilson, a learner who wants to design a database for his company, 

selects “Designing a database system ' as the learning goal. After he submits this goal, the 

system will forward him to subject “Database design', the screen shot is shown in Figure

6.3 (see the next page). Here, his personal assistant agent (PAA), with the assistance of 

other agents, offers him a suggestion regarding what he should do next: “Based on your 

learning history and learning characteristics, I think it is best for you to learn ‘Design 

techniques and models' at this stage." in a popup window. This suggestion is created
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Figure 6.2: First interface of ASLS prototype

based on Peters learning history and learning characteristics stored in his profile (see 

Section 5.3 for the details of learner profile). It aims to guide Peter to advance his 

learning. Note that the suggestion context for other learner may be different, for example 

it may recommend to learn “Conceptual design" or other topics, because it is generated 

based on the profile of the learner.
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Figure 6.3: Subject interface after the learner has selected a goal

For the suggestion offered by the agents, Peter has the option to accept it or reject it. 

The purpose of designing in this way is to support learner control and encourage active 

learning by learners (see Section 5.2 for details). If Peter does not like the suggestion, he
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can ignore it by clicking on any other topic he would like to study. Alternatively, he can 

click on the “Mure suggestions" in the popup window to read those suggestions offered 

by his PAA. He can also click on the check box “Do not display the step-by-step 

suggestion again" to let such suggestions no longer appear.

Suppose Peter would like to accept the suggestion, he clicks on “Design techniques 

and models" on the interface. He is then forwarded to an interface relevant to the theme, 

as shown in Figure 6.4. Again, he is offered a suggestion regarding what he should do 

next in a popup window. The agents, in this way, step by step assist individual learners to 

get through a learning process. If Peter is now interested in looking at other suggestions 

offered by his PAA, he clicks on the “More suggestions" in the popup window. Another 

window, shown in Figure 6.5 (see the next page), appears and displays those suggestions. 

They are the suggestions for Peter on the learning for the current unit:

• another most suitable learning resource he can use for learning the unit;

• the most suitable tutor he can contact to attain assistance for the unit;

• the most suitable fellow learner he can study together for the unit; and

• the most suitable online discussion forum he can enter to participate in the 

discussion on the theme of the current unit.

All these are generated based on the unit Peter is current learning and his profile, aiming 

to assist him to perform learning for the unit from multiple different angles. If Peter is 

interested in any one, he may click it to attain further assistance.
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Figure 6.4: “Design techniques and models” interface
Suppose Peter is not interested in any of them, he closes the window by clicking on 

the “Close” button. Rather, he would like to see what services he can attain from agents at
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Figure 6.5: “More suggestions” window

this stage. Hence, he clicks on the “Agent Services” button and then he gets an “Agent 

Services” window shown in Figure 6.6.

-Iclxl

constructs of

Learning Learning Cave Contact -—’ Servicematerials plans Forums Evaluate studies people My profile 3Cttinq3

'/s> - m ©j | . / h»p://138.2S 8 208/lcarnnq/Tutor.)$p^orH^b008<pos<tiorv-cfc5/db5.btm (£$ Go j C©

O Agent Services - Mozdla FirefoK
> the jobj

Dear Peter,
Welcome to use the Agent Services! Please choose the service you 
want by clicking the corresponding image button. I together with 
other agents will provide you with the services.

Help j Hide |

j Owe

“Agent Services” button

Click on any button in 
the bar to request a 
corresponding service

“Agent Services” 
window

Figure 6.6: “Agent services” window

In the “Agent Services” window, Peter can ask agents to provide services for:

• learning materials for the current theme;

• learning plans for the current theme;

• online forums for the discussion on the current theme;

• evaluation methods for assessing the learning of the current theme;

• case study materials for scaffolding the learning of the current theme; and
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• contact people to collaborate or to get assistance for the current theme.

He can also view his profile the agents have maintained for him so far, and customize the 

service settings. If Peter wants any one of the services, he can request it by clicking on 

the corresponding image button in the button bar. The following will briefly illustrate 

what supportive services Peter will attain through these image buttons.

Figure 6.7 shows the screen shot after Peter clicks on the “Learning materials" button. 

He is offered multiple optional learning materials suitable for the current learning theme.

Suggestion about 
learning materials 
for the current unit

Figure 6.7: Suggesting learning materials
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Figure 6.8 illustrates the service content after Peter clicks on the “Learning plans” 

button in the “Agent Services” window. The agents offer multiple optional learning plans
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Figure 6.8: Suggesting learning plans
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that are suitable for him to adopt for accomplishing the learning for the current theme.

Note here multiple optional learning materials and learning plans are offered to Peter. 

This design is to ensure Peter could use his preferred learning material and learning plan 

to study the current theme and to facilitate him to build knowledge by using constructivist 

ways (see Section 2.1 for the details of constructivist theories for learning).

All the suggestions are optional and hence, Peter is free to accept any one of them or 

reject them using his own ones. If he wants to accept a plan recommended by his PAA, 

for example, he only needs to click on the “Follow the plan' in the plan line (see Figure 

6.8), and the agent will forward him to the suitable learning step defined in the plan. Also, 

he can look at the detailed learning steps of a plan before making a decision. After he 

clicks on the “See the steps” in a plan line, the detailed steps of the plan will be displayed, 

as shown in Figure 6.9. Note the “Remarks' column in each learning step. The 

“Completed’ at the first step implies Peter has completed this step before. For Peter, the 

learning step he should take next is the second step of the plan. * *
..... . : .. ■ ,>■ ■ HHi

Eie £dt Sew 5o gootonaiks Iooh Met O

* A ' A [” http://l38.2S 8 208/tearning/Tutor isp^or-DbOO&poiilwri-dbS/dbS.htm H ©Ge fli |

To help learners examine a learning plan in a high efficient and easy way, the agents 

also supply the functionality that visually represents a learning plan. After Peter clicks on 

“Visualize the plan ’ in a plan line (see Figure 6.8), he will be presented with an 

interactive visual interface to inspect the learning plan, as shown in Figure 6.10.

The visual interface consists of two parts: the left panel displays a visual tree-structure 

that represents a learning plan; the right panel contains a presentation of the detailed 

information about a focused learning step in the learning plan. Such a context + focus 

technique (Nguyen & Huang, 2004; Huang, Eades & Cohen, 1998) is used for the

The detailed learning 
steps of the learning 
plan

Figure 6.9: Detailed learning steps of a learning plan



Chapter 6 157

Sp Visual expression of learning plans - Media Wefo*

V* -

Edit View Go goofcmarks Tools Help

yA r
Q

i ; http://138.25 8.208/ledrning/applet j*c/vp/planD«sp.|sp?for=Desigri

Visualization

Click on any unit to 
see the graphical 
representation of its 
learning step

■ .d

The information related to 
the unit you*ve clicked is 
below:

Dnit title:
[DesignTechmques and models

Learning objectioes of the 
unit:

Knowledge of design 
techniques. Knowledge of data 
models.

e able to use three data 
; models.

Prerequisites for learning the 
unit:

e basic knowledgec °f
Help 1 H,de |

Figure 6.10: Visual representation of a learning plan

efficient navigation and analysis of the learning plan. In the interactive interface, if Peter 

clicks on a unit, the graphical representation of the learning plan will be updated so that 

the learning steps of the unit being clicked will be included in the tree. The information 

on the right panel will be simultaneously updated, displaying the objectives of the unit 

being clicked, the prerequisite for learning the unit, the learning resources for the unit, 

the recommended steps, and the conduct sequence to study the unit. The information of a 

learning step together with the graphical display of the entire learning plan can 

significantly reduce cognitive overload of learners in understanding the learning plan.

Figure 6.11 (see the next page) shows the screen shot after Peter clicks on the 

“Evaluate” button in the “Agent Services” window shown in Figure 6.6. The agents, 

through an “Evaluation window", offer him the available evaluation approaches to access 

the learning for the current unit “Design techniques and models". Basically the suggested 

approaches of evaluation include two categories, quiz or interaction program. In the 

former, the learning is evaluated through the execution of a quiz; in the latter, the learning 

is evaluated through the execution of an interactive program that simulates a practical 

task related to the theme of the current unit. For either category, Peter can start the 

evaluation by clicking on the one he wants. Through the evaluation, Peter can timely find 

problems in his learning for the unit and revise learning strategies accordingly. This 

design conforms to the constructivist conceptions of learning because constructivists 

emphasize the procedure of knowledge construction, not just the final result (Jonassen, 

1991a).
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Figure 6.12 shows the screen shot after Peter dicks on the “Contact people" button in 

the “Agent Sendees" window shown in Figure 6.6. The agents, through a “Contact 

people" window, present two lists of people for Peter to get assistance for learning the 

current unit “.Design techniques and models". One is a list of his fellow learners and the 

other is a list of teachers/experts. If Peter wants to contact any one of the people in either 

list, he can do so by clicking on the email address provided in the list. This design not 

only provides an effective channel for learners to get assistance for a particular learning 

theme but also provides them with an opportunity to enhance knowledge building through

collaboration with other learners and teachers.
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Figure 6.13 shows the screen shot after Peter clicks on the “My profile" button in the 

“Agent Services" window shown in Figure 6.6. The agents, through a “My profile" 

window, displays all the information relevant to him collected by the system. The 

information mainly includes four parts:

• the basic information for his identification (see ®);

• his cognition ability (see (b));

• his learning styles (see ©); and

• his learning history (see @).

The information about the cognition ability and the learning styles can be changed by him 

but the information about the learning history is not allowed to be changed by him. This 

design allows a learner to check/modify his or her profile information. The purpose is to 

facilitate learner’s reflection on the cognitive strategies, which is a key in the 

development of meta-cognitive skills (see Section 5.2 for details). Moreover, in Figure 

6.13, Peter can also call for a concept map to visually display the units he has already 

completed and needs to perform for his learning goal. Here the concept map can function 

in four ways: a study guide, a knowledge integration tool, a planning tool, and a tool for 

assessing what a learner knows (Jonassen, 2000).

Figure 6.13: Learner profile
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Figure 6.14 shows the screen shot after Peter clicks on the “Service settings'’ button in 

the “Agent Services" window shown in Figure 6.6. The agents, through a “Configuring 

agent services" window, provide an interface for Peter to customize the service settings. 

He can easily choose the services he wants based on his requirement and preferences. 

This design is to cater for learners with individualized services (see Section 5.3 for why
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Figure 6.14: “Configuring agent services” window

to provide individualized services for learners). Note the check box “Step-by-step 

suggestions in a popup window” in the interface: the agents will not actively offer step- 

by-step suggestions if the check box is not checked.

The above has illustrated what supportive services Peter can attain through the image 

buttons in the “Agent Services’’’’ window shown in Figure 6.6. The below will illustrate 

how the agents assists Peter to get through a learning process. When he initiates learning 

a unit, the event will be picked up by the agents. In response to the event, they will send 

him an email to let him to submit artifacts for the unit. As an example, Figure 6.15 shows 

an email they send to Peter when perceiving the event that he has started to learn unit 

“Design techniques and models”. After Peter has completed the related artifacts for the 

unit, he can submit them via the URL provided in the email. If he clicks on the URL, he 

will be presented with an “Artifact File Submission Sheet”, as shown in Figure 6.16. After 

entering an artifact file in the “Artifact file” box, he can submit the artifact by simply 

clicking on the “Submit” button.

Figure 6.15: Email message from the learning system
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When the agents detect that Peter has submitted an artifact file for unit “Design 

techniques and models”, they will respond the event by sending Peter a message to 

acknowledge the submission. At the same time, the agents will also initiate a peer 

evaluation process for the artifact fde. They may ask a domain expert to evaluate the 

submitted artifact file or use a particular procedure to evaluate it. For the present 

example, it will be sent to David Sparks or Ann Dyson for evaluation. If the returned 

result illustrates the artifact fde has achieved the goal of the unit, and all the items in the 

checklist for the unit have been checked (see Section 6.4 for checklist), the agent will 

send Peter an email to congratulate him on his successful completion of the learning for 

the unit. Meanwhile, the agents will update Peter's profde (change his learning history 

record). Otherwise, the agents will suggest him adjust learning.

Suppose Peter has submitted an artifact file for the unit “Database design process”, 

the first learning step of the unit “Design techniques and models” (see Figure 6.9), and 

the evaluation illustrates the goal of the unit has been achieved. Peter will receive a 

notifying email, as shown in Figure 6.17.

Suppose Peter has submitted another artifact file for the unit “The Entity-relationship 

model”, the second learning step of the unit “Design techniques and models”, and this 

time the evaluation indicates the requirements of the unit have not been satisfied. Because 

Peter has not achieved the goal defined in the unit “The Entity-relationship model”, he 

should not move to the next learning step: “Documentation of E-R schemas”, as 

scheduled in the plan being adopted (see Figure 6.9). Hence, the agents suggest him to 

adjust learning. The advice message is shown in Figure 6.18.
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Figure 6.18: Advising learning adjustment

To summarize, the above description provides an introduction to the prototype we 

have developed so far. It has demonstrated the major services it can provide for 

individual learners during their learning processes. For the purpose of clearness and 

ease to follow, several other services have not been included in the above description. 

The related implementation will be explored in the following sections.

6.2 Multi-agent architecture

As stated previously, all the services that ASLS provides for learners to facilitate 

knowledge construction are implemented by software agents. The agency 

characteristics, the approaches to make decisions based on some mentalistic attributes, 

and the specific interacting and working manners make the services more rational,
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efficient, and more attracting as well. This section will focus on the multi-agent 

architecture in ASLS.

6.2.1 Tasks of the agents

The agents are employed for the realization of the services to facilitate construction of 

knowledge by individual learners. Conceptually, their tasks include:

• monitoring the behaviours of individual learners in learning;

• evaluating the learning progress of individual learners based on the learning plan 

being adopted; and

• guiding individual learners to proceed through the learning process.

Apparently the agents in ASLS are not expected to take on a particular role in a

learning process as pedagogical agents do. What they are expected to do is to provide 

process-oriented services to assist learners to get through a learning process. They are 

designed to work at the background monitoring and observing the behaviours of 

individual learners in learning, evaluate his or her learning progress, and offer him or 

her various assistance whenever necessary. They focus on the generic learning process 

of learners rather than a particular learning task. Hence, they are domain independent 

and need not understand the knowledge of a particular subject.

6.2.2 Agent society in ASLS

In order to accomplish the tasks identified above, a collection of individual agents with 

specific expertise are employed in ASLS. They form a multi-agent society. As 

investigated in Chapter 5 (see Section 5.5), three classes of agents are employed in 

ASLS: personal assistant agents (PAA), managing agents (MA), and planning agent 

(PA). The first two classes respectively contain a number of agent instances. For more 

detail, the agent society in ASLS can be described below:

A PAA works for an individual learner to assist the learner to conduct learning. It 

interacts with the learner and serves as a personal assistant for the learner in his or her 

learning process. The PAA manages the learner’s profile, including cognition level, 

learning styles, and learning history, and provides this information for other agents 

when being requested.

A MA is assigned to a unique UOL to assist individual learners to perform the 

learning tasks defined in the UOL. It is in charge of the realization of the services
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relating to the particular learning theme of the UOL, such as learning materials, case 

studies, discussion forums, evaluation methods, and contact people.

The PA is a particular agent for learning plans, which is responsible for the work 

relevant to the learning plans of the learners. Its tasks include designing the learning 

plans for a particular goal and for a particular learner, and adjusting a learning plan 

under a certain condition.

The agents in the multi-agent architecture dynamically evolve; they have their own 

life-cycle respectively. For instance, a PAA is created when a learner logs into the 

system for learning, and is deleted when the learner logs off from the system. Figure 

6.19 shows the capabilities of the selected agents in the architecture.

Case studies
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Planning 
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materials

Figure 6.19: Capabilities of the selected agents in ASLS

6.2.3 Interaction and collaboration of the agents

The overall objective of the agents in the multi-agent architecture has been designated 

to provide services for individual learners to facilitate their knowledge construction. To 

achieve the objective, the agents need to interact with each other to collaboratively take 

actions. The agents interact through sending and receiving messages. A message carries 

a piece of information that the sender wants the receiver agent(s) to know.

The interaction among these agents is very complicated. The implementation details 

will be reported in the next chapter. Here the interaction and collaboration procedure is 

illustrated via a simplified example where only the selected agents are involved. As 

depicted in Figure 6.20, the PAA for a learner captures the learning requirements and
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Figure 6.20: Interaction and collaboration of the selected agents

learning characteristics of the learner through monitoring and observing his or her 

learning behaviours. It maintains a profile for the learner and provides this information 

to other agents when being requested. When the PAA perceives its owner learner has 

setup a particular learning goal, it requests the PA to generate learning plans for the 

goal. The PA, based on the goal and the learning characteristics of the learner, provided 

by the PAA, generates learning plans for that goal and, through the PAA, presents to the 

learner for making decisions. When the learner starts the learning for a unit, a MA is 

launched for assisting him or her to perform the learning activities of that unit. The MA 

manages the execution of the learning activity tasks in the unit according to the plan 

being adopted by the learner. It reports the progressive nature of the plan to the PA, and 

the latter will revise the plan accordingly. The MA, based on the sequence of the 

learning activities scheduled in the adopted plan, delegates a learning activity, creates a 

learning space for the learning activity, and builds a MA for it as well. The agent for the 

activity further creates MAs for actions to assist the completion of the related actions in 

the activity and reports the progress to its creator MA. The MA will delegate another 

learning activity after it receives the report from the agent for the activity on the 

completion of the activity it has been associated with.
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6.2.4 Working modes of the agents

As claimed in Chapter 5 (see Section 5.5), a hybrid agent architecture that combines a 

reactive reasoning and a BDI based proactive reasoning is adopted in our work. The 

purpose is for rapid reaction and sophisticated deduction. The reactive reasoning allows 

an agent to behave in a situation-action manner. Without doing complex symbolic 

reasoning, the agent simply follows pre-defined event-condition-action rules to 

determine which actions it should execute for achieving its goal. The BDI based 

proactive reasoning, on the other hand, requires an agent to carry out logical reasoning. 

The logical reasoning, by using a set of mental categories, beliefs, desires and 

intentions, decides which course of action to follow to achieve the agent’s goal, taking 

into account the current state of environment, events occurring during the process of 

goal achievement, and the failure/success of past actions (Russell & Norvig, 2003).

The general principles and implementation procedure of the two decision-making 

methods have been investigated in Chapter 3 (see Section 3.5). For our work, what is 

needed is the careful design of the conceptual models of all the agent instances so that 

the events and actions of the agents will form an event-and-action chain, namely when 

an event occurs in a learning space, one agent will react to the event, by using the 

reactive reasoning or the BDI based proactive reasoning. The reaction will change the 

environment, and the change will produce new events. The new events will further 

result in other agent actions. The goal is towards the overall agent objective: facilitating 

individual learning and collaborative learning among learners in groups.

All the related agent conceptual models will be presented in the next chapter. Here 

the procedure that the agents work towards the overall objective is illustrated by using 

Figure 6.21. All the agents, independently of learners, autonomously monitor the 

learning spaces, observe and react to the events happening in the learning spaces. Any 

change taking place in a learning space made by a learner is represented as an event. 

When an event occurs, such as a learner has setup a learning goal, a chain of event-and- 

action will be activated. The agent responsible for the event will take actions based on 

the matched rule. It may execute an action by a reactive reasoning or activate a goal to 

be achieved by a BDI based proactive reasoning. In both cases the result will change 

the environment towards the overall agent goal.
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Figure 6.21: Working mode of the agents (adapted from (Lin, 2005))

An agent is able to assess its beliefs in a designated time interval. If specific agent 

beliefs are found, a goal may be initialized and activated. After a goal is initialized, a 

plan option is generated by matching a plan goal to this initialized goal and a decision is 

made to choose a plan from the plan option to achieve the goal. Once a plan is chosen, 

the actions contained in the plan body are scheduled and executed (see Section 5.5.4 for 

the details of an agent plan). Because some plans may include interaction actions to be 

executed, interactions are included in the proactive reasoning. In addition, inference 

rules are used in the reasoning and decision-making to choose a goal or a plan from the 

goal option or plan option respectively. The development of the related briefs, goals, 

actions, plans, and the inference rules will be explored in the next chapter.

6.2.5 Administration of the agents

The multi-agent architecture in ASLS is open. An individual agent can joint the 

architecture or leave it freely without affecting other agents’ work. As it can be seen, in 

a learning process of individual learners, some agents start working and some stop 

running as learning progresses. A specific agent administration mechanism in the 

system is in charge of the administration of all the agent instances in the architecture. 

As shown in Figure 6.22, every agent sends a register message which contains its 

general information, including its ID, type, owner, and user, to the administration 

mechanism when it is launched (see Section 5.5.4 for the general information of an 

agent). Similarly, before an agent stops working, it sends a un-register message to the
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Figure 6.22: Administration of the agents in ASLS 

administration mechanism. The administration mechanism maintains the dynamic 

information of all the agent instances in the multi-agent architecture. It also provides 

some intermediate services to assist the agents to exchange messages.

6.3 UOL database

As mentioned previously, a UOL database is used in ASLS to provide agents with some 

beliefs or rules related to what supportive services should be provided for which 

learners at what moment in a learning process. The UOL database is one of the crucial 

components in the system. It provides agents with the knowledge for how to link the 

actual learning scenes with the corresponding services for different learners. This 

section will investigate the design and implementation of the UOL database.

6.3.1 Roles of the UOL database

In ASLS, the agents work in the background, monitor the learning of individual learners, 

and provide supportive services whenever necessary. In order for the agents to provide 

“adaptive services” that meet individual learner's just-in-time needs or even just-for-me 

needs in the learning process, knowledge about the learning activities being conducted, 

the actual learning progress and the learner's learning styles is necessary. It also requires 

combining the learning scenes and learning styles with the corresponding services 

together. The UOL database is being used to implement the combination.

As shown in Figure 6.23, the UOL database provides links between an actual 

learning scene and the corresponding service for individual learners. It takes input from 

• the actual learning scene, and
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Figure 6.23: Role of the UOL database

• the information relevant to the profile of the learner

and it, based on those two inputs, provides information for how to offer a corresponding 

service for the learner in the scene.

The UOL database provides knowledge for the agents. Using the knowledge the 

agents determine supportive services for individual learners in different learning scenes.

6.3.2 Development of the UOL database

The UOL database contains a collection of UOL records. As described in Section 4.3, a 

UOL is a learning unit that satisfies one or more learning objectives. It may correspond 

to a course, a module, or even a single learning activity such as a discussion to elaborate 

on some ideas. As a learning goal can be divided into several sub-goals, a UOL may 

reference several UOLs to respectively fulfill the sub-goals. This way enables a 

hierarchical architecture of a module or a subject to be defined if required.

A UOL should be carefully designed based on constructivist learning theory. 

Conceptually the design process includes the following steps:

• designing the overall learning objectives that will be achieved by learners who 

complete the UOL.

• designing how to achieve the goal. Different learning routes to reach the goal 

designed for the UOL are designed. Firstly, different learning routes are designed 

for different learners based on their cognitive levels and learning styles. Secondly, 

optional learning routes are designed for a unique category of learners so that they 

can select an optimized one. Each learning route determines detailed learning steps 

respectively for a sub-goal and their sequences. It is in fact a particular learning 

plan that learners can follow to achieve the UOL goal.

• specifying required learning materials. Learning materials which can be adopted 

by learners to achieve the UOL goal are specified. The learning materials can be in 

any form but are mostly Web resources. Multiple optional learning materials are 

specified for individual learning requirements.

UOL
database

Corresponding
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• specifying related evaluation methods and case study materials. The evaluation 

methods that can be used to assess the learning for the UOL are specified, which 

may be a quiz or an interactive program. The case study materials that can be used 

to scaffold learners to accomplish the learning for the UOL are specified. Again, 

for the purpose of supporting individualized learning, multiple optional evaluation 

methods and case study materials are specified.

In order to accomplish the above learning designs for a UOL, the designer team must 

include pedagogical experts and domain experts. They must follow some principles, 

which have been intensively investigated by many researchers and practitioners, such as 

Koper & Tattersall (2005), Hussein (2005), Gillani (2003), and French et al. (1999). It 

is fair to say that it is not easy to design a series of UOLs for a subject that can be put 

into practical applications, and to do that usually requires a considerable time and cost.

Currently the UOL database in the system prototype only contains a limited number 

of UOLs. They are for the goal “Designing a database system” and mainly for 

demonstrating the feasibility of the system. For the practical application, more UOLs 

must be designed and appended into the UOL database.

6.3.3 Architecture of the UOL database

As presented in Chapter 4, a learning process specification language, LPSL, has been 

developed to describe a UOL (see Section 4.3 for the details of LPSL). By the 

specification language, a UOL developed using the approach described in the previous 

subsection is described through seven composite elements, Metadata, Roles, Content, 

Methods, Assessments, Case studies and Learning plans. Each of them contains more 

elementary fields (see Section 4.3.3 for details).

Each of the UOLs that are included in the UOL database is a carefully designed 

learning scene where not only the learning content for a particular goal is specified but 

also the relevant learning activities, the conduct sequences, the evaluation methods, and 

the supportive services for various types of learners are defined as well. All these are 

described by the specification language presented in Section 4.3, namely, they are 

represented in the seven composite fields.

From the perspective of structure, the UOL database includes a set of the UOL 

records. Each record consists of seven compound fields. Every compound field contains 

more elementary fields. In this way, the UOL database has a complex hierarchical
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architecture. Also, there is no standard record architecture, for example an Activity 

structure field in different UOL records may contain different numbers of Activity 

sequence fields (see Section 4.3.3 for details).

6.3.4 XML implementation of the UOL database

The requirement analyses to the UOL database indicate that the database must be shared 

between multiple components. There is no massive amount of data that need to be 

inserted, updated or deleted on a daily basis. The major operations are related to 

searching for a particular UOL from the database and parsing the matched UOL. The 

structure of the database is not only very complex but also has no standard format as 

well. Clearly these features make it improper to use a relational database management 

system, such as Sybase or Oracle, to implement the UOL database. Instead, XML 

technology is particularly suitable for the implementation of the UOL database.

XML (Extensible Markup Language) is a well-known recommendation by the World 

Wide Web Consortium (W3C, 2004) for a meta-language to define markups for 

electronic data exchange and storage and other purposes. It allows users to arbitrarily 

extend tags and their attributes to represent data with complex structure. It supplies 

validation of the structure of an XML file with respect to an elective document-structure 

grammar, by a DTD (Document Type Definition) or an XML Schema (Floyd, 1999). 

Because of these attracting features, XML is now being used as an important means for 

data exchange and publishing over the Internet. Similarly, these features make it 

particularly suitable for the implementation of the UOL database.

The UOL database is being implemented in an XML file, with each UOL record 

within a tag Unit. Figure 6.24 shows the DTD description of the UOL database in the 

XML implementation. Each tag in the figure is to store the content of the corresponded 

component of LPSL described in Section 4.3.3.

6.3.5 Parsing the UOL database

For our work, it is extremely important to adopt an efficient and flexible way to parse 

the UOL database. This is because the parsing of a UOL is such a fundamental 

operation that it is involved in almost all the services provided for learners. Obviously 

the requirement for quick parsing must be satisfied; otherwise the long parsing time 

would make the services useless.
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<!— This is the DTD description of the UOL database in the XML implementation —>
<!ELEMENT Uol (Unit+)>
<!ELEMENT Unit (Metadata, Roles, Content, Methods, Assessments?, Case-studies?, Leaming-plans)> 
clATTLIST Unit Id ID #REQU1RED>
<!ELEMENT Metadata (Unit-type, Title, Keywords, Date-last-change, Prerequisites, Learning-objectives) > 
clELEMENT Unit-type (#PCDATA)>
<!ELEMENT Title (#PCDATA)>
<!ELEMENT Keywords (#PCDATA)>
<!ELEMENT Date-last-change (#PCDATA)>
<!ELEMENT Prerequisites (Prerequisite*)>
<!ELEMENT Prerequisite (Prerequisite-unit, Prerequisite-description, Prerequisite-type)>
<!ELEMENT Prerequisite-unit (#PCDATA)>
<!ELEMENT Prerequisite-description (#PCDATA)>
<!ELEMENT Prerequisite-type (#PCDATA)>
<!ELEMENT Learning-objectives (Leaming-objective+) >
<!ELEMENT Learning-objective (Objective-description, Objective-type)>
<!ELEMENT Objective-description (#PCDATA)>
<!ELEMENT Objective-type (#PCDATA)>

<!ELEMENT Roles (Learner, Tutor?)>
<!ELEMENT Learner (Property+)> 
clELEMENT Property (#PCDATA)> 
clATTLIST Property Id ID #REQUIRED> 
clELEMENT Tutor (Tutor-property+)> 
clELEMENT Tutor-property (#PCDATA)>
ClATTLIST Tutor-property Id ID #REQUIRED>

Cl— Content contains two components i.e., Activity and Learning-resource — > 
clELEMENT Content (Activity*, Leaming-resource+) >
clELEMENT Activity (Activity-type, What, Activity-completed, Activity-input*, Activity-output*)>
ClATTLIST Activity Id ID #REQU!RED> 
clELEMENT Activity-type (#PCDATA)> 
clELEMENT What (#PCDATA)> 
clELEMENT Activity-completed (#PCDATA)> 
clELEMENT Activity-input (#PCDATA)>
ClELEMENT Activity-output (#PCDATA)>

clELEMENT Learning-resource (Res-traits, Content-object, Communication-object?, Tool-object?)> 
clATTLIST Learning-resource Id ID #REQUIRED> 
clELEMENT Res-traits (#PCDATA)>
clELEMENT Content-object (Content-metadata?, Content-location)> 
clATTLIST Content-object type CDATA #REQUIRED> 
clELEMENT Content-metadata (#PCDATA)> 
clELEMENT Content-location (#PCDATA)>
ClELEMENT Communication-object (#PCDATA)>
ClELEMENT Tool-object (#PCDATA)>

clELEMENT Methods (Activity-structure+)>
ClELEMENT Activity-structure (Leaming-resource-ref*, Activity-sequence+, Assessment-ref*, Case-study-ref*)> 
clATTLIST Activity-structure Id ID #REQUIRED> 
clELEMENT Leaming-resource-ref (#PCDATA)>
ClELEMENT Assessment-ref (#PCDATA)>
ClELEMENT Case-study-ref (#PCDATA)>

ClELEMENT Activity-sequence (Act-seq-type, Act-seq-traits, Act-seq-description, Leaming-step+, Service-options*)> 
ClATTLIST Activity-sequence Id ID #REQUIRED> 
clELEMENT Act-seq-type (#PCDATA)>
ClELEMENT Act-seq-traits (#PCDATA)> 
clELEMENT Act-seq-description (#PCDATA)> 
clELEMENT Service-options (#PCDATA)> 
clELEMENT Learning-step (Condition?, (Unit-ref | Activity-ref))> 
clELEMENT Unit-ref (#PCDATA)>
ClELEMENT Activity-ref (#PCDATA)>

To be continued
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Continued from the previous page

clELEMENT Condition (If, Then, Else?)>
ClELEMENT If (#PCDATA)>
ClELEMENT Then (#PCDATA)>
ClELEMENT Else (#PCDATA)>

clELEMENT Assessments (Assessment+) >
clELEMENT Assessment (Assess-type, Assess-traits, Assess-source)>
ClATTLIST Assessment Id ID #REQU1RED> 
clELEMENT Assess-type (#PCDATA)> 
clELEMENT Assess-traits (#PCDATA)>
ClELEMENT Assess-source (#PCDATA)>

clELEMENT Case-studies (Case-study+) >
clELEMENT Case-study (Case-type, Case-traits, Case-source)>
ClATTLIST Case-study Id ID #REQUIRED> 
clELEMENT Case-type (#PCDATA)>
ClELEMENT Case-traits (#PCDATA)>
ClELEMENT Case-source (#PCDATA)>

cl— Learning plans links learner’s category with the corresponding learning methods —>
clELEMENT Learning-plans (Leaming-plan-t-) >
clELEMENT Learning-plan (Property-ref, Activity-structure-ref)>
clATTLIST Learning-plan Id ID #REQUIRED>
clELEMENT Property-ref (#PCDATA)>
ClELEMENT Activity-structure-ref (#PCDATA)>

Figure 6.24: DTD description of the UOL database structure

Currently there are several XML parsers available. SAX (Simple API for XML) and 

DOM (Document Object Model) are the typical two (Maruyama, 2002). Both have a lot 

of powerful APIs which can be used for our application.

The SAX approach parses a given XML file line-by-line whereas the DOM approach 

first reads the whole XML file into memory and then parses it. Because the DOM 

approach loads the whole XML file into memory as being expressed in a tree, a hash 

table, or other data structure, it can provide much more powerful and flexible functions 

than SAX. It can also allow the repeated use of the content data once it has been loaded 

into the memory. Of course, this comes at a price as it makes a heavy demand on the 

server and for the memory resources. DOM processing is very memory intensive.

In our work, the DOM and SAX approaches are comprehensively applied to parsing 

the UOL database for the purpose of high efficiency and low cost. When searching for a 

particular UOL from the UOL database, the SAX approach is adopted to avoid the 

requirement for loading the whole UOL database into memory, which would require a 

huge memory resource in that case. When parsing the content of a UOL, the DOM 

approach is used to avoid the requirement for repeatedly loading the UOL data from the
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UOL database. In this way, not only the high speed of processing has been attained but 

also the excessive memory usage is avoided

6.4 Activity list and checklist

Guiding learners to align learning towards their goals is one of the important services 

that agents provide for learners in ASLS. The service is realized through managing the 

learning of individual learners. The agents perform the work with the aid of two lists, 

activity list and checklist. This section will explore the roles of the two lists in 

implementing the service to guide learners to align learning towards their goals.

6.4.1 Roles of the activity list and the checklist

As identified in Chapter 5 (see Section 5.1), ASLS provides a wide range of services for 

learners to facilitate knowledge construction. Among them it is one of the most 

significant supportive services to timely evaluate the learning behaviours of individual 

learners and accordingly guide them to align learning towards their learning goals. This 

is because learners may deviate off the right paths towards the learning goals in their 

learning activities due to diverse reasons. With such a service, they will be reminded or 

warned of the divergence with a minimum of delay. They can accordingly timely 

identify the problems and make the corresponding remedy immediately.

The agents in ASLS guide individual learners to align learning towards their goals 

through using two lists, activity list and checklist. All the learners are associated with 

the two lists so that the learning progress of individual learning can be managed. When 

a learner initiates the learning for a unit, the unit, its learning goal (the goal unit), and 

the adopted learning plan for achieving the goal are together put into the activity list. 

Meanwhile all the learning tasks of the unit are put into the checklist. When a learner 

has completed all its sub-tasks, the unit in the checklist will be set completed. The two 

lists are dynamically updated and maintained by the agents according to the practical 

learning progress of individual learners.

With the two lists, the agents are able to have the information about what an 

individual learner is learning, what goal it is for, and which plan the learner is adopting 

for the goal. The agents are able to keep individual learner’s learning on track because 

they can know what an individual learner has completed for a particular goal.
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Furthermore, they, by the comparison of the two lists, are able to determine what an 

individual learner should do next for achieving his/her goal. These make it possible for 

the agents to manage individual learning and suggest learning adjustment when it is 

necessary.

6.4.2 Data structure of the activity list and the checklist

The principal components of the activity list are shown in Table 6.1. Each record in the 

activity list stores the information about a unit a learner has started learning, the goal of 

the unit and the used plan to reach the goal. As an example, when learner Peter Wilson 

(ID: stuPeter) has started to study unit “Database design process” (ID: unitDb0501) in 

his learning for unit “Design techniques and models” (ID: unitDb05) by following a 

plan (ID: pla?iDb05a), a record
(stuPeter, unitDb0501, unitDb05, planDb05a, proceed)

will be inserted into the activity list. Note the last field status, “proceed” means plan 

planDb05a is being executed. If evidence that illustrates Peter is not able to achieve the 

objective of unitDb05 by using plan planDb05a is detected, the value of the field will 

be changed to “suspended”. The different statuses of a plan provide information for the 

revision of the learning plan towards a particular goal.

Table 6.1: Principal components of the activity list

Field Meaning
stu the ID of a learner
unit the ID of a unit the learner has started learning
goalunit the ID of the goal unit that the unit is for
plan the ID of the plan for achieve the goal unit

status the status of learning for the unit by using the 
plan, proceed or suspended

The checklist stores all the tasks in a unit a learner has started to study, namely all the 

tasks the learner has to accomplish in order to achieve the goal of the unit. Its principal 

components are shown in Table 6.2. There are two different cases as to the tasks of a

Table 6.2: Principal components of the checklist

Field Meaning
stu the ID of a learner
unit the ID of a unit that the learner has started learning
task a task that should be accomplished in the unit
checked if the task is accomplished, yes; otherwise no.
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unit. As the first case, the unit is a compound unit, namely the unit consists of several

units with smaller granularity. For instance, unit “Design techniques and models” is a

compound unit because it includes units “Database design process ’ (ID: unitDb0501),

“The Entity-relationship model” (ID: unitDb0502), and “Documentation of E-R

schemas” (ID: unitDb0503) (see Figure 6.9). In this case, the tasks of the unit are the

reference to other UOLs. As a result, when Peter has started to study unit “Design

techniques and models” (ID: unitDb05), the following three records
(stuPeter, unitDb05, unitDb0501, No)
(stuPeter, unitDb05, unitDb0502, No)
(stuPeter, unitDb05, unitDb0503, No)

will be inserted into the checklist. Note the “No” in the last field of a record means that 

the task in the record has not been checked; the task has not been completed yet.

As the second case, the unit is an elementary one, namely it does not consist of any 

other units. In this case, the tasks of the unit are the reference to the activities for the 

unit, such as accessing a particular resource, participating in a particular discussion, 

attending a group activity, accomplishing an appointed task, or submitting a required 

artifact. The semantics is all these activities must be accomplished in order to achieve 

the goal of the unit. As an example, suppose two activities, participating in a discussion 

(ID: actDb050202) and submitting an artifact (ID: actDb050204) are defined in unit 

“The Entity-relationship model” (ID: unitDb0502), when Peter has started learning unit 

“The Entity-relationship model”, the following two records 
(stuPeter, unitDb0502, actDb050202, No)
(stuPeter, unitDb0502, actDb050204, No) 

will be inserted into the checklist.

In both cases, the task information of a unit is attained through parsing the UOL 

database (see the description of a UOL in Section 4.3.4).

6.4.3 Management of learning by using the activity list and the checklist

The requirements to align an individual learner's learning recognized by the agents in 

ASLS take place mainly in two scenes:

• when the learner starts to study a new unit but he or she has not completed all the 

units planned to learn prior to the one he or she is going to study; and

• when evidence indicates the learner is not able to achieve the objective of the unit 

he or she is learning under the condition at that time.
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Figure 6.25: Recognizing the requirement for learning adjustment
The recognition procedure of the first scene can be depicted by Figure 6.25. When a

PAA for a learner detects the event that its owner learner starts learning a new unit, it 

will autonomously initiate a process to examine if it is appropriate for the learner to do 

so according to his or her learning history. It will suggest learning adjustment in case it 

is not appropriate. In this process, the agent first captures the learning plan that the 

learner is executing for the goal through a lookup table in the activity list. It then 

compares the checklist against the learning tasks scheduled in the plan to see if all the 

units planned to learn prior to the one he or she is going to study are checked in the 

checklist. If it is not the case, the agent will suggest the learner adjust learning.

The second scene is recognized by keeping track of the execution of the units in the 

activity list and evaluating the artifact files submitted by the learner for those units. If 

the learner fails to submit the desired artifacts for a long time after he or she started 

learning a unit, the agent will suggest him/her adjust learning. Another case is the 

evaluation to an artifact file submitted by the learner for a unit indicates that the learner 

is not able to achieve the objective of the unit. If the PAA perceives such kinds of 

events, it will suggest the learner adjust learning.

The relevant agent implementation for the recognition of the two scenes will be 

presented in Chapter 7.

6.5 Learning process in ASLS

After an overview of ASLS and the investigation into the crucial components of the 

system in the previous sections, this section will examine and analyze the beneficial 

effects of the agent services in facilitating construction of knowledge by individual 

learners in an entire learning process. To do so, the learning process of individual 

learners in ASLS will be looked at in more detail, and then the services the agents
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provide for individual learners at each learning step of the process will be examined, 

and based on these, the roles of the services for facilitating knowledge construction will 

be analyzed.

6.5.1 Learning steps in a learning process

As investigated previously in Chapter 4 (see Section 4.4.2), an instance of an online 

teaming process can be structured into the following five stages:

• Setup a learning goal based on the problem to be solved;

• Build a plan to achieve the goal;

• Carry out the plan to accomplish all the learning steps designed in the plan;

• Evaluate the learning to see whether the goal has been achieved or not, and if not, 

to see whether it is on a right path towards the goal; and

• Revise the plan if a problem in the plan being executed is found by the evaluation.

A learner experiences the same process when he or she studies in ASLS. Figure 6.26

(see the next page) sketches how a learner constructs knowledge for his or her particular 

requirements in an entire learning process. The related activities that a learner usually 

takes at each stage of a learning process can be described as follows:

• Stage 1: setup a learning goal

A learner logs into ASLS to construct knowledge for a question or issue, problem, 

case, project that the learner wants to solve.

• Stage 2: build a plan

The learner builds a plan to achieve the goal according to his or her unique learning 

characteristics. This includes defining the needed learning activities for the goal 

and determining a proper method to conduct them.

• Stage 3: carry out the plan

In this stage, the learner constructs the required knowledge step by step according 

to the sequence defined in the plan, built at the previous stage. In each learning 

step, he or she performs a particular learning activity, for example, accessing 

learning resources, discussing with other learners, doing assignments, or requesting 

assistance from other learners or teachers.

• Stage 4: evaluate the learning
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Figure 6.26: Process of knowledge construction in ASLS

In this stage, the learner performs a self-assessment. The result of the self

assessment determines what the learner will do next. If the assessment illustrates 

the learning is going along a right path towards the goal, the learner will move to 

the next learning step by continually following the current learning plan, and make 

the knowledge construction go a step further. When the assessment result illustrates 

that the designed learning goal has already been achieved, the knowledge has been 

successfully constructed for solving the problem being studied, then the learner 

will finish the learning process. Of course, sometimes the assessment result likely 

indicates the goal cannot be achieved by using the current learning plan. This 

implies the need for the plan revision. In that case, the learner goes to Stage 5.

• Stage 5: revise the plan
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The learner revises the learning plan and then goes to Stage 3 to execute the revised 

learning plan.

This is an entire learning process taken by an individual learner in ASLS. In this 

process, he or she builds knowledge for his/her particular requirements. The learning 

process is a self-regulation process of an individual learner to build ideas and concepts 

through reflection, abstraction and interaction with the learning environment. The centre 

of learning is on concept development and understanding through appropriate activities. 

A prime emphasis here is on the self-adjustment organized by the learner when the 

learning is proceeding. The learning plan is taken as a means for the self-adjustment.

It can be seen from the above description that individual learners may have problems 

during the learning process. For instance, he or she may lack of necessary prior 

knowledge or abilities to independently design an effective learning plan for his/her 

goal. He or she may have no ideas for how to assess learning outcomes and vary plans 

based on actual learning progress. In the remaining part of this section, software agents 

will be incorporated into individual learner’s learning process to assist him/her to deal 

with these problems. How the agent services influence learning will be examined.

6.5.2 Agent services in a learning process

As described in Section 6.1, the agents in ASLS work in the background, independently 

of learners, monitor and evaluate the learning of individual learners, and actively 

provide supportive services when necessary. All the supportive services are aimed to 

fulfill the actual requirements of individual learners in their learning process.

Figure 6.27 shows a few examples of the services that the agents provide at different 

stages of a learner's learning process (it is really difficult to show all the services in a 

figure due to their complicacy and the limited space within a figure). In the figure, the 

activities of a learner in a learning process are shown on the left; the corresponding 

supportive services provided by the agents are shown on the right. The major services 

that the agents provide at each stage of a learner's learning process are depicted as 

follows:

• At Stage 1 of a learners learning process, the agents assist the learner to setup a 

learning goal. For example, the agents present the learner with several goals to let 

him/her choose, or allow him/her to input keywords to define a learning goal.
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Figure 6.27: Agent services in individual learner’s knowledge construction process

Meanwhile, the agents recognize the learning goal set up by the learner so that they 

can provide services that benefit the learner to reach the goal.

• At Stage 2 of a learners learning process, the agents offer the learner several plans 

to achieve his or her goal. All these plans are extracted from the UOL database by 

the agents based on the learner’s learning goal and his/her profile, including 

cognitive ability and learning styles. These plans are suitable for the learner to 

execute to achieve his or her goal. If the learner wants to follow one of the plans 

recommended by the agents, he or she only needs to click on the plan that he or she
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wants to accept, and the agents then forward him/her to the due learning step 

defined in the plan.

• At Stage 3 of a learners learning process, the agents provide a wide range of 

services to assist the learner to conduct the related learning activities in each 

learning step. For instance, they suggest learning resources for the learner to 

access, provide online forums for the learner to take part in the discussion about the 

theme he or she is learning, recommend people for the learner to get help, and so 

forth. All these services are tailored to the learner’s actual requirement and his or 

her particular learning characteristics, based on the rules stored at the UOL 

database. Furthermore, they aim to assist the learner to develop the skills for high- 

order problem solving. All these services are not a direct solution for the problem 

under study and nor are a direct approach to getting a solution for the problem 

under study. Instead, they facilitate learner’s reflective, critical thinking, and 

provide learners with alternative options to foster the development of skills relevant 

to independent learning and problem solving.

• At Stage 4 of a learners learning process, the agents monitor and evaluate the 

learning activities taken by the learner and record the actual learning progress, 

including evaluating the artifact files submitted by the learner or requesting a 

domain expert to evaluate them and then getting back the evaluation result from the 

expert. When evidence emerges indicating that the learner is not able to achieve 

his/her goal by the current plan, the agents will suggest him/her to adjust learning. 

At this stage, the agents record the learning activities the learner has done and 

update the activity list and the checklist with the actual learning progress of the 

learner. The agents may also update the learner’s profile so that it can accurately 

characterize his/her learning characteristics.

• At Stage 5 of a learners learning process, the agents offer the learner revised plans 

for him or her to pursue his/her goal. These plans are different with the ones 

offered at Stage 2. The agents have autonomously aligned the plans for the learner 

according to his/her actual learning progressing. Currently these plans are from the 

optional plans stored in the UOL database for the goal the learner is pursuing. As 

described in Section 4.3.3, an Activity structure field may contain multiple Activity 

sequence fields, hence, there are likely multiple optional learning plans in the UOL
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database that suit the learner to approach a goal. The agents get these options and 

exclude the ones that have already been suspended, and recommend the remained 

plans for the learner as the revised plans for him/her to use.

6.5.3 Roles of the agent services to facilitate knowledge construction

It can be seen from the above description that the actions taken by the agents in each 

learning scene of the learning process are very similar to what a “constructivist teacher ’ 

will do in the same scene (see Section 2.1). Obviously these actions can provide 

cognitive guidance for individual learners.

Basically the supportive services that the agents provide have the following roles:

• Benefiting individual learners to get through a learning process. Learners may 

have problems in learning process. The agent services are directly aimed to help 

them solve these problems. For instance, when a learner builds a plan for a learning 

goal, the agents advise him/her of several plans that suit him/her to use for 

achieving the goal. He or she can follow one of them if he/she has problems in 

designing a plan by his/her own. When a learner executes a plan to reach a goal, 

the agents provide him or her with a wide range of supportive services to help 

him/her conduct relevant learning activities for the goal, including the advice on 

multiple learning resources for the current study theme, the online forums relating 

to the theme, the assessment modes for self-assessment, and the suitable people to 

get assistance. These can effectively help learners solve various potential problems 

in a learning process and hence benefit them to continue their pursuits for the 

learning goal.

• Facilitating learning in more efficient ways. The agents provide suggestions and 

advice pertaining to the selection of the resources and methods to conduct learning 

as well as the dynamic adjustment of the learning process. These, on one aspect, do 

not interrupt the learners in their learning activities so that they can be engaged in 

their own knowledge construction. Their autonomy in learning has been supported 

and encouraged sufficiently. On the other aspect, these provide learners with 

alternative options pertaining to the learning resources, learning methods, and 

learning routes, which are likely better than the ones determined by the learners 

themselves. These will let them construct knowledge in more efficient ways.
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• Facilitating more productive learning outcomes. The agents provide non- 

compulsory services, each of which has multiple options pertaining to the learning 

resources or learning methods. These support and encourage learners to construct 

knowledge by using constructivist approaches. As described in Chapter 2, 

constructivist learning can produce more productive outcomes of learning than any 

other methods of learning.

• Engaging learners in active knowledge construction and interaction with the 

agents. The agents present services for learners through the adaptive human- 

computer interfaces and with individual encouragement. The learners can be 

motivated and facilitated to conduct learning activities. The agents give timely 

responses when being requested by learners. They timely offer rational feedbacks 

to the learners on the evaluation of their learning behaviours. All these can attract 

learners actively, deeply, swiftly and more effective engagement in learning.

• Facilitating collaborative learning among learners. The agents present services for 

learners by providing their fellow learners and available online discussion forums. 

These, together with other means of supporting group activities, can significantly 

facilitate collaboration among learners in groups.

6.6 Summary

This chapter has presented an overall vision of the technological framework for the 

realization of the supportive services. Software agents are incorporated into the 

electronic learning spaces to monitor the behaviours of individual learners in learning 

and offer them a wide range of supportive services to facilitate their individual learning 

and collaborative learning with their fellows. A system prototype we have developed 

has been briefly introduced in the chapter, focusing on the services implemented in the 

prototype. The crucial components of the system, including the multi-agent architecture, 

the UOL database, the activity list, and the checklist, have been explored respectively. 

Also, the supportive services that the agents provide for individual learners in an entire 

learning process have been examined in detail and their roles analyzed.

Because the development of the multi-agent architecture is planned as the theme of 

the next chapter, this chapter has not dealt with issues relevant to the implementation of 

the agent society.
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Development of the Multi-Agent Architecture

The preceding chapter presented the technological framework for the realization of the 

services to facilitate construction of knowledge by learners; the present chapter goes on 

to investigate into the development of the software agents in the framework. Software 

agents are a core component to facilitate knowledge construction of learners in the 

agent-supported learning system (ASLS). A series of software agents with specific 

competences are being employed in ASLS to collaboratively provide learners with 

supportive services. In this chapter, the internal appearances of these agents and the 

mutual interactions between them are explored in detail from the perspectives of design 

and implementation. The chapter is organized into five sections and the theme of each 

section is outlined as follows:

• Section 7.1 illustrates the development methodology of the agent society in ASLS, 

including the used tools and the main development strategies.

• Section 7.2 presents the development of the agent frameworks in ASLS. A generic 

agent framework is investigated at the first. Then, the frameworks of individual 

agents in ASLS are derived from the generic agent framework.

• Section 7.3 presents the detailed development of the conceptual models of the three 

classes of agents employed in ASLS. The realization of the typical services is first 

explored where the tasks are decomposed and allocated to the related agents. The 

corresponding behaviour of agents is then respectively derived. Based on these, 

three conceptual models of agents are developed.

• Section 7.4 explores the communication between agents in ASLS. An overview of 

the agent-to-agent communication is briefly described and followed by an 

investigation into the message transport mechanism, message structure, message 

parameter, and message content.

• Section 7.5 provides a summary of the chapter.

185
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7.1 Overall description of the development methodology

In ASLS, all the supportive services provided for learners to facilitate knowledge 

construction are realized by a multi-agent architecture. A number of software agents in 

the architecture form an agent society. Each individual agent in the society has a 

particular intention and undertakes a particular task. They work collaboratively towards 

their common goal: provide sendees for learners to facilitate knowledge construction. 

This section will provide an overall description of the method for developing the agent 

society in the system.

7.1.1 Development tools

As described in Chapter 3 (see Section 3.7), it has become easier to build software 

agents for practical applications because a number of supportive tools and packages for 

the development of agent systems are currently available. Developers can build agents 

by directly using a programming language such as Java, C++, Prolog, Lisp, or using a 

language designed specifically for agent development such as Agent-Tcl. Also, 

developers can build agents with the assistance of the tools and packages such as 

AgentTools, AgentBuilder, Jack or JADE. For the development of the multi-agent 

architecture in ASLS, the decisions for these options and the corresponding 

considerations are described as follows.

Java has been adopted as the programming language for the development of the 

agents in ASLS. There are several reasons for this option. Firstly, Java can well satisfy 

the requirements for an appropriate agent development language (see Section 3.7); 

Secondly, Java has many powerful tools and APIs that can be applied in the 

development, which can significantly reduce development time; Thirdly, we have had 

good experiences in using Java; Finally, Java is free to download and use, which can 

save financial expenses for the development. Hence, the agent society in ASLS is 

developed by using Java. An agent instance is implemented by a Java object. The nature 

of an agent is implemented by the object-oriented features supported by Java, such as 

encapsulation and inheritance. The behaviour of an agent is defined as the member 

functions of the agent class. The communication between agents is realized through the 

communication between Java classes.
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Although currently available integrated development environments (IDEs) for agent 

development allow developers to develop agents in a quick and easy way and 

accordingly can save the developers with little background in agent technology a lot of 

development time and cost (see Section 3.7 for IDEs), we have not used any of them for 

the development of the agents in ASLS. The principal reasons can be summarized as 

follows: First, we do not want to spend time to learn the use of such an IDE although it 

is not difficult for us to do so; Second, we do not like to exactly follow the development 

process defined by an IDE because it may lose the flexibility in development, rather we 

would like to investigate various developing processes and their different combinations; 

Third, the agents in ASLS are required to be extensible as the demand for the supportive 

services to facilitate learner’s learning has increased, but the agents built by using the 

current IDEs are unable to be modified or extended by their users; Finally and the most 

importantly, it is necessary to dynamically build agent instances in ASLS, but the 

current IDEs cannot provide the functionality. Consequently, none of the IDEs has been 

used for the development of the agents in ASLS.

It should be emphasized that our non-use of the IDEs by no means illustrates we 

reject the principles and methodologies used in these IDEs. On the contrary, many of 

them have been applied in the development of the agents in ASLS. What we pursue is a 

more flexible development methodology and environment so that the advantages of the 

respective tools and packages can be comprehensively utilized and the possible 

problems and limitations can be overcome in the development of the agents in ASLS.

7.1.2 Development methodology

As stated in the previous chapter (see Section 6.2), the agent society consists of a 

number of software agents each of which has its own evolution process. It implies the 

society is an open society where agents can freely join or leave as individual learner’s 

learning proceeds. All the agents belong to three classes, personal assistant agents, 

planning agent, and managing agents. Clearly agents belonging to one class may share 

some common behavioural characteristics. How to build an agent society which could 

exhibit these features? Obviously it is inadequate to develop each of the agents one by 

one. Rather, a generic agent framework should be developed first and then all the agents 

are built from the framework through configuring the specific intention and the specific 

knowledge.
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The strategy is to build all the agents in ASLS by making use of inheritance in 

objects-oriented technology. Using such a strategy, a generic agent framework is first 

developed to be inherited to build other agents. The generic agent framework must 

include all the required classes and member functions for an agent to work. As stated in 

Section 5.5, a hybrid agent architecture that combines a reactive reasoning and a BDI 

based proactive reasoning is adopted in ASLS. Hence, the framework must be able to 

make decisions by using the reasoning methods. Moreover, it must be reusable and 

extensible so that it can be used to construct various particular agent instances in ASLS. 

When its mental states, such as beliefs, desires, and intentions, are configured according 

to some specific requirements, it then becomes a particular agent instance. For the three 

classes of agents in ASLS, they are all built from the reusable and extensible agent 

framework through inheriting the agent class, as shown in Figure 7.1.

Personal 
assistant agent

Planning agent Managing agent

Agent
framework

Figure 7.1: Building three classes of agents by inheriting the agent framework

It can be seen that this way to building agents simplifies the implementation of the 

agent society in ASLS. After the generic agent framework is developed, only limited 

effort is required to construct other agent classes. This makes the entire development of 

the agent society more economic and quicker as well. In the next section, the agent 

framework of ASLS will be presented.

7.2 Development of the agent frameworks

This section will first build a generic agent framework for all the agent instances in 

ASLS to inherit and expand, which will include the fundamental classes and the 

necessary member functions. Then, it will illustrate all the individual agent instances 

can be drawn from the generic framework by configuring the specific actions, events, 

beliefs, goals, and plans.
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7.2.1 Generic agent framework

As stated in Chapter 3 (see Section 3.4.1), a software agent in this thesis refers to “a 

computer software program that is situated in some environment and that is capable of 

flexible, autonomous action in that environment in order to meet its design objectives’’' 

(Jennings, 2000, p. 280). The environment for the agents in ASLS is the electronic 

learning spaces (see Figure 7.2). The action is the services for supporting individual 

learner's learning. An agent is built with one or more such actions and the associated 

decision functions deciding when it should execute an action and which action it should 

execute.

actions

Figure 7.2: Environment of an agent in ASLS

From the investigation in Chapter 3 (see Section 3.4.2), an agent should demonstrate 

some specific features such as proactive, autonomy, and sociability. To be proactive, an 

agent in ASLS must be an object with an internal event loop similar to that possessed by 

an object in a derivation of the Java thread class (Vidal, Buhler & Huhns, 2001). The 

event loop can be described by the pseudo code shown in Figure 7.3. As suggested by 

the code, it is an infinite loop. In each loop, the agent “senses” the learning spaces to 

monitor the change in the learning spaces, uses what it has detected to choose an action 

according to the related reasoning rules in the rule set, and then performs the action on 

the learning spaces.

LearningSpaces e;
RuleSet r;
while (true) {

state = senseLearningSpaces (e); 
a = chooseAction (state, r); 
e.appplyAction (a);

}

Figure 7.3: Pseudo code of the event loop (Adapted from (Vidal, Buhler & Huhns 2001))

The decision function chooseAction ( ) in the event loop is crucial for building an 

agent. As investigated in Chapter 3 (see Section 3.5), agents with different architectures 

adopt different approaches to choose an action to respond the perceptions. This means
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the decision function in the event loop is dependent upon the agent architecture used. If 

a reactive agent architecture is adopted, for example, the decision function will contain 

some simple event-condition-action rules. If a logic-based architecture is adopted, the 

function will include a complex decision-making procedure where an action is selected 

through logical deduction. Because the agents in ASLS use a hybrid architecture that 

combines a reactive reasoning and a BDI based proactive reasoning (see Section 5.5), 

the decision function chooses an action to be taken not only based on some simple 

event-condition-action rules but also based on the evaluation of the beliefs, desires, and 

intentions that have been associated with the agent. The reasoning involves repeatedly 

updating the beliefs the agent has through perceiving the events occurring in the 

learning spaces, deciding what options are available, “filtering” these options to 

determine new intentions, and acting on the basis of these intentions.

Figure 7.4 shows a UML description of the generic agent framework in ASLS. The 

related terms used in the figure, such as belief, goal, plan, and action, have been 

investigated in Chapter 3 (see Section 3.5) and Chapter 5 (see Section 5.5).

As it can be seen from the figure, the agent framework consists of an Agent class as 

well as classes BeliefSet, GoalSet, PlanSet, Event, Action and some fundamental 

member functions that perform reasoning to choose actions to respond the perceptions. 

The classes BeliefSet, GoalSet, and PlanSet are respectively for the management of the 

beliefs, goals, and plans associated with the agent. The class Event is for all the member 

functions that deal with the learning spaces, namely the environment where the agent is 

situated. The Action is an abstract class that defines all the activities the agent will take 

through a collection of member functions.

Figure 7.5 (see p. 192) shows the pseudo code of the two important member 

functions in the generic agent framework, the run ( ) of class Agent and the run ( ) of 

class Event. As suggested by the pseudo code, a voluntary multitasking method is used 

whereby the event thread constantly checks to make sure the current intention is 

applicable (Vidal, Buhler & Huhns, 2001). If the event thread finds it is no longer 

applicable then it will call for a stop. An intention can be stopped by calling function 

stopCurrentPlan ( ), which in turn calls function stopExecuting ( ). The Agent's run ( ) 

function consists of finding the best applicable plan and executing it to completion. If 

the execution of the plan returns true, which means the goal was achieved, the goal will
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Action

Belief

incorporateNewObservation (BeliefSet)

BeliefSet

context (BeliefSet): Boolean

type: String 
priority: int

getlnput (Agent): BeliefSet 
takeAction (Agent, Action) 
run ()

a: Agent 
thread: Thread

Event

Elements: Vector

getApplicable (GoalSet, BeliefSet): PlanSet

PlanSet

elements: Vector

getApplicable (BeliefSet): GoalSet 
add (Goal) 
remove (Goal)

GoalSet

a: Agent 
e: Event 
priority: int 
goal: Goal

satisfies (Goal): Boolean 
execute (Agent): Boolean 
context (BeliefSet): Boolean 
stopExexuting ()

B: BeliefSet 
G: GoalSet 
P: PlanSet 
I: Plan 
A: Action 
e: Event

run ( )
currentPlanlsApplicable ():Boolean 
stopCurrentPlan ( ) 
getBestPlan ( ) 
pickBest ()

Figure 7.4: UML description of the agent framework in ASLS (Adapted from (Vidal,
Buhler & Huhns, 2001))

be removed from GoalSet. In the event thread, the Agent's set of beliefs is modified by 

member function getlnput ().

In the generic framework, an agent is viewed as a specialization of the objects. 

Instead of objects whose methods are invoked directly by other objects, agents
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Agent :: run ( ) {
Event e;
e . run ( ) ;

while (true) {
I = getBestPlan ( );
if ( I.execute ( ) )

G
}

}

Event ::

.remove (I.goal);

run ( ) {
while (true) {

a. B.incorporateNewObservation (getlnput (a));
if ( ! a.currentPlanlsApplicable ( ))

a.stopCurrentPlan ( );
sleep (someShortTime);

}
}

Figure 7.5: Two important member functions in the agent framework (Adapted 
from (Vidal, Buhler & Huhns, 2001))

coordinate their actions via conversations to accomplish individual and community 

goals (DeLoach & Wood, 2001). The autonomy of an agent is implemented by 

declaring the related member functions private. In this way, only the agent can invoke 

its own functions, under its own control, and no external object can force the agent to do 

any thing it doesn’t intend. Other objects can communicate with the agent by creating 

events in the learning spaces the agent can perceive and react to (Vidal, Buhler & 

Huhns, 2001). Also, they can communicate with the agent by directly exchanging 

messages with the agent. The sociability of the agent is partially implemented through 

such communications.

The generic agent framework is independent of a particular agent used in ASLS and 

it provides a framework to build all the agent instances in ASLS. All the agents in 

ASLS are built from the framework through inheriting the classes defined in the 

framework and expanding particular components according to the roles they will take 

on.

7.2.2 Individual agent frameworks

As claimed in Chapter 5, three classes of agents, personal assistant agent, planning 

agent, and managing agent, are employed in ASLS to work together to realize the 

services to facilitate individual learner’s learning. All the three classes of agents are built 

by inheriting the generic agent framework developed in the Section 7.2.1. This is to say
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that all the individual agents in ASLS have the same framework which is inherited from 

that framework, but they have distinct intention, knowledge, and behaviour.

With the framework, the development of individual agents in ASLS is to define the 

specific behaviour according to the role each agent will take on. That is to develop their 

respective actions, events, beliefs, goals, and plans (see Figure 7.4). Hence, the task 

here is to develop the conceptual models of the individual agents (see Section 5.5.4 for 

an agent conceptual model). Since individual agents that belong to a unique class share 

some common behavioural characteristics, three conceptual models need to be 

developed to respectively describe the three classes of agents in ASLS. The next section 

will present three conceptual models through the development of their respective 

actions, events, beliefs, goals, and plans.

7.3 Development of the agent conceptual models

As discussed in Chapter 5 (see Section 5.5.4), the first step to develop the conceptual 

model of an agent is to design the role that the agent is expected to take. Other 

components are designed based on the designed role. In this section, the services that 

the agents are expected to realize will be investigated from the angles of implementation, 

where the task will be decomposed and allocated to the involved agents. The agents will 

play one or more roles in the realization of the services. How the agents make decisions 

for actions to perform the designated tasks will be explored in details. The intention is 

to derive the conceptual models of the related agent instances by using the Gaia 

methodology (see Section 3.7). Since the services that the agents are expected to realize 

in ASLS are composed of various single service tasks, such as assisting learners to 

develop personal preferred learning plans, assisting learners to access appropriate 

learning materials, and so forth (see Section 5.1 for more such single service tasks), this 

section will explore agent behaviour to respectively implement these single service 

tasks, and then combine them together to construct agent conceptual models.

Because there are a number of such single service tasks that the agents are expected 

to realize in ASLS, this section will not intend to provide an exhaustive analysis for the 

realization of all these service tasks. Rather, it will only explore two simple, typical 

examples of the single service tasks. The intention is to build the conceptual models for 

the three agent classes in ASLS and demonstrate how we develop them.
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7.3.1 Development of agent behaviour for assisting learners to build personal 

preferred learning plans

This subsection will explore how the involved agents behave so that they could take 

actions to assist individual learners to develop personal preferred learning plans for their 

learning goal. The actions, events, beliefs, goals, and plans of the involved agents will 

be developed, which will be parts of the corresponding agent conceptual model.

7.3.1.1 Task description

When an individual learner sets up a learning goal, the agents will assist the learner to 

build a learning plan to achieve the goal. The assistance is realized through advising the 

learner of several learning plans he or she can follow to achieve the goal. These plans 

are the methods for the goal extracted from a particular Activity structure field in the 

UOL database based on the actual learning scene and the specific learning 

characteristics of the learner (see Section 4.3.3 for the details of a UOL and Section

4.3.4 for the use of the rule expressed in a UOL). Every plan includes the learning 

activities to be taken and the recommended sequence.

7.3.1.2 Task decomposition and allocation

The service is realized by the coordinated effort of the personal assistant agent (PAA) 

for the learner and the planning agent (PA). The following will explore the task 

decomposition and allocation for the two agents through an example.

Suppose a learner, Peter Wilson, has just set up a learning goal “Designing a 

database system ’. When his PAA senses the event, it will autonomously initiate a 

process to assist him to build a plan to achieve the goal. As depicted in Figure 7.6, the 

PAA first sends a message to the PA to ask for the learning plans that are suitable for 

him to achieve his learning goal. For short, in the figure and the description after, Peter 

is used to stand for Peter Wilson or his user ID in ASLS; it is necessary to avoid the 

potential conflict caused by the same first name.

After having received the request, the PA first uses the received goal to retrieve the 

UOL database to find a UOL whose objective is matched with Peter’s learning goal. It 

then tries to find the learning plans in the UOL that suit learner Peter. This requires 

based on his cognitive level and learning styles. Consequently if the PA does not have 

this information, it will request his PAA for the information.



Chapter 7 195

Learner Peter

Sets up a learning goal: 
Designing a database system

Chooses a learning plan 
for the learning goal

Starts to learn Unit-*

Planning agent (PA)Personal assistant agent 
(PAA) for learner Peter

Has sensed that the owner set lip the goal

Has received the request

Has received the request

Has received the cognitive level

Has received the request

Has received the learning styles

Has received the learning plans

Has sensed the owner selected a plan

Has sensed the owner started learning the unit

Replies with the cognitive level

Puts these tasks into the checklist

Forwards Peter to Unit-x

Requests Peter’s cognitive 
level if it is not available

Filters learning plans that do 
not suit the learning styles

Gets Peter’s cognitive level 
from his profile

Gets all tasks in the learning plan 
for the goal

Adds a record to the activity list 
{Peter, Unit-x, goal, plan, proceed)

Replies with learning plans 
for Peter to achieve his 
learning goal

Finds a UOL in the UOL 
database whose objective is 
matched to the learning goal

Requests learning plans 
suitable for Peter to achieve 
the learning goal

Finds the due learning step Unit- 
x from the plan by comparing it 
with the checklist

Recommends Peter with the 
learning plans for achieving the 
goal

Gets Peter's learning styles from 
his profile

Replies with the learning styles

Extracts all learning methods 
that suit the cognitive level

Requests Peter’s learning 
styles if they are not available

Figure 7.6: Decomposition of the task to assist learners to develop learning plans
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After having had Peters cognitive level and learning styles, the PA parses the UOL 

and finds the learning plans that suit him. Then it sends them to his PAA.

The PAA for Peter, after receiving the learning plans from the PA, presents them to 

him as the recommended plans for him to make decisions. After he selects a plan, the 

PAA will forward him to the due learning step based on the plan he has chosen. Then, 

the PAA will update the activity list and checklist for the purpose of managing his 

learning plans (see Section 6.4 for the function of the activity list and checklist).

7.3.1.3 Behaviour of the related agents

In order for the PAA for Peter and the PA to accomplish the assigned task and 

collaboratively realize the goal: assisting Peter to develop a personal preferred learning 

plan, they must be respectively associated with appropriate actions, events, beliefs, 

goals, and plans. In the following, these will be developed according to the roles they 

play respectively as shown in Figure 7.6. Although there are several ways to present the 

development, the following will, for the purpose of clearness and ease of readability, in 

turn present the development for each of the involved agents respectively.

1) The personal assistant agent

First, the PAA for Peter must be associated with the following actions so that it can

conduct the allocated tasks (see the middle column of Figure 7.6):

PAA_Ala: Request the PA for learning plans that suit the owner learner to reach the goal (goal); 
PAA_Alb: Get the cognitive level of the owner learner from profile ();
PAA_Alc: Get the learning styles of the owner learner from profile ();
PAA_Ald: Reply to the requested agent with the owner’s cognitive level (agent, cognitive-level); 
PAA_Ale: Reply to the requested agent with the owner’s learning styles (agent, learning-styles); 
PAA_Alf: Recommend the learning plans to the owner learner (plans);
PAA_Alg: Attain the due learning step for the owner according to the plan (plan);
PAA_Alh: Add one unit execution to the activity list (unit, goal, plan);
PAA_Ali: Get all the tasks in the plan (plan);
PAA_Alj: Put all tasks of the unit into the checklist (tasks, unit);
PAA_Alk: Forward the owner learner to the learning step (unit);

All these actions are respectively implemented by the member functions associated with 

the agent (see Sections 5.5.4 and 7.2.1 for the implementation of the Action class of an 

agent).

Second, the set of events that the PAA will perceive from the electronic learning 

spaces, and what the PAA will produce must include the following events:
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PAAJEla: The learner has set up the learning goal (stu, goal);
PAAJElb: The PAA has sent a request to the PA for learning plans for its owner to achieve the 

learning goal (agent, goal);
PAAJElc: The PAA has received a request from the PA for its owner’s cognitive ability (agent);
PAA_Eld: The PAA has received a request from the PA for its owner’s learning styles (agent);
PAA_Ele: The PAA has received learning plans from the PA which suit its owner to achieve the 

learning goal (agent, plans, goal);
PAA_Elf: The PAA has replied the requested agent with its owner’s cognitive ability (agent);
PAA_Elg: The PAA has replied the requested agent with its owner’s learning styles (agent);
PAA_Elh: The learner has started learning the unit for the goal by following the learning plan (stu, 

unit, plan, goal);
PAA_Eli: The learner has selected the plan for the learning goal (stu, plan, goal);
PAAJElj: The PAA has recommended its owner with the learning plans (agent, plans);
PAAJElk: The PAA has forwarded its owner to the learning step (agent, unit);

It should be noted that the above events occur as the task progresses. Some happen 

due to the activities by learner Peter, such as PAA_Ela, PAA_Elh, and PAA_Eli. Some 

are produced due to the action of the agent, such as PAAJElb, PAA_Elf, and PAAJxlg. 

They describe the update information in the learning spaces.

Third, the belief set of the PAA must include the following beliefs:

PAA_Bla: Has_signed_in (owner); // The owner learner has signed in.
PAA_B lb: Agent_worksJ'or (me, owner); // This PAA is working for the owner.
PAA_Blc: if PAA_Ela (owner, goal) then StudentJias_goal (owner, goal);

// The owner learner has the goal if event PAA_Ela (owner, goal) happens.
PAAJB Id:
PAA_B le: AgentJs_working (PA); // The PA is now working.
PAA_Blf: if PAA_Eli (owner, plan, unit-y) then StudentJias_goal (owner, unit-y);

// The owner learner is now learning for goal unit-y if 
// event PAA_Eli (owner, plan, unit-y) happens. 

PAA_Blg: if PAA_Eli (owner, plan, unit-y) then the Student_executes_plan (owner, plan);
// The owner learner is using the plan if event 
// PAA_Eli (owner, plan, unit-y) happens.

PAA_Blh: if PAA_Elh (owner, unit-x, plan, goal) then StudentJsJearning (owner, unit-x);
// The owner learner is learning unit unit-x if event 
// PAA_Elh (owner, unit-x, plan, goal) happens.

All the above beliefs are the ones that the PAA for Peter must have in accomplishing 

the allocated task shown in Figure 7.6. It is worth noting that the beliefs here are the 

facts that the agent has and they dynamically change as the task progresses. As an 

example, if event PAAJEla (Peter, unit-y) happens then Peter has goal unit-y (see belief 

PAA_Blc), and some time latter, if event PAAJli (Peter, plan, unit-x) happens then Peter has 

a new goal unit-x (see belief PAA_Blf). The parameters “owtter” and “mg” are used here 

to let the expressions of beliefs are applicable for all instances of PAA in ASLS. For 

example, the belief PAA_Bla in the agent instance PAA for Peter is Has_signedjn (Peter)
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(semantic: Peter has signed in); while it is Has_signed_in (Mary) in the agent instance PAA 

for Mary (semantic: Mary has signed in).

Fourth, the goal of the PAA

PAA_G1: Assisting the owner learner to develop a learning plan 

can, based on the task decomposition shown in Figure 7.6, be decomposed into the 

following sub-goals:

PAA_Gla: Supplying the requested agent with the cognitive level of the owner learner;
PAA_Glb: Supplying the requested agent with the learning styles of the owner learner;
PAA_Glc: Finding appropriate learning plans for the owner learner to achieve a learning goal; 
PAA_Gld: Recommending the learning plans to the owner learner;
PAAJjle: Assisting the owner learner to move to the due learning step; and 
PAA_Glf: Keeping the owner learner’s learning on track.

Finally, the PAA should be associated with the following plans to ensure it can take 

rational actions to accomplish the allocated tasks:

id: plan-for-PAAjGl
name: plan -fo r-a ss is ting-the-owner-learner-to-de v elop-a-l ea n ting-plan
overall goal: PAA_G1

Body

action: PAA_AJ a (goal); II Request the PA for learning plans for the goal
pre-condition: PAAJ3 lb (me, stu) &8c PAA_Ela (stu, goal) && PAA_Ble (PA)

&& PAA__B la (stu)
II This agent works for student stu AND Student stu has set up the goal 
II AND The PA is working AND Student stu is working

sub-goal: PAA_Glc;
// The above semantic is (see Section 5.5.4 for the format of an agent plan body):
// IF the conditions PAA_Blb (me, stu) && PAAJEla (stu, goal) && PAA_Ble 
// (PA) && PAA_B la (stu) hold THEN take action PAA_Ala (goal)
// TO achieve sub-goal PAA_Glc.

action: cognitive-level =PAA_Alb (); // Get the owner’s cognitive level
PAA_Ald (PA, cognitive-level)', II Send the cognitive level to the PA 

pre-condition: PAAJElb (me, goal) && PAA_Elc (me)
// This agent has requested for learning plans AND This agent 
// has received a request for its owner’s cognitive level

sub-goal: PAA_Gla;

action: learning-styles =PAA_Alc (); // Get the owner’s learning styles
PAA_Ale (PA, learning-styles)', II Send the learning styles to the PA

pre-condition: PAA_Elb (me, goal) && PAAJEld (me)
// This agent has requested for learning plans AND This agent 
// has received a request for its owner’s learning styles

sub-goal: PAA_Glb;

action: PAA_Alf (learning-plans); // Recommend the owner with learning plans
pre-condition: PAA_Elb (me, goal) && PAA_Ele (me, learning-plans, goal)

&& PAA_B la (owner)
// This agent has requested for learning plans AND This agent 
// has received the requested plans AND The owner is working

sub-goal: PAA_G\fr,
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action: unit-x = PAA_Alg (plan); II Attain the due learning step for the owner
PAA_Alk (unit-x); II Forward the owner to the due unit

pre-condition: PAA_Elj (me, learning-plans) && PAA_Eli (owner, plan, goal)
&& PAA_Bla (owner)

// This agent has recommended the owner with learning plans AND 
// The owner has selected one plan AND The owner is working

sub-goal: PAA_G le;

action: PAA_Alh (unit-x, unit-y, plan); II Update the activity list
tasks- PAA_Ali (plan); II Get all the learning tasks in the plan
PAA_Alj (tasks, unit-y); II Update the checklist

pre-condition: PAA_Blb (me, stu) && PAA_Elh (stu, unit-x, plan, unit-y) && PAA_Bla (stu)
II This agent works for student stu AND Student stu has started to learn 
// unit-x for goal unit-y by following plan AND Student stu is working

sub-goal: PAA_GIf;

End_body

2) The planning agent

First, the PA must be associated with the following actions so that it can conduct the 

allocated tasks (see the right column of Figure 7.6):

PA_Ala: Find a UOL from the UOL database for the learning goal (goal);
PA__Alb: Request the PAA to provide its owner learner’s cognitive level (agent, student); 
PA_Alc: Extract learning methods that suit the cognitive level from the UOL (cognitive-level, 

plans, unit);
PA_Ald: Request the PAA to provide its owner learner’s learning styles (agent, student); 
PA_Ale: Filter unsuitable learning methods for the learning styles (styles, plans);
PA_Alf: Reply to the requested agent with the learning plans (agent, plans);

Second, its associated events must include:

PA_Ela: The PA has received a request from the PAA to generate learning plans for its owner to 
reach the learning goal (agent, student, goal);

PA_Elb: The PA has sent a request to the requested PAA for its owner’s cognitive level (agent); 
PA_EIc: The PA has received its owner’s cognitive level from the PAA (agent, cognitive-level); 
PA_Eld: The PA has sent a request to the requested PAA for its owner’s learning styles (agent); 
PA_Ele: The PA has received its owner’s learning styles from the PAA (agent, learning-styles); 
PA_Elf: The PA has replied to the requested PAA with the learning plans (agent, plans);

Third, its belief set must include the following beliefs:

PA_B la: if PA_Ela (agent, stu, goal) then Agent_works_for (agent, stu);
II The requested PAA works for student stu if event PA_Ela (agent, stu, goal) happens.

PA_B lb:
PA_B lc: Agent_is_working (agent); // The requested PAA is currently working.
PA_B Id:
PA_B le: Is_available (UOL database); // The UOL database is available.
PA_Blf:
PA_Blg: if PA_Elc (agent, cognitive-level) && PA_Bla (agent, stu) then 

StudentJias_congintive_level (stu, cognitive-level)',
II Student stu has the cognitive level cognitive-level if event PA_Elc



Chapter 7 200

II (agent, cognitive-level) happens AND PA_Bla (agent, stu) holds
PA__B lh: if PA_Ele (agent, learning-styles) && PA_B la (agent, stu) then

StudentJias_learning_styles (stu, learning-styles);
II Student stu has the learning styles learning-styles if event PA_Ele 
// (agent, learning-styles) happens AND PA_Bla (agent, stu) holds.

Fourth, its goal

PA_G1: Assisting individual learners to develop a learning plan

can be decomposed into the following sub-goals:

PA_Gla: Finding a UOL from the UOL database for the learning goal;
PA_Glb: Gathering the information about the cognitive level of the learner;
PA_Glc: Extracting learning plans that suit the cognitive level;
PA_Gld: Gathering the information about the learning styles of the learner;
PA_Gle: Filtering learning plans that do not suit the learning styles;
PA_Glf: Replying to the requested agent with the suitable learning plans.

Finally, it should be associated with the following plans to ensure it can take rational

actions to accomplish the allocated tasks:

id: plan-for-PA_Gl
name: plan-for-assisting-individual-learners-to-develop-a-learning-plan
overall goal: PA_G1

Body

action: VOL = PA_A I a (learning-goal); II Find a unit that matches the learning goal
pre-condition: PAJEla (p-agent, student, learning-goal) && PA_Ble (UOL database)

// The PA has received a request from p-agent for learning plans for its 
// owner to reach learning-goal AND The UOL database is available

sub-goal'. PA_Gla;

action: PA_Alb (p-agent, student); II Request the cognitive level of the learner
pre-condition'. PA_Gla && —iPA_B lg (student) && PA_B lc (p-agent)

II The UOL for the goal has been found AND The PA doesn't know 
// the student's cognitive level AND The requested agent is working

sub-goal: PA_Glb;

action: plans = PA_Alc (cognitive-level, VOL);
II Extract the methods that suit the cognitive level from the UOL 

pre-condition: PA_Elb (p-agent) && PA_Elc (p-agent, cognitive-level)
II The PA has requested for the student's cognitive level 
// AND The PA has received the student's cognitive level

sub-goal: PA_Glc;

action: PA_Ald (p-agent, student); II Request the learning styles of the learner
pre-condition: PA_Gla &&-iPA_Blh (student) && PA_Blc (p-agent)

II The UOL for the goal has been found AND The PA doesn't know 
// the student's learning styles AND The requested agent is working

sub-goal: PA_Gld;
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action: plans = PA_Ale (learning-styles, plans);
// Filter the learning methods that are not suitable for the learning styles 

pre-condition: PA_Eld (p-agent) && PA_Ele (p-agent, learning-styles) && PA_G\c
II The PA has requested for the student’s learning styles AND 
// The PA has received the student’s learning styles AND The PA 
// has found learning plans suitable the student’s cognitive level

sub-goal: PA_Gle;

action: PA_Alf (p-agent, plans)-, II Respond to the requested agent with the plans
pre-condition: PA_Gle && PA_Blc (p-agent)

II The PA has found required learning plans (i.e. suit the student’s cognitive 
// level and learning styles) AND The requested agent is working 

sub-goal: PA_Glf;

Endjbody

7.3.1.4 Brief description of the work procedure based on the agent behaviour

In Chapter 6 (see Section 6.2.4), the generic procedure that the agents in ASLS work 

towards the overall agent objective has been illustrated. It was mentioned there the 

crucial work to let agents work towards their designated goal is the careful design of the 

conceptual models of the agent classes. The events and actions of the agents must form 

an event-and-action chain towards the designated goal. The following will check if such 

a chain can be formed by the agent behaviour developed above.

As shown in Figure 7.7, when Peter sets up a learning goal “Designing a database 

system”, event PAA_Ela {Peter, “Designing a database system”) occurs, which is sensed by his 

PAA (name: PAA-for-peter). Because the event enables the pre-condition of the 

following plan in the PAA's plan set to be satisfied:

action: PAA_Ala (“Designing a database system”);
// Request the PA for learning plans for the owner to achieve the goal 

pre-condition: PAAJBlb {PAA-for-peter, Peter) &&
PAA_Ela {Peter, “Designing a database system”) &&
PAA_B le (PA) && PAA_B la {Peter) 

sub-goal: PAA_Glc;

PAA-for-peter executes action PAA_Ala (“Designing a database system”) to respond 

the event. This action is sending a request to the PA for learning plans for Peter to 

achieve the goal. When the PA receives this message, event PA_Ela (PAA-for-peter, Peter, 

“Designing a database system”) happens. The event activates the rule in the PA's plan set:

action: UOL = PA_Ala (“Designing a database system”)',
II Find a UOL that matches goal “Designing a database system” 

pre-condition: PAJEla (PAA-for-peter, Peter, “Designing a database system”) &&
PA_Ble (UOL database) 

sub-goal: PA_Gla;
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Learner Peter

Sets up a learning goal: 
Designing a database 
system

Chooses a plan for the 
learning goal

Starts to learn Unit-x

Personal assistant agent 
(PAA) for learner Peter

(Name: PAA-for-peter)

Planning agent (PA)

PAA_Ela (Peter, “Designing a database system")

PAA_Ala: Requests learning plans for 
Peter to achieve the learning goal

PAA_Elb (PAA-for-peter, “Designing a database system”)

PAA_Elc (PAA-for-peter) 

PAA_Alb: Gets Peter's, cognitive level

PAA_Ald: Replies with the cognitive level - 

PAA_E1 f (PAA-for-peter)

PAA_Eld (PAA-for-peter) 

PAA_Alc: Gets Peter's learning styles

PAA_Ale: Replies with the learning styles ' 

PAAJElg (PAA-for-peter)

PAA_Ele (PAA-for-peter, plans, 
“Designing a database system”)

PAA_Alf: Recommends Peter with the 
learning plans for achieving the goal

PA_Ela (PAA-for-peter, Peter, “Designing a 
database system")

PA_A 1 a: Finds a UOL whose objective is 
matched to the goal

— PA_Alb: Requests Peter's cognitive level 

PA_Elb (PAA-for-peter)

PA_Elc (PAA-for-peter, cognitive level)

PA_Alc: Extracts all learning methods 
that suit the cognitive level

— PA_Ald: Requests Peter's learning styles 

PA_Eld (PAA-for-peter)

PA_Ele (PAA-for-peter, learning styles)

PA_Ale: Filters learning methods that do 
not suit the learning styles

PA_Alf: Replies with learning plans for 
~ Peter to achieve his learning goal

PA_Elf (PAA-for-peter, plans)

PAA_Eli (Peter, plan, “Designing a database system")

PAA_Alg: Finds the due learning step Unit- 
x from the plan by comparing it with the 
checklist

PAA_Alk: Forwards Peter to Unit-x

PAA_Elk (PAA-for-peter, Unit-x)

PAA_Elh (Peter, Unit-x, plan,
“Designing a database system”)

PAA_Alh: Adds a record to the activity list 
(Peter, Unit-x, goal, plan, proceed)

PAA_Ali: Gets all tasks in the plan

PAA_Alj: Puts these tasks into the checklist

Figure 7.7: Work procedure to assist learners to develop learning plans
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Hence, the PA executes action PA_Ala (“Designing a database system ’) and a UOL whose 

objectives are matched to “Designing a database system” is thus captured. In the meantime, 

the goal PAjGla is achieved, the PA thus checks if it has already had the information 

about Peters cognitive level. If it has not, the pre-condition of the following plan:

action: PA_Alb (PAA-for-peter, Peter)-, II Request the cognitive level of the learner
pre-condition-. PA_Gla && —PAJBlg {Peter) && PA_Blc {PAA-for-peter) 
sub-goal: PA_Glb;

is satisfied. The PA executes action PA_Alb (PAA-for-peter, Peter) to request agent PAA- 

for-peter for Peters cognitive level. This results in even PA_Elb (PAA-for-peter) occurs, 

and then event PAA_Elc (PAA-for-peter) occurs when the message is received by agent 

PAA-for-peter. The latter will in turn activate action PAAJKlb () and PAA_Alcl (). They 

will generate new events. Figure 7.7 shows all the events and actions in the way that the 

agents work towards their common goal: assisting Peter to develop a learning plan for 

his learning goal “Designing a database system

As it can be seen from the above procedure, the actions, events, beliefs, goals, and 

plans developed above are able to form an event-and-action chain to ensure that the 

involved agents work proactively towards the goal they have been designated.

It should be noted here, for purposes of clearness and ease to follow, the actions, 

events, beliefs, goals, and plans of the involved agents to realize the service, and the 

brief description of their work have been focused only on the construction of the chain 

of event-and-action. All the actions, events, beliefs, goals, and plans presented above 

are only a selected part, simplified ones. Some of the relevant details have been ignored 

here. In practice, they are much more complex than the ones presented here.

7.3.2 Development of agent behaviour for guiding learners to dynamically align 

learning

This subsection will explore how the relevant agents behave so that they can guide 

learners to dynamically align learning. The sets of actions, events, beliefs, goals, and 

plans of the involved agents will be respectively developed.

7.3.2.1 Task description

As briefly described in the last chapter (see Section 6.4) when the function of the 

activity list and checklist were investigated, the requirements for aligning a learner's 

learning recognized by the agents take place mainly in two scenes: 1) when the learner
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starts to study a new unit but has not completed all the units planned to learn prior to 

the one he or she is going to study; and 2) when the learner is not able to achieve the 

objectives of the unit. Obviously the recognition of both scenes must be based on the 

unceasing monitoring of individual learner’s learning process. That is, when a learner 

signs in for study, a PAA for the learner is established and starts to work for him or her 

in assisting him/her to learn. When he or she starts to study a new unit, a particular 

managing agent (MA) is established and starts to monitor and evaluate his or her 

learning for the unit. If the agent detects evidence that indicates the learner is not able to 

achieve the goal of the unit, it will suggest the learner adjust learning.

73.2.2 Task decomposition and allocation

Figure 7.8 depicts the task decomposition and allocation for the involved agents to 

recognize the first scene through an example. When a learner, Peter, starts to learn unit 

“The Entity-relationship model" in his learning for unit “Design techniques and models', 

his PAA, after having sensed this event, retrieves the activity list to capture the learning 

plan he is adopting for unit “Design techniques and models" (see Section 6.4 for the 

contents of the activity list and checklist). It then attains the plan content from the PA. It 

compares the learning tasks scheduled in the plan against the checklist to see if Peter 

has completed all the units planned to study prior to unit “The Entity-relationship 

model". If not, it will advise Peter to adjust learning by suggesting him study the due 

unit first.

When Peter starts to study unit “The Entity-relationship model" for unit “Design 

techniques and models”, the MA that manages Peters learning for unit “Design 

techniques and models” builds a MA to manage Peters learning for unit “The Entity- 

relationship model". Meanwhile all the tasks of the unit “The Entity-relationship 

model" are put into the checklist.

Figure 7.9 (see p. 206) depicts the task decomposition and allocation for the agents to 

monitor individual learning for a unit and recognize the second scene. When Peter starts 

to study unit “The Entity-relationship model" for unit “Design techniques and models”, 

the MA that manages Peters learning for unit “The Entity-relationship model" is 

established and starts to monitor Peter's learning for the unit. If no action is sensed for a 

designated time, the agent will send an email to Peter to remind him of the learning for 

the unit. When an action is detected, the MA will autonomously react to the action:
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Learner Peter Planning agent (PA)Personal assistant agent 
(PAA) for learner Peter

Starts to study 
Unit-x for 
Unit-y

Has sensed the owner started 
learning Unit-x for Unit-y

Gets the Id of the learning 
plan being used for Unit-y 
from the activity list

Requests the content of 
the learning plan

Has received the request

Retrieves the UOL database to 
get the content of the learning 
plan based on the received Id

Replies with the content of 
the learning plan

Has received the plan content

Gets the due learning step 
Unit-due from the plan by 
comparing its content with 
the checklist

Judge if Unit-x is

If not, suggests the 
owner learn Unit-due

If yes, adds a new record 
{Peter, Unit-x, Unit-y, 
plan) to the activity list

Gets all the tasks of Unit-x

Puts all the tasks into the 
checklist

Managing agent (MA) 
that manages Peter's 
learning for Unit-y

Has sensed Peter started 
learning Unit-x for Unit-y

Builds a managing 
agent to manage 
Peter s learning of 
Unit-x

Figure 7.8: Decomposition of the task to guide learners to get through a learning process (scene 1)
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Learner Peter

Starts to study 
Unit-x for 
Unit-y

Performs an 
activity of 
Unit-x

Submits an 
artifact for 
Unit-x

Personal assistant agent 
(PAA) for learner Peter

Planning agent (PA) Managing agent (MA) 
that manages Peter's 
learning for Unit-x

Established by the managing agent 
that manages Peter's learning for 
Unit-y

If no action for Unit-x 
was detected for a 
designated time, sends a 
reminder message

Has sensed Peter's activity

Updates the checklist to 
set the corresponding 
items completed

Has sensed Peter's artifact submission

Acknowledges the 
submission

Initiates the evaluation 
for the artifact

Has sensed Peter achieved 
the goal of Unit-x

Updates the checklist to 
set Unit-x completed

Has received the request

Retrieves the activity list 
to get all the suspended 
learning plans for Unit-x

Replies with all the 
suspended learning plans 
for Unit-x

Has sensed the receive of the 
evaluation result

If the goal of Unit-x was 
achieved, congratulation!

Has received the request

Request the learning 
plans for Unit-x that 
have been suspended

If the goal of Unit-x was 
not achieved, requests the 
revision of learning plan

Has received the suspended plans

Retrieves the UOL 
database to get the usable 
learning plans for Unit-x

Replies with the usable 
learning plans Has received the new plans

Suggests the new plans

Figure 7.9: Decomposition of the task to guide learners to get through a learning process (scene 2)
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• If the action is a learning activity for the unit, such as accessing a particular 

resource, participating in a discussion for the unit theme, attending a group activity 

for the unit, accomplishing a particular task for the unit, the MA will update the 

checklist to set the corresponding items completed (see Section 6.4 for the content 

of the checklist).

• If the action is the start of the learning for a sub-unit, the process described in 

Figure 7.8 will be executed.

• If the action is the submission of an artifact for the unit, the MA will first respond 

the event by sending Peter an email for the acknowledgement of the submission, 

and then initiate a peer evaluation process for the submitted file. If the returned 

evaluation result illustrates the submitted artifact has achieved the goal of the unit, 

and all the items in the checklist for the unit have been completed, the MA will 

send Peter an email to congratulate him on his successful completion of the 

learning for the unit. Meanwhile, it will report this information to its creator agent: 

the MA for unit “Design techniques and models” and the PAA for Peter. The PAA 

for Peter will update the checklist, set the unit completed. If the returned evaluation 

result illustrates the goal of the unit has not been achieved, the MA will advise 

Peter of learning adjustment. At the same time, the MA will ask the PA for 

revision of the learning plans for Peter to achieve the goal of the unit, and then 

recommend those revised learning plans for Peter. The PA, in response to the 

request, retrieves the UOL database to get other optional learning plans for the unit 

by excluding the ones that have been suspended.

73.23 Behaviour of the related agents

For the task, agents that belong to three classes are involved. In order for them to 

accomplish the assigned task and collaboratively approach the goal: guiding individual 

learners to get through a learning process, they must be respectively associated with 

the appropriate actions, events, beliefs, goals, and plans. In the following, these will be 

developed according to the roles they respectively take as shown in Figures 7.8 and 7.9.

1) The personal assistant agent

First, the PAA for Peter must be associated with the following actions so that it can 

perform the allocated tasks (see the second column of Figures 7.8 and 7.9):
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PAA_A2a: Get the Id of the plan currently used by the owner for the goal from the activity list (goal); 
PAA_A2b: Request the planning agent (PA) for the content of the plan (plan-id);
PAA_A2c: Get the due learning step from the plan by comparing its content with the checklist (plan); 
PAA_A2d: Suggest the owner study the due learning step (unit);
PAA_A2e: Get all the tasks of the unit (unit);
PAA_A2f: Add one unit execution to the activity list (unit, goal, plan); // same as PAA_Alh
PAA_A2g: Put all tasks of the unit into the checklist (tasks, unit); // same as PAA_Alj

// The above actions are based on Figure 7.8 and the below are based on Figure 7.9. 
PAA_A2h: Update the checklist to set the unit completed (unit);
PAA_A2i: Retrieve the activity list to get all suspended learning plans for the unit (unit);
PAA_A2j: Reply to the requested agent with the suspended learning plans (agent, plans);

Second, the events associated with the PAA must include:

PAA_E2a: The learner has started to study the unit for the goal (stu, unit, goal);
PAA_E2b: The PAA has sent a request to the PA to get the content of a plan (agent, plan-Id)', 
PAA_E2c: The PAA has received the content of the plan from the PA (agent, plan-Content, plan-ld)',

II The above actions are based on Figure 7.8 and the below are based on Figure 7.9. 
PAA_E2d: The learner has completed all the tasks of unit-x for goal unit-y (stu, unit-x, unit-y); 
PAA_E2e: The PAA has received a request from the PA for the suspended plans for goal (agent, goal); 
PAA_E2f: The PAA has replied the requested agent with the suspended plans (agent, plans);

Third, the belief set of the PAA must include the following beliefs:

PAA_B2a: Has_signed_in (owner); // The owner learner has signed in.
PAA_B2b: Agent_works_for (me, owner); // This PAA is working for the owner.
PAA_B2c:
PAA_B2d: Agent_is_working (PA); // The PA is now working.
PAAJB2e:
PAA_B2f: if PAA_E2a (owner, unit-x, unit-y) then Student_has_goal (owner, unit-y);

// The owner learner is now learning for goal unit-y 
// if event PAA_E2a (owner, unit-x, unit-y) happens. 

PAA_B2g: if PAA_E2a (owner, unit-x, unit-y) then Student_is_learning (owner, unit-x);
// The owner learner is now learning unit-x if event 
// PAA_E2a (owner, unit-x, unit-y) happens.

Fourth, the goal of the PAA

PAA_G2: Assisting the owner learner to get through a learning process 

can be decomposed into the following sub-goals:

PAA_G2a: Capturing the content of the plan that the owner is adopting;
PAA_G2b: Keeping the owner in a right path towards the learning goal;

// The above are based on Figure 7.8 and the below are based on Figure 7.9 
PAA_G2c: Assisting to manage the owner's learning; and 
PAA_G2d: Supplying the suspended learning plans.

Finally, the PAA should be associated with the following plans to ensure it can take 

rational actions to accomplish the allocated tasks: 

id: plan-for-PAA_G2
name: plan-for-assisting-the-omier-learner-to-get-through-a-learning-process
overall goal: PAA_G2
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Body

action: plan-id = PAA_A2a (unit-y); II Get the Id of the plan currently being used for unit-y
// from the activity list

PAA_A2b (plan-Id)-, II Request the content of the plan from the PA
pre-condition: PAA_B2b (me, stu) && PAA_E2a (stu, unit-x, unit-y) && PAA_B2a (stu)

II This agent works for student stu AND Student stu has started 
// to study unit-x for goal unit-y AND Student stu is working

sub-goal: PAA__G2a;

action: unit-due = PAA_A2c (planContent);
II Get the due learning step from the plan content

If (unit-due <> unit-x)
PAA_A2d (due-unit)-, II Suggest the owner study the due unit first

Else
PAA_A2f (unit-x, unit-y, plan-id)', // Add one unit execution to the activity list 
tasks = PAA_A2e (unit-x)-, II Get all the tasks of the unit
PAA_A2g (tasks, unit-x); II Put all tasks of the unit into the checklist

End-if
pre-condition: PAA_ E2b (me, plan-Id) && PAA_E2c (me, planContent, plan-id)

// This agent has requested for the plan content AND 
// This agent has received the content of the plan from the PA

sub-goal: PAA_G2b;

// The above are based on Figure 7.8 and the below are based on Figure 7.9 
action: PAA_A2h (unit-x); II Update the checklist to set the unit completed
pre-condition: PAA_B2b (me, stu) && PAA_E2d (stu, unit-x, unit-y) && PAA_B2a (stu)

II This agent works for student stu AND Student stu has completed 
// all the tasks of unit-x for goal unit-y AND Student stu is working

sub-goal: PAA_G2c; 

action: susp-plans = PAA_A2i (unit);

PAA_A2j (PA, susp-plans); 

pre-condition: PAA_E2e (me, unit)

sub-goal: PAA_G2d;

Endjbody

2) The planning agent

First, the PA must be associated with the following actions (see the middle column of 

Figures 7.8 and 7.9):

PA_A2a: Capture the plan content from the UOL database based on the plan Id (id);
PA_A2b: Reply to the requested agent with the plan content (agent, planCont);

// The above are based on Figure 7.8 and the below are based on Figure 7.9 
PA_A2d: Request the PAA for his owner’s suspended learning plans for the unit (agent, unit);
PA_A2e: Retrieve UOL database to get usable learning plans for the unit excluding the suspended plans 

(unit, susp-plans);
PA_A2f: Reply to the requested agent with the plans (agent, plans); // same as PA_Alf

// Retrieve the activity list to get all the 
// suspended learning plans for the unit 
// Reply to the PA with the suspended 
// learning plans

// This agent has received a request from the 
// PA for the suspended plans for the unit

Second, the PA’s associated events must include:
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PA_E2a: The PA has received a request from the PAA to get the plan content (agent, plan-id);
PA_E2b: The PA has replied to the requested agent with the plan content (agent, planCont);

// The above are based on Figure 7.8 and the below are based on Figure 7.9
PA_E2c: The PA has received a request from the MA to get the revised plans for the learner to

study the unit (m-agent, stu, unit);
PA_E2d: The PA has sent a request to the PAA for his owner’s suspended learning plans for the 

unit (agent, unit);
PA_E2e: The PA has received from the PAA the suspended learning plans for the unit (agent, unit, 

sus-plans); and
PA_E2f: The PA has replied to the requested MA with the revised plans (m-agent, plans);

Third, the PA’s belief set must include the following beliefs'.

PA_B2a: if PA_Ela (agent, stu, goal) then Agent_works_for (agent, stu);
// The requested PAA works for learner stu if event PA_Ela (agent, stu, goal) happens.

PA_B2b:
PA_B2c: Agent_is_working (agent); // The requested PAA is currently working.
PA_B2d: Is_available (ElOL database); // The UOL database is available.
PA_B2e:

Fourth, the goal of the PA

PA_G2: Assisting individual learners to get through a learning process 

can, based on the task decomposition shown in Figures 7.8 and 7.9, be decomposed into 

the following sub-goals:

PA_G2a: Supplying the requested agent with the plan content; 
PA_G2b: Capturing the suspended plans for the unit; and 
PA_G2c: Supplying the requested agent with the revised plans.

Finally, the PA should be associated with the following plans to ensure it can take 

rational actions to accomplish the allocated tasks: 

id: plan-for-PAjG2
name: plan-for-assisting-individual-learners-to-get-through-a-learning-process;
overall goal: PA_G2

Body

action: plan-content = PA_A2a (plan-id)', 11 Capture the plan content from UOL database
PA_A2b (agent, plan-content); // Reply to the requested PAA with the plan content

pre-condition: PA_E2a (agent, plan-ld) && PA_B2d (UOL database)
// The PA has received a request from agent for the content 
// of plan-ld AND The UOL database is available

sub-goal: PA_G2a;

// The above are based on Figure 7.8 and the below are based on Figure 7.9 
action: PA_A2d (agent, unit); II Request agent for its owner's suspended plans for unit
pre-condition: PA_E2c (m-agent, stu, unit) & PA_B2a (agent, stu) && PA_B2c (agent)

II The PA has received a request from MA m-agent for the revised plans for 
// stu to study unit AND The agent works for stu AND The agent is working 

sub-goal: PA_G2b;
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action: plans = PA_A2e (unit, susp-plans); // Attain the usable learning plans for unit
// through retrieving the UOL database

PA_A2f (m-agent, plans); // Reply to the requested agent with plans
pre-conditioiv. PA_E2d (agent, unit) && PA_E2e (agent, unit, susp-plans) && PA_B2c (m-agent) 

&& PA_B2d (UOL database)
// The PA has requested the PAA for his owner’s suspended learning plans 
// for unit AND The PA has received from the PAA the suspended 
// learning plans for unit AND The MA m-agent is working 
// AND UOL database is available

sub-goal: PA_G2c;

Endjbody

3) The managing agent

First, the managing agent (MA) that manages Peters learning for a unit must be 

associated with the following actions (see the right column of Figures 7.8 and 7.9):

MA_A2a: Reset the timer monitoring the owner’s learning for the unit (unit);
MA_A2b: Remind the owner learner of the learning for the unit (unit);
MA_A2c: Update the checklist to set the activity of the unit completed (act, unit);
MA_A2d: Acknowledge the owner of the artifact submission for the unit (unit);
MA_A2e: Evaluate the artifact for the unit (artifact, unit);
MA_A2f: Parse the evaluation result (result);
MA_A2g: Congratulate the owner on passing the evaluation of the artifact submission for the unit (unit); 
MA_A2h: Delegate learning activities of the unit (unit);
MA_A2i: Build a new managing agent for the unit (unit);
MA_A2j: Report to the creator agent for the completion of the unit (unit);
MA_A2k: Request the PA for the revision of plan for the owner to study the unit (unit);
MA_A21: Recommend the learning plans to the owner learner (plans); // Same as PAA_Alf

Second, the events associated with the MA must include:

MA_E2a: The time of the timer monitoring the learner’s learning for the unit is over (stu, unit); 
MA_E2b: The learner takes the activity of the unit (stu, act, unit);
MA_E2c: The learner has submitted the artifact file for the unit (stu, unit, artifact);
MA_E2d: The MA has acknowledged the learner for the artifact submission for the unit (m-agent, stu, 

unit);
MA_E2e: The learner has started to study the unit for the goal (stu, unit, goal); // same as PAA_E2a 
MA_E2f: The MA has suggested the learner about the revision of the learning plan (m-agent, stu); 
MA_E2g: The MA has started to evaluate the artifact for the unit (m-agent, unit);
MA_E2h: The MA has received the evaluation result for the artifact submitted by the learner for the unit 

(m-agent, stu, result, unit);
MA_E2i: The MA has sent a report to the creator agent for the completion of the unit (m-agent, creator, 

unit);
MA_E2j: The MA has sent a request to the PA for the revision of the plan for the unit (m-agent, unit); 
MA_E2k: The MA has received the revised plan for the unit from the PA (m-agent, plans, unit); 
MA_E21: The MA has delegated learning activities of the unit (m-agent, unit);
MA_E2m: The MA has received a report from the MA for sub-unit of the completion of the sub-unit (m- 

agent, sub-unit);
MA_E2n: A new MA that manages the student’s learning for the unit has been built (stu, unit);
MA_E2o: The MA has started to evaluate the artifact for the unit (m-agent, unit);

Third, the MA’s belief set must include the following beliefs:
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MA_B2a: Agent_worksJ'or (me, theUnit); // This MA is associated with the Unit
MA_B2b: Agentjworks Jo r (me, owner); // This MA is working for the owner
MA_B2c: StudentJias_email_address (owner, “pwilson@it.uts.edu.au ’); // The owner’s Email
MA_B2d:
MA_B2e: My_creator (Creator);

Fourth, the goal of the MA

MA_G2: Assisting the owner learner to get through a learning process 

can, based on the task decomposition shown in Figures 7.8 and 7.9, be decomposed into 

the following sub-goals:

MA_G2a: Facilitating the learning for the unit;
MA_G2b: Assisting to manage the learning tasks of the unit;
MA_G2c: Evaluating the submission for the unit;
MA_G2d: Suggesting the next step according to evaluation result;
MA_G2e: Suggesting new plans for the unit; and 
MA_G2f: Delegating a sub-task.

Finally, the MA should be associated with the following plans to ensure it can take 

rational actions to accomplish the allocated tasks: 

id: plan-for-MA_G2
name: plan-iot-ass isting-the-owner-lea me r-to-get-through-a-learning-process
overall goal: MA_G2

Body

action: MA_A2b (unit); // Remind the owner learner of the learning for unit
MA_A2a (unit): // Reset the timer monitoring the owner for unit

pre-condition: MAJE2a (stu, unit) && MA_B2a (me, unit) && MA_B2b (me, stu)
II The time of the timer monitoring student stu for unit is over 
// AND This MA is for unit AND This MA is for stu

sub-goal: MA_G2a

action: MA_A2c (act, unit): II Update the checklist to set the activity act completed
MA_A2a (unit): // Reset the timer monitoring the owner for unit

pre-condition: MA_E2b (stu, act, unit) && MA_B2a (me, unit) && MA_B2b (me, stu)
II Student stu takes the activity act for unit AND 
// This MA is for unit AND This MA is for stu

sub-goal: MA_G2b;

action: MA_A2d (unit): II Acknowledge the submission for unit
MA_A2e (artifact, unit): II Evaluate the submission
MA_A2a (unit): // Reset the timer monitoring the owner for unit

pre-condition: MA_E2c (stu, unit, artifact) && MA_B2a (me, unit) && MA_B2b (me, stu)
II stu has submitted the artifact for unit AND This MA is for unit AND This MA is for stu 

sub-goal: MA_G2c;

action: pass = MA_A2f (result): II Parse the evaluation result
If (pass)

MA_A2g (unit): 
MA_A2j (unit): 

Else
MA_A2k (unit):

II if evaluation illustrates the goal of the unit was achieved
// Congratulate on passing the artifact evaluation for unit 
II Report to the creator agent for the completion of unit 

II the goal of this unit was not achieved
// Request the PA for revision of plan for the unit
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End_it'
pre-condition'. MA_E2h (me, stu, result, unit) && MA_E2o (me, wntf) && MA_B2a (me, unit)

&& MA_B2b (me, .st/p
// This MA has received the evaluation result for the artifact 
// submitted by student stu for unit AND This MA has started the 
// evaluation AND This MA is for unit AND This MA is for stu

sub-goal'. MA_G2d;

action: MA_A21 (rev-plans)', II Suggest the new plans
pre-condition: MAJE2k (me, rev-plans, unit) && MA_E2j (me, unit) && MA_B2a (me, unit)

II This MA has received the revised plan for unit from the PA 
// AND This MA has requested for the revised plan for unit 
II AND This MA is for unit

sub-goal: MA_G2e

action: MA_A2i (sub-unit); // Build a new MA to manage the owner’s learning for sub-unit
MA_A2h (sub-unit)-, II Delegate learning activities of sub-unit

pre-condition: MA_E2e (stu, sub-unit, unit) && MA_B2a (me, unit) && MA_B2b (me, stu)
II Student stu has started to study sub-unit of the unit AND 
// This MA is for unit AND This MA is for stu

sub-goal: MA_G2f;

Endjbody

7.3.3 Conceptual models of the three classes of agents

The previous two subsections have respectively presented the development of the agent 

behaviour for implementing two single service tasks. This subsection will, based on the 

development, derive three agent conceptual models respectively for the three classes of 

agents in ASLS. The method that will use is to combine the agent behaviour for 

implementing single service tasks together to construct the agent behaviour for the 

entire services. This is to combine the actions, events, beliefs, goals, and plans 

developed for an agent to implement a single service task together to build the 

conceptual model of the agent. The rationale is apparent because the supportive services 

that the agents realize are composed of a number of single service tasks, the successful 

implementation of all the single tasks means the successful implementation of the whole 

supportive services. Thus, the set of actions, events, beliefs, goals, and plans of an agent 

for implementing the entire services is the combination of the corresponding sets for all 

single tasks. When new service tasks are further required to support learning, the 

relevant actions, events, beliefs, goals, and plans will be developed and then inserted 

into the corresponding set.

Before deriving the conceptual models in this way, two points require special 

attention. First, a conceptual model of an agent is not an actual construction model of 

the agent (see Section 5.5.4 for details); it is to provide a condensed view of what the
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agent’s behaviour looks like and how the agent works. Hence, the three conceptual 

models that will be derived are for illustrating how the corresponding agent works for 

its designated goal rather than how to construct them. Second, because it is very hard to 

describe agent events and beliefs (and accordingly actions and plans) due to their 

dynamic features (this has been seen in the previous two subsections), various 

parameters have to be used to aid the description. This makes the description very 

complicated. In order to enable the conceptual models to be easily understood, a lot of 

details must be ignored. With the two points, the following will not attempt to derive the 

conceptual models of the three agent classes in ASLS with more details, but present a 

simplified version which focuses only on illustrating how these agents work to 

implement the fundamental functionalities.

7.3.3.1 Conceptual model of the personal assistant agents

In ASLS, a PAA works for an individual learner. It is built and assigned to a learner 

when the learner logs into the system for learning. It continuously works for the owner 

learner until the learner logs off. The PAA silently observes and monitors his or her 

learning, and when necessary, it will provide supportive services for him or her through 

cooperation or coordination with other agents. It maintains a profile for the learner as 

the learning proceeds, and the profile is used as a base to generate supportive services 

for the learner.

Figure 7.10 depicts the conceptual model of a PAA in ASLS. It is built by combining 

the above developed actions, events, beliefs, goals, and plans for implementing two 

single service tasks. Hence, it covers the agent behaviour for the services: 1) assisting 

the owner learner to develop personal preferred learning plans, and 2) guiding the owner 

learner to dynamically align learning. As illustrated above, for more readable reasons, a 

lot of details have been ignored in the figure; only the ones for implementing the 

fundamental functionalities are included. The conceptual model is extensible; when the 

relevant actions, events, beliefs, goals, and plans for the agent to implement other 

services are developed, they can be inserted into the corresponding set of the model.

All the instances of the PAA in ASLS have the same conceptual architecture as the 

one shown in Figure 7.10. They are dynamically generated for individual learners. The 

relevant parameters in the conceptual model, such as ID, user (owner), and other general 

information, are respectively assigned with a value when the instance is created.
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Id
Name: PAA for Peter 
User: Peter 
Creator: n/a
Created_time: 20051220084523

it

Personal assistant agent (PAA)

General information

Roles

Beliefs

Goals

Plans

Actions

Events

PAA_Ala: Request the planning agent for learning plans that suit the 
owner learner to reach the goal (goal);

PAA_Alb: Get the cognitive level of the owner learner from profile ();
PAA_Alc: Get the learning styles of the owner learner from profile ();
PAA_Ald: Reply to the requested agent with the owner’s cognitive level 

(agent, cognitive-level);
PAA_Ale: Reply to the requested agent with the owner’s learning styles 

(agent, learning-styles);
PAA_Alf: Recommend the learning plans to the owner learner (plans);
PAA_Alg: Find the due learning step for the owner according to the plan 

(plan);

PAA_A2a: Get the plan currently used by the owner for the goal from the 
activity list (goal);

PAA_A2b: Request the planning agent for the content of the plan (plan- 
id);

PAA_A2c: Get the due learning step from the plan content by comparing 
it with the owner’s checklist (plan);

PAA_A2d: Suggest the owner study the due learning step (unit);
PAA_A2e: Get all the tasks of the unit (unit);
PAA_A2h: Update the owner’s checklist to set the unit completed (unit);
PAA_A2i: Retrieve the owner’s activity list to get all the suspended 

learning plans for the unit (unit);

PAA_Ela: The learner has set up the learning goal (stu, goal);
PAA_Elb: The PAA has sent a request to the planning agent for learning 

plans for its owner to achieve the learning goal (agent, goal);
PAA_Elc: The PAA has received a request from the planning agent for 

the owner learner's cognitive ability (agent);
PAA_Eld: The PAA has received a request from the planning agent for 

the owner learner’s learning styles (agent);
PAA_Ele: The PAA has received learning plans from the planning agent 

which suit its owner to achieve the learning goal (agent, plans, goal);
PAA_Elf: The PAA has replied the requested agent with its owner’s 

cognitive ability (agent);

PAA_E2a: The learner has started to study the unit for the goal (stu, unit, 
goal);

PAA_E2b: The PAA has sent a request to the planning agent to get the 
content of a plan (agent, plan-ld);

PAA_E2c: The PAA has received the content of the plan from the 
planning agent (agent, plan-Content, plan-id);

PAA_E2d: The learner has completed all the tasks of unit-x for goal unit
y (stu, unit-x, unit-y);

PAA_Bla: Has_signed_in (owner);
PAA_Blb: Agent_works_for (me, owner)',
PAA_Blc: if PAA_Ela (owner, goal) then Student_has_goal 

(owner, goal);
PAA_Ble: Agent_is_working (PA);

PAA_B2a: Has_signed_in (owner)',
PAA_B2f: if PAA_E2a (owner, unit-x, unit-y) then 

Student_has_goal (owner, unit-y);

PAA_G 1: Assisting the owner learner to develop a learning plan
PAA_Gla: Supplying the requested agent with the cognitive level 

of the owner learner;
PAA_Glb: Supplying the requested agent with the learning styles 

of the owner learner;
PAA_Glc: Finding appropriate learning plans for the owner learner 

to achieve a learning goal;
PAA_Gld: Recommending the learning plans to the owner learner;

PAA_G2: Assisting the owner learner to get through a learning 
process

PAA_G2a: Capturing the content of the plan that the owner is 
adopting;

PAA_G2b: Keeping the owner in a correct path towards the 
learning goal;

PAA_G2c: Assisting to manage the owner’s learning;

id: plan -for-PAA_G 1
name: plan-for-assisting-owner-learner-to-develop-a-learning- 

plati
overall goal: PAA_G1 
Body

action: PAA_„Ala (goal);
pre-condition: PAA_Blb (me, stu) && PAA_Ela (stu, goal) && 

PAA_Ble (planning_agent) && PAA_Bla (stu) 
sub-goal: PAA_Glc;

action: cognitive-level =PAA_Alb ();
PAA_Ald (planning_agent, cognitive-level); 

pre-condition: PAA_Elb (me, goal) && PAA_Elc (me) 
sub-goal: PAA_Gla;

action: learning-styles =PAA_Alc ();
PAA_Ale (planning_agent, learning-styles): 

pre-condition: PAA_Elb (me, goal) && PAA_Eld (me) 
sub-goal: PAA_Glb;

action: PAA_Alf (learning-plans):
pre-condition: PAAJElb (me, goal) && PAA_Bla (owner)

&& PAA_Ele (me, learning-plans, goal) 
sub-goal: PAA_GId;

Endjbody

id: plan-for-PAA_G2
name: plan-for-assisting-the-owner-learner-to-get-through-a- 

learning-process 
overall goal: PAA_G2 
Body

action: plan-Id= PAA_A2a (unit-y):
PAA_A2b (plan-ld);

pre-condition: PAA_B2b (me, stu) && PAA_E2a (stu, unit-x, 
unit-y) && PAA_B2a (stu) 

sub-goal: PAA_G2a;

action: unit-due = PAA_A2c (planContent);
If (unit-due <> unit-x) PAA_A2d (due-unit):
Else PAA_A2f (unit-x, unit-y, plan-id):

tasks = PAA_A2e (unit-x): PAA_A2g (tasks, unit-x): 
End-if

pre-condition: PAA_ E2b (me, plan-ld) &&
PAA_E2c (me, planContent, plan-ld) 

sub-goal: PAA_G2b;

Endjbody

Figure 7.10: Conceptual model of the personal assistant agent class



Chapter 7 216

7.3.3.2 Conceptual model of the planning agent

In ASLS, the PA is designed particularly to deal with the services relevant to learning 

plans of learners. It, cooperated by other agents, assists individual learners to develop 

personal preferred learning plans for a particular learning goal and guides them to get 

through a learning process. Its duty is to provide other agents with various services 

regarding learning plans, which mainly includes providing learning plans for a given 

learning goal, a particular cognitive level, and specific learning styles, and providing the 

content of a learning plan based on its ID. The PA works in the background and listens 

to the request from other agents regarding learning plans. When such a request is 

received, it will autonomously take actions and then give a response to the requested 

agent. It may ask other agents to provide necessary information to accomplish a task. 

The PA is built by ASLS when the system starts work.

Figure 7.11 depicts a conceptual model of the PA, which coves its behaviour 

developed above for the services: 1) assisting individual learners to develop personal 

preferred learning plans, 2) guiding individual learners to dynamically align learning. It 

is extensible; when the service demand increases, the actions, events, beliefs, goals, and 

plans for the PA to implement the new services can be inserted into the corresponding 

set of the model.

7.3.333 Conceptual model of the managing agents

In ASLS, a MA is associated with a unit and a learner who is learning the unit. When a 

learner starts to study a unit, a MA is launched to assist him or her to achieve the goal of 

the unit. The MA keeps track of his or her progress in the learning for the unit and 

provides assistance for him or her in revising learning plan when necessary. Its task 

includes monitoring the learner’s learning for the unit, managing the learning tasks of 

the unit on behalf of the learner, delegating work to learning activities according to the 

plan being adopted and building a new MA for the work accordingly, evaluating the 

artifact file submitted by the learner for the unit or asking a domain expert to evaluate it 

and then receiving the evaluation result from the expert, presenting suggestions 

regarding the learning of the unit to the learner based on the monitoring and evaluation 

of the learner’s learning for the unit. In addition, it reports the evaluation result of the 

learner’s learning for the unit to its creator MA and the learner’s PAA.

The conceptual model of a MA is described in Figure 7.12.
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Id
Name: Planning agent 
User: n/a 
Creator: n/a
Created_time: 200? 1220084523

Planning agent (PA)

General information

Roles

Beliefs

Goals

Plans

Actions

Events

PA_Ala: Find a UOL from the UOL database for the learning goal (goal);
PA_Alb: Request the PAA for his owner learner's cognitive level (agent, 

student);
PA_Alc: Extract the learning methods that suit the cognitive level from 

the UOL (cognitive-level, unit);
PA_Ald: Request the PAA for his owner learner’s learning styles (agent, 

student);
PA_Ale: Filter unsuitable learning methods for the learning styles 

(styles); and
PA_Alf: Reply to the requested agent with the learning plans (agent, 

plans).
PA_A2a: Capture the plan content from the UOL database based on the 

plan Id (id);
PA_A2b: Reply to the requested agent with the plan content (agent, 

planCont);
PA_A2d: Request the PAA for his owner’s suspended learning plans for 

the unit (agent, unit);
PA_A2e: Retrieve UOL database to get usable learning plans for the unit 

except the suspended plans (unit, susp-plans);

PA_Ela: The PA has received a request from the PAA to generate learning 
plans for its owner to reach the learning goal (agent, student, goal);

PA_Elb: The PA has sent a request to the requested PAA for its owner’s 
cognitive level (agent);

PA_Elc: The PA has received its owner’s cognitive level from the PAA 
(agent, cognitive-level);

PA_Eld: The PA has sent a request to the requested PAA for its owner’s 
learning styles (agent);

PA_Ele: The PA has received its owner’s learning styles from the PAA 
(agent, learning-styles);

PA_Elf: The PA has replied to the requested PAA with the plans (agent, 
plans)

PA_E2a: The PA has received a request from the PAA to get the plan 
content (agent, plan-id);

PA_E2b: The PA has replied to the requested agent with the plan content 
(agent, planCont);

PA_E2c: The PA has received a request from the MA to get the revised 
plans for the learner to study the unit (m-agent, stu, unit);

PA_E2d: The PA has sent a request to the PAA for his owner’s suspended 
learning plans for the unit (agent, unit);

The PA has received from the PAA the suspended learning plans for the 
unit (agent, unit, sus-plans);

PA_Bla: if PA_Ela (agent, stu, goal) then 
Agent_works_Jor (agent, stu);

PA_Blc: Agent Js_working (agent);
PA_Ble: Is_availnble (UOL database);
PA_Blg: if PA_Elc (stu, cognitive-level) then

Student_has_congintive_level (stu, cognitive-level)',

PA_B2a: if PA_Ela (agent, stu. goal) then 
Agent_worksjor (agent, stu);

PA_G1: Assisting individual learners to develop a learning plan
PA_Gla: Finding a UOL from the UOL database for the learning 

goal:
PA_Glb: Gathering the information about the cognitive level of 

the learner;
PA_Glc: Extracting learning plans that suit the cognitive level;
PA_Gld: Gathering the information about the learning styles of 

the learner;
PA_Gle: Filtering learning plans that do not suit the learning 

styles;
PA_Glf: Replying to the requested agent with the suitable plans.
PA_G2: Assisting individual learner to get through a learning 

process
PA_G2a: Supplying the requested agent with the plan content;
PA_G2b: Capturing the suspended plans for the unit;

id: plan-for-PA_Gl
name: plan-for-assisting-individual-learners-to-develop-a- 

learning-plan 
overall goal: PA_G1 
Body

action: UOL = PA_Ala (learning-goal);
pre-condition: PA_Ela (p-agent, student, learning-goal) && 

PA_Ble (UOL database) 
sub-goal: PA_Gla;

action: PA_Alb (p-agent, student)',
pre-condition: PA_Gla && —PA_Blg (student) &&

PA_Blc (p-agent) 
sub-goal: PA_Glb;

action: plans = PA_Alc (cognitive-level, UOL)',
pre-condition: PA_Elb (p-agent) &&

PA_Elc (p-agent, cognitive-level) 
sub-goal: PAjGlc;

action: PA_Ald (p-agent, student);
pre-condition: PA_Gla &&—iPA_Blh (student) &&

PA_Blc (p-agent) 
sub-goal: PA_Gld;

End_body
id: plan-for-PA_G2
name: plan-for-assisting-individual-learner-to-get-through-a- 

learning-process; 
overall goal: PA_G2 
Body

action: plan-con = PA_A2a (plan-ld);
PA_A2b (agent, plan-con)', 

pre-condition: PA_E2a (agent, plan-ld) &&
PA_B2d (UOL database) 

sub-goal: PA_G2a;

action: PA_A2d (agent, unit)',
pre-condition: PA_E2c (m-agent, stu, unit) &&

PA_B2a (agent, stu) && PA_B2c (agent) 
sub-goal: PA_G2b;

action: plans = PA_A2e (unit, susp-plans);
PA_A2f (m-agent, plans); 

pre-condition: PA_E2d (agent, unit) &&
PA_E2e (agent, unit, susp-plans) &&
PA_B2c (m-agent) && PA_B2d (UOL databse) 

sub-goal: PA_G2c;
Endjbody

Figure 7.11: Conceptual model of the planning agent
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Id:
Name: MA for peter-unitX 
User: Peter
Creator: MA-peter-unitY 
Created_time: 20051220084523

MA_B2a: Agent_works_for (MA-peter-unitX, unitX); 
MA_B2b: Agent_works_for (MA-peter-unitX, Peter); 
MA_B2c: Student_has_email_address (peter,

“pwilson@it.uts.edu. am”);

MA_B2d 
MA_B2e 
MA B2f

Myjcreator (.MA-peter-unitY)\

Managing agent (MA)

General information

Roles

Beliefs

Goals

Plans

-►

MA_G2: Assisting the owner learner to get through a 
learning process

MA_G2a: Facilitating the learning for the unit;
MA_G2b: Assisting to manage the learning tasks of the 

unit;
MA_G2c: Evaluating the submission for the unit;
MA_G2d: Suggesting the next step according to 

evaluation result;
MA_G2e: Suggesting new plans for the unit; and
MA_G2f: Delegating a sub-task;

Actions

Events

-----------------------------------------------U------------------------------------------------------------------------------

MA_A2a: Reset the timer monitoring the owner’s learning for the unit 
(unit);

MA_A2b: Remind the owner learner of the learning for the unit (unit);
MA_A2c: Update the owner’s checklist to set the activity of the unit 

completed (act, unit);
MA_A2d: Acknowledge the owner of the submission of the artifact for the 

unit (unit);
MA_A2e: Evaluate the artifact for the unit (artifact, unit);
MA_A2f: Parse the evaluation result (result);
MA_A2g: Congratulate the owner on passing the evaluation of the artifact 

submission for the unit (unit);
MA_A2h: Delegate learning activities of the unit (unit);
MA_A2i: Build a new managing agent for the unit (unit);
MA_A2j: Report to the creator agent for the completion of the unit ();
MA_A2k: Request the planning agent for the revision of plan for its 

owner to study the unit (unit);

MA_E2a: The time of the timer monitoring the learner's learning for the 
unit is over (stu, unit);

MA_E2b: The learner takes the activity of the unit (stu, act, unit);
MA_E2c: The learner has submitted the artifact file for the unit (stu, unit, 

artifact);
MA_E2d: The MA has acknowledged the learner for the artifact 

submission for the unit (m-agent, stu, unit);
MA_E2e: The learner has started to study the unit for the goal (stu, unit, 

goal);
MA_E2f: The MA has suggested the learner about the revision of the 

learning plan (m-agent, stu);
MA_E2g: The MA has started to evaluate the artifact for the unit (m-agent, 

unit);
MA_E2h: The MA has received the evaluation result for the artifact 

submitted by the learner for the unit (m-agent, stu, result, unit);
MA_E2i: The MA has sent a report to the creator agent for the completion 

of the unit (m-agent, creator, unit);
MA_E2j: The MA has sent a request to the PA for the revision of the plan 

for the unit (m-agent, unit);
MA_E2k: The MA has received the revised plan for the unit from the PA 

(m-agent, plans, unit);
MA_E21: The MA has delegated learning activities of the unit (m-agent, 

unit);
MA_E2m: The MA has received a report from the MA for sub-unit of the 

completion of the sub-unit (m-agent, sub-unit);

id: plan-for-MA_G2
name: plan-for-assisting-the-owner-learner-to-get-

through-a-learnin g-process 
overall goal: MA_G2 
Body

action: MA_A2b (unit);
MA_A2a (unit)',

pre-condition : MA_E2a (stu, unit) &&
MA_B2a (me, unit) &&
MA_B2b (me, stu) 

sub-goal: MA_G2a

action: MA_A2c (act, unit)',
MA_A2a (unity

pre-condition: MA_E2b (stu, act, unit) &&
MA_B2a (me, unit) && MA_B2b (me, stu) 

sub-goal: MA_G2b;

action: MA_A2d (artifact, unity
MA_A2e (artifact, unit)',
MA_A2a (unit)',

pre-condition: MA_E2c (stu, unit, artifact) &&
MA_B2a (me, unit) && MA_B2b (me, stu) 

sub-goal: MA_G2c;

action: pass = MA_A2f (result)',
If (pass)

MA_A2g (unit)',
MA_A2j (unit);

Else
MA_A2k (unit);

End_if
pre-condition: MA_E2h (me, stu, result, unit) &&

MA_B2a (me, unit) &&
MA_B2b (me, stu) && MA_E2o (me, unit) 

sub-goal: MA_G2d;

action: MA_A21 (rev-plans);
pre-condition: MA_E2k (me, rev-plans, unit) &&

MA_E2j (me, unit) && MA_B2a (me, unit) 
sub-goal: MA_G2e

action: MA_A2i (sub-unit);
MA_A2h (sub-unit);

pre-condition: MA_E2e (stu, sub-unit, unit) &&
MA_B2a (me, unit) && MA_ B2b (me, stu) 

sub-goal: MA_G2f;

Endjbody

Figure 7.12: Conceptual model of the managing agent class
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7.4 Implementation of the agent communication in ASLS

As seen from the agent conceptual models in ASLS, developed in the previous section, 

adequate information is crucial for an agent to make a rational decision to react to the 

change that occurs in the learning spaces. When an agent in ASLS makes a decision, it 

needs to utilize the information it has gathered. The gathered information is not only the 

events that have been detected by the agent itself but also includes the one obtained 

through the communication with other agents. Consequently, the agent-to-agent 

communication is an indispensable functionality to realize the potential of the agent 

paradigm. With this in mind, designing an efficient, flexible communication means for 

agents to exchange messages is one of the crucial parts in the development of the agent 

society in ASLS. This section will deal with the communication issue.

7.4.1 Overall description of the agent-to-agent communication

There are several issues that need to explore in order to implement the communication 

between the agents in ASLS.

First of all, the agents need a common language and protocol for information 

exchange. Currently there are two main languages used for agent communication. One 

is agent communication language (ACL) (FIPA, 1998). The other is Knowledge Query 

and Manipulation Language (KQML) (Finin et al, 1993). The KQML is used in ASLS 

agent society because it has currently more support than ACL. KQML is a high level, 

message-oriented communication language and protocol for information exchange. It is 

independent of content language (syntax), transport mechanism, the ontology assumed 

by the content, and high-level protocols. The agent communication language in ASLS is 

developed based on a core set of KQML (Finin et al., 1994). A small subset of the 

KQML performatives and parameters is used to implement the required communication 

in ASLS.

Second, it is needed to explore the types of communication that ASLS should 

support. Three types of communication are required in ASLS. The first one is point to 

point communication, where the message is sent to a specific agent from an agent. By 

this type of communication, the agent sending a message has to know the identification 

of the desired agent receiving message. It should indicate the recipient agent. Most of
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the communication in ASLS belongs to this type. The second type is bus 

communication, where the message is not sent to a specific agent but broadcast to a 

number of agents. Such a type of communication is particularly useful when an agent 

wants to send a message to a group of agents rather than all the agents in the system. 

Each individual agent in the system can create, join, leave, or send a message to a bus. 

Every message is broadcast to all members of the bus. The third type is hub 

communication, where the message is not sent to all the agents at once but to the first 

agent of the hub, who will be given some time to react (Vassileva et al., 1998). In case 

it rejects the request or not reply, the message will be sent to the next agent of the hub. 

An example of this type of communication occurs when a PAA requests assistance from 

other PAAs on its list of relationships, ordered according to the degree of closeness or 

importance of the relationship.

Third, ontology is an important issue for the implementation of the communication 

between agents. An ontology is a specification of a set of conceptualization which 

defines the terms, relations, and functions needed to model particular domain (Cheikes, 

1995) and can be used to construct the message meanings in the communication 

between agents. The UOL database is used as a major ontology in ASLS.

7.4.2 Message transport mechanism

An appropriate message transport mechanism is necessary to implement the agent-to- 

agent communication in ASLS. The mechanism must be able to locate recipient agents 

and deliver messages to the intended destination.

A network vehicle, called message delivery broker (MDB), is used in ASLS to 

provide message transport services for agents. Each agent in the system has a message 

box that stores incoming and outgoing messages, and has a unique symbolic name. The 

MDB is announced to all the agents when they are established. Every agent knows it 

and registers in it when being launched. The MDB stores the information of all agents, 

includes their symbolic names and ID, creator, as well as the services they have 

registered to provide. Hence, it can transport messages between the registered agents.

The MDB, through a Java thread, listens at a standard port for the incoming 

messages from any of the agents in ASLS and provides message delivery services 

according to the demand of the received messages. These services include forwarding 

messages to the named services, routing messages based on the interpretation of
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message content, providing “matchmaking” between information providers and 

consumers, and providing mediation and translation services (Finin et al., 1994).

Figure 7.13 illustrates the communication between agents in ASLS via the MDB. 

When sending a message to other agent, an agent first sends the message to the MDB. It 

is the MDB that parses the message to determine the recipient agent(s) and then delivers 

the message to the intended destination.

Message delivery 
broker (MDB)

Agent 1 Agent 2 Agent 3
The multi-agent architecture

Agent n

Figure 7.13: Communication between agents in ASLS

7.4.3 Message structure

The agents in ASLS communicate with one another through message exchange. An 

interaction message sent or received by an agent is a piece of structured information. 

The syntax of the message is relatively simple. Figure 7.14 shows the structure of an 

interaction message by a typical example. The first element of the message is called 

“performative” that identifies the communicative act being executed. After the 

performative, there then follows a set of optional parameters, introduced by parameter 

names beginning with a colon character. One of the parameters is the content of the 

message, encoded as an expression in some formalism. Other parameters help the 

message transport mechanism to deliver the message correctly.

A message 
starts with a 
performative 
that defines the 
communication 
action type.

(ask-one
ri sender planning-agent 
:receiver personal-assistant-agent-for-pet£p 
: content (select cognitiveLevel where learner=’peter’) 
:reply-with q-1
: in-reply to d-1

)

This parameter 
contains the 
content of the 
message.

Figure 7.14: Structure of an interaction message in ASLS
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An interaction message is taken as a string when it is transported. The message 

content is just a part of the string and can be expressed in any representational language. 

The message transport mechanism essentially ignores the content of the message except 

to recognize where it begins and ends. It is this transport form that is serialized as a byte 

stream and transmitted by the message transport service. The receiving agent is then 

responsible for decoding the byte stream, parsing the components message, and 

processing it correctly.

7.4.4 Message parameter

As mentioned above, the agent communication language in ASLS is developed based 

upon a core set of KQML. A small subset of the KQML performatives and parameters 

is used in the implementation. A slight change of the KQML performatives in syntax 

has been made for the simplicity and high efficiency of the implementation. For 

instance, the parameter language has been dropped because a unique language is used in 

the system, and the parameter force has been dropped, too, because it is not necessary to 

use it.

Table 7.1 lists the principal parameters in an interaction message used in ASLS. As 

in KQML, the message may contain a set of parameters. Parameter name must begin 

with a colon character and must be precede the corresponding parameter value. 

Parameters may occur in any order in the message. The only parameter that is 

mandatory in all messages is the receiver parameter, so that the message transport 

mechanism can correctly deliver the message into the intended destination.

Table 7.1: Principal parameters in an interaction message

Parameter name Parameter value

:sender Denotes the symbolic name of the sender agent of the message.

:receiver
Denotes the symbolic name of the intended recipient of the 
message. The recipient can be a single agent, or a group of 
agents.

:content Denotes the information of the message.

:reply-with
Introduces an expression which will be used by the agent 
responding to this message to identify the original message. The 
parameter can be used to follow a conversation thread in a 
situation where multiple dialogues occur simultaneously.

:in-reply-to Denotes an expression that references an earlier action to which 
this message is a reply.
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7.4.5 Message content

In an interaction message, a performative defines the permissible communication 

actions for the agent to take. It is not aware of the actual message content that the 

message carries and thus, there are no restrictions on the language to express the 

message content. It can be composed in any language and is wrapped inside an 

interaction message. In the implementation of the agent communication in ASLS, the 

message content is encoded by using the Structural Query Language (SQL). SQL 

provides the syntax, semantics, and a set of useful operators for the content expression, 

yet it is not concerned with the concrete meaning of a message.

As an example, the PAA for learner Peter communicates with the PA to ask for 

learning plans for the goal “Designing a database system ’ can be implemented through 

the exchange of the following two messages:

(ask-one
: sender personal-assistant-agent-for-peter 
: receiver planning-agent
:reply-with q-1
: content (select learning-plans where goal=“Designing a database system”)

)

(reply
: sender planning-agent
: receiver personal-assistant-agent-for-peter
:in-reply-to q-1
: content (=select learning-plans where goal=“ designing a database systerrf)

The first message, sent by the PAA for learner Peter, uses performative ask-one to 

ask the PA for learning plans for the goal “Designing a database system ’. After 

receiving the message, the PA parses the content parameter to identify the meaning of 

the message and it thus realizes the message is a request for learning plans for the owner 

learner of the sender agent to achieve the goal “Designing a database system”. The 

select-where is a SQL statement. The PA determines the required learning plans through 

retrieving the UOL database and consulting other related agents (see Section 7.3.1 for 

the implementation details). After having attained the requested plans, the PA composes 

the second message, using performative reply, to respond the request from the PAA. 

When receiving the message, the PAA knows it is the response message to its request 

pertaining to learning plans for the goal “Designing a database system” because the
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value of parameter in-reply-to is equal to the value of parameter reply-with in the 

message it has sent. It then parses the content parameter and acquires the required 

learning plans.

7.5 Summary

This chapter has presented the development of the multi-agent architecture of ASLS, 

which is a core component in the system. The internal appearances of the agents and the 

mutual interactions between agents have been studied in more detail from the 

perspectives of design and implementation. The conceptual models of the three classes 

of agents have been presented, where the implementation of the typical services by the 

agents have been explored in detail. The implementation of the agent-to-agent 

communication in the agent society has also been addressed.
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Evaluations

After the development of the multi-agent architecture in the Agent-Supported Learning 

System (ASLS) has been presented in detail in the previous chapter, this chapter turns to 

the issue of the system evaluation. A preliminary evaluation focusing mainly on the 

system prototype has been conducted by a group of pedagogical experts and PhD 

students in the Faculty. The relevant feedback has been gathered and analyzed. The 

further investigation and development based on the knowledge gained from the 

evaluation is progressing. This chapter reports the preliminary evaluation and outlines 

the systematic evaluation which will be conducted at the next stage. It is organized into 

three sections.

• Section 8.1 provides an overview of the system evaluation. Two stages of the 

evaluation have been arranged. The first stage runs a preliminary evaluation which 

mainly focuses on the system prototype while the second stage is a systematic 

evaluation which will cover the entire research. The main considerations related to 

the arrangement are described.

• Section 8.2 presents a summarized report of the preliminary evaluation. The main 

goals, evaluation procedures and the examiners who took part in the evaluation are 

respectively introduced. The major feedback attained from the evaluation is 

analyzed. The suggestions relevant to the further research and development are 

discussed.

• Section 8.3 outlines the systematic evaluation which will be carried out at the next 

stage. The core tasks of the evaluation are claimed. The major implementation 

plans for the evaluation are briefly described.

225
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8.1 Overview of the evaluation

As repeatedly emphasized in the previous chapters, the objective of the research 

reported in this thesis is to facilitate effective and efficient learning experiences for 

individual learners by providing a variety of supportive services that are useful for them 

to build knowledge. The achievement of the objective cannot be claimed until the 

system developed based on the knowledge acquired from the research is scientifically 

evaluated, and the beneficial effects gained from the services are objectively validated 

by online learning participants in realistic settings. Evaluation of a learning support 

system is an essential element in its development cycle, and it is an imperative step 

before the system can be put into real-world applications. A two-stage plan for the 

ASLS evaluation has been designed and the first stage evaluation has been 

accomplished. In this section, an overall arrangement for the ASLS evaluation will be 

presented, and the relevant considerations for the evaluation will be reported.

8.1.1 Two-stage evaluation plan

Evaluation of a learning support system in online learning environments is hard for the 

absence of commonly accepted standards, high costs, and scarcity of expertise (Kosba et 

al, 2005). ASLS is developed for supporting online learning across the Internet. How to 

effectively evaluate its features is also a research issue. In order to enhance the 

effectiveness of the evaluation and to reduce the required costs, it seems plausible to 

adopt a two-stage evaluation strategy: a preliminary evaluation performed by a small 

number of experts at the first stage, and then after the accomplishment of the further 

research and development based on the feedback gained from the preliminary 

evaluation, a systematic evaluation conducted by a large number of the targeted users, 

or online learners, at the second stage.

Lurthermore, the current UOL database content in the system prototype causes 

performing a systematic evaluation at present less significance. As indicated in Chapter 

6 (see Section 6.3), the UOL database currently only contains limited number of records. 

They have been designed mainly to validate the feasibility of the system prototype. This 

limited volume of contents does not allow for practical applications. Hence, it is an 

adequate time for performing a preliminary evaluation, rather than a systematic 

evaluation, from the perspective of software development cycle.
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For the sake of the above two, the ASLS evaluation has been designed to be run over 

two stages:

• Stage 7: the first stage of the evaluation carries out an initial evaluation. This 

evaluation will be focused mainly on the system prototype developed so far. The 

goal is to gather feedback on the overall system design, discover uncovered 

requirements for online learning, and use them as guidelines for the further 

research and development. A selected group of expert practitioners of online 

learning will be invited to conduct the evaluation.

• Stage 2: the second stage of the evaluation runs a systematic evaluation. This 

evaluation will be conducted after the accomplishment of the further research and 

development based on the feedback from the evaluation at the first stage. The range 

of evaluation will cover the entire research, including the system features, the 

overall architecture and implementation, the agent behaviours, the reactions and 

judgements of different learners, the roles of the supportive services and the styles 

of presenting services. The goal is to discover potential improvement of the 

beneficial effects that the system can provide for individual learners. Not only 

experts but also learners will be invited to evaluate the system. A university course 

context data will be developed and added to the UOL database of ASLS. Students 

who enrol for studying the course will be invited to take part in the evaluation in 

realistic settings.

To this point, the first stage evaluation has been accomplished, which will be reported 

in the next section. The second stage evaluation, the systematic evaluation, has been 

scheduled; it will be conducted after the further research and development based on the 

knowledge attained from the initial evaluation has been accomplished.

8.1.2 Overall evaluation objectives

Since evaluation of a learning support system is an integral part of its development 

cycle, the investigation into scientifically credible evaluation of an online learning 

support system has so far received considerable research effort. The existing researches 

into the evaluation of online learning include the following seven themes: case studies 

of specific online learning programmes, comparisons of online learning program with 

traditional learning, tools and instruments for conducting evaluation such as online data 

gathering instruments, return on investment, benchmarking models, and product
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evaluation, performance evaluation (Hughes & Attwell, 2002/2003). How to evaluate a 

learning support system depends on the purpose of the evaluation.

Typically software products are evaluated on the basis of the features they provide, 

their technical specifications, and cost (Britain & Liber, 1999). For the ASLS evaluation, 

we argue that pedagogical criteria must be taken as a critical requirement to differentiate 

it with other software products. The importance of pedagogical criteria in a learning 

support system like ASLS cannot be over emphasized because the objective of the 

system, as suggested by its name, is to support and facilitate meaningful learning. 

Without pedagogical benefits or with only a few benefits, the system will not succeed in 

its goal. Hence, first and foremost, the ASLS evaluation needs to relate to the learning 

process of individual learners. Examples of the key issues to examine include

• Do the services provided by the system facilitate individual learner’s knowledge 

construction?

• What is the effectiveness of the facilitation? How many benefits can the online 

learners gain from the supportive services?

• Is it possible to enhance the effectiveness of the facilitation in both scope and 

depth ?

• Does the system facilitate effective and efficient learning experiences for individual 

learners ?

The principal objective of the ASLS evaluation is to seek for answers to these questions. 

They will be achieved in two stages respectively. At the first stage, the focus is mainly 

on the prototype system to find potential problems and uncovered requirements for 

online learning. At the second stage the focus is on the systemic evaluation of individual 

learning experience.

8.1.3 Evaluation methodology

Evaluation is a systematic analysis process to determine whether an object meets some 

specified criteria. Many different types of evaluations have so far been investigated and 

used in many different applications. Perhaps the most important evaluation types are

• formative evaluation, also known as internal evaluation, a method of judging the 

worth of an object while the object is forming or creating (Bhola, 1990). Its 

purpose is to identify the performance of various aspects of the object that needs to 

improve and to offer corrective suggestions. Formative evaluation focuses on the
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process and aims towards improving the object being evaluated. It runs while the 

object is being formed.

• summative evaluation, also known as external evaluation, a method of judging the 

worth of the whole object being evaluated. It focuses on the entire object and 

examines the benefit of the used approach in the object. Summative evaluation 

usually runs after the object has been formed.

Other types of evaluations include performance evaluation, process evaluation, and 

outcome evaluation. Among these different types, formative evaluation and summative 

evaluation are generally taken as two broad categories. In practice, they are 

complementary strategies of evaluation. There is no inherent incompatibility between 

the two strategies. The ASLS evaluation needs to include formative evaluation as well 

as summative evaluation since it must collect information for the improvements of its 

components for the future development and also collect information for the 

effectiveness of the implementation approaches.

Evaluations can be quantitative and qualitative. Quantitative evaluation attempts to 

measure or obtain a quantitative fix on what is going on of the object; and qualitative 

evaluation attempts to describe what is going on (Jaques, 2005). Quantitative evaluation 

is more difficult than qualitative evaluation. Most studies for evaluation of online 

learning systems to date have been qualitative in nature. The ASLS evaluation must use 

a combination of quantitative and qualitative since it requires obtaining factual 

information, attitudinal information, and a mixture of both. Often quantitative 

evaluation is associated with the use of questionnaires, and qualitative evaluation with 

the use of interviews (Jaques, 2005). Hence, these means will all be used in the ASLS 

evaluation.

As an online learning support system, ASLS serves for online learners and its 

targeted users are online learners. They are actually the final evaluators of the system, 

who will finally judge if the supportive services provided by the system are valuable for 

their knowledge construction and how many benefits they can gain from the supportive 

services. Only they fully accept and trust the supportive services, has the system 

succeeded in its goal. Consequently, the examiners in the ASLS evaluation must include 

a large number of online learners, and their reactions to the system, their comments, and 

suggestions must be paid special attention in the evaluation.
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In the ASLS evaluation, extensive data must be collected so that a valuable 

evaluation result can be achieved. Furthermore, flexible and effective strategies must be 

adopted to collect evaluative data from different sources. Not only traditional data 

collection strategies, such as interview and questionnaire, will be used, but also some 

advanced technology for collecting data will be used as well, for example utilising 

specific mechanisms to automatically record individual learner’s online learning 

activities including their log files, to let learners do pre-test and post-test, and to provide 

convenient means for learners to submit their evaluative comments and indicate their 

reactions or suggestions.

8.2 Preliminary evaluation

As the first stage of the ASLS evaluation, an initial evaluation has been conducted by a 

group of pedagogical experts and PhD students in the Faculty. This section will present 

a summarized report of the preliminary evaluation.

8.2.1 Main goals

As claimed in Section 8.1.1, due to the insufficient context data in the UOL database, it 

is less significant to evaluate ASLS in depth at present. Consequently the overall 

evaluation objectivists described in Section 8.1.2 have to be approached through two 

sequential stages. At the first stage, the main goals of the initial evaluation include

• examining the features of ASLS through the prototype to find out hidden problems 

in its design and implementation;

• checking the supportive services that have been implemented to find out uncovered 

requirements of learning in online environments;

• verifying the usability of the “adaptive services” and the presentation modes to 

seek for ways to accommodate more learning styles; and

• analyzing the benefits of the supportive services on facilitating learner’s knowledge 

construction in online environments to seek for more effective and efficient 

realization of the beneficial effects.

It is hoped that the results obtained from the preliminary evaluation would provide 

valuable insight on the further research and development towards facilitating effective 

and efficient learning experiences for individual learners. The focus is on looking for
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ways to build a bridge between the empirical system and the final product, which can be 

put into real-world applications.

8.2.2 Examiner profiles

The examiners who have taken part in the preliminary evaluation are a group of experts 

in the Faculty, including three pedagogical experts and five final year PhD students.

The three pedagogical experts have considerable experiences in both the research in 

online learning and the practical teaching in an online mode. They had extensive 

experiences using the Web in their teaching, particularly within the context of a learning 

management system. They used a range of electronic resources in their online teaching, 

including subject outlines, lecture notes, reading lists. They have all, at some time, 

designed and developed online courses themselves. They all communicate with their 

students via email and other asynchronous discussion tools to enhance teaching.

The PhD students in the group of the examiners are the students who have been at 

various times involved in similar research projects. All have strong interests of research 

in online learning. They have considerable experiences in the development of Web 

applications, particularly online instruction systems. Some are very good at the use of 

Java language, by using which the agents in ASLS are developed (see Section 7.1).

8.2.3 Evaluation procedures

In the preliminary evaluation, the examiners were requested to examine the system 

features from the perspectives of an online learner. They conducted the evaluation 

through the following three steps:

• Step 1: interacting with the system prototype. They logged into the prototype as a 

learner and interacted with it to examine its features. To let the examiners have 

general knowledge about ASLS, they were provided with a document that contains 

“A summary of system features” (one A4 page) and “A usual learning process” 

(one A4 page). They respectively logged into the prototype and accomplished this 

step at their respective convenient time in their own workstation.

• Step 2: answering evaluative questions. Twenty evaluative questions were designed 

for the examiners to provide evaluative comments and indicate the requirements for 

the future research and development. They respectively answered the questions and
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made comments based on the knowledge about the system they gained through 

their practical interactions with the prototype.

• Step 3: having an informal interview with the researchers. When an examiner had 

finished Step 2 and returned the answered questions to us, we had an informal 

interview with the examiner. The topic includes twofold: one is our

acknowledgments to the examiner for his or her time spent in the evaluation; the 

other is a discussion focusing on what he or she considered while answering the 

evaluative questions and his/her overall impressions, overall opinions and overall 

comments on the prototype.

8.2.4 Evaluation questions

Twenty evaluative questions were designed based on the goal of the preliminary 

evaluation described in Section 8.2.1. The purpose is to enable examiners to 

conveniently provide evaluative comments and indicate the requirements for the further 

research and development.

The questions are listed in Appendix C and they include two categories; one contains 

fifteen questions with a predetermined range for selection while the other category 

consists of five open-ended questions without a limited range. Each question in the first 

category has five scales (1—5) for an examiner to rate. The examiner is also asked to 

make comments after he or she has answered a rate.

The open-ended questions aim to receive feedback from examiners without any 

predetermined set of responses. The openness here means that a respondent can be 

enabled to freely express his or her comments for the particular topic in a question 

without being restricted within a limited range, which can more truly reflect his or her 

opinions. In the preliminary evaluation, five open-ended questions were designed to get 

more substantial verbal responses from examiners.

8.2.5 Feedback and discussion

The feedback data from the preliminary evaluation has been collected and the related 

data analyses have been performed. The major results and the related discussions are 

presented in this subsection.

The mean values and standard deviations of the answers to the 15 evaluative 

questions are shown in Table 8.1. As indicated in the table, most of the questions
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Table 8.1: Mean value and standard deviation of the answers to the 15 evaluative questions

No Question
Answer rating

Mean Std
1 2 3 4 5 Dev

!
Is it easy for a learner to specify a learning goal by using 
the system? Easy ~ Difficult 1.89 0.737

2 Does the system assist a learner to develop learning plans 
towards his/her learning goals? A lot of assistance ~ No assistance 1.78 0.916

3 Does the system assist a learner to choose learning 
materials for his/her learning goal? A lot of assistance ~ No assistance 2.00 0.667

4 Does the system assist a learner to make a decision on 
what to do next? A lot of assistance ~ No assistance 2.44 0.497

5 Does the system assist a learner to find fellow learners 
with similar learning goals and learning interests? A lot of assistance ~ No assistance 1.56 0.497

6 Does the system assist a learner to find an online 
discussion forum related to the theme being studied? A lot of assistance ~ No assistance 1.22 0.416

7 Does the system assist a learner to identify problems in 
his/her learning processes? A lot of assistance ~ No assistance 2.56 0.956

8 Does the system actively provide a learner with 
assistance in his/her learning processes? Often ~ Never 2.22 0.416

9 Does the system provide a learner with assistance 
according to his/her profile? Often ~ Never 1.67 0.816

10 Does the system provide a learner with assistance based 
on learning scenarios? Often ~ Never 1.89 0.737

1 1
Most of the suggestions provided by the system contain 
multiple options. Are these options sufficient for learners 
to make decisions?

Sufficient ~ Not enough 2.22 0.416

12 Do you think the services provided by the system useful 
for a learner to get through a learning process? Useful ~ Useless 2.11 0.737

13 Do you think the services provided by the system useful 
for a learner to improve skills independent learning? Useful ~ Useless 2.33 0.816

14 Do you think the services provided by the system can 
attract learners to engage in learning? Strong attract ~ Weak attract 2.44 0.497

15
Are you satisfied with the services provided by the 
system? Satisfied ~ Hate 2.00 0.667

received excellent ratings. The descriptive statistics, the answers to the open-ended 

questions, and the interview have revealed a lot of valuable information for the further 

development of the system. The typical ones are summarized as follows:

• A positive result is attained from the evaluation. All the examiners appreciate the 

research effort for this study. As commented by a pedagogical expert, “Assisting 

and facilitating learners to efficiently learn by using advanced technological means, 

such as software agents, is a significant research issue in the contemporary digital 

information era". They believe the non-intrusive services ASLS provides are useful 

for online learners because “they can encourage learners to self-leam on one hand, 

and help learners to solve various potential problems on the other hand".
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• The examiners expressed a high degree of satisfaction with the functionalities that 

have been implemented in the prototype so far, especially the individualized 

services. Some pedagogical experts carefully examined the methodology for 

dynamically organizing services according to the unique learning characteristics of 

individual learners. They suggest further refinements of the items in learner 

profiles towards more accurate characterization of individual learning styles.

• The examiners are highly favourable of the visual representation of a learning plan 

(see Figure 6.10 and the relevant description in Section 6.1.3 for details). They 

believe “the visual interactive interface can reduce learner’s cognitive burden in 

inspecting and analyzing a learning plan ’. However, they also pointed out “the 

application of visualization technology in the system is not sufficient; there are 

other places where visualization technology can be applied\ As an example, they 

suggest us, by using visualization technology, develop a multi-level menu to 

replace the list currently used in Figure 6.2 so that learners could more efficiently 

and conveniently choose desired learning goals.

• The examiners attitude the current “Contactpeople” service to positive (see Figure 

6.12 for the service) because it can help learners become aware of other learners 

and teachers and in turn to facilitate collaboration among online learners and with 

their teachers. For the students and experts/teachers that the agents provide for 

learners, the examiners believe they should come from wider sources, rather than 

just from LiveNet. They recommend us to apply data mining or Web mining 

technology to search for such information from the Internet.

• The limited number of records in the UOL database led to some dissatisfaction of 

the examiners. They often received warning messages caused due to the 

insufficient context in the UOL database when they interacted with the prototype in 

the preliminary evaluation. They strongly suggest expanding the UOL database.

To summarize, the examiners in the preliminary evaluation have confirmed the 

importance and the appropriateness of the supportive services to facilitate construction 

of knowledge by individual learners. They have shown a positive impression on the 

system prototype. Meanwhile they have pointed out some problems in the prototype and 

given a number of valuable suggestions for further research and development. The 

problems that they have found are part on the project roadmap and can be solved
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through further investigation and development. Based on their advice, further research 

and development has been scheduled, some of which will be reported in the next 

chapter (see Section 9.4).

8.3 Systematic evaluation

The preliminary evaluation of ASLS has indicated valuable insight on how to conduct 

further research and development. However, because it was mainly focused on the 

system prototype without deeply examining other aspects of the research, it is somewhat 

limited to characterize the entire research reported in this thesis. A systematic 

evaluation is hence imperative to carefully evaluate all aspects of the research. It will be 

carried out after the further research and development based on the knowledge gained 

from the preliminary evaluation has been accomplished. This section will sketch out the 

systematic evaluation.

8.3.1 Core tasks

As scheduled, the evaluation that will be run at the next stage is a systematic evaluation 

which will cover all aspects of the research. A'Herran (2000) in his paper “Research & 

evaluation of online systems for teaching & learning” suggests thirteen aspects that 

should be examined in a systematic evaluation of an online learning system, which are 

listed as follows:

• for learners: consistency, accessibility, quality of design;

• for administrators', scalability, value for money, integration with existing systems;

• for technicians: robustness, user base, technical support, ease of maintenance;

• for course developers or teachers: customizability, flexibility, integration of legacy 

materials.

As to the systematic evaluation of ASLS, there are many items that need to be examined 

where various evaluation criteria will be applied. Clearly the underlying theories, the 

implementation techniques and approaches used in ASLS will be carefully examined in 

the systematic evaluation. As discussed in Section 8.1.2, pedagogical criteria must be 

taken as the most important evaluation criteria. Hence, the core of the systematic 

evaluation will be focused on the investigation into the benefits of the implementation 

on individual learner's knowledge construction and the performance of the agents that
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realize the supportive services for facilitating construction of knowledge by learners. 

These can be summarized as the following questions:

• Do the agents offer right advice at a right time in an online learning process for 

facilitating knowledge construction of individual learners? Do the styles of 

presenting advice and the degrees of intervention well accommodate different 

learners?

• To what extent does the advice provided by the agents help learners construct 

meaningful understandings and develop skills relevant to high-order problem 

solving? To what extent do learners construct knowledge more cjuickly, more 

easily, and more thoroughly with the agent services?

• What are the reactions of learners, instructors, and pedagogical experts to the 

agent services? To what extent do online learners accept the learning environment 

created by utilizing software agents? How much do they like to study together with 

these process agents? To what extent do they find the learning process more 

enjoyable, entertaining, and efficient while the agents are involved?

8.3.2 Major implementation plans

It has been planned that the systematic evaluation of ASLS will be conducted after the 

further research and development based on the knowledge gained from the preliminary 

evaluation has been accomplished. From the perspective of software development cycle, 

it is not surprising that new problems may emerge and new research topics might be 

found along with the progress of the further development. Hence, it is really hard at this 

moment to precisely describe how the systematic evaluation will be run at the next 

stage, especially its detailed implementation strategy. In order to provide a vision for 

how we are going to organize the systematic evaluation, the following will briefly list 

the major implementation plans we have designed:

• Evaluation objects will be related to the components that can exhibit the specific 

features and the implementation techniques in the research, including the prototype 

(not only its external features but also its internal implementation such as the UOL 

database, agent architecture, agent reasoning modes, agent communication), the 

relevant technological documents, test reports, and so forth. The prototype for the 

systematic evaluation will be equipped with a UOL database which contains a 

university course context data we will develop next.
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• Evaluation forms will be both formal and informal. The formal evaluation will 

include interview, questionnaire, group discussion, and the comparisons of pre-test 

and post-test. The informal evaluation will include conversations, observations. 

The interactions with the system will be used as the most important evaluation 

form.

• Approaches to collecting evaluative data will be both manual and automatic. In 

addition to some traditional manual modes of collecting evaluative data, some 

specific networked digital vehicles will be used to collect evaluative data, such as 

through monitoring or recording practical executions.

• People taking part in the evaluation will come from extensive sources, including 

course developers, learning designers, system administrators, pedagogical experts, 

instructors, tutors, and most importantly, online learning participants. A large 

number of students, particularly the university students who enrol for studying the 

course whose context data we will develop for expanding the UOL database of 

ASLS, will be invited to participate in the systematic evaluation.

• Evaluation types will be both formative and summative. A combination of 

quantitative analyses and qualitative analyses will be applied into the systematic 

evaluation.

Hopefully the systematic evaluation of ASLS, which will be earned out at the next 

stage, will produce detailed characterizations of ASLS that can be used to validate the 

effectiveness of the supportive services for real-world online learning and to guide the 

further optimization of the system so that it can facilitate more effective, more efficient 

learning experiences for online learners.
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Conclusion and Future Work

The preceding chapters have analyzed the requirements for online instruction systems to 

support the increasing demands in learning, proposed an agent-based approach to 

facilitate constructivist c-leaming, investigated the principal theoretical and 

technological foundations for the realization of the approach, identified the supportive 

services to facilitate knowledge construction of learners, discussed the major challenges 

to implement the supportive services, sketched out the ways we overcome these 

challenges, explored the technological framework for the realization of the supportive 

services, reported the development of the multi-agent architecture to realize these 

services, and illustrated the relevant evaluations. Building upon the research and 

practice, this chapter concludes the thesis by summarizing the main results attained 

from the research, listing the major contributions of the research, and outlining the areas 

for the future work.

The chapter is organized into five sections. The theme of each section is outlined 

below:

• Section 9.1 presents a summary of the main results attained in the research;

• Section 9.2 lists the major features of the agent-based approach to facilitating 

construction of knowledge by individual learners;

• Section 9.3 outlines the principal contributions of the research;

• Section 9.4 indicates the further work for the research; and

• Section 9.5 describes the perspectives of the research.

238
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9.1 Conclusion

The overall goal of the research presented in this thesis is to develop ways to facilitate 

knowledge construction of individual learners. An agent-based approach has been 

proposed for this goal. It is completely different with the extant approaches. In the 

approach, electronic learning space technology is used to create an online learning 

environment conducive to constructivist learning, and software agents are incorporated 

into the environment to provide supportive services to facilitate and assist individual 

learners to build knowledge by using constructivist ways. The core of the supportive 

services is to facilitate meaning making, the process of individual learner’s knowledge 

construction. Instead of imposing a “best” learning strategy on learners, software agents 

offer non-intrusive services to learners. The autonomy of learners in learning is 

sufficiently supported and encouraged. Meanwhile they are offered with a wide range of 

services through various suggestions and advice. All these services are dynamically 

generated based on actual learning scenes and are adapted according to the particular 

cognitive level and learning styles of individual learners.

The investigation and practice of the research, though still in progress, has illustrated 

the agent-based approach can effectively facilitate online constructivist learning. Some 

conclusions can be derived:

• Learners, when learning online, are likely faced with more difficulties than learning 

in conventional classrooms and require more support and assistance accordingly. 

Moreover, they may require distinct assistance due to their different backgrounds, 

interests, styles, motivations, capabilities, and goals. Catering for learners with the 

“adaptive services” can be a solution to satisfy such diversified requirements.

• In order to assist learners to construct meaningful understandings of the study 

themes in online learning, supportive services should be directly aimed at their 

actual requirement; helping them to solve various potential problems in online 

learning and develop skills relevant to high-order problem solving. They should not 

attempt to offer learners with a solution for the problem under study or impose 

them to attain a solution using a designated mode. Rather, they must facilitate and 

assist learners to build knowledge through providing them with an environment 

conducive to building knowledge by using a constructivist way.
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• It is effective to describe the rules related to what supportive services should be 

provided for which learners at what moment in a learning process by using a 

learning process specification language through a series of UOLs. To be able to 

describe more individualized learning routes and hence more services to support 

personalized learning, the specification language must include enough object 

parameters and an appropriate architecture. The specification language will become 

considerable complicated as with its ability to describe individualized learning 

routes is being enhanced. In the practical development of an online instruction 

system, it usually needs to balance the two aspects.

• The support for personalization of learning strongly relies upon the research into 

learning models. There are a lot of issues that require further investigation in the 

particular research area, such as the factors that influence learning, various 

different learning characteristics, different cognition procedures of learners with 

different learning characteristics and the corresponding support for facilitating the 

development of cognition abilities. Although preliminary result for these issues has 

been achieved, deeper research is required. This requires comprehensive utilization 

of the latest achievements of research on learning theories, artificial intelligences, 

and other relevant areas.

• The anticipated effect of the supportive services for facilitating online learning is to 

a large extent influenced by the human-computer interfaces (HCI) of the system. 

The comprehensive use of sound, graphics, text, animation, and their combination 

in HCI can significantly attract learners and in turn enhance the effect of the 

supportive services. Although a number of design principles for HCI have been 

proposed, the problem for how to attract different learners through designing a HCI 

that match their particular learning characteristics still needs further investigation.

• The supportive services for facilitating online learning can be effectively 

implemented by using software agent technology. Software agents can be designed 

so that they can, on behalf of human instructors, work at the online environment, 

observe and monitor the learning of individual learners, and actively provide 

supportive services for learners whenever necessary. They can interact with each 

other to take collaborative actions to realize various process-oriented services for 

learners. They can accommodate individual learners with the “adaptive services”
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by following the rules stored in the UOL database related to what, when and how to 

provide services for individual learners in a learning process. The application of 

agents for realizing the supportive services not only makes these services more 

attractive but also allows their implementation in a more natural fashion. On the 

other side, however, software agent technology is not the only one to implement 

the supportive services; other alternative technologies exist. In order to further 

enhance the features of the supportive services, it is necessary to comprehensively 

utilize the advantages that different technologies can provide to implement the 

supportive services. As an example, a comprehensive application of software agent 

technology and Web Services technology may generate more efficient supportive 

services for learners. Clearly many issues need be investigated for comprehensively 

utilizing different technologies to implement the supportive services.

9.2 Major features of the agent-based approach to facilitate e-learning

In contrast with other approaches to facilitate ^-learning, our agent-based approach has 

the following distinguished features:

• supporting learner control. It does not force learners to take any learning activity 

or follow any particular learning route. Hence, the learners can independently adopt 

their own preferred learning approaches and plans to conduct learning and build 

meaningful understandings of the study theme. Their autonomy in learning is 

sufficiently supported and encouraged. In a learning session, they have the option 

to select the study theme, control the learning sequence and pace, and decide the 

preferred modes to interact with the learning system. They can also view the 

information that the system maintains for them in their profiles. This contrasts with 

those ITS or ICAI systems where learners can only passively follow a 

predetermined learning path chosen by the system.

• supporting active learning of learners. According to constructivism, knowledge is 

constructed by learners who are involved in active learning (Jonassen, 1991b; 

Mayer, 1999). To engage learners in active learning, all the services provided by 

the system are not designed to directly offer them a solution of the problem under 

study. Almost all the suggestions given by the system contain multiple options. The 

aim is to facilitate and encourage learners to independently explore possibilities,
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invent their own solutions for the problem being studied, and actively construct 

knowledge in the process. This contrasts with most existing online instruction 

systems where learners are directly told about a solution for the problem under 

study or are taught to get a solution by a predetermined mode and route.

• supporting personalized learning for individual learners. The system 

accommodates learners with the “adaptive services”. The service contents, the 

presentation modes and the intervention degrees are adapted to individual learners 

according to their respective profile. Learners are provided with supportive services 

in a mode that most suits their particular cognitive level and learning styles. This 

contrasts with most of today's online learning systems where they offer a “one size 

fits all” approach to the delivery of learning materials, namely every learner is 

given the same set of resources.

• supporting collaborative learning for learners in groups. The system provides 

electronic learning spaces for learners in groups to share and exchange ideas and 

views, and supports the dynamical management of the groups of collaborative 

learning. It utilizes diverse technological means to foster collaborative learning 

activities, including actively assisting them to setup initial conditions, and 

monitoring and regulating the interactions among the learners in groups. This 

contrasts with most existing computer supported collaborative learning systems 

where they only provide a shared space for learners to share information without 

providing any active support for collaborative learning.

• providing human-like supportive services. All the services are implemented by a 

series of software agents. The distinguished features that software agents can 

exhibit, such as autonomy, social ability, responsiveness, and pro-activeness, 

enable the supportive services to be provided for individual learners at a right time, 

with right context. They also let the services more deliberative, more flexible, and 

more attractive as well. These services can significantly facilitate individual 

reflective, critical thinking, and collaboration with other learners. To some extent, 

the agents behave just as a human coach does in similar circumstances.

• facilitating productive learning outcomes. Because the services the system 

provides for learners are aimed to facilitate their knowledge construction, they can 

significantly benefit learners for enhancing learning outcomes. The core of these
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services is to facilitate the development of learner’s abilities in adaptation and 

problem-solving in real-world applications and to improve their teamwork skills. 

Under the support offered by the system, learners can effectively and efficiently 

solve various potential problems in online learning and hence benefit them to 

continue their pursuits for the learning goal. Moreover, under the cognitive guide 

offered by the system, they can construct meaningful understandings of knowledge 

objects and integrate them with their prior knowledge. As the result, more 

productive learning outcomes can be achieved.

9.3 Contributions of this research

This thesis has developed and extended the research results obtained by the author 

during the PhD study starting from the July 2003. Most of the results obtained from the 

research have been published in 16 research papers in referred conference proceedings 

and journals listed in the “List of Associated Publications” at the start of the thesis. The 

major contributions of the research can be summarized as follows:

• an agent-based approach to facilitating constructivist e-learning. The approach is 

based on the comprehensive utilization of software agent technology and electronic 

learning space technology, and the research results in learning objects and learning 

designs. It facilitates knowledge construction of individual learners in light of 

constructivist learning theory. It advocates and encourages learners to construct 

knowledge by using constructivist ways, and at the meanwhile it does not reject 

any other useful learning theory.

• the process agents to assist learners to get through the learning process. Unlike 

today’s pedagogical agents, process agents do not play the role of a tutor or a co

learner in the learning process, but rather focus on the generic learning process. 

Process agents do not provide domain-specific assistance but help learners advance 

the learning process. They provide process-oriented services to guide learners to 

get through the process and are generic in the sense that they are domain 

independent. The services go beyond simply presenting course materials, but 

supply a wider range of technological facilities, tools and services to support 

learning. They provide learning plans for learners to achieve their learning goals, 

offer case study materials, suggest online discussion forums, recommend fellow
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learners to collaboratively study and teachers to get assistance, and aid learners to 

timely evaluate learning outcome and adjust learning whenever necessary.

• a non-intrusive mode to presenting supportive services. Learners are not imposed 

to accept the services provided by software agents. Instead, they are free to accept 

them or ignore them by using their own ways to build knowledge. Their autonomy 

in learning is sufficiently supported and encouraged. Meanwhile agents offer them 

a wide range of services through various suggestions or advice. These spontaneous 

services can effectively guide and scaffold them to solve various possible problems 

in a learning process, engage them in reflective, critical thinking and collaboration 

with other learners, and benefit them to get through the learning process.

• the extension of the specification language to describe learning activities and 

processes and the related services to support learning. In order for software agents 

to provide right services for individual learners at a right time, a learning process 

specification language has been developed to supply agents with such knowledge. 

It is used to describe learning activities and processes and the corresponding 

services through a series of UOLs. The specification language is built upon the 

earlier work on the specification language, particular EML. The extension and 

adjustment is mainly aimed to support personalization of learning and facilitate 

constructivist learning.

• a framework to demonstrate the research outcomes. To demonstrate and validate 

the results of the research, a prototype of the Agent-Supported Learning System has 

been developed. A number of supportive services have been implemented. A 

preliminary evaluation has been conducted and the encouraging results have been 

gained. The prototype is currently under refinement and improvement based on the 

feedback from the evaluation. It provides an efficient platform for the further 

research and development.

9.4 Future work

The research presented in this thesis has proposed an agent-based way to facilitate 

constructivist e-leaming. Up to now we have investigated the relevant theoretical and 

technological foundations and developed a system prototype. The research has not 

finished because much further work still lies ahead. In the next, we intend to do:
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• Optimizing the agent performance. Although software agents have successfully 

implemented a few of supportive services, a number of technological issues must 

be further addressed before the system can be put into real-world applications. For 

instance, when the system is put into the practical application, it will require the 

agents to simultaneously serve for many online learners. To serve a large number 

of learners at a time, the communication between agents will be increased sharply. 

Will the agent behaviours be good enough to timely and reasonably respond the 

events happening in learning spaces at that situation? Follow-up research will 

address issues like this. We will carefully optimize the behaviours of the agents to 

ensure they can work in a high-efficiency mode. The work includes optimizing the 

architecture of the agent society, the procedure of decision-making of the agents, 

and the methodology of agent-to-agent communication.

• Extending and improving the supportive sendees. To this end, a few of process- 

oriented services have been implemented. They are mainly concentrated on 

assisting individual learners to dynamically adjust learning processes. Surely more 

supportive services are required from the viewpoints of online learners. On the 

other hand, the feature of the services that have been implemented need to be 

refined. Further research will be conducted to improve these services. As a typical 

example, the HCI of the system will be further improved.

• Optimizing the specification language. The specification language is a crucial 

component in our work for enabling software agents to understand what learners 

require and decide what, when and how to provide supportive services for 

individual learners. We will adjust and optimize its object parameters to extend its 

description ability so that agents could provide more services for individual 

learners to more effectively assist them to build knowledge.

• Developing a visual interface to create or edit UOL records. Currently the system 

prototype has implemented a framework which utilizes the context data stored in 

the UOL database to dynamically organize supportive services based on the actual 

learning scenes and individual learner’s learning characteristics. It has not covered 

the work for the development of the UOL database. At present, the UOL database 

is created or modified by using a text editor, such as Notepad or WordPad, since 

the UOL database is implemented in an XML document which is a text file. It is
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not easy for some designers to use the tags depicted in Figure 6.24 to express their 

ideas in learning designs. Next, we are going to develop a visual interface for 

course designers to create, edit UOL records. They will not need to worry about the 

tags; all the necessary tags will be dynamically organized and displayed by using 

advanced visualization technologies. Such an interface will enable designers of 

UOLs to concentrate on learning designs.

• Systematically evaluating the research. Although a preliminary evaluation has been 

conducted, a systematic evaluation will be necessary after the above refinement 

and development has been accomplished. We will invite not only pedagogical 

experts but also the targeted users of the system, online learners, to evaluate the 

research. More specifically, we will extend the UOL database so that it will include 

a university course context, and ask students enrolling for studying the course to 

evaluate the system from actual online learning. Then, we will gather and analyze 

the feedback and do further improvement accordingly.

9.5 Perspectives

Zf-leaming is being widely recognized as an important means to satisfy the increasing 

demands for learning in the contemporary information society. Considerable research 

effort is being devoted to facilitating e-leaming.

In contrast with other work, we facilitate ^-learning by providing learners with a 

wide range of services that are useful for them to build knowledge. The emphasis in the 

approach is on the establishment of an online constructivist learning environment to 

facilitate individual learners to construct knowledge by using constructivist ways, on 

which very little work has been done before. The core of our work is to assist learners to 

construct meaningful understandings and develop skills relevant to high-order problem 

solving. All the considerations and designs are learner-centered and learning-centered. 

The attention is focused on the process of meaning-making conducted by individual 

learners. The distinctions between our approach and other approaches make our 

approach a competitive candidate to bridge the gaps between the present online 

instruction modes and the demands for online instruction to support the increasing 

learning requirements in the 21st century, which was discussed in Chapter 1.
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Moreover, our approach has some potential advantages. First, the technological 

means currently used in the approach are the advanced ones, which are being rapidly 

developed and have a great potential for real-world applications. Electronic learning 

space technology offers an effective means to support online learning, both individual 

learning and collaborative learning. Reusable learning objects and learning designs 

provide a way to dynamically generate online learning content and organize learning 

process to fit individual requirements for learning. The process agents, behaving as a 

human coach, provide a wide range of process-oriented services at a right time, with 

right contexts, and using a right manner. The advancements of these technologies will 

make our approach to facilitate constructivist e-leaming more effective. Furthermore, 

the integration of software agent technology with the emerging advanced technological 

means, such as Web Services technology, to implement the supportive services will 

significantly enhance the features of the supportive services and further improve their 

implementation.

Because of the above advantages and the distinguished features of the agent-based 

approach (some features have been outlined in Section 9.2), we believe it is an effective, 

prospective approach to facilitate knowledge construction of learners in online learning. 

It is valuable to refine and extend it, and do a deeper exploration into it. So far, we have 

completed the investigation on the relevant theoretical and technological foundations 

and developed a system prototype. Much associated work has not been conducted yet. 

We will continue the research and do further development. Some of the future work has 

been outlined in Section 9.4. It is hoped that the results derived from the study would 

make some significant contributions towards a solution to the key research issues in 

incorporating software technologies into online learning environments to provide 

individual learners with supportive services to facilitate and assist them to construct 

knowledge by using constructivist ways, which were identified in the introductory 

chapter of the thesis.
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GLOSSARY & ABBREVIATIONS

Active learning: a study form which puts the responsibility of organizing what is to be 
learned in learners themselves, and ideally lends itself to a more diverse range of 
learning styles.

Artifact: any object that is produced or consumed in knowledge construction, e.g. 
documents of various types, database tables, program codes, etc.

Agent-supported learning system (ASLS): a learning system developed by us where 
learners can get individualized learning supportive services from software agents.

Blended learning: a mix of several different learning approaches, e.g. traditional 
classrooms methods combined with e-leaming.

Collaborative learning: a study form which involves learners working together in 
some way to facilitate their learning.

Constructivist learning: a theory of learning, which assume knowledge is individually 
constructed and socially co-constructed by learners based on their active interaction 
with the surrounding environments.

Constructivist learning environment (CLE): a kind of learning environment, where 
learners may work together and support one another as they use a variety of tools and 
information resources in their guided pursuit of learning goal and problem-solving 
activities. They are provided with a wide range of support in their learning activities, not 
only through various tools and information resources over the Internet but also through 
a variety of services to facilitate knowledge construction.

E-learning: a study form, where learning is conducted via electronic media, particularly 
CD-ROM, intranet, Internet, radio, TV, videotape, satellite broadcast, mobile phone, 
and so on.

Educational Modelling Language (EML): a comprehensive notational system 
developed by Prof. Rob Koper and colleagues to provide a way to describe teaching and 
learning interactions at a level of abstraction above the specific instance of the content 
in which it was created.

Electronic learning space (Learning space): a virtual learning environment that 
provides a way for learners, teachers and tutors to participate in and manage the 
teaching and learning experience. Usually it includes some or all of the following 
features: communication and collaboration tools; tools to create online content and 
courses; online assessment and marking; integration with school management 
information systems.

ICT: information and communication technologies.

Individual learning: a study form contrasting with collaborative learning.

ITS: intelligent tutoring system.
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Learner: any user who accesses or uses resources to gather information, acquire skills, 
or construct knowledge.

Learner control: a concept relative to tutor control, system control and program 
control. When learners have the option to select the study themes they want, control the 
sequence and pace at which they progress, and decide whether and how to use system- 
provided services and tools, it can be said that the learning system offers learner control.

Learning: the procedure of knowledge construction.

Learning activity: something done by learners towards the acquisition of knowledge 
and competence, e.g. viewing a learning material, doing an online quiz, performing a 
group assignment, etc.

Learning assessment: The process used to systematically evaluate a learner’s learning 
outcomes or knowledge level.

Learning characteristics: an entry that synthesizes the advances in theory and practice 
concerning learner differences and the effects of the advances on improving educational 
practices to ensure the learning success of all students, particularly those with special 
needs.

Learning design: a formal way of bringing together the related components such as 
learning resources, assessment, case materials, services, etc. to create a learning process 
that meets a learning goal.

Learning environment: the places where learning takes place, which refers to the 
physical as well as to the social environment in which learning takes place and might 
include physical entities, tools, and other people.

Learning method: a way to conduct learning activities including what to do in each 
step of the learning activity.

Learning object: any digital resource that can be used in technology-supported 
learning, with a finer granularity, usually smaller than the entire subjects. Learning 
objects can be assembled to construct larger learning material, e.g. larger pieces of 
instruction content, lesson plans, exercises, assignments, study notes, book chapters, or 
complete books. Sharing and reusing are two fundamental properties of learning objects.

Learning outcomes: what skills, knowledge, or behaviours that a learner enacts after a 
learning process is completed

Learning plan: defining the sequence of learning activities to be followed to achieve 
the learning goal.

Learning process: an abstract procedure of knowledge construction.

Learning services: any services that support knowledge construction.

Learning style: an individual’s unique approach to learning based on strengths, 
weaknesses, and preferences.

Metadata: structured data or descriptive information about objects that is human and/or 
machine readable. Metadata can help human or machine to locate, organize, access and 
use those objects.
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Objectivist learning: a theory of learning, which assumes knowledge objectively exists 
outside in the world and can be transmitted directly from one to another.

Online learning: a study form, where learning is conducted via network (intranet or 
Internet).

Passive learning: a study form relative to active learning, in which learners are 
assumed to participate in learning with minds like empty vessels or sponges to be filled 
with knowledge. Learners are expected to “record” and “absorb” the received 
information.

Pedagogical agent: an agent which plays a role in an interactive learning environment, 
such as a tutor, coach, or a learning partner.

Process agent: an agent which provides process-oriented services to assist learners to 
get through a learning process.

Role: a responsibility defined within a learning space, e.g. an owner, a project leader, a 
coordinator, a participator, etc. Roles are assigned to individual students in a learning 
space, which defines the actions a student is allowed to take. A student may have 
different roles in different learning spaces at the same time but always acts as the 
assigned role in a learning space.

Self-directed learning: any study form in which individuals have primary 
responsibility for planning, implementing, and even evaluating the effect.

Software agent (agent): a computer software program that is situated in some 
environment and that is capable of flexible, autonomous action in that environment in 
order to meet its design objectives.

Unit of learning (UOL): an abstract term used to refer to any delimited piece of 
education and training, such as a course, a lesson, a module, and so on.
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NOTATIONS

Learner

Human actor
Marks a human actor, i.e. a user of the system, e.g. a learner, a tutor, 
etc. The role of the user is written beneath the icon. It indicates an 
action by a human user while it is placed inside an action box.

Planning
agent

Agent actor
Marks an agent actor in the system. The role of the agent is written 
beneath the icon. It indicates an action by an agent while it is placed 
inside an action box.

Access to a 
learning material

Action
Marks an action, the content of the action is written beneath the icon.

Submit an 
assignment

Action or Work item
Represents an action, or an entire work item within a larger work 
item. The content of the action or the title of the work item is 
written inside the rectangle.

Association
Indicates there is a relationship between action B and action A, e.g., 
action B is depended on action A. The name of the relationship is 
written above the line.

Activity
list

Artifact
Represents a list, a table, a document, or other artifact. The name 
of the artifact is written inside the icon.

Electronic 
.learning spaces

Electronic learning spaces
Represents virtual learning environment implemented by using 
electronic technologies.

Database
Indicates a list of information with a standard structure that allows 
for searching and sorting. The name of the list is written inside the 
cylinder.

Warn or Prompt
Represents a piece of important information, mostly warning 
information. The context is placed inside the explosion icon.

Explanation or Declaration
Represents an important explanation or declaration to an action 
or a work item. The context is placed inside the icon.
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Network
Represents a computer network. It may be an intranet or the 
Internet. The name of the network is written inside the cloud 
callout.

Workstation
Represents a workstation. The name of the workstation is written 
beneath the icon.

Interface to 
the system

Interface
Represents an interface to a computer system. The name of the 
interface is written inside the icon.
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EVALUATION FORM
(For the preliminary evaluation)

Directions: This evaluation form asks you to assess important aspects of the prototype 
system through your practical interactions with it. Your answer will enable us to improve 
the future system to facilitate individual learner’s knowledge construction. Thank you very 
much for your kind assistance!

1. Is it easy for a learner to specify a learning goal by using the system?

Easy 1------------------- 1-------------------- 1-------------------- 1-------------------- 1 Difficult
1 2 3 4 5

Your comments:

2. Does the system assist a learner to develop learning plans towards his/her learning 
goals?

A lot of assistance 1------------------- 1-------------------- 1-------------------- 1-------------------- 1 No assistance
1 2 3 4 5

Your comments:

3. Does the system assist a learner to choose learning materials for his/her learning goal?

A lot of assistance 1------------------- 1-------------------- 1-------------------- 1-------------------- 1 No assistance
1 2 3 4 5

Your comments:

4. Does the system assist a learner to make a decision on what to do next?

A lot of assistance 1----------------- 1---------------------- 1-------------------- 1------------------- 1 No assistance
1 2 3 4 5

Your comments:

5. Does the system assist a learner to find fellow learners with similar learning goals and 
learning interests?

A lot of assistance 1----------------- 1---------------------- 1-------------------- 1------------------- 1 No assistance
1 2 3 4 5

Your comments:

6. Does the system assist a learner to find an online discussion forum related to the 
theme being studied?

A lot of assistance 1----------------- 1---------------------- 1-------------------- 1------------------- 1 No assistance
1 2 3 4 5

Your comments:

7. Does the system assist a learner to identify problems in his/her learning processes?

A lot of assistance 1----------------- 1---------------------- 1-------------------- 1------------------- 1 No assistance
1 2 3 4 5

Your comments:
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8. Does the system actively provide a learner with assistance in his/her learning 
processes?

Often 1----------------- 1------------------ 1------------------ 1------------------ 1 Never
1 2 3 4 5

Your comments:

9. Does the system provide a learner with assistance according to his/her profile?

Often 1----------------- 1------------------ 1------------------ 1------------------ 1 Never
1 2 3 4 5

Your comments:

10. Does the system provide a learner with assistance based on learning scenarios?

Often 1----------------- 1------------------ 1------------------ 1------------------ 1 Never
1 2 3 4 5

Your comments:

11. Most of the suggestions provided by the system contain multiple options. Are these 
options sufficient for learners to make decisions?

Sufficient 1------------------- 1--------------------1--------------------1---------------------1 Not enough
1 2 3 4 5

Your comments:

12. Do you think the services provided by the system useful for a learner to get through a 
learning process?

Useful l------------------ 1--------------------- 1-------------------- 1--------------------1 Useless
1 2 3 4 5

Your comments:

13. Do you think the services provided by the system useful for a learner to improve 
skills independent learning?

Useful 1------------------ 1--------------------- 1-------------------- 1--------------------1 Useless
1 2 3 4 5

Your comments:

14. Do you think the services provided by the system can attract learners to engage in 
learning?

Strong |-------------------- 1---------------------1--------------------- 1---------------------1 Weak
attract l 2 3 4 5 attract

Your comments:

15. Are you satisfied with the services provided by the system?

Satisfied '-------------------- 1---------------------1---------------------1----------------------1 Hate
1 2 3 4 5

Your comments:

16. What do you think the non-intrusive services? Do you like the service type?
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17. Which service do you think is most useful for learners? Why?

18. Which service do you think is likely NOT useful for learners? Why?

19. What aspects of this system contribute most to learner’s knowledge construction?

20. What suggestions do you have for improving the system to facilitate individual 
learner’s knowledge construction?



Bibliography 256

Bibliography

Abushar, S. & Hirata, N. (1998). Filtering with Intelligent Software Agents. Available 
at: http://www.engin.umd.umich.edu/CIS/course.des/cis479/projects/FISA.html 
(10/08/2005)

ADL (2003). Sharable Content Object Reference Model (SCORM) 1.3 Working Draft: 
The SCORM Content Aggregation Model. Available at: 
http://www.adlnet.org/index.cfm?fuseaction=DownFile&libid=648&bc=false 
(10/072004)

AHerran, A. (2000). Research & evaluation of online systems for teaching & learning. 
The Sixth Australian World Wide Web Conference, Rihga Colonial Club Resort, 
Cairns, Jun 12-17. Available at:
http://ausweb.scu.edu.au/aw2k/papers/a_herran/paper.html (10/03/2006)

Akhras, F. N. & Self, J. A. (2000). System Intelligence in Constructivist Learning.
International Journal of Artificial Intelligence in Education, 2000 (11). pp. 348-376. 

Al-Mahmood, R. & McLoughlin, C. (2004). Re-learning through e-leaming: Changing 
conceptions of teaching through online experience. In R. Atkinson, C. McBeath, D. 
Jonas-Dwyer & R. Phillips (Eds), Beyond the comfort zone: Proceedings of the 21st 
ASCILITE Conference. Perth, Dec 5-8. pp.37-47.

Anderson, J. R., Boyle, C. F., Corbett, A. T. & Lewis, M. W. (1990). Cognitive 
modelling and intelligent tutoring. Artificial Intelligent, 12, pp. 7-49.

Barak, M. (2006). Instructional principles for fostering learning with ICT: teachers’ 
perspectives as learners and instructors. Education and Information Technologies, 11 
(2), pp. 121-135.

Baylor, A. L. (2004). Designing pedagogical agents to address diversity in learning. 
International Conference of the Learning Sciences, Los Angeles, California.

Bhola, H. S. (1990). Evaluating "Literacy for development" projects, programs and 
campaigns: Evaluation planning, design and implementation, and utilization of 
evaluation results. Hamburg, Germany: UNESCO Institute for Education. Available 
at: http://www.sil.org/lingualinks/literacy/ReferenceMaterials/GlossaryOfLiteracy 
TermsAVhatIsFormativeEvaluation.htm (10/10/2005)

Biggs, J. (1999). Teaching for quality learning at University. Buckingham: Society for 
Research into higher Education & Open University Press.

Bigus J. P. & Bigus J. (1998). Constructing Intelligent Agents with Java: A 
Programmer’s Guide to Smarter Applications. John Wiley & Sons. Inc.

Biswas, G., Schwartz, D., Bransford JD & The Teachable Agent Group. (2001).
Extending Intelligent Learning Environments with Teachable Agents. In J. Moore, C. 
Redfield & W. L. Johnson (Eds.), Artificial Intelligence in Education. Amsterdam, 
ISO Press.

Biuk-Aghai, R. P. (2004). Patterns of Virtual Collaboration. PhD thesis, University of 
Technology, Sydney.



Bibliography 257

Bilik-Aghai, R. P. & Hawryszkiewycz, I. T. (1999). Analysis of virtual workspaces. 
1999 International Symposium on Database Applications in Non-Traditional 
Environments, pp. 325-332.

Bloom B. S. (1956). Taxonomy of Educational Objectives, Handbook I: The Cognitive 
Domain. New York: David McKay Co Inc. Published by Allyn and Bacon, Boston, 
MA. Available at: http://www.coun.uvic.ca/leam/program/hndouts/bloom.html 
(10/07/2005)

Boyle, T. (2006). The design and development of second generation learning objects. 
AACE World Conference on Educational Multimedia, Hypermedia & 
Telecommunications (ED-MEDIA 2006), Orlando, FL, USA, Jun 26-30. pp. 2-11.

Bratman, M. E. (1987). Intentions, Plans, and Practical Reason. Harvard University 
Press: Cambridge, MA.

Brenner, W., Zamekow, R. & Wittig, H. (1998). Intelligent Software Agents: 
Foundations and Applications. Springer-Verlag.

Britain, S. (2004). A Review of Learning Design: Concept, Specifications and Tools, A 
report for the JISC E-learning Pedagogy Programme. Available at: 
http://www.jisc.ac.uk/uploaded_documents/ReviewLeamingDesign.doc (25/08/ 
2004)

Britain, S. & Liber, O. (1999). A framework for pedagogical evaluation of Virtual 
Learning Environments. Report to JISC Technology Applications Programme 
Available at: http://www.jisc.ac.uk/uploaded_documents/jtap-041.doc (10/04/2006)

Brooks, J. G. & Brooks, M. G. (1993). In Search of Understanding: The Case for 
Constructivist Classrooms. Alexandria, VA: Association for Supervision and 
Curriculum Development.

Brooks, R. A. (1986). A Robust Layered Control System for a Mobile Robot, IEEE 
Journal of Robotics and Automation 2 (1). pp. 14-23.

Brown, M. B. & Lippincott, J. K. (2003). Learning Spaces: More than Meet the Eye. 
EDUCAUSE QUARTERLY, No. 1.

Brown, T. (1997). Multimedia in Education, Learner Control. Available at: 
http://scs.une.edu.au/573/573_3.html (20/12/2005)

Bruner, J. (1996). The Culture of Education, Cambridge, MA: Harvard University 
Press.

Bybee, R. (2000). Constructivism and the Five E’s. Available at: 
http://www.miamisci.org/ph/lpintro5e.html (10/02/2004).

Caglayan, A. and Harrison, C. (1997). Agent sourcebook. New York: John Wiley & 
Sons, Inc.

Campbell, J. (1996). GUI guidelines. Palo Alto, Calif.
CanCore. (2004). Canadian Core Learning Resource Metadata Application Profile, 

Version 2.0. Available at: http://www.cancore.ca (8/07/2004)
Carroll, J. B. (1983). Studying Individual Differences in Cognitive Abilities: Through 

and Beyond Factor Analysis. In R. F. Dillon & R. R. Schmeck (Eds.), Individual 
Differences in Cognition. Vol. 1, London: Academic Press, 1983.

Chan, T.-W. (1996). Learning companion system, social learning systems, and the 
global social learning club. Journal of Al in Education, 7(2). pp. 125-159.



Bibliography 258

Cheikes, B. (1995). GIA: An Agent-Based Architecture for Intelligent Tutoring System.
Proc. CIKM’95 Workshop on Intelligent Information Agents.

Chira, 0., Chira, C., Tormey, D., Brennan, A. & Roche, T. (2003). A Multi-Agent 
Architecture for Distributed Design, International Conference on Applications of 
Holonic and Multi-Agent Systems HoloMAS 2003, Prague, Sep 1-3.

CISCO. (2001). Reusable Learning Object Strategy: Design information and learning 
objects through concept, fact, procedure, process, and principle templates. Available 
at: http://business.cisco.com/ servletwl3/FileDownloader/iqprd/86575/86575_ 
kbns.pdf (10/03/2004)

Clarke, A. (2004). E-Learning Skills. NW: Palgrave Macmillan.
Counselling Services (2003). Learning Skills Programs. Available at:

http://www.coun.uvic.ca/leam/program/hndouts/bloom.html (10/03/2005)
Cristea, A. (2005). Adaptive Hypermedia Technology: What can it add to Technology- 

Based Education? The 8th IASTED International Conference on Computers and 
Advanced Technology in Education (CATE 2005), Oranjestad, Aruba, Aug 29-31.

Cuesta-Morales, P., Guessoum, Z., Gonzalez-Moreno, J. & Pavon-Mestras, J. (2004). 
Agent Technologies at Work. UPGRADE, V(4). pp. 2-4.

Dalziel, J. (2003). Implementing Learning Design: The Learning Activity Management 
System. ASCILITE’2003 Conference.

DeLoach, S.A. & Wood, M. (2001). Developing Multiagent Systems with agentTool. 
7th International Workshop, ATAL-2000, Boston, MA, USA, Jul 7-9, 2000.

Dillenbourg P. (1999).Collaborative-learning: Cognitive and Computational 
Approaches. Oxford: Elsevier.

Dimitracopoulou, A. (2005). Designing Collaborative Learning Systems: Current 
Trends & Future Research Agenda. Computer Supported Collaborative Learning 
(CSCL 2005),Taipei, Taiwan, May 30 - Jun 4.

Dowling, C. (2003). Intelligent pedagogical agents in online learning environments. 
Proceedings of ICEUT’2000, IFIP. Beijing, China. Aug 21-25.

Dublin. (2004). Dublin Core Metadata Initiative. Available at: http://dublincore.org 
(10/07/2004)

Eklund, J., Kay, M. & Lynch, H. M. (2003). E-Learning: emerging issues and key 
trends. Available at: http://flexibleleaming.net.au/research/2003/ 
eleaming250903final.pdf (17/01/2006)

Ernest, P. (1995). The one and the many. In L. Steffe & J. Gate (Eds.), Constructivist in 
Education. New Jersey: Lawrence Erlbaum Assoc. Inc.

Etzioni , O. & Weld, D. S. (1995). Intelligent Agents on the Internet: Fact, Fiction, and 
Forecast, in IEEE Expert, August, 1995.

Ewing, J. & Miller, D. (2002). A framework for evaluating computer supported 
collaborative learning. Educational technology & Society 5 (1).

Felder, R. M. & Silverman, L. K. (1988). Learning and Teaching Styles. Engineering 
Education, 78 (7). pp. 674-681.

Finin, T., Fritzson, R., McKay, D. & McEntire, R. (1994). KQML as an Agent 
Communication Language. Proceedings of CIKM’94.



Bibliography 259

Finin, T., Weber, J., Wiederhold, G., Genesereth, M., Fritzson, R., McKay, D.,
McGuire, J., Pelavin, R., Shapiro, S. & Beck, C (1993). DRAFT Specification of the 
KQML Agent-Communication Language. Available at: 
www.cs.umbc.edu/kqml/kqmlspec.ps (05/10/2004)

Foundation for Intelligent Physical Agents (FIPA). (1998). Agent Communication 
Language. Available at: http://www.fipa.org/specs/fipa00003/OC00003A.html 
(05/10/2004)

Fischer, S. (2001). Course and Exercise Sequencing Using Metadata in Adaptive 
Hypermedia Learning System. ACM Journal of Educational Resources in 
Computing, 1 (1).

Floyd, M. (1999). Building Web Sites With XML. London : Prentice-Hall International.
Fosnot, C. (1996). Constructivism: Theory, perspectives, and practice. New York: 

Teachers College Press.
French, D., Hale, C., Johnson, C. & Farr, G. (1999). Internet Based Learning: An 

Introduction and Lramework for Higher Education and Business. London: Kogan 
Page limited.

Gagne, R., Briggs, L. & Wagner, W. (1988). Principles of instructional design. New
York: Holt, Rinehart, and Winston.
Gagnon, G. W. & Collay, M. (n.d.) Constructivist Learning Design. Available at: 

http://www.prainbow.com/cld/cldp.html (10/02/2004).
Garro, A. & Palopoli, L. (2002). An XML Multi-Agent System for e-Leaming and Skill 

Management. Third International Symposium on Multi-Agent Systems, Large 
Complex Systems, and E-Businesses (MALCEB2002), Erfurt, Thuringia, Germany, 
Oct 8-10.

Gergen, K. (1995). Social construction and the educational process. In L. Steffe & J. 
Gale (Eds.). Constructivism in education. New Jersey: Lawrence Erlbaum 
Associates, Inc.

Gillani, B. B. (2003). Learning theories and the design of e-learning environments. 
Lanham, MD : University Press of America.

Gokhale, A. A. (1995). Collaborative Learning Enhances Critical Thinking. Journal of 
Technology Education, 7 (1).

Graesser, A.C., Lu, S., Jackson, G.T., Mitchell, H., Ventura, M., Olney, A. & Louwerse, 
M.M. (2004). AutoTutor: A tutor with dialogue in natural language. Behavioral 
Research Methods, Instruments, and Computers, 36, pp. 180-193.

Green, S., Hurst, L., Nangle, B., Cunningham, P., Somers, F. & Evans, R. (1997). 
Software Agents: A Review. Trinity College, Dublin. Agent Oriented Software 
Engineering (AOSE) Lectures. Available at: 
http://www.agent.ai/doc/upload/200302/gree97.pdf (10/09/2004).

Guerrero, L. A., Collazos, C., Pino, P. Ochoa, S. F. & Aguilera, F. (2003). Designing 
Collaborative Virtual Environments based on Real Spaces to Promote Community 
Interaction. First Latin American Web Congress (LA-WEBT)3). pp. 58-65.

Guild, P. B. & Gerger, S. (1985). Marching to different drummers. Alexandria, VA: 
Association for Supervision and Curriculum Development

Guthrie, J. W. (2003). Encyclopedia of Education. (2nd Edition). USA: Macmillan 
Reference.



Bibliography 260

Harrison, S. & Fourish, P. (1996). Re-Place-ing Space: The Roles of a Place and Space 
in Collaborative Environments. Proc CSCW 96, Cambridge MA, ACM Press.

Hartman, H. (2002). Scaffolding & Cooperative Learning. Human Learning and 
Instruction. New York: City College of City University of New York, pp. 23-69.

Hawryszkiewycz, I. (2005). A Metamodel for Modeling Collaborative Systems. Journal 
of Computer In formation Systems, 45 (3). pp. 63-72.

Hawryszkiewycz, I. (2004). Towards active learning management systems. In R. 
Atkinson, C. McBeath, D. Jonas-Dwyer & R. Phillips (Eds), Beyond the comfort 
zone: Proceedings of the 21st ASCILITE Conference. Perth, Dec 5-8 pp. 348-356.

Hawryszkiewycz, I. (2003). Agent Support for Personalized Learning Services. The 
IEEE International Conference on Advanced Learning Technologies, Jul. 9-11, 
Athens, Greece, pp. 332-333.

Hawryszkiewycz, I. (2002). Designing Learning Activities from Learning Objects. 
ASCILITE’’02 Conference, pp. 251-260.

Hawryszkiewycz, I. (1999). Workspace networks for knowledge sharing. The Fifth 
Australian World Wide Web Conference, Ballina, Australia, Apr 18-20, pp. 219-227.

Hawryszkiewycz, I. & Lin, A. (2003). Process Knowledge Support for Emergent 
Processes. Proceedings of the Second IASTED International Conference on 
Information and Knowledge Management, Scottsdale, Arizona, November, 2003, pp. 
83-87.

Hergenhahn, B. R. & Olson, M. H. (1997). An Introduction to Theories of Learning. 
Upper Saddle River, NJ: Prentice-Hall.

Hermans, B. (1997). Intelligent Software Agents on the Internet: An Inventory of 
Currently Offered Functionality in the Information Society and Prediction of (Near) 
Future Development. First Monday, 2(3). Available at: 
http://www.firstmonday.org/issues/issue2_3 (5/09/2005)

Hoover, W. A. (1996). The Practice Implications of Constructivism. SEDL Letter 
Volume IX, Number 3: Constructivism. Available at: 
http://www.sedl.org/pubs/sedletter/v09n03/practice.html (15/04/2005)

Howell, S. L., Williams, P. B. & Lindsay, N. K. (2003). Thirty-two Trends Affecting 
Distance Education: An Information Foundation for Strategic Planning. Online 
Journal of Distance Learning and Administration. Vol. VI, No. III.

Huang, M. L., Eades, P. & Cohen, R. F. (1998). WebOFDAV—navigating and 
visualizing the Web on-line with abimated context swapping. Computer Networks 
and ISDN Systems, Vol. 30, pp.638-642.

Hughes, J. & Attwell, G. (2002/2003). A Framework for the Evaluation of E-Learning. 
Paper presented to a seminar series on Exploring models and partnerships for 
eLearning in SMEs, held in Stirling, Scotland and Brussels, Belgium, in Nov 2002 
and Feb 2003, Available at: http://www.theknownet.com/ict_smes_seminars/ 
papers/Hughes_Attwell.html (10/04/2006)

Huitt, W. & Hummel, J. (2003). Piaget's theory of cognitive development. Educational 
Psychology Interactive. Valdosta, GA: Valdosta State University. Available at: 
http://chiron.valdosta.edu/whuitt/col/cogsys/piaget.html (10/12/2005)

Hussein, S. (2005). Developing e-leaming materials : applying user-centred design. 
Leicester : NIACE.



Bibliography 261

IMS. (2003). IMS Learning Design Specification V1.0. Available at: 
http://www.imsglobal.org/leamingdesign/index.cfm (10/07/2004)

Ip, A. & Morrison, I. (2001). Learning objects in Different Pedagogical Paradigms. 
ASCILITE 2001, pp. 289-298.

Jackson, P. (1986). Introduction to Expert Systems. Reading: Addison-Wesley.
Jaques, D. (2005). Dimensions of evaluation. Available at:

http://www.brookes.ac.uk/services/ocsd/2_leamtch/evaluation.html (12/04/2006)
Jennings, N. (2000). On agent-based software engineering. Artificial Intelligence 

117(2000). pp. 277-296.
Jennings, N., Sycara, K. & Wooldridge, M. (1998). A Roadmap of Agent Research and 

Development. Autonomous Agents and Multi-Agent System 1. pp. 7-38.
Jennings, N. & Wooldridge, M. (1998). Applications of Intelligent Agents, Agent 

Technology Foundations, Applications, and Markets, Springer-Verlag, 1998. 
Available at: http://agents.umbc.edu/introduction/jennings98.pdf (10/02/2004)

Johnson, P. A. (2001). Constructivism: A Short Summary. Available at:
http://www.cetp-pa.iup.edu/con_materials.htm (10/12/2005)

Johnson, L. (1998). Pedagogical agents. Proceedings of the 6th International 
Conference on Computers in Education (ICCE’98), Beijing, China, Oct. 14-17. 
pp.13-22.

Johnson, L. W., Rickel, J. W. & Lester, J. C. (2000). Animated pedagogical agents: 
Face-to-face interaction in interactive learning environments. International Journal of 
Artificial Intelligence in Education, 11, 47-78.

Jonassen, D. (2000). Computer as Mindtools for Schools: Engaging critical thinking. 
Columbus, OH: Prentice-Hall.

Jonassen, D. (1999). Designing Constructivist Learning Environments. In C. M. 
Reigeluth (Eds.), Instructional Design Theories and Models: a New Paradigm of 
Instructional Theory. MahWah: Lawrence Erlbaum Associates, Publishers, Vol. II, 
215-240.

Jonassen, D. (1994). Think Technology: Towards a constructivist design model.
Educational Technology, 34 (4). pp. 34-37.

Jonassen, D. (1991a). Evaluating Constructivistic Learning. Educational Technology,
31 (9). pp. 28-33.

Jonassen, D. (1991b). Objectivism versus Constructivism: Do We Need a New 
Philosophical Paradigm? Educational Technology Research and Development, 39 
(3). pp. 5-14.

Jonassen, D. & Churchill, D. (2004). Is There a Learning Orientation in Learning 
Objects? International Journal on E-Leaming, 3 (2). pp. 32-41.

Jonassen, D., Davidson, M., Collins, M, Campbell, J. & Haag, B. B. (1995).
Constructivism and Computer-mediated communication in distance education. The 
American Journal of Distance Education, 9 (2). pp. 7-26.

Jonassen, D. & Rohrer-Murphy, L. (1999). Activity theory as a framework for
designing constructivist learning environments. Educational Technology Research 
and Development, 47 (1), pp. 61-79.



Bibliography 262

Jondahl, S. & Morch, A. (2002). Simulating Pedagogical Agents in a Virtual Learning 
Environment. In G. Stahl (Eds.) Proceedings of CSCL 2002, Computer Support for 
Collaborative Learning: Foundations for a CSCL Community, pp. 531-532, Boulder 
Colorado.

Kali, Y. (2006). Collaborative knowledge building using the Design Principles 
Database. Computer-Supported Collaborative Learning, 2006 (1), pp. 187-201.

Karagiorgi, Y. & Symeou, L. (2005). Translating Constructivism into Instructional 
Designs: Potential and Limitations. Educational Technology and Society, 5(1), pp. 
17-27.

Kay, J. (2001). Learner control. User Modeling and User-Adapted Interaction, 11 (1), 
pp. 111-127.

King, A. (1993). From Sage on the Stage to Guide on the Side. College Teaching, 41 
(1). p30-35.

Kolb, D. A. (1984). Experiential Learning: Experience as the source of learning and 
development. New Jersey: Prentice Hall.

Kong, S.C., Lam, S. Y. & Kwok, A. F. (2005). A cognitive tool in handheld devices for 
collaborative learning: comprehending procedural knowledge of the addition of 
common fractions. Computer Supported Collaborative Learning (CSCL 
2005),Taipei, Taiwan, May 30 - Jun 4.

Koper, R. (2001). Modeling units of study from a pedagogical perspective: the 
pedagogical model behind EML. Available at: http://eml.ou.nl/introduction/docs/ 
ped-metamodel.pdf (10/12/2003)

Koper, R. & Tattersall, C. (2005). Learning design : a handbook on modelling and 
delivering networked education and training. Berlin ; New York : Springer.

Koper, R. & Manderveld, J. (2004). Educational Modelling Language: modelling 
reusable, interoperable, rich and personalised units of learning. British Journal of 
Educational Technology, 35 (5). pp. 537-551. Also available at: http://www- 
jime.open.ac.uk/ 2004/6/koper-2004-6-disc-12.html (1/05/2004)

Koper, R. & Olivier, B. (2004). Representing the Learning Design of Units of Learning. 
Education Technology & Society, 7 (3), pp.97-111.

Kosba, E., Dimitrova, V. & Boyle, R. (2005). The Evaluation of an Intelligent Teacher 
Advisor for Web Distance Environments. In C.-K. Looi et al. (Eds.) Artificial 
Intelligence in Education, Washington: ISO Press, pp.370-378.

Kumar, V. S. (1996). Computer-Supported Collaborative Learning: Issues for Research. 
Eighth Annual Graduate Symposium on Computer Science, University of 
Saskatchewan, Canada.

Kunz, P. (2004). The Next Generation of Learning Management System (LMS): 
Requirements from a Constructivist Perspective. ED-MEDIA 2004, Lugano, 
Switzerland, Jun 21-26. pp. 300-306.

Large, A. (1996). Hypertext instructional programs and learner control: A research 
review. Education for Information, 14, pp. 95-105.

Laurillard, D. M. (1994). Multimedia and the changing experience of the learner. In M. 
Ryan (Eds.), Asia Pacific Information Technology in Training and Education 
Conference, Vol. 1. APITITE 94 Council, Brisbane, Australia, pp. 19-24.



Bibliography 263

Lefoe, G. (1998). Create Constructivist Learning Environments on the Web: the 
Challenge in Higher Education. ASCILITE'98, pp. 453-464.

Learning Technology Standards Committee. (2001). Learning object metadata working 
group homepage. Available at: http://ieeeltsc.org/wgl2LOM/ (10/11/2005)

Leong, P. & Ho, C. (2004). Constructivist & Sociocultural Strategies: Theoretical and 
Practical Implications for Teaching Online. Proceedings of the International 
Association of Science and Technology for Development (IASTED) International 
Conference on Computers and Advanced Technology in Education (CATE). Kauai, 
Hawaii, pp.96-99.

Li, R. & Gunn, S. (2003). Design and Development of an Interactive, Collaborative, 
Online Course — A Constructivist Approach. World Conference on Educational 
Multimedia, Hypermedia and Telecommunications (EDMEDIA). pp. 195-198.

Li, X & Soh, L.K. (2003). A literature Review on Learner Control Strategies in
Software Tutoring Systems. Technical Report TR-UNL-CSE-2003-6, Department of 
Computer Science and Engineering, University of Nebraska-Lincoln, Lincoln, NE.

Lin, A. (2005). A Solution for Managing Emergent Business Processes. PhD thesis, 
University of Technology, Sydney.

Lin, A., Hawryszkiewycz, I. & Henderson-Sellers, B. (2003). An Agent-Based
Collaborative Architecture for Knowledge-driven Process Management. Proceedings 
of Software Engineering Research and Practice 2003. Las Vegas, Nevada, USA. pp 
996-1002.

Lin, J., Ho, C., Sadiq, W. & Orlowska, M. E. (2002). Using Workflow Technology to 
Manage Flexible e-Leaming Services. Educational Technology & Society, 5 (4). pp. 
116-122.

Maes, P. (1994). Agents that reduce work and information. Communications of the 
ACM, 37(1). pp. 31-40.

Maes, P. (1991). The agent network architecture (ANA). ACM SIGART Bulletin, 2 (4), 
pp.115-120.

Maes, P. (1990). Designing Autonomous Agents: Theory and Practice from Biology to 
Engineering and Back. MIT / Elsevier.

Martinez, M. (2001). Key Design Considerations for Personalized Learning over the 
Internet. Educational Technology & Society, 4(1).

Maruyama, H. (2002). XML and Java : developing Web applications. Boston, MA: 
Addison-Wesley.

Mayer, R. E. (1996). Learning Strategies for making sense out of expository text: The 
SOI model for guiding three cognitive processes in knowledge construction. 
Education Psychology Review, 8. pp. 357-371.

Mayer, R. E. (1999). Designing Instruction for Constructivist Learning. In C. M. 
Reigeluth (Eds.), Instructional Design Theories and Models: a New Paradigm of 
Instructional Theory. MahWah: Lawrence Erlbaum Associates, Publishers, pp. 141
159.

McArdle, G. (2005). Conceptual Agent Models for a Virtual Reality and Multimedia 
Learning Environment. IASTED International Conference on WEB-BASED 
EDUCATION, Grindelwald, Switzerland, Feb 21-23. pp. 119-124.



Bibliography 264

Middleton, S.E. (2001). Interface agents: A review of the field. Technical Report 
Number ECSTR-IAMO1-001, University of Southampton, August, 2001. Available 
rrt:http://arxiv.org/PS_cache/cs/pdf/0203/0203012.pdf (10/09/2005)

Miettinen, M., Kurhila, J. & Tirri, H. (2005). On the Prospects of Intelligent
Collaborative E-leaming Systems. In C.-K. Looi et al. (Eds.) Artificial Intelligence in 
Education, Washington: ISO Press, pp. 483-490.

Mitchell, T., Caruana, R., Freitag, D., McDermott, J. & Zabowski, D. (1994).
Experience with a Learning Personal Assistant. Communications of the ACM, 37 (7). 
pp. 80-91.

Moallem, M. (2001). Applying Constructivist and Objectivist Learning Theories in the 
Design of A Web-Based Course: Implications for Practice. Educational Technology 
& Society 4 (3). pp. 113-125.

Mohan, P. & Greer, J. (2003a). Reusable Learning Objects: Current Status, and Future 
Directions. Proceedings of ED-MEDIA 2003 World Conference on Educational 
Multimedia, Hypermedia and Telecommunication. Honolulu, Hawaii, pp. 257-264. 
AACE.

Mohan, P. & Greer, J. (2003b). Using Learning Technology to Tackle the Education 
Challenges of the Caribbean. IEEE 1 st International Workshop on Technology for 
Education in Developing Countries, Aug 12, 2003. Newark, New Jersey, USA.

Moraitakis, N. (1997). Intelligent Software Agents Application and Classification. 
Surveys and Presentations in Information Systems Engineering ’97.

Muller, J. P. (1996). The design of Intelligent Agents. Springer Verlag. 1996. pp. 7-44.
Murphy, E. (1997). Constructivist Learning Theory. Available at:

http://www.stenmet.nfca/~elmurphy/emurphy/cle2b.htm (10/02/2004).
Nabeth, T., Angehm, A. & Roda, C. (2003). Enhancing Knowledge Management 

Systems with Cognitive Agents, Systemes d'Information et Management, 2 (8).
Nachmias, R., Mioduster, D. Oren, A. & Ram, J. (2000). Web-Supported Emergent- 

Collaboration in High Education Courses. Educational Technology and Society, 3 
(3). pp. 94-104.

Nguyen, Q. V. & Huang, M. L. (2004). A ENCCON Visual Browser for Large-Scale 
Online Auctions, The 2004 International Conference on Internet Computing, USA, 
2004. pp.558-564.

Nwana, H. S. (1996). Software Agents: An Overview. Knowledge Engineering Review, 
11 (3). pp.1-40.

Park, O. (1991). Hypermedia: Functional features and research issues. Educational 
Technology, 31 (8), pp. 24-31.

Phillips, R. (1998). Models of Learning Appropriate to Educational Applications of 
Information Technology. In B. Black and N. Stanley (Eds), Teaching and Learning 
in Changing Times. Proceedings of the 7th Annual Teaching Learning Forum, The 
University of Western Australia, Perth.

Rhem, J. (1998). Problem-Based Learning: An Introduction. The National Teaching & 
Learning Forum, 8 (1), pp 1-4.

Riesbeck, C. (1996). Case-based teaching and constructivism: carpenters and tools. In 
B. Wilson (Eds.), constructivist learning environments: case studies in instructional 
design. New Jersey: Educational Technology Publications.



Bibliography 265

Roschelle, J. & Teasley S.D. (1995). The construction of shared knowledge in 
collaborative problem solving. In C.E. O’Malley (Ed), Computer-Supported 
Collaborative Learning. Berlin: Springer-Verlag. pp. 69-197.

Russell, S. & Norvig, P. (2003). Artificial Intelligence: A Modem Approach. New 
Jersey: Prentice Hall.

Salmon, G. (2000). E-moderating: The key to teaching and learning online. London: 
Kogan Page, 2000.

Savery, J. & Duffy, T. (1996). Problem-based learning: An instructional model and its 
constructivist frame. In B. Wilson (Eds.), constructivist learning environments: case 
studies in instructional design. New Jersey: Educational Technology Publications.

Schwartz, D.L. (1995). The emergence of abstract dyad representations in dyad problem 
solving. The Journal of the Learning Sciences, 4 (3), pp. 321-354.

Shang, Y., Shi, H. & Chen, S. (2001). An Intelligent Distributed Environment for 
Active Learning. ACM Journal of Educational Resources in Computing, 1 (2).

Shaw, E. (2005). Assessing and Scaffolding Collaborative Learning in Online 
Discussions. In C.-K. Looi et al. (Eds.), Artificial Intelligence in Education, 
Washington: ISO Press, pp. 587-594.

Shaw, E., Johnson, W.L. & Ganeshan, R. (1999). Pedagogical Agents on the Web. 
Proceedings of Autonomous Agents’99, pp.283-289.

Shen, R., Han, P., Yang, F., Yang, Q. & Huang, Z. (2002). An Open Framework for 
Smart and Personalized Distance Learning. 1st International Conference on 
Advances in Web-Based Learning. Hong Kong, China, Aug 17-19. pp. 19-30.

Shi, H., Rodriguez, O., Chen, S. & Shang, Y. (2004). Open Learning Objects as an 
Intelligent Way of Organizing Educational Material. International Journal on E- 
Leaming, 3 (2), pp. 51-63.

Shih, L. & Swan, K. (2005). Fostering Social Presence in Asynchronous Online Class 
Discussions. Computer Supported Collaborative Learning (CSCL 2005), Taipei, 
Taiwan, May 30 - Jun 4.

Silva, V. & Lucena, C. (2004). From a Conceptual Framework for Agents and Objects 
to a Multi-agent System Modeling Language. Autonomous Agents and Multi-Agent 
system, Volume 9, Numbers 1-2. pp.145-189.

Silva, V., Garica, A., Brandao, A., Chavez, C., Lucena, C. & Alencar, P. (2003).
Taming Agents and Objects in Software Engineering. In: Garcia, A., Lucena, In C., 
Zamboneli, F., Omicini, A. & Castro, J. (Eds.) Software Engineering for Large-Scale 
Multi-Agent Systems. Springer-Verlag, LNCS.

Smith, M. K. (1999). Learning theory. The encyclopedia of informal education.
Available at: http://www.infed.org/biblio/b-leam.htm (26/08/2004)

Smith, T., Affleck, G., Lees, B. & Branki, C. (1999). Implementing a Generic
Framework for a Web-based pedagogical agent. ASCILITE’99 Conference, Dec 5-8, 
Brisbane, Queensland, Australia.

Sridharan, B. & Kinshuk (2003). Integrating Constructivist Learning Paradigm and 
Knowledge Management Principles. In K. T. Lee & Mitchell (Eds.) Proceedings of 
International Conference on Computers in Education. Hong Kong, China, Dec 2-5 pp. 
982-989.



Bibliography 266

Suh, S. (2004). Supporting Active Engagement in Computer-Supported Collaborative 
Learning using Problem-Based Learning. AACE World Conference on E-Leaming 
in Corporate, Government, & Higher Education. Washington, DC, USA. Nov. 1-5. 
pp.189-193.

Sun, S. & Joy, M. (2005). Learning objects & learning styles as a foundation for a 
multi-agent Web-based education system. IASTED International Conference on 
WEB-BASED EDUCATION, Grindelwald, Switzerland, Feb 21-23. pp. 189-194.

Thomas C. & Fischer G. (1997). Using Agents to Personalise the Web. In Proceedings 
of Intelligent User Interfaces 1997, Orlando Florida.

Tveit, A. (2000). A survey of Agent-Oriented Software Engineering. Report, Norwegian 
University of Science and Technology, May 2000. Available at: 
http://amundtveit.info/publications/2001/aose.pdf (20/02/2006)

Vassileva, J., Deters, R., Greer, J., McCalla, G., Kumar, V. & Mudgal, C. (1998). A 
Multi-Agent Architecture for Peer-Help in a University Course, ITS’98 Workshop on 
Pedagogical Agents, San Antonio, Texas, USA, Aug 16-19.

Vidal, J. M., Buhler, P. A. & Huhns, M. N. (2001). Inside an Agent. IEEE Internet 
Computing, January and February, pp. 82-88.

Vygotsky, L. S. (1978). Mind in Society: The Development of Higher Psychological 
Processes. Harvard University Press.

Wang, Y. & Chen, X. (2006). Improving Online Learning Experience with
Synchronous Chat. IASTED International Conference on Education and Technology. 
Calgary, Alberta, Canada, Jul 17-19. pp. 141-146.

Weiss, G. (1999). Multiagent Systems: A Modem Approach to Distributed Artificial 
Intelligence. MIT Press, Cambridge, Mass., USA.

Whatley, J. (2004). An Agent System to Support Student Teams Working Online. Journal 
of Information Technology Education. Vol. 3, pp.53-63.

Wikipedia (2006). The Free Encyclopedia, Problem-based learning. Available at: 
http://en.wikipedia.org/wiki/Problem-based_leaming (01/12/2006)

Wiley, D. A. (2002). Collecting Learning Objects to Instructional Design Theory: A 
Definition, a Metaphor, and a Taxonomy, The Instructional Use of Learning Objects. 
Bloomington, IN: Agency for Instructional Technology, 2002.

Williams, M. (2004). E-Leaming: History and prospects. E-Education without borders 
2005 newsletters, October, 2004. Available at: http://e-ducation2005.com/ 
ewb_newsletter_04_10.pdf (01/03/2006)

Williams, M. D. (1996). Learner-control and instructional technology. In D. Jonassen 
(Eds.) Handbook of Research for Educational Communications and Technology,
NY: Macmillan Library, USA.

Wilson, B. G. & Lowry, M. (2001). Constructivist Learning on the Web. In Liz Burge 
(Eds.), Learning Technologies: Reflective and Strategic Thinking. San Francisco: 
Jossey-Bass, New Directions for Adult and Continuing Education, 2001.

Wilson, B. G. (1996). Constructivist Learning Environments: Case Studies in 
Instructional Design. New Jersey: Educational Technology Publications.

Wilson, B. G., Teslow, J. & Osman-Jourchoux, R. (1995). The impact of constructivism 
(and postmodernism) on instructional design fundamentals. In B. B. Seels (Eds.),



Bibliography 267

Instructional Design fundamentals: A review and reconsideration. Englewood Cliffs, 
NJ: Educational Technology Publications.

Wooldridge, M. (2002). An Introduction to Multiagent Systems. John Wiley & Sons,
Ltd, England.

Wooldridge, M. (2000). Reasoning about Rational Agents. MIT Press, Cambridge, 
England.

Wooldridge, M. (1999). Intelligent Agents. In G. Weiss (Eds.), Multiagent Systems: A 
Modem Approach to Distributed Artificial Intelligence. MIT Press, Cambridge,
Mass., USA.

Wooldridge, M. & Ciancarini, P. (2000). Agent-Oriented Software Engineering: The 
state of the Art. The 1st Workshop on Agent-Oriented Software Engineering, pp.l- 
28.

Wooldridge, M. & Jennings, N.R. (1995). Intelligent Agents, Theory and Practice. 
Knowledge Engineering Review, 10 (2). pp. 115-152.

Wooldridge, M Jennings, N.R. & Kinny, D. (2000).The Gaia Methodology for Agent- 
Oriented Analysis and Design. Autonomous Agents and Multi-Agent Systems 3(3), 
pp. 285-312. '

World Wide Web Consortium, (2004). Extensible Markup Language (XML). Available 
at: http://www.w3.org/XML/ (10/10/2004)

Wydra, F. (1980). Learner-Controlled Instruction. Educational Technology Publications, 
Englewood Cliffs, NJ. In Park, O. 1991. Hypermedia: Functional Features and 
Research Issues. Educational Technology, Aug 24-31.

Yukawa, J. (2006). Co-reflection in online learning: Collaborative critical thinking as 
narrative. Computer-Supported Collaborative Teaming, 2006 (1), pp. 203-228.


	Title Page
	ACKNOWLEDGEMENTS
	ABSTRACT
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	Chapter 1 Introduction
	Chapter 2 Constructivist Theories for Learning and Constructivist Learning Environments
	Chapter 3 Major Technological Means to Facilitate Knowledge Construction
	Chapter 4 Descriptions of Learning Activities and Processes
	Chapter 5 Services for Facilitating Knowledge Construction and Challenges in Implementing the Services
	Chapter 6 Technological Framework for the Realization of the Services
	Chapter 7 Development of the Multi-Agent Architecture
	Chapter 8 Evaluations
	Chapter 9 Conclusion and Future Work
	Appendix A
	Appendix B
	Appendix C
	Bibliography

